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Abstract

Ulcerative colitis (UC) is an inflammatory destructive disease
of the large intestine occurred usually in the rectum and
lower part of the colon as well as the entire colon. Drug
therapy is not the only choice for UC treatment and medical
management should be as a comprehensive whole.
Azulfidine, Asacol, Pentasa, Dipentum, and Rowasa all
contain 5-aminosalicylic acid (5-ASA), which is the topical
anti-inflammatory ingredient. Pentasa is more commonly
used in treating Crohn's ileitis because Pentasa capsules
release more 5-ASA into the small intestine than Asacol
tablets. Pentasa can also be used for treating mild to
moderate UC. Rowasa enemas are safe and effective in
treating ulcerative proctitis and proctosigmoiditis. The sulfa-
free 5-ASA agents (Asacol, Pentasa, Dipentum and
Rowasa) have fewer side effects than sulfa-containing
Azulfidine. In UC patients with moderate to severe disease
and in patients who failed to respond to 5-ASA compounds,
systemic (oral) corticosteroids should be used. Systemic
corticosteroids (prednisone, prednisolone, cortisone, etc.)
are potent and fast-acting drugs for treating UC, Crohn’s
ileitis and ileocolitis. Systemic corticosteroids are not
effective in maintaining remission in patients with UC.
Serious side effects can result from prolonged corticosteroid
treatment. To minimize side effects, corticosteroids should
be gradually reduced as soon as the disease remission is
achieved. In patients with corticosteroid-dependent or
unresponsive to corticosteroid treatment, surgery or
immunomodulator is considered. Immunomodulators
used for treating severe UC include azathioprine/6-MP,
methotrexate, and cyclosporine. Integrated traditional
Chinese and Western medicine is safe and effective in
maintaining remission in patients with UC.
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INTRODUCTION

Ulcerative colitis (UC) is an inflammatory destructive disease
of the large intestine characterized by motility and secretion

disorders. Inflammation usually occursin the rectum and lower
part of the colon, but it may affect the entire coloni*4. UC rarely
affectsthe small intestine except for the end section, called the
terminal ileum. UC may also be called colitis or proctitig*®.
Inflammation makes the colon empty frequently, causing
diarrhea. Ulcersformed in places where the inflammation has
killed the cells of colon, bleeding ulcers and pus discharge. UC
isaninflammatory bowel disease (IBD) that causesinflammation
inthe small intestine and colon. UC can be difficult to diagnose
because its symptoms are similar to other intestinal disorders
and another type of IBD called Crohn’ sdisease (CD). CD differs
from UC because it causes deeper inflammation within the
intestinal wall®®", Also, CD usually occursinthesmall intestine,
although it can also occur in the mouth, esophagus, stomach,
duodenum, large intestine, appendix, and anus. UC may occur
in people of any age, but most often it starts between ages
15 and 30, or less frequently between ages 50 and 70. Children
and adolescents sometimes devel op the disease. UC affects
men and women equally and appears to run in some families.

UC CHARACTERISTICS

Of the estimated two million Americans suffer from IBD, CD is
far less common than UC, but currently the incidences of each
are estimated to be about equal. The incidence may vary
depending on gender, age, and geography*®, Men and women
have an equal risk for UC. IBD is diagnhosed most often in
young peopl e between the ages of 10 and 19, but it can occur at
any age. A smaller peak onset occurs between 50 and 80 years.
About 2% of IBD cases appear in children below age 10. UC s
most common among people of European descent. People of
African descent have alower incidence than Caucasians. Low
incidence regionsinclude Asiaand South America. Ethnically,
Jewish people have a higher risk. UC may disproportionately
affect people of higher socioeconomic classes, but evidence
for thisisinconclusive.

UC shares certain characteristics*®: (1) Symptoms usually
appear in young adults. (2) Symptoms can develop gradually
or suddenly. (3) Both are chronic. The symptoms may flare up
(relapse) after symptom-free periods (remission) or symptoms
may be continuous without treatment. (4) The disease can be
mild or very severe and disabling. (5) The severity of symptoms
and relapse rates of both UC and DC vary with seasons, with
the highest risk in winter and autumn and lowest in summer.

Factors associated with UC

Smokers have lower than average rates of UC (but higher than
average rates of CD). In fact, it has been reported that some
patients with UC had disorders after they gave up smoking,
and many studies have stressed the association between
smoking and protection against UC. Thisinformationiscertainly
no encouragement to smoke. Rather, patients should ask their
physician about trials using nicotine replacement aids. Breast
feeding also appears to be associated with lower risk of UC.
L eft-handed people have a significantly higher risk for both
IBDsand other diseases associated with immune abnormalities.
A 2001 study reported that patientswith UC were morelikely to
have a history of depression or anxiety than those without
IBD. Some researchers suggested that depression might alter
theimmune system and make people more susceptibleto UCB4.
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Symptoms of UC

General symptoms Fever may occur with severeattacks, usually
alow-grade. Spiking fever and chills indicate complications.
Loss of appetite, weight loss and impaired growth in children
are usually not evidence of mild or moderate or severe UC.
Increased frequency, a feeling of incomplete evacuation,
tenesmus (a painful urge for a bowel movement even if the
rectum is empty) and fecal incontinence may occur in mild or
severe stage. Anal ulcers and fistulae, channelsthat can burrow
between organs, loops of intestine or between intestines and
skin, may be early symptoms. Recurrent diarrhea is very
common, but the onset may be very gradual and mild or silent.
Feces may also contain mucus. Recurrent diarrhealis prevalent
in developing countries, particularly in tropical regions®®l,
Blood is always present in stools, it may be readily visible or
visible only using a microscope (so-called occult blood).
Constipation can be a symptom of UC but not as common as
diarrhea. It can occur during flare-ups, and when the inflamed
rectum triggers areflex response in the colon that causes it to
retain the stool. But constipation in CD isusually a symptom of
obstruction in the small intestine.

Abdominal symptoms Pain isnot a prominent symptom but
can vary. Vague discomfort may occur in the lower abdomen,
an ache around the top of the hipbone, or crampsin the middle
of the abdomen. Severe pain can occur during flare-ups.
Recurrent episodes of painin thelower right part of the abdomen
or above the pubic bone often precede and are relieved by
defecation. Bloating, nausea, and vomiting may also occur.
Intestinal pain may also be an indication of serious conditions,
such as an abscess, or a perforation of the intestinal wall.
Complicationsof UC Patients with UC limited to the rectum
(proctitis) or colitis limited to the end of the left colon
(proctosigmoiditis) usually do quite well. Short periodic
treatments using oral medications or enemas may be sufficient.
Serious complications arerare in these patients. In those with a
more extensive disease, blood loss from theinflamed intestines
can lead to anemia, and may require treatment with iron
supplements or even blood transfusions. Rarely, the colon can
acutely dilate to alarge size when the inflammation becomes
very severe. This condition is called toxic megacolon. Patients
with toxic megacolon are extremely ill with fever, abdominal
pain and distention, dehydration, and malnutrition. Unless the
patient improves rapidly with medication, surgery is usually
necessary to prevent colon rupture®>78l,

Colon cancer isarecognized complication of chronic UC.
Therisk for cancer beginsto rise significantly after 8to 10 years
of calitis. Therisk of apatient with UC devel oping colon cancer
is also related to the location and the extent of the disease.
Patients with only ulcerative proctitis probably do not have
increased colon cancer risk compared to the general population.
Among patients with active pancolitis of 10 years or longer,
their risk of colon cancer is10-20 times higher that of the general
population. In patients with chronic left-sided colitis, the risk
of colon cancer isincreased but not as high as in patients with
chronic pancalitis.

Since these cancers have a more favorable outcome when
treated at an earlier stage, yearly colon examination is
recommended after 8 years of aknown extensive disease. During
these examinations, samples of tissue (biopsies) should betaken
to search for precancerous lesions in the lining cells of the
colon. When precancerous lesions are found, removal of the
colon may be necessary to prevent colon cancer.

Complications of UC involve other parts of the body. Ten
percent of the patients can develop inflammation of the joints
(arthritis). Some patients have low back pain dueto arthritis of
the sacroiliac joints. Rarely, patients may develop painful and
red skin nodules (erythema nodosum). Yet others can have
painful and red eyes (uveitis, episcleritis). Because these

particular complications are a permanent risk in vision
impairment, eye pain or redness is symptoms that require a
physician’s evaluation. Diseases of the liver and bile ducts
may associate with UC. For example, in rare patients with a
condition called sclerosing cholangitis, repeated infectionsand
inflammation in the bile ducts can lead to recurrent fever,
yellowing of skin (jaundice), cirrhosis, and the need for aliver
transplant.

DRUG TREATMENT

Both medications and surgery have been used to treat UCI24,
However, surgery isreserved for thosewith severeinflammation
and life-threatening complications. Thereis no medication that
can cure UC. Patientswith UC will typically experience periods
of relapse (worsening of inflammation) followed by periods of
remission lasting for mo to years. During relapses, symptoms
of abdominal pain, diarrhea, and rectal bleeding can worsen
patients' quality of life. During remissions, these symptoms
subside. Remissions usually occur because of treatment with
medicationsor surgery, but occasionaly they occur spontaneously.

Since UC cannot be cured by medications, the goals of
treatment with medications are to induce remissions, maintain
remissions, minimize side effects of treatment, and improvethe
quality of life. The treatment of UC with medicationsissimilar,
though not always identical, to the treatment of CD!®111620,

Medications treating UC include anti-inflammatory agents
suchas5-ASA compounds, systemic and topical corticosteroids,
and immunomodul ators.

Anti-inflammatory medications that decrease intestinal
inflammation are analogous to arthritis medications that
decrease joint inflammation (arthritis). The anti-inflammatory
medications used in the treatment of UC are topical 5-ASA
compounds such as sulfasalazine (Azulfidine), olsalazine
(Dipentum), and mesalamine (Pentasa, Asacol, Rowasaenema)
that need direct contact with the inflamed tissuesin order to be
effective. Systemic corticosteroids can decreasetheinflammation
throughout the body without direct contact with the inflamed
tissue. Systemic corticosteroids have predictable side effects
inlong-term treatment. Immunomodul ators are medicationsthat
suppress the body’ s immune system either by reducing the
cellsthat are responsible for immunity, or by interfering with
proteins that are important in promoting inflammation.
Immunomodul ators are increasingly becoming important for
patients with severe UC who do not respond adequately to
anti-inflammatory agents. Examples of immunomodulators
include 6-mercaptopurine (6-M P), azathioprine, methotrexate,
and cyclosporine.

A somewhat curious new treatment is nicotine. It haslong
been observed that the risk of UC appears to be higher
nonsmokers and in ex-smokers. In certain circumstances,
patients could improve clinically when treated with nicotine
while they failed to respond to other medications.

5-ASA compounds (azulfidine, asacol, pentasa, dipentum)

5-ASA (5-aminosalicylic acid), also called mesalamine, is
chemically similar to aspirin. Aspirin (acetylsalicylic acid) has
been used for many years in treating arthritis, bursitis, and
tendinitis (conditions of tissueinflammation). Aspirin, however,
is not effective in treating UC. On the other hand, 5-ASA is
effective in treating UC if the drug can be delivered directly
(topically) onto the inflamed colon lining!*2Y. For example,
Rowasafor enemaisa5-ASA solutionthat iseffectiveintreating
inflammation in and near the rectum (ul cerative proctitis and
ulcerative proctosigmoiditis). However, the enema solution
cannot reach high enough to treat inflammation in the upper
colon. Therefore, for most patients with UC, 5-ASA must be
taken orally. When pure 5-ASA is taken orally, however, the
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stomach and upper small intestine absorb most of the drug
before it reachesthe colon. Therefore, to be effective asan oral
agent for UC, 5-ASA hasto be modified chemically to escape
absorption by the stomach and upper intestines. These modified
5-ASA compounds are sulfasal azine (Azulfiding), mesalamine
(Pentasa, Asacol), and olsalazine (Dipentum).

Azulfidine

Sulfasalazine (Azulfidine)?? has been used successfully for
many years in inducing remission among patients with mild to
moderate UC. Inducing remission means decreasing intestinal
inflammation and relieving symptoms of abdominal pain,
diarrhea, and rectal bleeding. Sulfasalazine has also been used
for prolonged periods of timeto maintain remissions.

Sulfasalazine conssts of a5-ASA moleculelinked chemically
toasulfapyridine molecule. (Sulfapyridineisasulfaantibiotic).
Connecting the two molecules together prevents absorption
by the stomach and upper intestines prior to reaching the colon.
When sulfasalazine reaches the colon, bacteria in the colon
will bresk thelinkage between thetwo molecules. After breaking
away from 5-ASA, sulfapyridineis absorbed into the body and
then excreted in the urine. Most of the active 5-ASA, however,
remainsin the colon to treat colitis.

Most of the side effects of sulfasalazine are due to the
sulfapyridine molecule. These side effects include nausea,
heartburn, headache, anemia, skin rashes, and in rareinstances,
hepatitis and kidney inflammation. In men, sulfasalazine can
reduce the sperm count which sperm count is reversible, and
the count usually returns to normal after discontinuing
sulfasalazine or by changing to adifferent 5- ASA compound.

The benefits of sulfasalazine generally are dose related.
Therefore, high doses of sulfasalazine may be necessary to
induce remission. Some patients cannot tolerate high doses
because of nausea and stomach upset. To minimize stomach
upset, sulfasalazineis generally taken after or with meals. Some
patientsfind it easier to take Azulfidine-EN (enteric-coated form
of sulfasalazine). Enteric-coating hel ps decrease stomach upset.
The newer 5-ASA compounds do not have the sulfapyridine
component and have fewer side effects than sulfasalazine.

Asacol

Asacol isatablet consisting of 5-ASA compound, mesalamine,
surrounded by an acrylic resin coating (Asacol is sulfafreg)i?223,
Theresin coating prevents 5-ASA from being absorbed as it
passes through the stomach and small intestine. When the
tablet reaches the terminal ileum and colon, the resin coating
dissolves, thus releasing 5-ASA into the colon.

Asacol is effectivein inducing remissions in patients with
mild to moderate UC. It isal so effectivewhen used for prolonged
periods of timeto maintain remissions. The recommended dose
of Asacol to induce remission istwo 400-mg tabletsthreetimes
daily (total of 2.4 g/d). Two tablets of Asacol twicedaily (1.6 g/d)
are recommended for maintaining remission. Occasionally, the
maintenance dose should be higher. As Azulfidine, the benefits
of Asacol are dose-related. If patients do not respond to 2.4 g/d
of Asacol, the dose is frequently increased to 3.6 g/d (and
sometimes even higher) to induce remission. If patientsfail to
respond to the higher doses of Asacol, then alternatives such
as corticosteroids are recommended.

Pentasa

Pentasaisacapsule consisting of 5-ASA compound mesalamine
inside controlled-rel ease spheres. Like Asacal, it issulfafree.
As the capsule travels down the intestines, 5-ASA inside the
spheresis slowly released into the intestines. Unlike Asacol,
mesalamine in Pentasa is released into the small intestine as
well as colon. Therefore, Pentasa can be effective in treating
inflammation in the small intestine and colon. Pentasa is

currently the most logical 5-ASA compound for treating mild
to moderate CD involving the small intestine. Pentasais also
used to induce remission and maintai n remission among patients
with mild to moderate UC!Z24,

Olsalazine (Dipentum)

Olsalazine (Dipentum) consists of two 5-ASA moleculeslinked
together®2, Itissulfafree. Thelinked 5-ASA moleculestravel
through the stomach and the small intestine unabsorbed. When
the drug reaches the terminal ileum and the colon, normal
bacteriain theintestine break the linkage and release the active
drug into the colon and termind ileum. Olsalazinehasbeen usedin
treating UC and maintaining remissions. A side effect uniqueto
olsdazineis secretory diarrhea (diarrhearesulting from excessive
production of fluid in the intestines). This condition occursin
5-10% of patients, and diarrhea sometimes can be severe.

Colazal
Colazal (halsdazide) isacapsuleinwhich 5-ASA islinked by a
chemical bond to another molecule that isinert (without effect
on the intestine) and prevents 5-ASA from being absorbed®2,
This drug is able to travel through the intestine unchanged
until it reaches the end of the small bowel (terminal ileum) and
colon. There, intestinal bacteria break apart 5-ASA and the
inert molecule, releasing 5-ASA. Because intestinal bacteria
are most abundant in the terminal ileum and colon, Colazal is
used to treat inflammeation predominantly localized to the colon.
Colazal recently has been approved by FDA for usein United
States of America

Moreclinicd trials are needed to compare the effectiveness
of Colozal to other mesalamine compounds such as Asacol in
treating UC. Thereforein United States of Amerrica, 5-ASA, has
to beindividualized® ¥, Colozal should be prescribed for patients
who cannot tolerate or fail to respond to Asacol, also for patients
with predominantly |eft sided colitis, since some studies seem to
indicate that Colozal is effective in treatieng left sided colitis.

Rowasaenema

Rowasais5-ASA compound mesalaminein enemaformandis
effectivein the treatment of ulcerative proctitis and ulcerative
proctosigmoaiditis (two conditionswhereactive 5-ASA drugstaken
as enemas can easily reach the inflamed tissues directly)!?39,
Each Rowasa enema contains 4 g of mesalamine in 60 mL of
fluid. Theenemaisusually administered at bedtime, and patients
are encouraged to retain the enema through the night.

The enema contains sulfite and should not be used by
patients with sulfite allergy. Otherwise, Rowasa enemas are
safe and well tolerated.

Rowasaalso comesin suppository form for treating limited
proctitis. Each suppository contains 500 mg of mesalamine and
usually is administered twice daily. While some patients
improve within several days after using Rowasa, the usual
course of trestment is 3-6 wk. Some patientsmay need evenlonger
courses of treatment for optimal benefit. In patientswho do not
respond to Rowasa, oral 5-ASA compounds (such as Asacol)
can be added. Some studies have reported increased effectiveness
in treating ulcerative proctitis and proctosigmoiditis by
combining oral 5-ASA compounds with Rowasa enemas. Oral
5-ASA compounds are also used to maintain remission in
ulcerative proctitis and proctosigmoiditis®.

Another alternative for patients who fail to respond to
Rowasa or who cannot use Rowasa is cortisone enemas
(Cortenema). Cortisone isacorticosteroid that is a potent anti-
inflammatory agent. Oral corticosteroids are systemic drugs
with serious and predictable long-term side effects. Cortenema
isatopical corticosteroid that is less absorbed into the body
than oral corticosteroids, and therefore, it has fewer and less
side effects.
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Side effects of 5-ASA compounds

Sulfa-free 5-ASA compounds have fewer side effects than
sulfasalazine and also do not impair malefertility. Ingenerd, they
are safe medications for long-term use and well tolerated?>2,
Patients allergic to aspirin should avoid 5-ASA compounds
becausethey arechemicdly similar to aspirin. Inafew occasions
kidney inflammation has been reported due to the use of 5-ASA
compounds. These compounds should be used with caution
in patients with known kidney disease. It also isrecommended
that blood tests of kidney function are obtained before and
during the treatment.

A rareinstance of acute worsening of diarrhea, cramps, and
abdominal pain may occur at times and may be accompanied
by fever, rash, and malaise. Thisreactionisbelieved to represent
an alergy to t5-ASA compounds.

Corticosteroids for UC

Corticosteroids (prednisone, prednisolone, hydrocortisone,
etc.) have been used for many yearsin the treatment of patients
with moderate to severe CD and UC or who fail to respond to
optimal doses of 5-ASA compounds®-34. Unlike 5-ASA
compounds, corticosteroids do not require direct contact with
inflamed intestinal tissues to be effective. Ora corticosteroids
are potent anti-inflammatory agents. After absorption,
corticosteroids exert prompt anti-inflammatory action
throughout the body. Consequently, they are used in treating
Crohn’ senteritis, iletis, and ileocoalitis, aswell asUC and Crohn’s
colitis. Incriticaly ill patients, intravenous corticosteroids (such
as hydrocortisone) can be given in the hospital. Corticosteroids
are faster acting than 5-ASA compounds. Patients frequently
experience improvement in their symptoms within days after
using starting corticosteroids. Corticosteroids, however, do
not appear to be useful in maintaining remissionsin UC2%24,

Proper use of corticosteroids

Oncethe decisionismadeto use oral corticosteroids, treatment
usualy isinitiated with prednisone, 40-60 mg daily. Themagjority
of patientswith UC respond with animprovement in symptoms.
Once symptoms improve, prednisone is reduced by 5-10 mg
per wk until the dose of 20 mg per day is reached. The dose
then is tapered at a slower rate until prednisone ultimately is
discontinued. Gradually reducing corticosteroids not only
minimizes the symptoms of adrenal insufficiency, but also
reduces the chances of abrupt relapse of colitis.

Many doctors use 5-ASA compounds at the same time as
corticosteroids. In patientswho achieve remission with systemic
corticosteroids, 5-ASA compounds such as Asacol are often
continued to maintain remissions*%9, |n patients whose
symptoms return during reduction of the dose of corticosteroids,
the dose of corticosteroids is increased slightly to control the
symptoms. Once the symptoms are under control, the reduction
canresumeat adower pace. Some patientsbecome corticosteroid
dependent and consistently develop symptoms of colitis
whenever the corticosteroid dose is below a certain level. In
patients who are corticosteroid dependent or unresponsive to
corticosteroids, other anti-inflammatory medications,
immunomodul ator medications or surgery are considered. The
management of patients who are corticosteroid dependent or
patients with a severe disease which responds poorly to
medicationsiscomplex. Doctorswho are experienced intreating
inflammatory bowel disease and in using immunomodulators
should evaluate these patients.

Side effects of corticosteroids

Side effects of corticosteroids depend on the dose and duration
of treatment. Short courses of prednisone, for example, usually
arewel| tolerated with few and mild side effects. Long term high

doses of corticosteroids usually produce predictable and
potentially serious side effects. Common side effects include
rounding of the face (moon face), acne, increased body hair,
diabetes, weight gain, high blood pressure, cataracts, glaucoma,
increased susceptibility to infections, muscle weakness,
depression, insomnia, mood swings, personality changes,
irritability, and thinning of bones (osteoporosis) with an
accompanying increased risk of compression fractures of the
spine. Children on corticosteroids can experience stunted
growth.

The most serious complication of long-term corticosteroid
useisaseptic necrosis of the hip joints. Aseptic necrosis means
death of bonetissue. Itisapainful condition that can ultimately
lead to the need for surgical replacement of the hips. Aseptic
necrosis also has been reported in knee joints. It is unknown
how corticosteroids cause aseptic necrosis. The estimated
incidence of aseptic necrosis among corticosteroid usersis 3-4%.
Patients on corticosteroids who develop pain in hips or knees
should report the pain to their doctors promptly. Early diagnosis
of aseptic necrosis with cessation of corticosteroids has been
reported in some patients to decrease the severity of the disease
and possibly help avoid hip replacement.

Prolonged use of corticosteroids can depress the ability of
adrenal glands to produce cortisol (a natural corticosteroid
necessary for proper functioning of the body). Abruptly
discontinuing corticosteroids can cause symptoms due to a
lack of natural cortisol (acondition called adrenal insufficiency).
Symptoms of adrenal insufficiency include nausea, vomiting,
and even shock. Withdrawing corticosteroids too quickly can
also produce symptoms of joint aches, fever, and malaise.
Therefore, corticosteroids need to be gradually reduced rather
than abruptly stopped. Even after corticosteroids are
discontinued, the ability of adrenal glands’ to produce cortisol
can remain depressed for mo to two years. The depressed
adrenal glands may not be able to produce enough cortisol to
help the body handle stresses such as accidents, surgery,
and infections. These patients will need treatment with
corticosteroids (prednisone, hydrocortisone, etc.) during
stressful situations to avoid developing adrend insufficiency.
Because corticosteroids are not useful in maintaining remission
in UC and CD and becausethey have predictable and potentially
serious side effects, these drugs should be used for the shortest
possibletime.

Preventing corticosteroid-induced osteoporosis

Long-term use of corticosteroids such as prednisolone or
prednisone can cause osteoporosis, because corticosteroids
could decrease cal cium absorption from intestines and increase
loss of calcium from the kidneys and bones. Increasing dietary
calciumintakeisimportant but alone cannot halt corticosteroid-
induced bone loss. Management of patients on long-term
corticosteroids should include adeguate cal cium (1 000 mg/d if
premenopausal, 1 500 mg/d if postmenopausal) and vitamin D
(800 U/d) intake, needs for continued corticosteroid treatment
and the lowest effective dose, abone density study to measure
the extent of bone loss in patients taking corticosteroids for
more than 3 mo, regular weight-bearing exercise and stopping
cigarette smoking, discussion with the doctor regarding the
use of alondronate (Fosamax) or risedronate (Actonel) in
prevention and treatment of corticosteroid induced osteoporosis.

Immunomodulator medications

Immunomodulators are medications that weaken the body’s
immune system, which is composed of immune cellsand cell-
produced proteins. These cells and proteins serve to defend
the body against harmful bacteria, viruses, fungi, and other
foreign invaders. Activation of the immune system causes
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inflammation within the tissues where the activation occurs.
Normally, the immune system is activated only when the body is
exposed to harmful invaders. In patientswith CD and UC, however,
theimmune system isabnormally and chronically activated inthe
absence of any known invaders. Immunomodul ators decrease
tissue inflammation by reducing the population of immune cells
and/or by interfering with their production of proteins that
promote immune activation and inflammation. Generally, the
benefits of controlling moderate to severe UC outweigh the
risks of infection due to weakened immunity. Examples of
immunomodul ators include azathioprine (Imuran), 6-
mercaptopurine (6-M P, Purinethal), cyclogporine (Sandimmune),
and methotrexate!*-%7,

Azathoprine (imuran) and 6-MP (purinethol)

Azathioprine and 6-mercaptopurine (6-M P) are medicationsthat
weaken the body’ s immunity by reducing the population of a
class of immune cells called lymphocytes®Y. Azathioprine and
6-MP are related chemically. Specifically, azathioprine is
converted into 6-MP inside the body. In high doses, these two
drugs are useful in preventing rejection of transplanted organs
and in treating leukemia. In low doses, they are used to treat
patientswith moderate to severe CD and UC. Azathioprine and
6-MP areincreasingly recognized by doctors as valuable drugs
intreating CD and UC. Some 70% of patients with moderate to
severe disease benefit from these drugs. Because of the slow
onset of action and the side effects, 6-MP and azathioprine are
used mainly in thefollowing situationg®*¥, UC and CD patients
with severe diseases not responding to corticosteroids, patients
experiencing undesirable corticosteroid-related side effects,
patients dependent on corticosteroids and unabl e to discontinue
them without devel oping relapses.

When azathioprine and 6-MP are added to corticosteroids
in the treatment of UC patients who do not respond to
corticosteroids a one, they may have an improved response to
smaller doses, and shorter courses of corticosteroids may be
used. Some patients can discontinue corticosteroids without
experiencing relapses. The ability to reduce corticosteroid has
earned the reputation of 6-MP and azathioprine as “ steroid-
sparing” medications®>%. In severe UC patients with severe
disease who suffer frequent relapses, 5-ASA may not be
sufficient, and more potent azathioprine and 6-MP will be
necessary to maintain remissions. In the doses used for treating
UC and CD, thelong-term side effects of azethioprineand 6-MP
areless serious than long-term oral corticosteroids or repeated
courses of oral corticosteroids.

Side effects of 6-MP and azathioprine

Side effects of 6-MP and azathioprine include increased
vulnerahility to infections, inflammation of the liver (hepatitis)
and pancress (pancrestitis), and bone marrow toxicity (interfering
with the formation of cells that circulate in the blood)©37,

The goal of treatment with 6-MP and azathioprine is to
weaken the body’ s immune system in order to decrease the
intensity of inflammation in intestines. However, weakening
the immune system increases the vulnerability to infections.
For example, in a group severe CD patients unresponsive to
standard doses of azathioprine, raising the dose of azathioprine
helped to control the disease, but two patients devel oped
cytomegalovirus (CMV) infection.

Azathioprine and 6-M P-induced inflammation of the liver
(hepatitis) and pancreas (pancreatitis) is rare. Pancreatitis
typically causes severe abdominal pain and sometimes
vomiting. Pancrestitisdueto 6-MP or azathioprine occursin 3-5%
of patients, usually during the first several wk of treatment.
Patients who devel op pancretitis should not receive either of
these two medications again*3*. Azathioprine and 6-MP also

suppress the bone marrow where red blood cells, white blood
cells, and platelets are made. Actually, aslight reduction in
white blood cell count during treatment is desirable since it
indicates that the dose of 6-MP or azathioprine is high enough
to have an effect. However, excessively low red or white blood
cell counts indicate bone marrow toxicity. Therefore, patients
on 6-M P and azathioprine should have periodic detection of
blood counts (usually every two wk initially and then every
3 mo during maintenance) to monitor the effect of the drugson
their bone marrow. 6-M P can reduce the sperm count in men.
When the partners of male patients on 6-MP conceive, thereis
ahigher incidence of miscarriages and vaginal bleeding. There
aso arerespiratory difficultiesin the newborn. Therefore, it is
recommended that whenever feasible, male patients should
stop 6-M P and azathioprinefor 3 mo before conception. Patients
on long-term high dose azathioprine to prevent rejection of the
kidney after kidney transplantation have an increased risk of
lymphoma. Thereis no evidence at present that long-term use
of azathioprine and 6-MPin low doses used in IBD increases
therisk of lymphoma, leukemia or other malignancieg+®,

6-MP characteristics

One problem with 6-M P and azathioprineistheir dow onset of
action. Typically, 3 mo or alonger timeis required to achieve
thefull benefit of these drugs. During thistime, corticosteroids
frequently have to be maintained at high levels to control
inflammationf*.,

The reason for this slow onset of action is partly due to the
way prescribed 6-MP by doctors. Typically, 6-MP is started at
adose of 50 mg/d. The blood count isthen checked 2 wk later.
If thewhiteblood cell count (specifically the lymphocyte count)
is not reduced, the dose is increased. This cautious, stepwise
approach helps prevent severe bone marrow and liver toxicity,
but delays benefit from the drug.

Studies have shown that giving higher doses of 6-MP early
can speed up the benefit of 6-MP without increasing toxicity in
most patients, but some patients do develop severe bone
marrow toxicity. Therefore, the dose of 6-MP has to be
individualized. Scientists now believe that an individual’s
vulnerability to 6-MP toxicity is genetically inherited. Blood
tests can be performed to identify those individuals with
increased vulnerability to 6-MP toxicity. In these individuals,
lower initial doses can be used. Blood tests can also be
performed to measure the levels of certain by-products of
6-M P23 The levels of these by-products in the blood help
doctors more quickly determine whether the dose of 6-MP is
right for the patient.

6-MP maintained treatment

Patients on maintainance with 6-M P or azathioprine for years
have not any important long-term side effects. Their doctors,
however, should closely monitor their patients on long-term
6-MP. There are data suggesting that patients on long-term
maintenance with 6-M P or azathioprine fared better than those
who stopped these medications. Those who stopped 6-MP
or azathioprine were more likely to experience rel apses, more
likely to need corticosteroids or undergo surgery!?2440,

Methotrexate

Methotrexate is an immunomodulator and anti-inflammatory
medication. M ethotrexate has been used for many yearsin the
treatment of severe rheumatoid arthritis and psoriasis, and is
helpful in treating patients with moderate to severe CD who
neither respond to 6-MP and azathioprine nor tolerate these
two medications. Methotrexate may also be effectivein patients
with moderateto severe UC who do not respond to corticosteroids
or 6-MP and azathioprine. It can be given orally or by weekly
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injections under the skin or into the muscles. It ismorereliably
absorbed with the injectiong®*, One major complication of
methotrexate is the development of liver cirrhosis when the
medication is given over a prolonged period of time (years).
Therisk of liver damage is higher in patients who also abuse
alcohol or have morbid (severe) obesity. Generally, periodic
liver biopsies are recommended for a patient who has received
acumulative (total) methotrexate dose of 1.5 g and higher®-49,

Other sde effects of methotrexate include low white blood céll
counts and inflammation of the lungs.

Methotrexate should not be used in pregnancy.

Cyclosporine
Cyclosporine (Sandimmune) is a potent immunosuppressant
used in preventing organ rejection after transplantation. It has
also been used to treat patientswith severe UC and CD. Because
of theapproval of infliximab (Remicade) for treating severe CD,
cyclosporine will probably be used primarily in severe UC.
Cyclosporineisuseful infulminant UC and severely ill patients
who do not respond to systemic corticosteroids. Cyclosporine
isavailable as an oral medication, but the relapse rate with oral
cyclopsorineishigh. Therefore, cyclosporine seems most useful
when administered intravenously in acute situations*%7,
Side effects of cyclosporine include high blood pressure,
renal function impairment, and tingling sensations in the
extremities. M ore serous side effectsinclude anaphyl actic shock
and seizures.

Traditional Chinese medicine

A total of 10 218 patientswith UC reported in Chinese medical
literature and the cases diagnosed were analyzed according to
thediagnostic criteriaof Lennard-Jonesfrom 1981 to 2000. The
number of casesincreased by 3.08 times over the past 10 years
(2 506 patients were diagnosed from 1981 to 1990 while 7 512
patients were diagnosed from 1991 to 2000). Lesion range was
describedin 7 966 patients, 5592 (70.2%) were proctosigmoiditis
or proctitis, 1792 (22.5%) | eft-sided colitis, 582 (7.3%) pancolitis.
Among the 8 122 patients, 2 826 (34.8%) had first episode,
4 272 (52.6%) had chronic relapse, 869 (10.7%) were of chronic
persistent type, 154 (1.9%) were of acute fulminant type. The
courseof theillnesswwasdescribedin 5867 patients, 4427 (75.5%)
were less than 5 years, 910 (15.5%) between 5 and 10 years,
530 (9.1%) morethan 10 years. Six hundred and sixteen patients
(6.1%) had extraintestinal manifestations. The mean age at the
diagnosis was 40.7 years (range 6-80 years, and the peak age
30-49 years). The maleto female ratio was 1.09. Among the
270 patients diagnosed in our hospital, 36 had histories of
smoking, there was no negative association between the
severity of UC and smoking (P>0.05), 21 smokerswerefollowed
up for one year, 15 of them had given up smoking when the
disease was diagnosed, and one year later, 7 patients relapsed,
another 6 patients continued smoking, and one year later,
2 patients relapsed. Among the 270 UC patients diagnosed in
our hospital, 4 patients (1.5%) from 2 families had afamilial
history of UC. Treatment wasdonein 6 859 patients, only 5-ASA
and/or corticosteroid only in 1 276 patients (18.6%), Chinese
herbs alone in 1 377 patients (20.1%), combined Chinese and
Western medicine in 4 056 patients (59.1%), surgery was
performed in 87 patients (1.3%), other treatmentsin 63 patients
(0.9%). In China, thenumber of UC patientsincreased significantly
inthe past 10 years. Lesionswere commonly located to the | eft
side colon. The course was short with rare extraintestinal
manifestations. The age of onset was relatively high. Males
and femaleswere nearly equally affected. No negative relation
was found between smoking and severity of the disease.
Familial relatives were rarely involved. Traditional Chinese
medicine (TCM) was widely used in the treatment of UC®,

Langmead et al.*Y reported that herbal remedies for the
treatment of IBD included dippery elm, fenugreek, devil’sclaw,
Mexican yam, tormentil and Wei tong ning, atraditional Chinese
medicine. Reactive oxygen metabolites produced by inflamed
colonic mucosamay be pathogenic. Aminosalicylates (5-ASA)
are antioxidant and other such agents could be therapeutic.
Luminol-enhanced chemiluminescence in axanthine/xanthine
oxidase cell-free system was used to detect superoxide
scavenging by herbsand 5-ASA. Fluorimetry wasused to define
peroxyl radical scavenging by using a phycoerythrin
degradation assay. Chemiluminescence was used to detect
herbal effects on generation of oxygen radicals by mucosal
biopsies from patients with active UC. All materials tested
scavenged peroxyl dose-dependently. Oxygen radical release
from biopsies was reduced after incubation in al herbs except
Mexican yam. All six herbal remedies have antioxidant effects.
Fenugreek is not a superoxide scavenger, while Mexican yam
doesnot inhibit radical generation of inflamed biopsies. Slippery
elm, fenugreek, devil’s claw, tormentil and Wei tong ning are
novel drugsin IBD.

A total of 118 patientswith UC were treated by integration
of traditional Chinese and Western medicineg*>*4. Another
86 cases of UC were treated by simple Western drugs as
controls. The therapeutic effects on both groups were observed
and compared after two therapeutic courses of 40 consecutive
days. Asaresult, 39 cases were cured, 60 cases improved and
19 casesfailed, with atotal effectiverate of 84%in the treatment
group. Inthecontrol group, 15 caseswerecured, 37 casesimproved
and 34 cases failed, with a total effective rate of 60.5%.
Statistically, the difference was very significant (P<0.01). It can
be concluded that treatment of UC by the integrated method is
superior to that by simple Western drugs“?.

Treatment of chronic UC by traditional Chinese and Western
medicineis safe and effective in maintaining remissionl“+44,
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Abstract

AIM: In order to elucidate the molecular mechanism of
lymphatic metastasis of hepatocarcinoma, we detected
the difference of gene expression between mouse
hepatocarcinoma cell lines Hca-F and Hca-P with different
lymphatic metastasis potential.

METHODS: cDNA of Hca-F cells was used as a tester and
cDNA of Hca-P cells was used as a driver. cDNAs highly
expressed in Hca-F cells were isolated by the suppression
subtractive hybridization (SSH) method. The isolated cDNA
was cloned into T/A cloning vector. The ligation products
were transformed into DH5 o competent cells. Individual clones
were randomly selected and used for PCR amplification.
Vector DNA from positive clones was isolated for sequencing.

RESULTS: There were 800 positive clones in amplified
subtracted cDNA library. Random analysis of 160 clones with
PCR showed that 95% of the clones contained 100-700 bp
inserts. Analysis of 20 sequenced cDNA clones randomly
picked from the SSH library revealed 4 known genes
(mouse heat shock protein 84 ku, DNA helicase, ribosomal
protein S13 ,ethanol induced 6 gene) and 3 expressed
sequence tags (ESTs). Four cDNAs showed no homology
and presumably represent novel genes.

CONCLUSION: A subtracted cDNA library of differentially
expressed genes in mouse heptocarcinoma cell lines with
different lymphatic metastasis potential was successfully
constructed with SSH and T/A cloning techniques. The
library is efficient and lays a solid foundation for searching
new lymphatic metastasis related genes. The expression
of mouse heat shock protein gene, DNA helicase and other
4 novel gene may be different between mouse heptocarcinoma
cell lines with different lymphatic metastasis potential.

Hou L, Tang JW, Cui XN, Wang B, Song B, Sun L. Construction
and selection of subtracted cDNA library of mouse
hepatocarcinoma cell lines with different lymphatic metastasis
potential. World J Gastroentero/ 2004; 10(16): 2318-2322
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INTRODUCTION
Metastasis is the most lethal attribute of malignant tumors®.

Ninety percent of malignant tumorsare carcinomas, and lymph
nodes are often the first organ to develop metastasig?. Lymph
node metastasesform abridgehead for further metastatic spread.
But its molecular mechanism remains poorly understood. A
mouse hepatocarcinoma cell line named Hca-F with high
lymphogenous metastatic potential and its syngeneic cell line
named Hca-P*! with low lymphogenous metastatic potential
have been isolated from hepatocarcinomas in mice. The
biological phenotypes between different cells are based on the
difference between their phenotypes of gene expression. In
thisstudy, wecondructed asubtracted cDNA library of differentially
expressed genesin these two hepatocarcinoma cell linesusing
the suppressive subtractive hybridization (SSH)*, which can
detect the differencein gene expression between different cells.

MATERIALS AND METHODS

Animals and cell lines

Hepatocarcinoma cell lines, Hca-F and Hea-P, were obtained
from our department. Twenty inbred 615-mice maintained in
our laboratory were equally divided into 2 groups. Hca-F and
Hca-P cells (2x10° cells'rmouse) were respectively inocul ated
in 10 mice in each group. On the 28" day post inoculation, the
mice were killed and their lymph nodes were collected and
stained by HE and examined under microscope. Therefore, the
lymph node metastasis rate was cal cul ated.

Isolation of RNA and mRNA

Total RNA wasisolated from Hca-F and Hea-P cells (10° cells)
respectively using Trizol regent (Gibco BRL, USA). And mRNA
wasisolated from total RNA using the OligotexTM mRNA kit
(Qiagen, USA) according to its manufacturer's instructions.
Theintegrity of RNA and mRNA waschecked onal1% agrosegdl.

Suppression subtractive hybridization (SSH)

Anaysisof differentially expressed genesin Hca-F and Heca-P
cells was performed by the suppression subtractive
hybridization (SSH) usingthe CLONTECH PCR-Sdlect™ cDNA
subtraction kit (Clotech, USA). In briefl®, 2 ug of mRNA from
Hca-F and Hca-P cells was used for double strand cDNA
synthesis, and the resulting cDNA was digested with Rsal.
The digested cDNA of Hca-F cells(as a Tester) was split into
two groups and ligated to either adaptor | or adaptor 2R.
Subtractive hybridization was performed by annealing an excess
of Hca-P cDNAs (as a Driver) with each sample of adaptor
ligated tester cDNAs. The cDNAs were heat denatured and
incubated at 68°Cfor 8 h. After thefirst hybridization, the two
sampleswere mixed together and hybridized again with freshly
denatured driver cDNAsfor 20 h at 68°C. The two rounds of
hybridization would generate anormalized population of tester
specific cDNA with different adaptors on each end. After filling
in the end, two rounds of PCR amplification were performed to
enrich desired cDNAs containing both adaptors by exponential
amplification of these products. The optimized cycles for the
first and second PCR were 30 and 20, respectively, to increase
representation and reduce redundancy of subtracted cDNA
libraries. Secondary PCR products were used as templates for
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PCR amplification of G3PDH at 20, 25, 30, 35 cyclesto assure
subtracted efficiency.

Cloning of subtracted cDNA libraries

Products from the secondary PCR were T-A cloned intoa T
vector (Takara, China). The ligation products weretransformed
into DH5 o competent cells. The transformed cells were plated
on LB plates containing ampicilin, X-Gal and IPTG, which
allowed for color selection of colonies. Randomly selected
individual white clones were grown for 8 h and then used for
PCR amplification of clones.

Sequencing and BLAST homology search

Twenty candidate positive clonesfrom subtracted cDNA library
were selected for sequencing. Segquencing was performed by
TakaraBiotech using aM 13 primer. The BLAST program was
used to search for the cDNA sequence homology of isolated
clonesin GeneBank.

RESULTS

The analysis of integrity of RNA and mRNA

The Ao/ Asgy 0f RNA and mRNA from Hea-F and Heca-Pwas 1.9,
which showed extracted RNA and mRNA were pure. Agarose
gel electrophoresis showed that RNA was not destroyed by
ribonucleases (Figure 1).

Figure 1 Total RNA from Hca-F and Hca-P cells. Lane 1: RNA
from Hca-F cells, Lane 2: RNA from Hca-P cells.

Rsa I digestion

The size of digested cDNA molecular was smaller than
undigested in agarose gel e ectrophoresis, indicating that tester
cDNA and driver cDNA were completely digested.

Subtracted cDNA library construction by SSH

In this study, SSH was performed to identify differentially
expressed genes among cDNAs of hepatocarcinomacell lines,
Hca-F and Hca-P. One subtracted F-P cDNA library was
constructed using Hca-F with high lymphogenous metastatic
potential as atester and its syngeneic cell line named Hca-P
with low lymphogenous metastatic potential as adriver. The
subtracted cDNA library after secondary PCR amplification
looked like smears (Figure 2).

Subtraction efficiency analysis showed that the abundance
of non-differentially expressed genes was effectively reduced.
In no subtracted cDNA library, the PCR products of
housekeeping gene G3PDH were visible after 25 cycles.
However, 35 cycles were required in the subtracted cDNA
library for G3PDH to be detected (Figure 3).

The subtraction cDNA library contained 800 positive (white)
clones. Random analysis of 160 clones with PCR showed that
95% of positive clones contained 100-700 bp inserts (Figure 4).

654321M

Figure 2 Results of secondary PCR amplification. Lanes 1-3:
Product of primary PCR amplification, Lane 4: Secondary PCR
amplification product of PCR control cDNA, Lane 5: Second-
ary PCR amplification product of unsubtracted cDNA ,Lane 6:
Secondary PCR amplification product of subtracted cDNA.

8 7 6 5 4 3 2 1

Figure 3 Analysis of subtraction effect. PCR was performed
on subtracted (Lanes 1-4) or unsubtracted (Lanes 5-8) second-
ary PCR product with G3PDH 5 Primer and 3" primer. Lanes
1, 5: 20 cycles, Lanes 2, 6: 25 cycles, Lanes 3, 7: 30 cycles, Lanes
4,8: 35 cycles.

7 6 5432 1M

Figure 4 Results of clone PCR amplication. There was a aver-
age insert size of 0.1-0.7 kb.

ACCTGATTACGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAG
ATTGGCCGCCCGGGCAGGTCTATAGGGCTCGAGCGGCCG
CCCGGGCAGGTACCATGGTCTAGAGTCGACTAAGTAGGTAAAA
ACTCGAGCCTGCAGGTCTAGATCAGAAAACTCGAGCCTGCA
GGTCTAGATCAGAAAAAAAAAAACTCGAGCCTGCAGG
TCTAGATGGCATCGATGAAGATGAGGTCACTGCAGAGGAGC
CCAGTGCTGCTGTTCCTGATGAGATCCCCCCTCTGGAAGGCGATG
AGGATGCCTCGCGCATGGAAGAGGTGGATTAAAGCCTCCTG
GAAGAAGCCCTGCCCTCTGTATAGTATCCCCGTGGCTCCCCCAGCA
GCCCTGACCCACCTGACTCTCTGCTCATGTCTACAAGAATCTTCT
ATCCTGTCCTGTGCCTTAAGGCAGGAAGATCCCCTCCCACAGAAT
AGCAGGGTTGGGTGTTATGTATTGTGGTTTTTTTGTTTGTCTTAT
TTTGTTCTAAAATTAAAAGTATGCAAAATAAAGAAGATGCA
GTTTCAAAAAAAAAAAAACTCGAGCCTGCAGGTCTAGATCA
GCGCGTGGTACCTCGGCCGCGACCACGCTAATCGTCGACCT
GCAGGCATGCAAGCT

Figure 5 Sequence of clone 10-3.
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Sequencing and homology search

Automatic sequencing proved that most clones were isolated
no morethan two times (Figures5-7). BLAST homology search
revealed that some sequences were homologous with known
gene fragments and others were possibly novel genes, showing
few sequence homologies with any known sequences in the
GenBank. The results of homology search are shownin Table 1.

Contig[10-3]
Sequencher™ “cts417”

CTS417-10-3 R

primer 1 primer 2

1 73 95 604 653

Figure 6 Gene structure of clone 10-3. Both nested primer 1
and nested primer 2R in the cDNA sequence were contained in
subtracted library, indicating that only cDNA with both 2 adap-
tors could be amplified by PCR.

Table 1 Homologue searching of sequenced cDNA fragments
from SSH library

Clone Size(bp) Sequence identity

number

10-3 508 Mus musculus heat shock protein, 84 ku 1
(Hsp84-1)

2-2 385 Mus musculus ribosomal protein S13 (Rps13)

6-2 323 Mouse mRNA for DNA helicase

18-4 226 Mouse, similar to ethanol induced 6,
clone MGG51351

11-7 363 Mouse 10 d embryo whole body cDNA, RIKEN
full-length enrich library, clone 2610102k11

16-3 403 Mouse 2 d neonate thymus thymic cells cDNA
RIKEN full-length library enriched library,
clone E430002F13

7-1 570 Mouse chromosome 2 clone RP 24-322M5

15-7 460 Mouse chromosome 12 clone RP23-210N 16

1-8 200 EST-mouse

5-8 159 EST-mouse

6-8 216 EST-mouse

2-6 61 Unknown

1-3 132 Unknown

1-6 241 Unknown

16-8 240 Unknown

Analysis of metastasis rate of Hca-F and Hca-P cells
The lymphatic metastasis rate was 80% (8/10) and 10% (1/10),
respectively, for Hca-F cellsand Hea-P cells.

DISCUSSION

Cancer isthe most important cause of death of humans. There
is no technique that can selectively kill cancer cells. A wide
range of Metastasis leads to the failure of treatment and the
death of patients. Therefore, investigation of cancer metastasis,
particular the mechanisms, isimportant in order to improvethe
efficacy of the treatment. Metastasis? is a complex process,
which is made up of several steps. However, the molecular
mechanism of lymphatic metastasis remains poorly understood
because of lack of lymphatic metastasis models. A mouse
hepatocarcinomacell line named Hca-F with a metastasis rate
over 70% and its syngeneic cell line named Hca-P with a
metastasis rate less than 30% have been separated from
hepatocacinomas in mice. The difference in their metastasis
potential might be based on the differencein their phenotypes
of gene expression. Many different techniques could be used
to isolate differentially expressed genes, such as expressed
sequencing tag (EST)Y, serial analysis of gene expression
(SAGE)*™Y, subtractive hybridization, MRNA differential display
(DD-RTPCR)!*2, cDNA representative difference analysis
(RDA)™, suppression subtractive hybridization (SSH), and
cDNA microarry™,

The novel technique named SSHI*>8 has become an ideal
subtractive system that combines high subtraction efficiency
with normalized representation of differentially expressed genes,
and is based on suppression PCR that permits exponential
amplification of genes differing in abundance, but suppresses
the amplification of sequences of identical abundance genesin
two cells at the sametime. Therefore, differentially expressed
genes of low abundance can be cloned, while differentially
expressed genes of high abundance are not excessively
isolated. It has been reported that SSH can achieve more than
1000-fold enrichment of low abundance genes, but only requires
2 pg mRNA instead of the 5-20 g required in other methods.
This method has been successfully used to isolate significant
genesin many researches?*?3, Von Stein et al. observed a 94%
positive rate in their study, and suggested that confirmation of
differential expression by Northern blot analysisfor each clone
obtained was unnecessary!?,

In the present study, we reported the efficiency of SSH
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Figure 7 Result of clone 10-3 sequencing.
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technique in identifying differentially expressed genesin
Hca-F and Hca-P. PCR analysis showed that the subtraction
efficiency after subtractive hybridization was effectively
reduced. We constructed a subtracted cDNA library between
HcaF cellsand Hea-P cells. There were 800 positive clonesin
the amplified subtracted cDNA library. Random analysis of
160 clones with PCR showed that 95% of clones contained
100-700 bp inserts. After sequencing and BLAST homology
search, these clones could be divided into three groups: known
genes preciously reported to be related to metastasis and
carcinogenesis, known genes never described to be related to
metastasis and carcinogenesis, and unknown genes. The
identification of the first group of known genes attested to
the validity of this method. The library is efficient and lays a
solid foundation for searching new lymphatic metastasis
related genes.

The No. 10-3 clone obtained in the present study showed
homology with mouse heat shock proteins(HSPs). HSPg2>27
have been found to be ubiquitous molecules expressed in
response to stressin al living organisms. The three important
roles? in regard to cancer development are regulation of
apoptosis, modulation of immune response and drug resistance.
HSPs are cytoplasmic proteins that could act as molecular
chaperones for protein molecules in various intra-cellular
processes®®, They are called “heat shock proteins” since
they werefirst discoveredin cells exposed to high temperatures.
HSPswere also expressed in hepatocarcinoma (HCC)-3, and
up-regulatedin early stage of HCC compared with noncancerous
liver tissue. King et al.*¥ reported that HSPs expressed in HCC
(45/58), and its expression was stronger in HCC than in
noncancerous liver tissue. HSPs were related to metastasi 9.
HSP expression was found in 54 out of 86 (62.7%) gastric
carcinomas and was significantly related to more than six
metastatic lymph nodes™!. Over expression of HSPswasrelated
to tumor configuration, lymph node metastasis, and lymphatic
vessel invasion in esophageal squamous cell carcinoma®l. So
far, therehasno report concerning HSP expression and lymphatic
metastasis of HCC. In the present study, we found that HSP
expression was different between mouse HCC cell linesHea-F
and Hca-P, indicating that HSP expression might be related to
HCC metastasis.

The No. 6-2 clone obtained showed homology with mouse
helicase. It has been found that DNA helicases®™*, because
they unwound duplex DNA, have important rolesin cellular
DNA events such as replication, recombination, repair and
transcription. The change in helicases expression could be
found in human carcinomas*?, lymphoma“¥, leukemiaand so
on. Helicases were also related to metastasis*!. B16-F10 and
B16-BL 6 are B16 mouse melanoma sublinesthat preferentially
metastasize to thelung and their metastasispotential isdifferent.
Helicasesand ribosomal protein (L37) showed higher expression
in B16-BL6 cellsthanin B16-F10 cellg*!. There has been no
report on the association between helicase up-regulation and
HCC metastasis. Thus, further investigations are required to
elucidate therole of helicasein HCC metastasis.

Besides, two clones obtained in the present study showed
homology to mouse ribosomal protein S13 and ethanol induced
6 gene. To our knowledge, there have been no reports on their
relation to metastasis. Whether ribosomal protein S13 and
ethanol induced 6 gene can be considered as candidate gene
of metastasis related gene remains unclear. Clone 11-7 showed
homol ogy with mouse of 10-d embryowhole body cDNA library
clone 2610102k11, It is important to study the correlation
between metastasis and embryo gene expression. Clone 7-1
showed homology with mouse mouse chromosome 2 clone RP
24-322M5 and clone 15-7 showed homology with mouse
chromosome 12 clones RP23-210N16. Whether there are
candidate metastasis-related genes on chromosome 2 and

chromosome 12 needs further investigation. The other three
clones showed homology with three EST sequence.

In addition to the known genes, four clones showed no
homology with any known sequences, indicating that they
were novel genes, although the full-length sequence of these
new genes and their function in lymphatic metastasisremain to
be determined.

In conclusion, differentially expressed genes in mouse
hepatocarcinomacell lineswith different lymphatic metastasis
potential can beisolated by SSH method. Comprehensive study
of these genes can help understand the molecular mechanism
of lymphatic metastasis.
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Abstract

AIM: Cyclooxygenase-2 (COX-2) is one of the rate-limiting
enzymes in metabolism of arachidonic acid, and COX-2
inhibitors demonstrate preventive effects on cancer,
especially on colorectal cancer. The underlying mechanism
remains unclear. The aim of this study was to illustrate
the relationship between angiogenesis and COX-2 in
carcinogenesis of colorectal cancer.

METHODS: One hundred and seventy patients with
colorectal cancer were enrolled in our study from January
1993 to September 2001 in School of Oncology, Peking
University. COX-2 and VEGF expression were detected with
the immunohistochemistry (IHC) technique. IHC assays
were carried out with the aid of tissue microarray (TMA)
procedure. Specimens from 35 of these patients were
examined with reverse transcriptase PCR (RT-PCR).

RESULTS: COX-2 and VEGF expressions were stronger in
colorectal cancer than those in the corresponding normal
tissues, at both protein and mRNA levels. One hundred
patients were eligible for analysis after IHC assay of COX-
2 and VEGF. The positive rate of VEGF was much higher in
COX-2 positive group (47/85) than in COX-2 negative group
(x*= 4.181, P = 0.041). The result was further verified by
the result of RT-PCR (x?= 8.517, A= 0.003). Correlation
coefficient was 0.409 after Spearman correlation analysis
(P=0.015).

CONCLUSION: COX-2 may be involved in the course of
tumor angiogenesis of colorectal cancer and acts through
VEGF.

Wu AW, Gu J, Li ZF, Ji JF, Xu GW. COX-2 expression and
tumor angiogenesis in colorectal cancer. World J Gastroentero/
2004; 10(16): 2323-2326

http://www.wjgnet.com/1007-9327/10/2323.asp

INTRODUCTION

Cyclooxygenase (COX) is one of therate-limiting enzymesin
metabolism of arachidonic acid, which catalyzes arachidonic
acid into a series of products such as prostaglandins and other
eicosanoids. It has two isoforms, COX-1 and COX-2. COX-2
acts as superoxidants and transforms arachidonic acid into

PGG,, and then into PGH,. COX-2 isinducibly expressed in
many human tissues by cytokines, oncogenes, and tumor
promotersl, Recent clinical epidemiological studies have
demongtrated the preventive effect of COX inhibitorson cancer,
especially on colorectal cancer®®. Cellular and animal
experimenta studies have also indicated its rel evance to tumor
invasion, metastasis, cell apoptosis, cell cycle, and body
immunity!”, and the role of COX-2 in the development of
colorectal cancer.

Angiogenesisis among the most important characteristics
of tumors and plays an important role in the course of cancer
invasion and metastasis. Recent studies have confirmed the
hypothesis of tumor growth, which is generally dependent on
tumor angiogenesis. Any significant increase in tumor mass
must be preceded by an increase in vascular supply to deliver
nutrients and oxygen to the tumor'®. Experimental studiesfrom
Seed and Tsujii®*? suggested that COX-2 might be involved
in angiogenesis. Few reports on the role of COX-2 in tumor
angiogenesis of colorectal cancer in clinical settings are
available.

MATERIALS AND METHODS

Patients and tissues

A total of 170 patients after surgical treatment in School of
Oncology, Peking University, from January 1993 to September
2001 were studied retrospectively. Specimens from these
patientswere prepared astissue microarray and then underwent
immunohistochemical assays. Specimens from thirty-five
patientswere prepared for reversetranscriptase PCR (RT-PCR),
including 22 male patients and 13 femal e patients.

Tissue array preparation and immunohistochemical staining
Formalin-fixed and paraffin-embedded tissues were subjected
to routine sectioning of 3-5 um thickness and HE staining.
Tissue array block was completed for subsequent sectioning
according to the predetermined scheme described beforelY.
Two-step immunohistochemical staining was used for COX-2
and VEGF detection. Thetiter of COX-2 (Cayman Chemical,
USA) and VEGF (Zhongshan Biological Inc., Beijing, China)
antibody were 1:200 and 1:50 respectively. Human colon
adenocarcinoma with strong COX-2 staining served as a
positive control, whereas PBS instead of antibody served asa
negative control. Two pathol ogists independently reviewed
dideswithimmunohistochemical staining. Microscopicaly, the
slides with no staining in the negative control and the specific
dark yellow staining of cytoplasm and neuclear membranein
the positive control were eligible for a further analysis.
Semiquantitative scoring system was adopted according to
the staining intensity: O for no staining, 1 for weak yellow, 2 for
dark yellow, and 3 for brown staining with granular distributions.
The mean score was used for statistical analysis and the
threshold for positivity was 2[4,

Specimen preparation and RT-PCR

Tumor tissues and the corresponding normal mucosae at least
10 cm away werecollected 30 min after removal of the specimens.
The tissues were then stored under -70 °C for RNA extraction.
Total RNA was prepared from the specimenswith Trizol reagent
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(Gibco BRL Co.) according to the manufacturer’sinstructions.
cDNA synthesiswas carried out with 1jg of total RNA. Sense
and antisense primers of 0.5 uL were mixed with 11 yL dd H,0O,
5uL PCRbuffer,3uL MgCl, (25mmol/L), 2uL dNTP(10mmol/L),
2 pL cDNA, and 0.8 pL Tag DNA polymerase for PCR. The
primersfor PCRwere5 TTC AAA TGA GAT TGT GGG AAA
AT 3 (senseprimer) and 5 AGA TCA TCT CTG CCT GAG
TAT CTT 3 (antisense primer). PCR reactions were processed
inaPTC 100thermocycler under thefollowing conditions: a 94 °C
for5min, at 94°Cfor 30 s extensona 55 °Cfor 30 s thenat 72°C
for 30 sfor 40 cycles, and then at 72 °C for 5 min. The RT-PCR
products were then analyzed on 15 g/L agarose gels. Colon
cancer cell line HT-29 and [-actin served as a positive and
inner control, respectively. PCR reactions without cDNA were
used as blank controls.

Statistical analysis

All statistical analyseswere carried out with the SPSS software,
10.0, USA. The relationship between COX-2 expression and
categorical variables was compared with x?test or Fisher two-
sided exact test. Continuous variables were analyzed with
t test and P<0.05 was considered statistically significant.
Correlation analysis was processed via the Spearman method.

RESULTS

Expression of COX-2 protein in colorectal cancer tissues

Of the 170 colorectal cancer patients, 139 were eligible for
analysis after COX-2 immunohistochemical assays.
Immunohistochemical assays demonstrated that COX-2 protein
was located in cytoplasm and nuclear membrane. The staining
wasweak yellow, dark yellow, and brown at alow-power field
and diffuse or granular staining at a high-power field under a
microscope (Figure 1A). A weak staining of COX-2 was
observed in normal tissue with apositive rate of 24.1% (7/29).
COX-2 expression was much stronger in tumor cellswith dark
yellow or brown staining with occasional granular distributions
than in normal tissues. The positive rate of COX-2 in colorectal
cancer was 84.9% (118/139).

Figure 1 COX-2 and VEGF expressions in colorectal cancer
tissues (IHC assay). A: Well-differentiated colonic adenocarcinoma,
COX-2 immunostaining, x100. B: Well-differentiated colonic
adenocarcinoma, VEGF immunostaining, x100.

Expression of VEGF protein in colorectal cancer tissues

For some reasons, only 100 colorectal cancer patients were
digiblefor further analysis after immunohistochemical assays.
VEGF protein was located in cytoplasm of tumor cells and
endothelid cdls(Figure 1B). About 51.0% (51/100) of thetumors
presented with strong VEGF staining, and the rate was much
higher than that of normal tissues.

Expression of COX-2 and VEGF mRNA in colorectal cancer tissues
In consistent with the results of IHC assay, RT-PCR revealed
stronger expressions of COX-2 and VEGF in tumorsthanin
corresponding normal tissues (Figure 2). Among the 35 paired
specimens of colorectal cancer tissues undergoing RT-PCR
assays, 27 (77.1%) and 28 (80.0%) were positivewith VEGF and
COX-2, respectively, compared with 9 (25.7%) and 11 (31.4%)
in normal tissues (P<0.01).

N1 T1 N2 T2 T3 N3 IC M

600 bp
500 bp
400 bp

300 bp
200 bp

Figure 2 COX-2 and VEGF expressions in colorectal cancer
tissues (RT-PCR assay). N: normal T: tumor IC: internal con-
trol M: marker. The Arabic number represents the number of
samples. The marker has six lanes from 100 bp to 600 bp. The
left four lanes stand for the 304 bp products of COX-2 while the
right two lanes are the VEGF products of 541 and 408 bp
respectively. The internal control of B-actin produced a 496 bp
product.

Correlation between COX-2 and VEGF expression in colorectal
cancer tissues

For the reason of TMA, atotal of 100 cases were eligible for
IHC analysis. Among these, 47 COX-2 positive cases presented
with a positive VEGF staining (55.3%). The positive rate of
VEGFwasmuch higher thanthatin COX-2 negative group (26.7%).
The difference between two groups had agtatistical significance
(x?=4.181, P=0.041). Among the 27 caseswith COX-2 mRNA
expression, 25 had a strong VEGF expression whileonly 2in
COX-2 negative group (x*=8.517, P=0.003) (Table 1). COX-2
and VEGF expression demonstrated a tendency to having a
positivecorrelaion with corrdation coefficient of 0.409 (P=0.015).

Table 1 Expression of COX-2 and VEGF in colorectal cancer
tissue (RT-PCR/IHC)!

VEGF expression COX-2 COX-2 Total
positive negative

Positive 25/47 2/4 27/51

Negative 3/38 5/11 8/49

Total 28/85 7/15 357100

'Fisher double-side exact test (P = 0.003/0.041).

DISCUSSION

It has been documented that COX-2 plays an important rolein
the development of human tumorg'#%¢, COX -2 could promote
the growth and invasion of tumorg'"*® and increase invasiveness
and potential of tumor metastasig**?. Recent research results
indicated that COX-2 could also induce tumor angiogenesis
and was correl ated with hematogenous metastasis of tumorg®2,
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Tumor angiogenesisis one of the important characteristics of
tumors involving their growth and metastasis. The formation
of primary or metastatic lesions and even their further
development are dependent on tumor angiogenesis. Newly-
formed vesselswerein need of nutrition and oxygen when the
tumor grew to 2-3 mmin size!®.

It had been found many factors are involved in tumor
angiogenesisincluding bFGF, aFGF, PGE;, PGE,, VEGF, TGFa,
TGFpB, and TNF?3, The most important is vessel endothelial
growth factor (VEGF), a highly specific mitogen of vessel
endothelial cells. The biological functions of VEGF included
selective promotion of mitosisof endothelial cells, stimulation
of their proliferation and angiogenesis, an increase in vessel
transparency and extravasculization of plasma large
molecules®?, |t was reported that COX-2 might interact with
VEGF#2, Therefore, therelationship of COX-2 and angiogenesis
(VEGF asthe marker of angiogenesis) wasthen investigated at
protein and mRNA levels.

The positiverate of COX-2 mRNA and COX-2 protein were
80% (28/35) and 84.9% in colorectal cancer. Both were much
higher than those in normal tissues (P<0.01), which indicated
therole of COX-2 in carcinogenesis of colorectal cancer. The
expressionsof COX-2 and VEGF were studied through RT-PCR
and IHC assays. The result of RT-PCR showed that 25 were
V EGF positive among the 28 COX-2 positive patients, and only
2 were VEGF positive in the COX-2 negative group.
Correspondingly, of the 85 patients with COX-2 positive
staining, 47 (55.3%) expressed VEGF while only 26.7% in the
COX-2 negative group, indicating the correlationship between
theexpressionsof COX-2 and VEGF, whichwasfurther verified
by the Spearman correlation analysis. Cianchi'® recently found
a close correlation between COX-2 and VEGF as well as
microvessel density (MVD) in their studies on 31 colorecta
cancer patients by Western blot and Northern blot analysis,
and immunohistochemical assays, which was consistent with
our results.

The mechanism underlying the role of COX-2 in tumor
angiogenesis has been unclear®. Preliminary results showed
that angiogenesi s occurred when endothelia cellswere cultured
with cancer cellsover-expressing COX-29. It could beinhibited
by selective COX-2 inhibitorsin endothelial cellsin vitrd®. It
was proved that the activity of COX-2 ininterstitial cellswas
necessary for secretion of VEGF, proliferation of endothelial
cellsand new vessel formation*. These experimental results
suggested that such metabolic products might induce the
expression of VEGF via pathways of paracrine, autocrine or
intracrine, and stimulate proliferation of vessel endothelial cells
and formation of tumor vessel§%.

Theregulatory effect of COX-2 on VEGF production and
tumor angiogenenesis suggested that COX-2 expression might
be an upstream event in tumor angiogenesis®??, We also
found that COX-2 expression was positively correlated with
expression of VEGF, one of themaost important factorsfor tumor
angiogenesis. Theexpression rate of VEGF was high in patients
with positive COX-2 expression (25/28) while low in COX-2
negative patients (2/7). In addition, staining intensity of COX-
2 was correlated with that of VEGF. Management of the murine
animal model of lung and prostate cancers with the gene
knockout technique or COX-2 inhibitor resulted in not only
tumor shrinkage but also inhibition of tumor angiogenesis.
Endothelia cellswere scattered without formation of an ordered
tubular structure. The MV D of tumor and expression of VEGF
were significantly decreased, further suggesting the role of
COX-2 on VEGF expression and tumor angiogenesig%+%2,

Great progresses have been made in the research of tumor
angiogenesis. Trials on targeted therapy against angiogenesis
have been ongoing to block or postpone tumor angiogenesis
so as to cure cancer®334, More than twenty drugs are in their

phasel or Il and even I11 clinical trialsin the United States of
America. Though preliminary results were promising, thereis
still along way to go. Therefore, as an upper-stream event,
COX-2 might be a potential target of the cancer gene therapy
worthy of further research.
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Abstract

AIM: To find new serum biomarkers for liver cirrhosis (LC)
in chronic carriers of hepatitis B virus (HBV).

METHODS: Surface enhanced laser desorption/ionization
time-of-flight (SELDI-TOF) mass spectrometry was used
to discover biomarkers for differentiating HBV induced LC
from non-cirrhotic cohorts. A training population of 25 patients
with HBV-induced LC, 20 patients with HCC, and 25 closely
age-matched healthy men, was studied.

RESULTS: Two biomarkers with M 7 772 and 3 933 were
detected in sera of non-cirrhotic cohorts, but not in patients
with HBV-induced LC. A sensitivity of 80% for all LC patients,
a specificity of 81.8% for all non-cirrhotic cohorts and a
positive predictive value of 75% for the study population
were obtained.

CONCLUSION: These two serum biomarkers for HBV-
induced LC might be used for diagnosis and assessment of
disease progression.

Zhu XD, Zhang WH, Li CL, Xu Y, Liang WJ, Tien P. New
serum biomarkers for detection of HBV-induced liver cirrhosis
using SELDI protein chip technology. World J Gastroenterol
2004; 10(16): 2327-2329

http://www.wjgnet.com/1007-9327/10/2327.asp

INTRODUCTION

Liver cirrhosis (LC), the end-stage of liver fibrosis, isgenerally
irreversible. Patients with LC caused by chronic infection of
HBV are at high risks of hepatocellular carcinoma and high
death rate*. Although some serum assays are on the way to
differentiate chronic HBV infection or LC from HCC,
pretreatment liver biopsy has been considered as the “gold
standard” for assessing the grade of liver injury and stage of
liver fibrosis. Clinicians relying on liver biopsy are able to
correctly diagnose the stage of fibrosis or presence of cirrhosis
in 80% patients®. However, liver biopsy can be associated
with significant expense, manpower issues, and risk of patient

injury. Asaresult, we still need to identify noninvasive tests
that could replace liver biopsy.

Protein profiles might reflect the pathological state of HBV
infection. The relationship between protein profile and disease
progression could be achieved by analyzing the complex serum
proteomic patterns*®. We used a protein biochip surface-
enhanced laser desorption/ionization time-of-flight (SELDI-
TOF) mass spectrometry coupled with an artificial intelligence
learning algorithm to differentiate HBV induced L C from non-
cirrhosis cohorts. A blinded test was used to determine the
sensitivity and specificity of the established pattern.

MATERIALS AND METHODS

Samples

Of the 107 serum samples selected, 40 were from patientswith
HBV-induced L C and 30 from patientswith HCC from You' an
Hospital, Beijing, China, 37 from healthy men provided by Center
of Cancer Prevention and Treatment, Zhongshan University,
China. All HBV infected patients with LC were examined by
ELISA and were HBeAg positivein serum. Thefinal diagnoses
were pathologically confirmed and specimens were obtained
before treatment. All samples were fresh and stored at -70 °C
and closely age-matched.

Protein chip array analysis

Threedifferent chip chemistries (cationic, anionic, and Cu metd
binding, Ciphergen Biosystems, Inc, Fremont, CA) weretested
to determine which provided the best serum profilesin terms of
number and resolution of protein peaks. It showed that WCX2
weak cationic chip gavethe best result. A total of 10 pL of each
samplewasdiluted into 20 pL with U9 buffer (1xPBS, 9 mol/L
urea, 1% CHAPS) and mixed. The mixing step was repeated
several timesonicefor atotal of 30 min. An eight-spot WCX
chip waswashed with 50 mmol/L sodium acetate (pH 4.0) twice.
Then sodium acetate buffer was added to U9-treated sample to
makeafurther 1:13 dilution. Thediluted serum mixture (100 L)
was applied to aprotein chip array and incubated for 1 hon a
shaker. After washing with the same sodium acetate buffer
threetimesfollowed by aquick water rinse, 0.5 L of saturated
singpinic acid (SPA) solution was applied onto each spot and
allowed to air-dry. Then chips were performed on Protein
Biological System Il(c) mass spectrometer reader (PBSII,
Ciphergen Biosystems, Inc).

Bioinformatics and biostatistics

Classification model was built up with Biomarker Pattern’s
Software (BPS, Ciphergen Biosystems, Inc). Training data set
cons sted of 70 serum samples (25 from patientswith LC, 20from
patients with liver cancer, and 25 from healthy individuals). A
classification tree was set up to divide the data set into two
bins based on the intensities of peaks. At each bin a peak
intensity threshold was set. If the peak intensity of a sample
was lower than or equal to the threshold, this sample would go
to the left-side bin. Otherwise, the sample would go to the
right-side bin. The process would go on until a blind sample
entered afinal bin, either labeled at Con (control sample) or LC
(LC serum). Peaks selected by the process to form the model
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were the ones that yielded the least classification error when
they were combined to use.

Data set from double-blind trials consisted of 37 serum
samples (15 from patientswith LC, 10 from patients with liver
cancer, and 12 from healthy individuals) and was used to test
the model.

Specificity and sensitivity were respectively calculated as
the proportion of the number of non-cirrhotic samples correctly
identified to thetotal number of non-cirrhotic samples. Positive
predictive value gives the probability of disease if atest result
is positive.

RESULTS

Evaluation of SELDI protein chip

Asvarious chip array chemistries provided different serum
protein profiles in terms of humber and resolution of protein
peaks, WCX2, SAX2 and IMAC3-Cu metal binding chip arrays
were tested, respectively. WCX2 binding chip was observed
to give the best results. To demonstrate the reproducibility of
the mass spectra, 8 independently obtained spectra of aserum
sample of ahealthy man were performed by between-run assay.
We cal culated that the coefficient of variance for seven selected
M/Z peaks whose relative intensities were above 25 with the
highest amplitude <10%. As shown in Figure 1, serum spectra
from patients and healthy men do not show large variations.
Therefore, small variations between different sample groups
could be used for biomarker discovery. SELDI-TOF spectra of
randomly selected serum samplesof patientswith HBV induced
LC, patients with HCC, and healthy individuals are shown in
Figures 1 and 2. Two proteins of M, 7 772 and 3 933 were
down-regulated in LC or up-regulated in non-cirrhotic group
(healthy/HCC).
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Figure 1 SELDI-TOF mass spectra. Spectra 1-4 from HBV-
induced LC patients, 5-8 from healthy men, and 9-12 from
HCC patients. A biomarker of M, 7 772 was present in non-
cirrhotic group, but not in LC serum samples.

Data analysis

Peak labeling was performed with Biomarker Wizard of
Ciphergen ProteinChip software 3.1.1. The pesk intensitieswere
thentransferred to Biomarker Pattern’s software. Totally 35 peaks
from M, 2 000 to 30 000 were selected to construct the
classification model. Figure 3 shows the tree structure and
sampledistribution. Two peaks, M, 7 772 and 3933, werechosen
to set up the decision tree, respectively. At Node 1, samples of
M, 7 772 with peak intensities lower than or equal to 7.514 went

to Terminal Node 1, which had 9 control samplesand 21 LC
samples. Otherwise, samplesentered Node 2, which had 40 samples.
At Node 2, samplesof M, 3933 with peak intensities|ower than
or equal to 8.217 went to Terminal Node 2, which had 1 control
sample and 3 L C samples. The other samples entered Terminal
Node 3, which had 35 control samplesand | LC sample. The
model identified 70 samples, 36 in control and 34 in LC, and
yielded asensitivity of 96% and specificity of 77.8%. When the
double-blind sample data set was used to challenge the model,
themode predicted asengtivity of 80% and specificity of 81.8%.
The positive predictive value was 75%.
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Figure 2 SELDI-TOF mass spectra. Spectra 1-4 from HBV in-
duced LC patients, 5-8 from healthy men, and 9-12 from HCC
patients. A biomarker of M, 3 933 was present in non-cirrhotic
group, but not in LC serum samples.
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Figure 3 Tree structure and sample distribution. The root
node and descendant nodes are indicated in gray, and the ter-
minal nodes are shown in black. Peaks with M, 7 772 and 3 933
were chosen to set up the decision tree.

DISCUSSION

HBYV infection often leadsto aprolonged activevira replication,
HBV DNA integration and eventually LC!®. About 55-85% of
L C patientswill devel op hepatocellular carcinoma, which dways
has bad prognosis. It isestimated that HCC may be responsible
for more than 1 million deaths annually and it is the fifth most
frequent cause of cancer death worldwide™. Liver biopsy has
remained the gold standard for identification of patients with
liver diseases. However, thedifferentia diagnosisbetween HCC
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and LCis sometimes difficult and new biochemica markersfor
HCC arerequired. In recent years, several non-invasive serum
biomarkers have been considered to diagnose L C associated
with HBV, including hyaluronic acid (HA)®9, type 111
procollagen peptide, laminin and type IV collagen*®,

Among the non-invasive serum biomarkersfor liver fibrosis
and cirrhosis, HA was reported to be the best marker for
diagnosig®¥. HA with amolecular mass of several millionis
present in most tissues as a component of the extracellular
matrix. Elevated levels of serum HA have been reported in
various diseases including liver diseases. Increases in serum
HA correspond to the progression of liver diseases, including
viral and non-viral diseases. Ding et al. demonstrated that the
elevated serum HA levels were closely related to the severity
of liver fibrosis, particularly in LC!*2, In addition, Procollagen
[11 peptide, laminin, and typelV collagen with molecular masses
of 45000, 400 000 and 67 000, respectively, ared so extracellular
matrix glycoproteins and have been reported to be correlated
to necrosisand inflammation aswell asfibrosisin patientswith
chronic hepatitis and L C™*®!. However, the diagnostic value, i.e.
sensitivity and specificity, of these markers for patients with
cirrhosis has not been satisfactory so far. Use of multiple
markers led to 90% sensitivity at most in diagnosing cirrhosis,
but variable specificity was about 60%614,

SELDI-TOF mass spectrometry is a recently described
affinity-based mass spectrometric method that combines
chromatography and mass spectrometry. Thisnovel technology
has been used for protein or peptide biomarker identification,
biomolecular interactions and post-trand ational modifications.
Protein chip technology has proven to be useful inthe discovery
of potential diagnostic markers for prostatel*>*”, bladder(*®,
ovarian™, breast?>?2, lung cancers®, and pancreatic ductal
adenocarcinoma. However, using it to discover new biomarkers
of HBV induced diseases has not been addressed before. To
identify potential biomarkersthat can detect HBV induced LC,
protein profiles of serum samples from LC patients were
compared with those from the non-cirrhotic controls. Biomarker
Pattern’ s Software was used to identify two peaks differentially
presented in control healthy and HCC serum samples compared
with LC samples. The top-scored two peaks with M, 7 772 and
3 933 were finally selected. These two proteins generated a
sensitivity of 96% and specificity of 77.8%. Itisdifficult tofind
agood single marker associated with diseases because of the
differences among patients' age, gender, diet and genes.
Furthermore, double-blind test was used to determine the
sensitivity and specificity of the model. A sensitivity of 80%,
specificity of 81.8% and positive predictive value of 75% for
the study population were obtained when comparing LC versus
non-cirrhotic (HCC/healthy men) groups. The low-molecular-
mass serum proteins are apparently different from known non-
invasive serum biomarkersfor LC in many aspects and might be
acceptable for diagnosis and assessment of HBV associated LC.
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Abstract

AIM: To investigate the effect of interleukin-12 p40 gene
(IL12B) 3’-untranslated region polymorphism on the
outcome of HCV infection.

METHODS: A total of 133 patients who had been infected
with HCV for 12-25 (18.2+3.8) years, were enrolled in this
study. Liver biochemical tests were performed with an
automated analyzer and HCV RNA was detected by fluorogenic
quantitative polymerase chain reaction. B-mode ultrasound
was used for liver examination. Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) was
used for the detection of 7£128 (1188A/C) polymorphism.

RESULTS: Self-limited infection was associated with AC
genotype (OR = 3.48; P = 0.001) and persistent infection
was associated with AA genotype (OR = 0.34; A= 0.014)
at site 1188 of [L12B. In patients with persistent HCV
infection, no significant differences were found regarding
the age, gender, duration of infection and biochemical
characteristics (£>0.05). According to B-mode ultrasound
imaging and clinical diagnosis, patients with persistent
infection were divided into groups based on the severity of
infection. No significant differences were found in the
frequency of IL-12 genotype (1188A/C) between different
groups (P>0.05).

CONCLUSION: The polymorphism of 7L128 (1188A/C)
appears to have some influence on the outcome of HCV
infection.

Yin LM, Zhu WF, Wei L, Xu XY, Sun DG, Wang YB, Fan WM,
Yu M, Tian XL, Wang QX, Gao Y, Zhuang H. Association of
interleukin-12 p40 gene 3'-untranslated region polymorphism
and outcome of HCV infection. World J Gastroentero/ 2004;
10(16): 2330-2333
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INTRODUCTION

Hepatitis C virus (HCV) isthe major cause of post-transfusion
hepatitis. Asis estimated by WHO, approximately 170 million
people globally may have been infected with HCV¥, Although
chronic HCV infections are often clinically silent for decades,
an estimated 85% of individuals infected with HCV develop
persistent infection, and these patients are likely to end up
withcirrhosisand liver cancer!™®, HCV infection persistsdespite
the presence of specific humora and cellular immune responses,
and the factors leading to viral clearance or persistence are
poorly understood. But some researches showed that the
outcome might already be determined at an early time point
following infectionl*”. Patients with acute HCV infection
presenting a self-limited acute hepatitis develop a strong Thl
response. In contrast, patients developing a chronic infection
show a predominant Th2 response, but aweak Thl response.
These findings suggest that the imbal ance or skewness between
responses of Thland Th2 cdlsisinvolved in disease progression
andin theincapability to eradicate HCVE, nterleukin 12 (1L -
12) is akey cytokine presented with the initiation of immune
response, which is one of the most clearly defined factors
determining Thl and Th2 differentiation*-!2, |L-12 might,
therefore, play an important role in the pathogenesis of HCV
infection by affecting the Th1/Th2 balance. Single nucleoctide
polymorphism (SNP) (1188A/C) wasidentified at position 1188
inthe 3 -untranslated region (UTR) of 1L-12 p40 gene (IL12B)
and was found to correlate with many diseasegd™* 1,

In this study, we proposed that some genotypes of SNP
(1188A/C) might associate with either disease outcome or the
state of illnessin chronic HCV infection. Totest thishypothesis,
we determined the frequency of genotypes at the SNP site
using polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) inHCV infected patients, aswell as
the relationship between 1L12B and outcome of HCV infection.

MATERIALS AND METHODS

Subjects

A total of 133 patients with confirmed diagnoses of HCV
infection in Gu’an County, Hebei Province, China, who had
beeninfectedwithHCV for 12-25(18.2+3.8) years, wereenrolled
in this study. All the patients were investigated in January
2002. Therewere61 (45.9%) maeand 72 (54.1%) femaepatients
ranging from 30to 69 years old (mean age, 46.5+8.3 years). All
subjects had no access to antivirus treatment.

Laboratory examination

Venous blood was drawn from each individual and genomic
DNA was extracted from clotted blood with aprotocol by using
slica(Sigma, S-5631). Genotyping of SNP(1188A/C) wascarried
out by PCR-RFL P accordingto Hall et al.*3, Liver biochemistry
tests including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyltransferase (y-GT), akaline
phosphatase (AL P), total bilirubin (TBIl), direct bilirubin (DBIl),
total protein (Tp), albumin (ALB) and serum albumin/globulin
ratio (A/G) were measured with HITACHI 7170 automatic
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biochemistry analyzer. The B-mode ultrasound was performed
for liver examination. HCV RNA was detected with quantitative
fluorogenic PCR.

Statistical analysis

Data were expressed as meantSD. Student’ s t-test, one-way
analysis of variance and Chi-square tests were used for
statistical analysis according to the data obtained. Logistic
regression was used to assess the impact of variables on the
odds of the outcome of HCV infection. Multivariate analysis of
variance was used to analyze the difference of clinical
characteristics among patients with persistent infection. All
univariate and multivariable calculations, including odds ratios
(OR), 95% confidence intervals (95% Cl), and P values were
calculated using the SPSS (version 10).

RESULTS

Of 133 casesinvestigated in this study, 91 (68.4%) were HCV
RNA positive and 42 (31.6%) were HCV RNA negative. SNP
typing of DNA samplesfrom all the subjectsisshownin Table 1.
The proportions of male subjects were 31.0% in self-limited
infection and 52.7% in persistent infection. Female gender was
closely related to self-limited infection (P<0.05). All patients
were HCV infected as a consequence of plasma donation. The
mean durations of infection were 17.76 and 18.44 years for
patients with self-limited infection and matched patients with
persistent infection, respectively. HCV genotype 1b wasfound
in all the patients except two. In addition, the two groups were
indistinguishable with respect to age, source of infection,
duration of infection and HCV genctype (P>0.05).

Table 1 Features of subjects enrolled in the study

Group n Gender Age Duration of
(male/female) (yr) infection (yr)
Self-limited infection 42 13729 45.71+7.68 17.76+3.82

Persistent infection 91 48743 46.85+8.56 18.44+3.82

Agarose gel electrophoresis result of three genotypes of
SNP(1188A/C) isshownin Figure 1. Genotypefrequenciesat SNP
(1188A/C) arelisted in Table 2. There was significant difference
in genotype distribution between subjects with self-limited
infection and subjects with persistent infection (P<0.01). The
distribution of genotype showed a good fit to Hardy-Weinberg
equilibrium. At SNP (1188A/C) locus, the AC homozygous
genotype wasfound more frequently in subjectswith sdf-limited
infection compared to those with persistent infection: 64.3% vs
34.1%(0OR=348; 95%Cl: 1.52-8.10; P=0.001). The AA genotype
was more freguent in individuals with persistent infection
compared to those with self-limited infection: 40.7% vs 19.0%
(OR=0.34;95%Cl: 0.12-0.87; P=0.014).
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Figure 1 2% agarose gel electrophoresis of restriction en-
zyme digested products. Lane 1: 50 bp DNA ladder; lanes 2 and
3: AC genotype; lanes 4 and 5: CC genotype; lanes 6 and 7: AA
genotype.

Table 2 Genotype frequencies of 1188A/C SNP of IL12B in
patients

Persistent OR
infection (%)
n=91

Genotype Self-limited 95% ClI P
infection (%)

n=142

AA 8 (19.0) 37(40.7) 034 0.12-0.87 0.014
cc 7 (16.7) 23(25.3) 059 0.20-1.61 0.270
AC 27 (64.3) 31(34.1) 348 152810 0.001

Comparisons of genotype distribution using chi square test
showed significant difference between self-limited infection
and persistent infection (P = 0.004).

Effects of variables on the outcome of HCV infection were
investigated by means of binary logistic regression analysis
(Table 3). Both genotypes of SNP (1188A/C) and gender were
independently associated with the outcome of HCV infection
(OR0.43,P=0.001; OR0.41, P =0.029, respectively).

Table 3 Multivariate analysis of the effects of variables on the
outcome of HCV infection

Variable P Multivariate odds ratio (95% CI)
Genotype 0.001 0.43 (0.27-0.70)
Gender 0.029

0.41 (0.18-0.91)
Duration of infection NS -

The general features, biochemical characteristicsand HCV
RNA levelsin patients with persistent infection grouped by the
genotypeof SNP(1188A/C) of IL12B wereanayzed (Table4). No
significant differenceswere foundin age, gender or theduration
of infection between three groups. And no significant
differenceswerefoundin ALT, AST, y-GT, ALP, TBil, DBil, Tp,
ALB, A/G or HCV RNA levelsbetween three groups (P>0.05).
According to the result from B-mode ultrasound and clinical
diagnosis, patients with persistent infection were divided into
groups based on severity. No significant differenceswerefound
in genotype frequencies between different groups (P>0.05).
Multivariate analysis of variance was used to analyze the
different biochemical characteristics between three groups, and
no difference was found (P>0.05) (data not shown).

Table 4 Characteristics of patients with different SNP (1188A/C)
genotypes during persistent infection

Characteristics AAnNn =38 CCn=23 ACn =30
Age (yr) 46.9+8.2 46.7+9.7 46.8+8.4
Gender (male/female) 21/17 12/11 15/15
Duration of 18.0+3.8 18.8+4.0 18.1+3.8
disease (yr)

ALT (U/L) 51+44 51+60 44426
AST (U/L) 50+30 51+34 47+20
y-GT (U/L) 24126 35+33 28+34
ALP (U/L) 88+26 92+28 93+22
Thil (umol/L) 29+11 8.95+2.59 10.1+4.2
Dbil (umol/L) 5.84+2.0 5.3+2.2 5.4+2.4
Tp (g/L) 75.3+3.9 72.24+5.95 75.0+5.8
ALB (g7/L) 44.4+2.3 43.8+2.3 44.5+2.6
A/G 1.46+0.21 1.59+0.32 1.51+0.30
HCV RNA! 5.07+1.49 4.95+1.52 5.58+1.24

Values are expressed as log,, RNA copies per mL.

DISCUSSION
For the first time, we investigated here the polymorphism of
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SNP (1188A/C) of IL12B in patients with HCV infection and
demonstrated that AA genotype decreased and AC genotype
increased in self-limited infection. Although there was no
significant difference in allele distribution between patients
with self-limited infection and patientswith persistent infection,
A aleletended to be decreased and C genotype to be increased
in self-limited infection. In this study, however, there was no
association between genotype of SNP (1188A/C) of IL12B and
biochemical characteristics of subjectswith persistent infection.
And no association was found between genotype of SNP
(1188A/C) and the severity of subjectswith persistent infection.

HCV infection is characterized by a broad spectrum of
possible outcomes. Infection is self-limited in a fortunate
minority, while the majority of patients develop persistent
infectionl*¢*", Patients with acute HCV infection presenting a
self-limited acute hepatitis and with eradication of the virus
develop a strong Thl response but a weak or absent Th2
response. In contrast, patients devel oping a chronic infection
show a predominant Th2 response, but aweak Thl response.
These observations suggest that Thl cytokine effect is essential
for protection against HCV infection, while the production of
Th2 cytokine seemsto have an inhibiting effect on the patient’s
immunologica system’®9., |L-12isakey regulator of thepolarization
of immuneresponsesto T helper 1 or 2 categories and plays a
rolein autoimmune and i nfectious diseased**2%8, [L-12 might,
therefore, have effects on the pathogenesis of HCV infection
by affecting Th1/Th2 balance.

IL-12iscomprised of two disulphide-linked protein subunits
designated p35 and p40, which are encoded by two different
genes, IL12A and IL12BM920, |L-12 p40 expression is restricted
to the production of p70 because p35 is expressed ubiquitously
and condtitutively a low levels. Thus, secretion of the biologically
active p70 heterodimer appearsto be predominantly regulated
at the level of 1L12B™2, IL-12 is secreted mainly by antigen-
presenting cells and plays akey role in innate resistance and
adaptive immunity. IL-12 acts on T cells and NK cells by
enhancing generation and activity of cytotoxic lymphocytes
and inducing proliferation and production of cytokines,
especially IFN-y. IL-12 is also the major cytokine responsible
for differentiation of T helper 1 cells, which are potent producers
of IFN-y1229, And IFN-y playsimportant rolesin the immune
response to HCV infection. Some studies have been reported
that the deletions of IL-12 p40 lead to serious impairment of
immunity to intracel lular bacterid®?. The SNP at position 1188in
the untrand ated region of IL-12 p40 gene mapped to chromosome
5g31-33. Although SNP islocated in UTR and does not alter
the coding sequence, some researches showed that this SNP
site was associated with immune-mediated disease*®#,

Many studies showed that there was close relationship
between |L-12 and hepatitisC. Nelson et al . reported that patients
with chronicHCV infection had elevated IL-12, which correl ated
withserumALT andintrahepatic HCV-specific CTL activity. These
dataindicatethat IL-12 isinvolved in theimmunopathogenesis
of chronic HCV infection, especidly in cell-mediated immunity,
which might beimportant in spontaneous or interferon mediated
viral clearance®?4, Another study reported the impairment in
allostimulatory capacity of peripheral blood dendritic cellsin
HCV - infected individuals, which is likely due to low IL-12
expression and restored by endogenous IL-121%!, Some studies
havefound that IL-12 can produce lower HCV-RNA level %534,

Studies on functional characteristics of this polymorphism
suggest that they influence the secretion of cytokines. Morahan
et al. reported the 3'-UTR alleles showed different levels of
IL12B mRNA expression in cell lines. They identified EBV-
transformed cell lines homozygous for each allele. Expression
of 1L12B mRNA was significantly reduced in the C/C genotype
cell linein contrast to the A/A ling®3. But Seegerset al. found
that a Tagl polymorphism (C/C) in1L12 p40 3-UTR correlated

withincreased IL-12 p70invitro®. Theresultswere complicated
and the functional characteristics of this polymorphism still
need to be evaluated. Currently our group isworking onthelL-12
MRNA and protein levels of three different genotypesto clarify
how SNP (1188A/C) influences the course of hepatitis C.

In summary, we have reported that the frequency of A/A
genotype of IL12B 3’ -UTR SNP was decreased in self-limited
HCV infection. It suggests that this SNP is associated with
different outcomes of HCV infection, presumably by affecting
Th1/Th2 balance. Nevertheless, since the outcome of HCV
infection isacomplicated polygenic trait, theinteractive effects
between SNP (1188A/C) of IL12B and other factorsinvolvedin
the outcome of hepatitis C still need to be evaluated.
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Abstract

AIM: To investigate the relations between tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) and
Helicobacter pylori (H pylori) infection in apoptosis of gastric
epithelial cells and to assess the expression of TRAIL on
the surface of infiltrating T-cells in H py/lor-infected gastric
mucosa.

METHODS: Human gastric epithelial cell lines and primary
gastric epithelial cells were co-cultured with H pylori in
vitro, then recombinant TRAIL proteins were added to the
culture. Apoptosis of gastric epithelial cells was determined
by a specific ELISA for cell death. Infiltrating lymphocytes
were isolated from H pylorFinfected gastric mucosa, and
expression of TRAIL in T cells was analyzed by flow
cytometry.

RESULTS: The apoptosis of gastric epithelial cell lines and
primary human gastric epithelial cells was mildly increased
by interaction with either TRAIL or 4 pylorialone. Interestingly,
the apoptotic indices were markedly elevated when gastric
epithelial cells were incubated with both TRAIL and H pylori
(Control vs TRAIL and H pylori: 0.51+0.06 vs2.29+0.27,
P = 0.018). A soluble TRAIL receptor (DR4-Fc) could
specifically block the TRAIL-mediated apoptosis. Further
studies demonstrated that infiltrating T-cells in gastric
mucosa expressed TRAIL on their surfaces, and the
induction of TRAIL sensitivity by H pylori was dependent
upon direct cell contact of viable bacteria, but not CagA
and VacA of H pyiori.

CONCLUSION: H pylori can sensitize human gastric
epithelial cells and enhance susceptibility to TRAIL-mediated
apoptosis. Modulation of host cell sensitivity to apoptosis
by bacterial interaction adds a new dimension to the
immunopathogenesis of H pyloriinfection.

Wu YY, Tsai HF, Lin WC, Chou AH, Chen HT, Yang JC, Hsu
PI, Hsu PN. Helicobacter pylorienhances tumor necrosis factor-
related apoptosis-inducing ligand-mediated apoptosis in
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10(16): 2334-2339
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INTRODUCTION

Helicobacter pylori (H pylori), which infects about 50% of the
world’s population, is the leading cause of chronic gastritis
and peptic ulcer diseases. Recent studies have shown that
apoptosis of gastric epithelial cellsisincreased during H pylori
infectionl**. The enhanced gastric epithelial cell apoptosisin
H pylori infection has been suggested to play an important
role in the pathogenesis of chronic gastritis, peptic ulcer and
gastric neoplasia. There are anumber of mechanisms that may
beinvolved, including the direct cytotoxic effects of the bacteria,
aswell asinflammatory responses elicited by the infection!+™.
Recent studies have suggested that T helper type 1 (Thl) cells
are selectively increased during H pylori infection®, Thl
cytokines, such asgammainterferon (IFN-) and tumor necrosis
factor alpha(TNF-), canincreasethe release of proinflammatory
cytokines, augmenting apoptosisinduced by H pylorit™. H pylori
infection could also induce gastric mucosa damage by
increasing expression of Fasin gastric epithelia cells, leading
to gastric epithelial cell apoptosisthrough Fag/FasL interaction
with infiltrating T cellg%3. These findings suggest arole for
immune-mediated apoptosis of gastric epithelial cellsduring
H pylori infection.

TRAIL, anovel TNF superfamily member with strong
homology to FasL, is capable of inducing apoptosisin avariety
of transformed cell linesin vitrol***, Recent studiesindicated
that TRAIL-induced apoptosis occurred through a caspase
signaling cascade®>*". It has been shown that T cells can kill
target cells via TRAIL/TRAIL receptor interaction!®23,
suggesting that TRAIL might serve as a cytotoxic effector
moleculein activated T cellsin vivo. In addition to itsrole in
inducing apoptosis by binding to death receptors, TRAIL itself
can stimulate T cells and augment IFN- secretionf??. These
findingshaveled usto hypothesizethat TRAIL/TRAIL receptor
interaction was involved in the apoptosis of gastric epithelial
cellsin H pylori gastritis. We therefore designed the study to
investigate the interactions between TRAIL and H pylori in
apoptosis of human gastric epithelia cells. Additionally, we
assessed the expression of TRAIL on the surface of infiltrating
T-cellsin H pylori-infected gastric mucosa.

MATERIALS AND METHODS

Bacterial strains, cell lines, and media

H pylori standard strain ATCC43504 (CagA+, VacA+) and the
mutant strain ATCC51932 (CagA-, VacA-), obtained from
American Type Culture Collections (ATCC) were used. H pylori
strain NTUH-C1 (CagA+, VacA+) wasisolated from a patient
with duodenal ulcer in National Taiwan University Hospital.
Before each experiment, H pylori was passaged on 5% sheep
blood agar plates by incubation in an atmosphere consisting
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of 5% O,, 15% CO,, and 80% N, for 2-4 d at 37 °C. Bacteriawere
cultured in Brucella broth (Difco Labs, Inc. Detroit, MI)
supplemented with 5% FBS, vancomycin and amphotericin
B under the same conditions for 30 h at 37 °C with agitation
(80-100 rpm/min). Cellswere then pelleted and resuspended in
phosphate-buffered saline at a concentration of 10° CFU/mL.
Human gastric adenocarcinomacell line AGSwas obtained from
ATCC and maintained in DMEM, supplemented with 10% FBS.

Generation of cagA or vacA gene knock out H pylori mutant strains
For generation of H pylori isogenic mutant strains with cagA
or vacA gene defect, we introduced mutations into cagA or
vacA genein H pylori strain NTUH-CL. cagA and vacA genes
were amplified by PCR with the following primer pairs, cagA:
5 -ATGACTAACGAAACTATTGATCAAACA-3 and 5'-
AGATTTTTGGAAACCACCTT TTGTATTA-3'; vacA: 5'-
GCTGGGATTGGGGGAATG-3' and 5'-TTGCGCGCTA
TTGGGTGG-3'. The PCR fragments were purified and then
cloned on pGEM-T easy vector by aTA cloning kit (Promega,
Madison, WI, USA). The cloned cagA or vacA gene was
digested with Nhe [, after which the chloramphenicol resistant
marker (CAT cassette) wasligated with recombinant Nhel sites
at both ends. The plasmid pGEM-T Easy Vector with cagA or
vacA inserted by the CAT cassette was used for the natural
transformation of H pylori strain NTUH-C1. The cagA gene or
vacA gene isogenic knockout mutants were selected by the
BHI agar plate with 40 ppm chloramphenicol and confirmed
withPCR.

Expression and purification of recombinant TRAIL protein and
soluble TRAIL receptor (DR4-Fc)

Recombinant TRAIL proteins were expressed in E. coli
expression system and purified with Ni column as described®.
In brief, the coding portion of the extracellular domain of TRAIL
(amino acid 123-314) was PCR amplified, subcloned into pRSET
B vector (Invitrogen, Groningen, the Netherlands) and
expressed in E. coli expression system. Purification of
recombinant His- TRAIL fusion protein was performed by metal
chelate column chromatography using Ni-NTA resin according
to the manufacturer’s recommendations (Qiagen, Hilden,
Germany). His- TRAIL was quantified by the Bradford method
and protein assay reagent (BioRad, Richmond, CA, USA). To
generate soluble recombinant DR4-Fc fusion molecules, the
coding sequence for the extracellular domain of human DR4
was isolated by RT-PCR using the forward primer,
CGGATTTCATGGCGCCACCACCA, and thereverse primer,
GAAGATCTATTATGTCCATTGCC. Theamplified product was
ligated in-frame into BamHI-cut pUC19-1gG1-Fc vector
containing the human 1gG1 Fc coding sequence. The fusion
gene was then subcloned into pBacPAK9 vector (Clontech,
Palo Alto, CA). DR4-Fc fusion protein was recovered from the
filtered supernatants of the recombinant virus-infected Sf21
cellsusing protein G-sepharose beads (Pharmacia, Piscataway,
NJ). The bound DR4-Fc protein was €l uted with glycine buffer
(pH 3) and didlyzed into PBS. The DR4-Fcisasoluble TRAIL
receptor, which could bind to TRAIL and block its effect.

Culture of primary human gastric epithelial cells

The culture of human gastric epithelial cells was adapted from
the methods described by Smoot et al.[?®. Gastric biopsies
were obtained from patients undergoing gastric endoscopy in
National Taiwan University Hospital for dyspepsia with
informed consents. Specimens were collected in Leibowitz's
L-15 medium (Life Technologies, Grand Island, NY). Gastric
cellswereisolated enzymatically after mechanically mincing
the tissue, into pieces less than or equal to 1 mminsize. The
tissue was then pelleted by centrifugation at 1 500 rpm for five

minutes at 4 °C, the collagenase/dispase was discarded, then
thetissue waswashed oncein 10 mL of PBS and pelleted again
by centrifugation. The cellswere resuspended inthe cell culture
medium. The gastric epithelial cells obtained above were
suspended in 2 mL of Ham's F12 cell culture medium (Life
Technologies, Grand Idand, NY) with 10% FBS and placed into
a6-well tissue culture cluster well.

Apoptosis assay

A sensitive ELISA which detects cytoplasmic histone-
associated DNA fragments was performed according to the
manufacturer’s protocol (Cell Death Detection ELISAPYS;
Roche Mannheim Biochemicals, Mannheim Germany). Human
gadricepithdid cdlswereculturedina96-wel plate (10* cdlsiwell)
overnight, then treated with TRAIL recombinant protein,
harvested by centrifugation at 200 g. The cells were lysed by
incubation with lysis buffer for 30 min, followed by
centrifugation at 200 g for 10 min at room temperature. The
supernatant was collected and incubated with immunoreagent
pre-prepared for 2 h. After washed gently, the supernatant
was pipetted into each well with a substrate solution and
kept in the dark until development of the color was sufficient
for photometric analysis. The reaction was determined in a
spectrophotometer at 405 nm.

Effects of TRAIL and H pylori on apoptosis in human gastric
epithelial cells

AGS cdlsor primary human gastric epithelial cells 5x10%well
were incubated with H pylori (ATCC strain 43504 or strain
51932) under the concentration of 4x10” CFU for 12 h.
Recombinant TRAIL proteins were added into the culture at
the concentration of 1.0 g¢/mL for 4 h in the absence or presence
of soluble TRAIL receptor, DR4-Fc (30 g/mL), which could
block the function of TRAIL proteins. Apoptosis of gastric
epithelial cellswasdetermined by aspecific ELISA asdescribed.

Effects of lipopolysaccharide (LPS) and Campylobacter jejuni
on induction of TRAIL sensitivity in human gastric epithelial cells
To exclude the possibility that the effect of induction of TRAIL
sengitivity in AGS cellsby H pylori wasageneral phenomenon
in Gram-negative bacteria, possibly viainteraction with LPS on
cell wall, wefurther studied the TRAIL-mediated apoptosisin
AGS cells following contact with LPS and Campylobacter
jejuni. AGS cells were incubated with LPS from E. coli,
Campylobacter jejuni, and H pylori (domestic strain NTUH-
C1) for 12 h. Recombinant TRAIL proteinswere added into the
culture. Apoptosis was measured with ELISA as described.

Effects of direct cell contact of bacteria on TRAIL-mediated
apoptosis of epithelial cells

AGS cellswere incubated with H pylori (ATCC strain 43504;
CagA+, VacA+) concentrated culture supernatant or with live
bacteria separated by a membranefilter (Nunc Tissue Culture;
Nunc, Roskilde, Denmark) under the concentration of 4x10’
CFU/5x10* cellsfor 12 h. Recombinant TRAIL proteins were
added into the culture. Cell death was measured with ELISA as
described.

Effects of CagA and VacA on TRAIL-mediated apoptosis of
epithelial cells

AGS cells (5%10* cells) were incubated with a CagA-negative
and VacA-negative H pylori mutant strain (ATCC strain 51932)
as well as the cagA or vacA gene defect NTUH-C1 isogenic
mutant strains for 12 h. Recombinant TRAIL proteins were
then added into the culture. Apoptosis was measured with
ELISA assay as described.
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Expressions of TRAIL on surface of T-lymphocytesin gastric mucosa
For isolation of gastricinfiltrating lymphocytesfrom endoscopic
biopsy specimens, the coll ected tissueswereimmediately placed
in ice-cold RPMI 1640 complete medium (GIBCO BRL,
Gaithersburg, MD, USA) containing 10% fetal cdf serum (FCS)
supplemented with penicillin (501U/mL), sreptomycin (50 mg/mL),
L-glutamine (2 mmol/L) and sodium pyruvate (1 mmol/L). The
tissues were washed, diced into 1 mm?e pieces and treated with
collagenase (Typel, 5 g/mL; Sigma Co. St. Louis, MO) and
heparin (5 U/mL) in RPMI 1640 complete medium at 37 °C for
60 min. After the sampleswere washed twice with RPMI 1640
medium, mononuclear cells were collected and then stained
with anti-CD3 and anti-TRAIL mAb. Theexpression of TRAIL
on the surface of T cells was detected by flow cytometry
according to our previous study!?4,

Statistical analysis

The values of apoptosis assay were presented as mean+SD.
The results were compared by Student’st test. A P value less
than 0.05 was regarded as statistically significant.

RESULTS

Effects of TRAIL and H pylori on apoptosis in human gastric
epithelial cell line

Figure 1 showsthe effects of H pylori and TRAIL on apoptosis
in AGScells. The apoptosis of AGS cellswas dightly increased
by TRAIL proteinsor H pylori done. Interestingly, the apoptotic
index wasdramatically increased when AGS cdllswereincubated
with both TRAIL and H pylori (P<0.01 ascompared with control
medium, TRAIL or H pylori alone). Further studies disclosed
that TRAIL-induced apoptosisin AGS cellswasincreased by
H pylori in a dose-dependent manner (data not shown).
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Figure 1 Effects of TRAIL and H pylori on apoptosis in human
gastric epithelial cell line AGS (°P<0.01 when compared with
medium control, TRAIL or H pylori alone).
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Figure 2 AGS cells incubated with heat killed, paraformalde-
hyde-fixed (PA-fixed) or live H pylori (ATCC strain 43504) un-
der the concentration of 4x10” CFU/5x10* cells for 12 h. Open
bar: without TRAIL; filled bar: with TRAIL (°P<0.01).

Figure 2 shows that the TRAIL-induced apoptos s depended
onviable H pylori because exposure of the host cells to heat-
killed H pylori and paraformaldehyde-fixed H pylori did not
induce sensitivity to TRAIL-mediated apoptosis.

Impacts of TRAIL and H pylori on apoptosis in primary human
gastric epithelial cells

Wefurther isolated and cultured primary human gastric epithelial
cellsfrom 23 different human cases (H pylori-positive: 12 cases,
H pylori-negative: 11 cases) to investigate the effects of H pylori
and TRAIL on apoptosis. The apoptosis of primary human
gastric epithelial cellswas mildly elevated by either TRAIL or
H pylori aone (Table 1). However, the apoptotic indices were
markedly elevated when the primary gastric epithelial cellswere
incubated with both H pylori and TRAIL. The apoptosis
induced by H pylori and TRAIL was specifically blocked by
adding soluble TRAIL receptor, DR4-Fc, indicating that the
cell death was resulted from interaction between TRAIL
and TRAIL receptor on the cell surface. Figure 3 shows the
representative responses of four cases. All the gastric
epithelial cellstested were sensitiveto TRAIL after interaction
with H pylori in vitro.

Table 1 Effects of TRAIL and H pylori on apoptosis in primary
human gastric epithelial cells

Apoptotic index! (n=23) P value?
Medium 0.512+0.064 -
TRAIL 0.812+0.109 0.425
HP 0.684+0.085 0.779
HP+TRAIL 2.286+0.268 0.018
HP+TRAIL+DR4 0.816+0.129 0.216

'mean+SD; 2Compared with medium alone samples.
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Figure 3 Enhancement of TRAIL-mediated apoptosis by H pylori
in primary human gastric epithelial cells.

Effects of LPS and Campylobacter jejuni on induction of TRAIL
sensitivity in human gastric epithelial cells

To exclude the possibility that the effect of induction of TRAIL
sensitivity by H pylori was a general phenomenon in Gram-
negative bacteria, possibleviainteraction with lipopolysaccharide
(LPS) on cell walls, we further studied the induction of
sensitivity to TRAIL-mediated apoptosisin AGS cells after
interaction with LPSfrom E. coli and with Campylobacter jejuni,
a Gram-negative bacterial pathogen in gastrointestinal tract.
The results in Figure 4 demonstrate that H pylori enhanced
TRAIL-mediated apoptosisin AGS cells. However, neither LPS
from E. coli nor Campylobacter jejuni was able to induce
TRAIL-sensitivity. Moreover, smilar to ATCC strains, domestic
H pylori strain NTUH-C1 was a so capable of inducing TRAIL-
sensitivity in AGS cells (Figure 4). These resultsindicated the
ability to sensitize human gastric epithelial cellsto TRAIL-
induced apoptosis was H pylori-specific and not a general
phenomenon in Gram-negative bacteria
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Figure 4 Induction of TRAIL sensitivity specific for H pylori in
human gastric epithelial cells (°P<0.01 when compared with
H pylori alone without adding TRAIL samples).

Effects of direct cell contact of bacteria on TRAIL-mediated
apoptosis of gastric epithelial cells

To investigate the effects of direct bacteria-epithelial cell
contact in induction of TRAIL sensitivity by H pylori, AGS
cells and bacteria were separated by a membrane filter (Nunc
Tissue Culture; Nunc, Roskilde, Denmark). Figure 5 showsthe
effects of direct cell contact of bacteria on TRAIL-mediated
apoptosis in human gastric epithelial cells. The enhancement
of TRAIL sensitivity by H pylori was abrogated when AGS
cells were separated by the filter without direct bacteria-cell
contact or co-cultured with concentrated H pylori culture
supernatant without viable bacteria, indicating that direct
contact with viablebacteriawasrequired for induction of TRAIL
sensitivity by H pylori.
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Figure 5 Enhancement of direct bacteria-cell contact depen-
dent TRAIL sensitivity by H pylori (°P<0.01).

Effects of cagA and vacA on TRAIL-mediated apoptosis of
epithelial cells
To exclude the possibility that the death of gastric epithelial
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cellsinduced by TRAIL wasrelated with vacA cytotoxin of
H pylori, and to elucidate the role of cagA gene productsin
onset of the apoptotic process, we examined the abilities to
enhance TRAIL-mediated apoptosisin H pylori mutant strain,
ATCC 51932, which is deficient of cytotoxin vacA and cagA,
and H pylori NTUH-C1 cag A, vacA gene knock out isogenic
mutant strains. Figure 6 shows the effects of CagA-negative
and VacA-negative H pylori strains on TRAIL-mediated
apoptosis in gastric epithelial cells. H pylori strain 51932
significantly enhanced sensitivity to TRAIL-mediated
apoptosis in gastric epithelial cell lines in a dose-dependent
manner. cagA or vacA gene knock out NTUH-C1 mutant strain
was also capable of inducing TRAIL sensitivity in gastric
epithelial cells. Taken together, these results suggested that
vac A and cagA proteins of H pylori were not required for
induction of TRAIL-sensitivity in human gastric epithelid cells.

Expression of TRAIL onsurface of T-lymphocytesin gastric mucosa
To confirm the expression of TRAIL in gastric infiltrating
lymphocytes, gastric biopsy specimens were collected from
subjectsand examined by flow cytometry. Figure 7 demonstrates
the expression of TRAIL on surface of T-lymphocytesisolated
from gastric mucosa. Flow cytometry confirmed the presence
of TRAIL on the surface of gastric infiltrating T-lymphocytes.
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Figure 7 Expression of TRAIL on surface of T cells isolated
from gastric mucosa.

DISCUSSION

Inthisstudy, weinvestigated the effects of H pylori and TRAIL
on apoptosis in human gastric epithelial cells. The apoptosis
of primary human gastric epithelial cellswas mildly increased
after incubated with either H pylori or TRAIL alone.
Interestingly, the apoptotic indices of gastric epithelia cells
were markedly increased when the primary gastric epithelial
cells were incubated with both TRAIL and H pylori. The
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Figure 6 Effects of vacA and cagA on induction of TRAIL sensitivity by H pylori. A: AGS cells (5x10* cells) were incubated with a
different concentration of H pylori (ATCC strain 51932) for 12 h. B: AGS cells were incubated with H pylori NTUH-C1 and its cagA,
vacA gene knock out mutant strains (cagA KO, vacA KO) in the concentration of 4x10” CFU/5x10* cells for 12 h (°P<0.01 when

compared with H pylori alone without adding TRAIL samples).
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induction of TRAIL-mediated apoptosis by H pylori was
specificaly blocked by adding soluble TRAIL receptor, DR4-Fc.
The results implicated that H pylori could directly trigger
apoptosisin gastric epithelia cells as previously described 2!
Additionally, the microorganism was also capable of enhancing
TRAIL sensitivity in gastric epithelial cells. Most of the
apoptosisin gastric epithelial cells after exposure to both
H pylori and TRAIL was resulted from interaction between
TRAIL and TRAIL receptor on the surface of gastric epithelial
cells, but not due to direct cytotoxicity induced by H pylori.

To confirm the expression of TRAIL in infiltrating T-
lymphocytes of gastric mucosa, we isolated the gastric
infiltrating lymphocytes from gastric biopsy specimens of
H pylori-infected subjects. Our data confirmed that TRAIL
was expressed on the surface of gastricinfiltrating T-cells. This
important finding further supports the hypothesisthat TRAIL/
TRAIL-Rinteractionisinvolvedin epithelial cell damageduring
H pylori infection. Furthermore, it implicates that infiltrating
T-cellsin gastric mucosamay play acrucial roleinthe sequentia
changes of H pylori-related chronic gastritis.

Inthisstudy, we dso demongtrated that neither Campyl obacter
jgjuni nor LPSfrom E. coli wasabletoinduce TRAIL-sensitivity
in AGScdlls. In contrast, H pylori standard strain ATCC43504
(CagA+, VacA+), mutant strain ATCC51932 (CagA-, VacA-)
and our domestic strain NTUH-C1 (CagA+, VacA+) were
capable of inducing TRAIL-sensitivity in AGScells. Theresults
indicate the ability to enhance TRAIL sensitivity of gastric
epithelial cellsis specific for H pylori and not a general
phenomenon of Gram-negative Bacteria.

It has been demonstrated recently that H pylori could directly
trigger cell death by cytotoxins after interaction with gastric
epithelial cell§?6229, Other reports have shown that H pylori
could secrete cagA into gastric epithelial cells by Type IV
secretion, thus inducing intracellular protein phosphorylation
in host cell§%%, To elucidate the role of cagA gene products
andvacA in TRAIL-mediated apoptos s, we examined the ability
toinduce TRAIL of aCagA-negativeand vacA-negativeH pylori
mutant strain, ATCC 51932 as well as cagA, vacA gene knock
out mutants of NTUH-C1 strain. All theH pylori wild typeand
mutant strains significantly enhanced sensitivity to TRAIL-
mediated apoptosisin gastric epithelial cell lines. Thesefindings
suggest that expression of cagA and vacA is not mandatory
for induction of TRAIL-sendgitivity in gastric epithelia cells.

To investigate the effects of direct bacteria-epithelial cell
contact in induction of TRAIL sensitivity by H pylori, AGS
cells were separated by the filter without direct bacteria-cell
contact or co-cultured with concentrated H pylori culture
supernatant without viable bacteria. The enhanced TRAIL
sengitivity was only observed when AGS cellswere co-cultured
with viable H pylori, but not with bacteria culture supernatant
or with viable bacteria separated by a permeable membrane,
indicating that direct contact with viable bacteriais necessary
for induction of TRAIL sensitivity of gastric epithelial cells.

We demonstrated here that human gastric epithelial cells
sensitized to H pylori conferred susceptibility to TRAIL-
mediated apoptosis. Although the induction of TRAIL
sengitivity by H pylori in gastric epithelial cellswasindependent
of H pylori virulent factors CagA and VacA, the degree of
apoptosis was linked to the presence of H pylori and the
associated inflammatory response. Therefore, the degree of
mucosal damage was also determined by the inflammatory
response induced by H pylori within gastric epithelium. Our
results suggest arole for immune-mediated apoptosis of gastric
epithelial cells by infiltrating T cells during Helicobacter
infection.

In conclusion, H pylori enhance susceptibility of gastric
epithelia cellsto TRAIL-mediated apoptosis. The induction of
TRAIL sensitivity by H pylori isdependent upon direct contact

of viable bacteriawith gastric epithelial cells, but independent
of expression of H pylori virulent factors vacA and cagA.
Gastricinfiltrating T-lymphocytes can express TRAIL ontheir
cell surfaces. Modulation of host cell apoptosis by bacterial
interaction adds a new dimension to the immune pathogenesis
in chronic Helicobacter infection.
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Abstract

AIM: To construct and select antigen epitopes of vacuolating
cytotoxin A (VacA) for nontoxic VacA vaccine against
Helicobacter pylori (H pylori’) infection.

METHODS: Eleven VacA epitopes were predicted according
to VacA antigenic bioinformatics. Three candidates of
VacA epitope were constructed through different
combined epitopes. The candidate was linked with £. coli
heat-labile enterotoxin B (LTB) by a linker of 7 amino
acids, and cloned into plasmid pQE-60 in which fusion
LTB-VacA epitope was efficiently expressed. To test the
antigencity of the candidate, 6 BALB/c mice were treated
with the fusion LTB-VacA epitope through intraperitoneal
injection. To explore the ability of inhibiting the toxicity
of VacA,cantiserum against the candidate was used to
counteract VacA that induced Hela cells to produce cell
vacuoles /n vitro.

RESULTS: Serum IgG against the candidate was induced
in the BALB/c mice. In vitro, the three antisera against the
candidate efficiently counteracted the toxicity of VacA, and
decreased the number of cell vacuoles by 14.17%, 20.20%
and 30.41% respectively.

CONCLUSION: Two of the three candidates, LZ-VacAland
LZ-VacA2, can be used to further study the mechanism of
vacuolating toxicity of VacA, and to construct nontoxic VacA
vaccine against H pylori infection.

Liu XL, Li SQ, Liu CJ, Tao HX, Zhang ZS. Antigen epitope of
Helicobacter pylori vacuolating cytotoxin A. World J
Gastroentero/ 2004; 10(16): 2340-2343
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INTRODUCTION

Pathogenic strains of Helicobacter pylori (H pylori) release a
M, 95 000 protein toxinin the growth medium. Growing evidence
indicatesthat VacA isamajor virulencefactor in H pylori long-
term infection leading to gastroduodenal ulcers™®. Thistoxin
induces formation of vacuolesin the cytosol of cells, therefore
it has been named vacuolating toxin®Y, VacA isthus considered
as atherapeutic vaccine for individualsinfected with H pylori.
The VacA gene encodes a protoxin approximately M, 140 000,
which belongs to the family of secreted proteins. During the
processof VacA secretion, aM, 95 000 maturetoxin isexported.

A large oligomeric complex appear as'* flower’ with M, 900 000
which is composed of 6-7 VacA monomerg?%%, When exposed
totheacidic situation, the oligomeric complexeswere assembled
into monomers and the toxicity of VacA was enhanced(6¢,
After VacA exerted its effect on the cellsfor 90 min, vacuoles
were formed™. The vacuoles induced by VacA were acidic.
Intracellular vacuolation isbelieved to induce cell damage and
eventually apoptosis, which might lead to release of necrotic
factorsin vivo and therefore contribute to the establishment of
a chronic inflammatory response. Because vacuolating
cytotoxin A is difficult to express, purify and construct the
combined vaccine, we studied the antigen epitopes to reduce
thetoxin.

MATERIALS AND METHODS

E. coli IM109, pFS2.2 and Hela cell were preserved in our
|aboratory; pQE-60 wasadgift of professor Hou-Chu Zhu, Bejing
Institute of Biotechnology, Beijing, China; H pylori Sydney
strain (HP SS1), wasagift of professor Min-Hu Chen, Sun Yat-
sen University, Guangzhou, China

BamH |, EcoR V, Nco [, Hind |11, Pyrobest Taq DNA
polymerase and T, DNA ligase were purchased from TaKaRa
Biotechnology corporations.

Isopropyl B-D-thiogalactoside (IPTG), Freund's adjuvant
and sheep anti-mouse 1gG-HRP were purchased from Sigma
corporations, RPM| 1640 and newborn calf serum were
purchased from Hyclone corporations.

BALB/cfemaemice: 6-8wk old, SPF.

Bioinformatic analysis and design for candidates of VacA
antigen epitope

According to the protein characteristics of hydrophilicity,
hydrophobicity, secondary structure, accessibility, flexibility
and antigenicity, 9 VacA antigen epitopes in the amino acid
site of 34-810 were predicted by the antigen-analyzing software
GOLDKEY (Tablel).

Table 1 Site and amino acid sequences of predicted VacA
epitopes

Site of amino acid Amino acid sequences of predicted epitopes

35-46 AEEANKTPDKPD
61-66 PHKEYD

146-154 KDSADRTTR
297-317 GYKDKPKDKPSNTTQNNANNN
335-338 NSAQ

446-450 TDTKN

566-568 SGE

734-737 NNNR

746-748 TDD

766-768 DNY

799-806 TPTENGGN

Three candidates of VacA antigen epitope were designed
by combining part of 9 predicted epitopes. The candidate LZ-
VacA1 was composed of amino acids 35-36 and 146-154, L Z-
VacA2 included amino acids 297-317, and L Z-VacA3 contained
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aminoacids61-66,446-450, 734-737, 746- 748, 766-768,and 799-806.
The gene sequence of candidate epitope was fused with a7-amino
acid linker (YPQDPSS). The nucleotide acid and amino acid
sequences of three candidate epitopes were as following.

The sequence of LZ-VacAl was:
TAC CCT 5---CAG GAT CCG TCT TCC gcc gaa gaa gcc
Y P Q D P S S A E E A
aat aasa acc cca gat asa ccc gat aag gat agt gct gat
N K T P D K P D K D S A D
cgc acc acg aga GAT---3
R T T R D

The sequence of LZ-VacA2 was
TAC CCT 5---CAG GAT CCG TCT TCC ggt tat aag gat
Y P Q D P S S G Y K D
asa cct asg gat aaa cct agt aac acc acg caa aat aat
K P K D K P S N T T Q N N
gct aat aat aac GAT---3
A N N N D

The segquence of LZ-VacA3 was
TAC CCT 5---CAG GAT CCG TCT TCC cct cac aag Qaa
Y P Q D P S S P H K E
tac gac acg gQat acc a@a aac aac aat aac cgc act gat
Y D T D T K N N N N R T D
gac gac aat tac acg cct act gag aat ggt ggc aat GAT---3
D D N Y T P T E N G G N D

Synthesis of DNA sequence of candidate epitopes and insertion
of plasmid pFS2.2

Two splicing sequences were designed according to the
nucleotide acid sequences of the candidate epitope and linker.
These sequences were synthesized artificially and spliced by
PCR reaction. PCR reaction solution containing 5 L 10x PCR
buffer, 0.25 pL pyrobest Taq polymerase (5 U/pL), 1 uL Pland
P2 primer (50 ng/uL), 4L dNTP, H,Oto 50 L. Five PCR cycles
wereperformed, each at 95 °Cfor 30s, at 60 °Cfor 30s,a 72°C
for15s.

LZ-VacA1l primer sequence was P1: 5'--cag gat ccg tct tcc
gcc gaa gaagcee aat aaa acc ccagat asacec gat aag--3', P2: 5'---
atc tct cgt ggt geg atc age act atc ctt atc ggg ttt atc tgg gg---3'.

LZ-VacA2 primer sequence was P1: 5'--cag gat ccg tct tcc
ggt tat aag gat aaa cct aag gat aaa cct agt aac acc--3', P2: 5'---
atc gtt att att agc att att ttg cgt ggt gtt act agg ttt atc c---3'.

LZ-VacA3 primer sequence was, P1: 5'--cag gat ccg tct tcc
Cct cac aag gaatac gac acg gat acc aaa aac aac aat aac cgc act
gat--3', P2: 5'---atc att gcc acc att ctc agt agg ggt gta att gtc gtc
atc agt gcg gtt att gtt gt---3'.

The DNA sequences of the candidate epitope and plasmid
pFS2.2 containing LTB, were digested with restriction
endonucleases BamHI and EcoRV, and ligated with T, ligase.
The recombinant plasmid, which included LTB-VacA genewas
transformed to IM 109. The positive clones were screened and
named themaspLZ-SV1, pLZ-SV2 and pLZ-SV 3, respectively.

Construction of expression vector and purification of LTB-VacA
protein
To improve the efficiency of expression, two primerswith the
cloning sites Ncol and Hindl Il were designed to construct
plasmid pQE-60 with LTB-VacA gene. Therecombinant plasmid
was transformed to JM 109. The positive clones were screened
and named them as pLZ-QV1, pLZ-QV2 and pLZ-QV3
respectively.
The primerswas

P1 5 ---cagccatggGTGAATAAAGTAAAATG---3

Nco |
P2 5 ---ggcaagcttGCTCGGTACTAATTAATTAG---3

Hind 111

The strain with recombinant plasmid was cultured in the
Luria-Bertani broth for 3 h, induced by IPTG for 4 h, and then
harvested. The targeted protein of LTB-VacA wasan inclusion
body by SDS-PAGE test. The inclusion body was denatured
with 6 mol/L guanidinehydrochloride, and natured with dialysis.
LTB-VacA infused protein was purified through the anti-LTB
antibody affinity chromatography.

Immunization

Twenty-four female BALB/c micewererandomly and averagely
dividedinto control (LTB), LTB-VacAl, LTB-VacA2 and LTB-
VacA3 groups. Themice of each group wereimmunized through
intraperitoneal injection of 200 uL (100 pg protein) LTB, LTB-
VacA1l, LTB-VacA2 or LTB-VacA3 on days 0, 14 and 28. On
days 7, 21 and 35, blood of each mouse was collected and
antibody titer was determined.

Cell Vacuolization test

VacA was purified from H pylori strain SS1 culture supernatant
with ammoniasulfate precipitation. The preliminary experiment
was performed to show the amount of H pylori strain SS1
culture supernatant was added when cell vacuoleswere formed.
Hel acellswere cultured asmonolayersin flasksin RPMI 1640
containing NCSunder 50 mL/L CO, at 37 °C. Twenty-four hours
before experiment, the cells were rel eased with trypsin/EDTA
and seeded in 96-wdll platesin 10°%well. After the VacA protein
wasincubated with antibody to LTB-VacA1l, 2,3and LTB for 4 h
at 37 °C, we added the fixture and VVacA protein onto the cell
surface for 6 h. Then we calculated the total cell number and
cell number of vacuolization.

Statistical analysis

Data are presented as mean+SD. Analysis of variance with a
two-tailed students t-test was used to identify significant
differences. P<0.05 was considered statistically significant.

RESULTS

Construction of recombinant plasmid

Recombinant plasmids pLZ-VacA1, 2, 3 encoded the infused
geneof LTB and VacA1, 2, 3. It was shown from the digestion
map of restriction endonucleases Ncol and Hind 111, theinfused
genewas successfully cloned to PQE-60 (Figure1). LTB-VacAl
had the nuclectide acid number of 465 bp (LTB387+LZ-VacA178).
LTB-VacA2 had the nucleotide acid number of 465 bp
(LTB387+LZ-VacA2 78). LTB-VacA3 had the nucleotide acid
number of 489 bp (LTB387+LZ-VacA3 102). Theamino acids of
three LTB-VacA were deduced from the nucleotide acid
sequences. LTB-VacAl and LTB-VacA2 had 155 amino acids,
and the M, was about 17 000. LTB-VacA3 had 163 amino acids,
and the molecular weight was about 17 900. The sequences of
the three genes were correct by sequencing analyses.

1 2 3 4 M bp
23130
ie 557
\4 361
\2 320
& 027

564

Figure 1 Digestion of recombinant plasmid. M: ADNA/ Hind
I11; Lane 1: pLZ-QV3/ Nco I+Hind III; Lane 2: pLZ-QV2/ Nco
I+Hind I1I; Lane 3: pLZ-QV1/ Nco I+Hind IlI; Lane 4: pQE-60/
Nco I+Hind II1.
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Expression and purification of infused protein

The LTB-VacAl, 2, 3 proteins were expressed in the IM109
grain. Inthe SDS-PAGE, thethree proteinswere 14.13%, 15.51%
and 14.79% of thetotal protein respectively. After purification
with anti-LTB antibody affinity chromatography, the percentage
of three proteinsin the total proteins was improved to 69.26%,
70.18% and 75.35% respectively (Figure 2).

A 1 2 3 4 M M 3 2 1

ku
97

N
\66
N

NN

\20

14

Figure 2 SDS-PAGE of LTB-VacA protein. M: Marker; Lane
1: LTB-VacA3; Lane 2: LTB-VacA2; Lane 3: LTB-VacAl; Lane
4: LTB. A: LTB-VacA proteins were expressed in the JIM109; B:
Purification with anti-LTB antibody affinity chromatography.

Serum antibody levels in infused protein

Intraperitoneal immunization with the infused protein and
Freund's adjuvant resulted in a marked el evation of serum IgG
antibody in all the 6 mice after three immunizations (Figure 3).

12007 antivacat
Nnt-vac
1 000 - _ -
O Anti-VacA2
. 8001 O Anti-VacA3
E 600 -
400 |-
200

0 \ \
7 21 35 d

Figure 3 1gG against VacA induced by different LTB-VacA.

Seven days after thefirstimmunization, the Level of antibody
was lower. The titer of the antibody was about 1:100. Seven
days after the second immunization, the titer of the antibody
had no remarkablechanges. But 14 d after thethirdimmunization,
thetiter of the anti-LTB-VacA1 antibody, the titer of the anti-
LTB-VacA2 antibody and the titer of the anti-LTB-VacA1
antibody wasincreased to 1:800, 1:1 000 and 1:600 respectively.
The biggest value of positive and negative in the three
antibodieswas 3.8, 4.2 and 3.2.

HeLa cell vacuolization

Thepreliminary experimental results showed when weadded 10,
30, 40, 80 and 100 pL culture supernatant, the cell vacuolization
was produced. Because the space of wellsin flasks well was
limited, 100 pL VacA protein wasaddedinto the culture medium.
Theratio of cell vacuolization after we added 100 L protein
was49.52% (Figure4).

The control serum, anti-VacA 1 serum, anti-VacA2 serum
and anti-VacA 1 serum wereincubated with 100 pL VacA antigen
for 4 h. Then we added the fixture and VacA protein in the
flasks wellsfor 6 h. The result showed the control serum and
100 pL VacA antigen could not reduce the ratio of cell
vacuolization, but anti-VacA1 serum, anti-VacA2 serum, anti-
VacA3 serum could decreasetheratio of cell vacuolization. The
changerate of cdl vacuolization is 30.41%, 20.20% and 14.17%
respectively (Table 2).

Table 2 Inhibition of anti-LTB-VacA antibody on VacA toxin

Group HeLa cells with vacuoles Change
in total cells (%) rate (%)
VacA toxin 49.52+2.77 0
Anti-LTBantibody (Control) 47.51+1.31 -4.05+1.61
Anti-LTB-VacAl antibody 34.47£1.97 -30.41%2.41°
Anti-LTB-VacA2 antibody 39.52+1.69 -20.20£2.07°
Anti-LTB-VacA3 antibody 42.51+1.84 -14.17+2.27*

2P<0.05,"P<0.01 vs control.

DISCUSSION

Many methods could predict the epitopes of protein known as
the primary structure, for example hydrophilicity scheme?®,
accessibility scheme'?Y, antigenicity scheme!??, flexibility
scheme?*?4 and secondary structure scheme*”. The antigenic
epitopesare correl ated with the characteristics, number, sequence
of amino acid and protein conformation. Because the different
prediction methods emphasi ze different biological information
of antigens, several methods are considered in practice. In this
study we chose the GOLDKEY software developed by the
Experimental Group led by professor Jia-Jin Wu to analyse the
characteristics of VacA protein including hydrophilicity,
hydrophobicity, secondary structure, accessibility, flexibility
and antigenicity. Thissoftware could predict theliner B epitope.
At last we got 11 VacA candidate epitopes.

Due to the small molecular weight and the weakness of
antigenicity of the antigen epitopes, the carrier or adjuvant
must be linked to the epitopesd®?, Several epitopeswerejoined
in seriesand at last got 3 VacA candidate epitopes. LTB isan
excellent protein adjuvant to facilitate the organism to produce
the antibody epitopes, so we chose LTB to link the 3 epitopes.

Figure 4 Microscopy of large vacuoles induced by VacA in HeLa cells. A: Normal HeLa cells; B: Vacuolated HelLa cells (Origingal

magnification: x400).
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The experiment of Schodel enucleatethat plasmid pFS2.2 wasa
carrier in which LTB gene could express soluble LTB and carry
outer polypeptides. The experiment of Zhang showed that
21-bp nucleotide acids between LTB and the epitopes could
enhance the antigencity of the epitopes. In our study, 7 peptides
were used asalinker to join LTB with the epitopes.

At the beginning, LTB-VacA was cloned into plasmid
pFS2.2, but the gene could not express these proteins, and
then the genes were cloned into plasmid pET22b (+) again.
Therewasasignd peptidein plasmid pET22b (+) inwhich the
gene could express the soluble protein and secrete the protein
into periplasm. The soluble proteinswould be purified through
the anti-LTB antibody affinity chromatography. Contrary to
our wishes, the proteins in pFS2.2 were not expressed as
expected. Finally, infused proteins were cloned into plasmid
pQE-60 and expressed in IM109, but the expressed proteins
were inclusion bodies. The inclusion bodies were denatured
with guanidine hydrochloride and natured with dialysis, and
LTB-VacA was purified through the anti-LTB antibody affinity
chromatography.

Protein vacuolating toxin A is the only known virulence
factor of H pylori. Ninety minutes after VacA activation, the
acidic vacuoles were induced in cells. Scientific researches
showed that VacA was integrated with receptorsin membranes
to form an anionic channel. This channel could change the
permeation characteristics of the membranes, so that the cells
were damaged would undergo apoptosis. In this study, all the
3 antigen epitopes of VacA could induce antibody in mice.
Although the antibody could inhibit the vacuolation of Hela
cellsat acertain extent, they did not inhibit the vacuoles entirely.
There are two reasonsfor thisresult. First, these epitopes were
apart of the neutralized epitopes of VacA, antibody to these
epitopes combined with VacA did not destroy the toxicity of
VacA, only suppressed the toxin partly. Second, thetiter of the
antibody was not enough to neutralize the toxin of VacA. Next
we are going to settle the problem. First, these epitopes will be
joined in series for several copies so that the titer of the
antibody will beimproved to inhibit the toxin of VacA. Second,
we will construct deficient mutations to farther verify the
neutralized epitopes of VacA.
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Abstract

AIM: Activated pancreatic stellate cells (PSCs) are implicated
in the pathogenesis of pancreatic inflammation and fibrosis,
where oxidative stress is thought to play a key role. 4-hydroxy-
2,3-nonenal (HNE) is generated endogenously during the
process of lipid peroxidation, and has been accepted as a
mediator of oxidative stress. The aim of this study was to
clarify the effects of HNE on the activation of signal
transduction pathways and cellular functions in PSCs.

METHODS: PSCs were isolated from the pancreas of male
Wistar rats after perfusion with collagenase P, and used in
their culture-activated, myofibroblast-like phenotype unless
otherwise stated. PSCs were treated with physiologically
relevant and non-cytotoxic concentrations (up to 5 umol/L)
of HNE. Activation of transcription factors was examined
by electrophoretic mobility shift assay and luciferase assay.
Activation of mitogen-activated protein (MAP) kinases was
assessed by Western blotting using anti-phosphospecific
antibodies. Cell proliferation was assessed by measuring
the incorporation of 5-bromo-2'-deoxyuridine. Production
of type I collagen and monocyte chemoattractant protein-1
was determined by enzyme-linked immunosorbent assay.
The effect of HNE on the transformation of freshly isolated
PSCs in culture was also assessed.

RESULTS: HNE activated activator protein-1, but not nuclear
factor kB. In addition, HNE activated three classes of MAP
kinases: extracellular signal-regulated kinase, c-Jun N-terminal
kinase, and p38 MAP kinase. HNE increased type I collagen
production through the activation of p38 MAP kinase and
c-Jun N-terminal kinase. HNE did not alter the proliferation,
or monocyte chemoattractant protein-1 production. HNE
did not initiate the transformation of freshly isolated PSCs
to myofibroblast-like phenotype.

CONCL USION: Specific activation of these signal transduction
pathways and altered cell functions such as collagen
production by HNE may play a role in the pathogenesis of
pancreatic disorders.

Kikuta K, Masamune A, Satoh M, Suzuki N, Shimosegawa T.
4-hydroxy-2, 3-nonenal activates activator protein-1 and

mitogen-activated protein kinases in rat pancreatic stellate
cells. World J Gastroentero/ 2004; 10(16): 2344-2351
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INTRODUCTION

In 1998, star-shaped cells in the pancreas, namely pancreatic
stellate cells (PSCs), wereidentified and characterized™?. They
are morphologically similar to the hepatic stellate cells that
play acentra roleininflammation and fibrogenesis of the livert3,
In normal pancreas, stellate cells are quiescent and can be
identified by the presence of vitamin A-containing lipid
droplets in the cytoplasm. In response to pancreatic injury or
inflammation, they are transformed (“ activated”) from their
quiescent phenotype into highly proliferative myofibrobl ast-
like cells which express the cytoskeletal protein a-smooth
muscle actin (a-SMA), and produce type | collagen and other
extracellular matrix components. Many of the morphological
and metabolic changes associated with the activation of PSCs
in animal models of fibrosis also occur when these cells are
grown in serum-containing medium in culture on plastic. There
is accumulating evidence that PSCs, like hepatic stellate cells,
are responsible for the devel opment of pancreatic fibrosig*?4.
It has also been suggested that PSCs may participate in the
pathogenesis of acute pancreatitis*®. Inview of their importance
in pancreatic fibrosis and inflammation, it is of particular
importance to elucidate the molecular mechanisms underlying
their activation. The activation of signaling pathways such as
p38 mitogen-activated protein (MAP) kinase® and Rho-Rho
kinase pathway!” islikely to play acentral rolein PSC activation.
However, the preciseintracellular signaling pathwaysin PSCs
arelargely unknown.

Therole of oxidative stressin the development of acute and
chronic pancreatitis has been clarified®?. Reactive oxygen
species and adehydic end-products of lipid peroxidation, such
as4-hydroxy-2,3-nonenal (HNE), could act asmediatorsaffecting
signal transduction pathways, proliferation, and functional
responses of target cellg**3, HNE is a specific and stable end
product of lipid peroxidation. It could be produced in response
to oxidative insults*®, and has been regarded to be responsible
for many of the effects during oxidative stressin vivol**4, |t
reacts with DNA and proteins, generating various forms of
adducts (cysteine, lysine, and histidine residues) that are
capable of inducing cellular stress responses such as cell
signaling and apoptosis. It has been shown that alcoholic
chronic pancreatitis is characterized by the co-localization of
evident lipid peroxidation, as assessed by immunoreactivity of
HNE inside acinar cells, and the deposition of collagentypel in
thefibrous septa and fibrotic stroma surrounding the pancreatic
acini®™, The stronger HNE immunoreactivity at the periphery
of acini raised the possibility that HNE might affect the cell
functions of PSCs, but the effects of HNE on the signaling
pathways and the regulation of cell functions in PSCs are
unknown. We here report that HNE at physiologically relevant
and non-cytotoxic concentrations activated activator protein-1
(AP-1) and three classes of MAP kinasesin PSCs. In addition,
HNE increased type| collagen production from PSCs. Specific
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activation of these signal transduction pathways and altered
cell functions such as collagen production by HNE may play a
role in the pathogenesis of pancreatic disorders.

MATERIALS AND METHODS

Materials

3-(4, 5-dimethylthiazole-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) was obtained from Dojindo (Kumamoto, Japan). Poly
(dI1.dC)-poly (dI.dC) and [y-**P] ATP were purchased from
Amersham Biosciences UK, Ltd. (Buckinghamshire, England).
Collagenase P and recombinant humaninterleukin (IL)-1p were
from Roche Applied Science (Mannheim, Germany). Double-
stranded oligonucleotide probes for AP-1 and nuclear factor
kB (NF-kB) were purchased from Promega (Madison WI). Rat
recombinant platel et-derived growth factor (PDGF)-BB wasfrom
R&D Systems (Minneapolis, MN). Rabhit antibodies against
phosphospecific MAP kinases, total MAP kinases, and inhibitor
of NF«B (IkB-a) werepurchased from Cdll Signdling Technologies
(Beverly, MA). Rabbit antibody against glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) was from Trevigen
(Gaithersburg, MD). HNE, SB203580, SP600125, and U0126 were
from Calbiochem (La Jolla, CA). All other reagents were from
Sigma-Aldrich (St. Louis, MO) unless specifically described.

Cell culture

All animal procedures were performed in accordance with the
National Institutes of Health Animal Care and Use Guidelines.
Rat PSCs were prepared from the pancreas tissues of male
Widtar rats (Japan SLC Inc., Hamamatsu, Japan) weighing 200-
250 g as previously described using the Nycodenz solution
(Nycomed Pharma, Odl o, Norway) after perfusion with 0.3 g/L
collagenase P1*¥. The cells were resuspended in Ham's F-12
containing 100 mL/L hest-inactivated fetal bovine serum (ICN
Biomedicals, Aurora, OH), penicillin sodium, and streptomycin
sulfate. Cell purity was always more than 90% as assessed by
atypical star-like configuration and by detecting vitamin A
autofluorescence. All experiments were performed using cells
between passages two and five except for those using freshly
isolated PSCs. Unless otherwise stated, we incubated PSCsin
serum-free medium for 24 h before the addition of experimental

reagents.

Cell viability assay

Cell viahility was assessed by the MTT assay as previously
described”. After treatment with HNE for 24 h, MTT solution
was added to the cellsat afinal concentration of 500 pg/mL and
the incubation continued at 37 °C for 4 h. After theincubation
period, the medium was aspirated and the formazan product
was solubilized with dimethylsulfoxide. Cell viability was
determined by the differencesin absorbance at wavelengths of
570min690 nm.

Intracellular peroxide production assay

Intracellular peroxide production was examined as previously
described®. Briefly, cells were incubated with 2',7’-
dichlorofluorescin diacetate (DCF-DA) at 50 pmol/L for 30 min
at 37 °C, and then treated with experimental reagents for an
additional 30 minat 37 °C. After chilled onice, cellswerewashed
with ice-cold PBS, scraped from the plate, and resuspended at
1x10° cells/mL in PBS containing 10 mmol/L EDTA. The
fluorescence intensities of 2, 7' -dichlorofluorescin formed by
the reaction of DCF-DA with peroxides of more than 10 000
viable cells from each sample were analyzed by FACSCaliber
flow cytometer (Becton Dickinson Co. Ltd., Tokyo, Japan) with
excitation and emission settings of 488 and 525 nm, respectively.
Prior to data collection, propidium iodide was added to the

sample to gate out dead cells. Experiments were repeated at
least twice with similar results. The data are expressed as one
representative histogram.

Cell proliferation assay

Serum-starved PSCs (approximately 80% density) were treated
with HNE at the indicated concentrations in the absence or
presence of PDGF-BB (25 ng/mL). Cell proliferation was
assessed using acommercia kit (Cell proliferation ELISA, BrdU;
Roche Applied Science) according to the manufacturer’s
instruction. This is colorimetric immunoassay based on the
measurement of 5-bromo-2’ -deoxyuridine (BrdU) incorporation
during DNA synthesig*®, After 24-hour-incubation with
experimental reagents, cellswere labeled with BrdU for 3h at
37 °C, fixed, and incubated with peroxidase-conjugated anti-
BrdU antibody. Then the peroxidase substrate 3,3',5,5’ -
tetramethylbenzidine was added, and BrdU incorporation
was quantitated by differences in absorbance at wavelength
370min492 nm.

Nuclear extracts preparationand electrophoretic mobility shiftassay
Nuclear extracts were prepared and electrophoretic mobility
shift assay was performed as previously described*®. Double-
stranded oligonucl ectide probesfor AP-1(5'-CGCTTGATGAGT
CAGCCGGAA-3') and NF-kB (5-AGTTGAGGGGACTT
TCCCAGGC-3') were endlabeled with [y-**P]ATP. Nuclear
extracts (approximately 5 pg) were incubated with the labeled
oligonucleotide praobefor 20 min at 22 °C, and electrophoresed
through a 40 g/L polyacrylamide gel. Gels were dried, and
autoradiographed at -80 °C overnight. A 100-fold excess of
unlabeled oligonucl eotide was incubated with nuclear extracts
for 10 min prior to the addition of the radiolabeled probein the
competition experiments.

Luciferase assay

Luciferase assays were performed as previously described?”
using luciferase expression vectors containing two consensus
AP-1 binding sites (TGACTCA), or two consensus NF-kB
binding sites (GGGACTTTCC), which werekindly provided by
Dr. Naofumi Mukaida (Kanazawa University, Japan).
Approximately 1x10° PSCswere transfected with 2 g of each
luciferase expression vector, along with 40 ng of pRL-TK vector
(Promega) as an internal control, using the FUGENEG reagent
(Roche Applied Science). After 24 h, the transfected cellswere
treated with HNE at 1 pmol/L for an additional 24 h. At theend
of theincubation, cell lysates were prepared using Pica Gene
kit (Toyo Ink Co., Tokyo, Japan), and the light intensities were
measured using amodel Lumat LB9507 Luminescence Reader
(EG& G Berthold, Bad Wildbad, Germany).

Western blot analysis

Activation of MAP kinases was examined by Western blot
analysis using anti-phosphospecific MAP kinase antibodies
as previously described®. Cells were treated with HNE, and
lysed in sodium dodecy! sulfate buffer (62.5 mmol/L Tris-HCI at
pH 6.8, 20 g/L sodium dodecyl sulfate, 100 mL/L glycerol,
50 mmol/L dithiothreitol, 1 g/L bromphenol blue) for 15minon
ice. The samples were then sonicated for 2 s, heated for 5 min,
and centrifuged at 12 000 g for 5 min to remove insoluble cell
debris. Whole cell extracts (approximately 100 pg) were
fractionated on a100 g/L sodium dodecy! sulfate-polyacrylamide
gd. They weretransferred to anitrocellulose membrane (Bio-Rad,
Hercules, CA), and the membrane was incubated overnight at
4 °C with rabbit antibodies against phosphorylated MAP
kinases (extracellular signal-regulated kinase (ERK)1/2, c-Jun
N-terminal kinase (JNK), or p38 MAPkinase). After incubation
with peroxidase-conjugated goat anti-rabbit secondary
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antibody for 1 h, proteins were visualized by using an ECL kit
(Amersham BiosciencesUK, Ltd.). Levelsof total MAPKinases,
IkB-a, a-SMA, and G3PDH wereexaminedinasimilar manner.

Enzyme-linked immunosorbent assay

After a24-hincubation, cell culture supernatantswere harvested
and stored at -80 °C until the measurement. Monocyte
chemoattractant protein-1 (MCP-1) levels in the culture
supernatants were measured by enzyme-linked immunosorbent
assay (Pierce Biotechnology, Rockford, IL) according to the
manufacturer's instructions.

Collagen assay

PSCswereincubated with HNE in serum-free medium for 48 h.
Type | collagen released into the culture supernatant was
quantified by enzyme-linked immunosorbent assay, as
previously described??. Briefly, immunoassay plates (Becton
Dickinson, Franklin Lakes, NJ) were coated with diluted samples
overnight at 4 °C. After blocking with 50 g/L dry milk in PBS,
plateswereincubated with goat anti-rat type | collagen antibody
(SouthernBiotech, Birmingham, AL). After washing of theplate,
rabbit anti-goat 1gG antibody conjugated with akaline phogphatase
was added, and incubated. Findly, P-nitrophenyl phosphate was
added as a substrate, and the collagen levels were determined
by differences in absorbance at wavelength 405 min 690 nm.
Rat tail collagen type | was used as a standard. The collagen
levelsin each sample were normalized to the cellular DNA
content, which was determined by a fluorometric assay,
according to the method of Brunk et al.l?d. The results are
expressed as a percentage of the untreated control.

Activating effect of HNE on PSCs in culture

Freshly isolated PSCswere incubated with HNE (at 1 pmol/L )
inserum-freemedium or 50 mL/L fetal bovine serum-containing
medium. After 7-d incubation, morphological changes
characteristic of PSC activation were assessed after staining
withglid acidic fibrillary protein (GFAP) asprevioudy described??
using a streptavidin-biotin-peroxidase complex detection kit
(HistofineKit; Nichirei, Tokyo, Japan). Briefly, cellswerefixed
with 100mL/L methanol for 5minat -20 °C, and then endogenous
peroxidase activity was blocked by incubation in methanol with
3mL/L hydrogen peroxidefor 5 min. Afterimmersioninnormal
goat serum for 1 h, the slides were incubated with rabbit anti-
GFAP antibody at adilution of 1:100 overnight at 4 °C. The
dideswereincubated with biotinylated goat anti-rabbit antibody
for 45 min, followed by peroxidase-conjugated streptavidin for
30 min. Finally, color was devel oped by incubating the slides
for several minuteswith diaminobenzidine (Dojindo, Kumamoto,
Japan). In addition, total cellular proteins (approximately 25 ug)
were prepared, and the levels of a-SMA and G3PDH were
determined by Western blotting.

Statistical analysis

The results were expressed as mean+SD. Luminograms and
autoradiograms are representative of at least three experiments.
Differences between experimenta groups were evaluated by the
two-tailed unpaired Student’st test. A P-vauelessthan 0.05 was
considered dtatistically significant.

RESULTS

HNE was cytotoxic at high concentrations

Because HNE has been shown to be cytotoxic at high
concentrations in severa types of cells?, we first examined
the effect of HNE on the cell viability of PSCs. PSCs were
incubated with increasing concentrations of HNE for 24 h, and
the cdll viability wasassessed by MTT assay. HNE upto 5 pmol/L

did not alter the cell viability, but above 5 pmol/L, HNE was
cytotoxic (Figure 1). The results were also confirmed by trypan
blue dye exclusion test (data not shown). Based on theseresults,
we used HNE up to 5 umol/L in the subsequent experiments.

1 Absorbence

1 b
| e
0,,7777777
0 1 25 5 10 20 (umol/L)

Figure 1 PSCs were incubated with HNE at the indicated con-
centrations in serum-free medium for 24 h. Cell viability was
determined by the MTT assay, and the absorbance at 570 min
690 nm (“A.”) of the sample is given. Data are shown as
meanzSD (n = 6). #P<0.05 vs control, ®°P<0.01 vs control.

HNE was a potential inducer of oxidative stress

We examined the production of pro-oxidants using a peroxide-
sensitive fluorescent probe, DCF-DA. This chemical isfreely
permeable to cells. Once inside the cells, it is hydrolyzed to
DCF and trapped intracellularly. In the presence of peroxides,
especially hydrogen peroxide, DCF is oxidized to fluorescent
2', 7" -dichlorofluorescin, which can then be readily detected by
flow cytometry™. Treatment with HNE (at 5 umol/L) increased
the peroxide-activated fluorescence intensity, indicating that
HNE was a potential inducer of intracellular oxidative stressin
PSCs(Figure 2).

100
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Figure 2 PSCs were incubated with DCF-DA (at 50 pmol/L)
for 30 min and then treated with HNE (at 1 or 5 pmol/L) for
30 min. The fluorescence intensity of more than 10 000 cells
was analyzed using a flow cytometer.

HNE increased AP-1, but not NF-«B binding activity

We next examined the effects of HNE on the activation of the
transcription factors NF-kB and AP-1. These transcription
factors are important regulators of gene expression in response
to many stimuli including proinflammatory cytokines and
growth factorg?21, PSCs were incubated with HNE, or IL-1B
for 1 h. Nuclear extractswere prepared, and the specific binding
activitiesof AP-1and NF-kB were examined by electrophoretic
mobility shift assay. HNE, aswell asIL-1p3, increased the AP-1
binding activity (Figure 3A). The specificity of AP-1-specific
DNA binding activity was demonstrated by the addition of a
100-fold molar excess of unlabeled AP-1 oligonucleotide, but
not by unrelated NF-kB oligonucleotide in competition assays
(data not shown). In contrast, NF-kB binding activity was
induced by IL-1(3, but not by HNE (Figure 3B).
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Figure 3 PSCs were treated with IL-13 (at 2 ng/mL, lane 2) or
HNE (at 5 pmol/L, lane 4) in serum-free medium for 1 h.
Nuclear extracts were prepared and subjected to electro-
phoretic mobility shift assay using AP-1 (panel A) or NF-kB
(panel B) oligonucleotide probes. Arrows denote specific in-
ducible complexes competitive with cold double-stranded oli-
gonucleotide probes (lane 3). Lane 1: control (serum-free
medium only). O: free probe.

HNE increased AP-1, but not NF-kB dependent transcriptional
activity

To confirm that AP-1 activation observed by electrophoretic
mobility shift assay was functional, the effect of HNE on AP-1
dependent transcriptional activity was examined. PSCswere
transiently transfected with NF-kB- or AP-1-luciferase gene
reporter constructs and assayed for the luciferase activity. As
shown in Figure 4, HNE increased AP-1-dependent, but not
NF-kB-dependent luciferase activity. Phosphorylation and
degradation of the inhibitory protein IkB-a, and subseguent
dissociation of this protein from NF-k B were thought to be
necessary for the activation'®!. We also examined the effect of
HNE on the degradation of IkB-a by Western blotting. IL-1(,
but not HNE, induced transient degradation of IkB-a, further
supporting that HNE did not activate NF-kB (Figure 4B).

A RLU b [1AP-1
10
b 1 [ NF-kB
b
5
0 _
Con IL-1 HNE
Time (min)

B O 5 15 30 60 120

IL-1 e e e —

HNE e s s s

Figure 4 HNE increased AP-1, but not NF-kB, -dependent
transcriptional activity. A: PSCs were transfected with the lu-
ciferase vectors (2 X AP-1 or 2 X NF-kB) along with pRL-TK
vector as an internal control. After 24 h, the transfected cells
were treated with IL-1( (at 2 ng/mL) or HNE (at 1 pmol/L).
After another 24-h incubation, intracellular luciferase activities
were determined. The data represent mean meanSD, calcu-
lated from three independent experiments as fold induction
compared with the activity observed in control (serum-free
medium only, “Con”). °P<0.01 vs control. RLU: relative light

units. B: PSCs were treated with IL-1p3 (at 2 ng/mL) or HNE (at
1 umol/L) in serum-free medium for the indicated times. Total
cell lysates were prepared, and the level of IKB-a was deter-
mined by Western blotting.

HNE activated MAP kinases

Induction of the expression of AP-1 components c-Fos and c-
Jun by avariety of stimuli such as growth factors and cytokines
is mediated by the activation of three distinct MAP kinases:
ERK1/2, INK, and p38 MAP kinasg??¥, Activation of these
kinases occurs through phosphorylation?"28, We determined
the activation of these MAP kinases in HNE-treated cells by
Western blotting using anti-phosphospecific MAP kinase
antibodies. These antibodies recognize only phosphorylated
forms of MAP kinases, thus allowing the assessment of
activation of these kinases. HNE activated these three classes
of MAP kinases in a time-dependent manner with peaking
around 5to 15 min (Figure 5).
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Figure 5 PSCs were treated with HNE (at 1 pmol/L) for the
indicated times. Total cell lysates (approximately 100 pg) were
prepared, and the levels of activated, phosphorylated MAP
kinases were determined by Western blotting using anti-
phosphospecific antibodies. Levels of total MAP kinases were
also determined.
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Figure 6 PSCs were treated with HNE (at 0, 1, or 5 umol/L ) in
the absence or presence of PDGF (at 25 ng/mL) in serum-free
medium. After 24-h incubation, cells were labeled with BrdU
for 3 h. Cells were fixed, and incubated with peroxidase-conju-
gated anti-BrdU antibody. Then the peroxidase substrate 3,3’,
5,5’-tetramethylbenzidine was added, and BrdU incorporation
was quantitated by differences in absorbance at wavelength
370 min 492 nm (“A.”, optical density). Data are shown as
mean£SD (n = 6). °P<0.01 versus control (serum-free medium
only), N.S.: not significant.

HNE did not alter basal and PDGF-BB-induced proliferation

We then examined the effects of HNE on basal and PDGF-
induced proliferation. As previously reported*®, PDGF-BB
significantly increased proliferation. HNE did not affect either
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basal or PDGF-BB-induced proliferation of PSCs (Figure 6).

HNE did not induce MCP-1 production

Activated PSCs acquired the proinflammatory phenotype; they
might modulate the recruitment and activation of inflammatory
cellsthrough the expression of MCP-1%, |L-13 induced MCP-1
production, but HNE did not (Figure 7).

MCP-1 (ng/mL)
b
1

Con IL HNE HNE
(1 pmol/L) (5 pmol/L)

Figure 7 PSCs were treated with IL-1B (2 ng/mL, “IL”) or
HNE (at 1 or 5 umol/L ) in serum-free medium. After 24 h,
culture supernatant was harvested, and the MCP-1 level was
determined by enzyme-linked immunosorbent assay. Data
shown are expressed as mean+SD (n = 6). °P<0.01 versus con-
trol (“Con”, serum-free medium only).

HNE increased type | collagen production

It has been shown that culture-activated PSCs expressa-SMA
and produce type | collagen. Indeed, a-SMA expression has
been accepted as a marker of PSC activation™, and in situ
hybridization techniques showed that a-SMA-positive cells
werethe principal source of collagenin thefibrotic pancread.
HNE increased the production of type | collagen (Figure 8).
Our previous finding that ethanol and acetaldehyde induced
collagen production through p38 MAP kinase™ prompted us
to examine the role of MAP kinases in HNE-induced type |
collagen production. Thus we employed specific inhibitorsto
block these pathways. A selective p38 MAP kinase inhibitor
SB203580%Y, and aJNK inhibitor SP6001251°2 decreased typel
collagen production. In contrast, U0126, a specific inhibitor of
MAP kinase kinase activation and consequent ERK1/2
activation®¥, did not affect the collagen production. These
results suggested that HNE induced type | collagen production
through the activation of p38 MAP kinase and JNK, but not
ERK pathway.

200

100

Type I collagen (% control)

1 2 3 4 5

Figure 8 PSCs were treated with HNE (at 1 pmol/L , lane 2) in
the absence or presence of SB203580 (at 25 mmol/L , lane 3),
SP600125 (at 10 pmol/L, lane 4), or U0126 (at 5 pmol/L, lane 5).
After 48-h incubation, type I collagen released into the cultute
supernatant was quantified by enzyme-linked immunosorbent
assay. The collagen levels in each sample were normalized to
the cellular DNA content. The results are expressed as a per-
centage of the untreated control (“Con”). Data are shown as

mean=SD (n = 6). °P<0.01 vs control (serum-free medium only,
lane 1). 9P<0.01 vs HNE only (lane 2).

HNE did not initiate the transformation of freshly isolated PSCs
to activated phenotype

Finally, we examined whether HNE initiated the transformation
of PSCs from quiescent to myofibroblast-like phenotype in
culture. Freshly isolated PSCs were incubated with HNE in
serum-freemedium or 50 mL/L serum-containing medium for 7 d.
Morphological changes characteristic of PSC activation were
assessed after staining with GFAPR. After 7 d, PSCs cultured
with 50 mL/L serum showed transformation into cells with a
myofibroblast-like phenotype (Figure 9A). In contrast, PSCs
treated with HNE were small and circular, with lipid droplets
presenting in many cellsand dender dendritic processes (Figure
9B), as PSCstreated with serum-free medium only (Figure 9C).
In agreement with the morphological changes, significant
expression of a-SMA was observed ond 7 in serum-treated
PSCs, whereas HNE did not induce a-SMA expression.
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Figure 9 A,B,C: Freshly isolated PSCs were incubated with
50 mL/L serum (panel A), HNE (at 1 pmol/L, panel B), or
serum-free medium (panel C) for 7 d. Morphological changes
characteristic of PSC activation were assessed after staining
with GFAP. Original magnification: x10 objective. D: Total cell
lysates (approximately 25 pg) were prepared from cells treated
with serum-free medium (“Cont”), 50 mL/L serum (“FBS”),
or HNE (at 1 umol/L) for 7 d, and the levels of a-SMA and
G3PDH were determined by Western blotting.

DISCUSSION

It has been established that oxidative stress playsacritical role
in the pathogenesis of both acute and chronic pancreatitig89.
HNE, an aldehydic end product of lipid peroxidation, isbelieved
to be largely responsible for pathological effects observed
during oxidative stress*3. The mgjor effects of HNE produced
during oxidative stress are believed to be damage to cellular
components such as glutathione and proteins. However, recent
studies have revealed that HNE at non-cytotoxic levels could
potently activate a stress response mechanism™. In this study,
we have shown for the first time that HNE, at non-cytotoxic
concentrations, activated AP-1, but not NF-kB, in PSCs. This
selective pattern of activation was distinct from that dlicited by
IL-1B and tumor necrosisfactor-a, which aso activated NF-k B!,
In addition, HNE activated three classes of MAP kinases
(ERK1/2, INK, and p38 MAP kinase). HNE-induced type |

collagen production was inhibited by SB203580, a p38 MAP
kinaseinhibitor, and by SP600125, aJNK inhibitor, suggesting
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arole of p38 MAP kinase and JNK in the type | collagen
production. The concentrations of HNE used in this study (up
to 5 umol/L) could be easily reached in vivo in conditions of
mild to moderate oxidative stress, and were considered to be
physiologically relevant3,

It has been shown that ethanal increased HNE protein adduct
accumulation inthe pancreas of rat$*!. During pancreatic injury
invivo, PSCs might be exposed to HNE viatwo pathways: (1)
exogenous exposure as aresult of the generation of HNE by
surrounding cells (e.g. acinar cells and inflammatory cells) or
(2) endogenous exposure as aresult of the generation of HNE
within the cells. Casini et al.™® have shown that stronger HNE
immunoreactivity was observed at the periphery of acini in
chronic acoholic pancreatitis. Under such acircumstance, it is
likely that PSCs exogenoudly exposeto HNE. Our present study
is exclusively concerned with the effect of exogenously-
delivered HNE on cell biology, and it remains to be clarified
how results of this study correlated with the potential effect of
HNE formed endogenously in the cell. It is likely that PSCs
were exposed to endogenous HNE during ethanol consumption,
because PSCs, in addition to pancreatic acinar cellg*!, had the
capacity to metabolize ethanol to acetaldehyde via alcohol
dehydrogenase-mediated oxidation of ethanol®®.

Activated PSCs acquire the proinflammatory phenotype;
they may modul atetherecruitment and activation of inflammatory
cells. We have reported that activated PSCs expressed MCP-1
in response to IL-13 and tumor necrosis factor-a in vitro.
Indeed, MCP-1 expression by activated PSCs was shown to be
increased in fibrous tissue sections from patients with chronic
pancreatitis®. In this study, HNE failed to induce NF-kB
activation and consegquent MCP-1 production. The failure of
HNE to induce M CP-1 expression is not surprising because the
activation of NF-kB has been shown to play a central rolein
MCP-1 expression in PSCd?%. Thisisin contrast to human
endothelial cells where the AP-1 proteins c-Fos and c¢-Jun
directly induce MCP-1 expression independently of the NF-kB
pathway®. The effects of HNE on the activation of NF-kB and
AP-1 appeared to depend on the types of cells. In asimilar
manner to PSCs, HNE activated AP-1, but not NF-kB, inmurine
and human macrophages® and human hepatic stellate cellg%7,
On the other hand, HNE did not activate AP-1, but did attenuate
IL-1(3- and phorbol ester-induced NF-kB activation in human
monocytic THP-1 cell§*4. Theinhibition of NF-kB activation
was mediated through the inhibition of 1kB phosphorylation
and subsequent proteolysisi*!, Recent reviews*>*% have
emphasized that redox-dependent activation of NF-kB was
cell and stimulus specific as opposed to the concept that
oxidative stress was a common mediator of diverse NF-kB
activators. Li and Karin“? reported that when a redox-
regulated effect on NF-kB was observed, it appeared to occur
downstream from the 1k B kinase, at the level of ubiquitination
and/or degradation of IkB.

In this study, HNE activated three classes of MAP kinases
in PSCs. Thisisin agreement with the previous study showing
that HNE activated these three classes of MAP kinasesin rat
liver epithelial RL34 cellg*, In human hepatic stellate cells,
Parolaet al."* reported that HNE formed adducts with the p46
and p54 isoforms of JNK, leading to the nuclear trand ocation
and activation of these signaling molecules, and, in turn, the
induction of the transcription factors c-jun and AP-1. Unlike
human hepatic stellate cells, we showed that HNE induced
phosphorylation of p46 and p54 JNK in rat PSCs. On the other
hand, we have shown that activation of ERK played a central
role in PDGF-BB-induced proliferation of PSCd29, In spite of
the ability to activate ERK, HNE failed to ater the proliferation
regardless of the presence or absence of PDGF-BB, suggesting
that activation of ERK is required but not sufficient for the
proliferation of PSCs. Thisisin agreement with the concept

that activation of ERK, although necessary, may not be
sufficient to justify the mitogenic properties of an agonisti*.

We here showed that HNE did not initiate the transformation
of quiescent PSCs. Thisisin disagreement with the previous
reports showing that ethanol and acetaldehyde activated
guiescent PSCs through the generation of oxidative stress®.
However, it should be noted that previous studies examining
the effects of oxidative stress on the activation of hepatic
stellate cells have reported conflicting results. Lee et al.*!
reported that quiescent hepatic stellate cells were activated
upon exposure to the pro-oxidant compound ascorbate/ferrous
sulfate or the lipid peroxidation product malondialdehyde.
Maher et al.l*® reported that stimulatory effects of
mal ondialdehyde only occurred after hepatic stellate cells had
been preactivated by culture on plastic. Olynyk et al.[“” reported
that malondialdehyde and HNE decreased a-SMA expression
in hepatic stellate cells at d 3 when compared to controls not
incubated with the compounds. Previous studies have suggested
that cytokines and growth factors such as transforming growth
factor-f1 and tumor necrosisfactor-a induced thetransformation
of quiescent PSCs*#, These mediators were released or
produced from inflammatory cells, platelets, and pancreatic
acinar cells, during the course of pancreatitig“49, |eading to
theactivation of PSCs. Once activated, PSCswere sensitiveto
HNE, and showed profibrogenic responses, thus playing arole
in the pathogenesis of pancreatic fibrosis.

In agreement with the previous study in human hepatic
stellate cell9*%, HNE increased type | collagen production in
PSCs. Lee et al.*! reported that oxidative stress-induced
collagen synthesisin hepatic stellate cells was associated with
induction of transcription factors NF-kB and c-myb!*. In rat
PSCs, the role of NF-kB was unlikely because HNE failed to
activate NF-kB. Although the molecular mechanisms by which
HNE increased type | collagen production in hepatic stellate
cells were not further pursued, we have shown that HNE-
induced type | collagen production was mediated by the
activation of INK and p38 MAP kinase. Along thislineg, it has
been reported that mal ondialdehyde increased a2 (1) collagen
gene activity through JNK activation in hepatic stellate cellg.
It should be noted that the biological action of HNE may result
in multiple effects within the complex network of events
occurring in the process of fibrosis following reiterated
pancreatic injury, with the resulting overall biological effects
being influenced by the actual HNE concentration, the target
cell or cellsavailable, and the presence of growth factors and
other mediators in the microenvironment. Nevertheless, our
findings that HNE induced type | collagen production suggest
possible links between oxidant stress, aldehyde-adduct
formation, and pancreatic fibrosis. Very recently, it has been
reported that HNE acted as a potent pro-fibrogenic stimulusin
the expression of genes involved in extracellualr matrix
deposition in activated hepatic stellate cell$%Y. Indeed, we have
found that HNE increased the transcriptional activity of prolyl
4-hydroxylase (), akey enzymethat catalyzesthe formation of
4-hydroxyproline (Satoh et al. manuscript in preparation).
Elucidation of the functions of PSCs would provide better
understanding and rational approaches for the control of
pancreatic inflammation and fibrosis.
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Abstract

AIM: To predict wild human heme oxygenase-1 (whHO-1)
and hHO-1 His25Ala mutant (AhHO-1) structures, to clone
and express them and analyze their activities.

METHODS: Swiss-PdbViewer and Antheprot 5.0 were used
for the prediction of structure diversity and physical-
chemical changes between wild and mutant hHO-1. hHO-
1 His25Ala mutant cDNA was constructed by site-directed
mutagenesis in two plasmids of £. co/i DH5a. Expression
products were purified by ammonium sulphate precipitation
and Q-Sepharose Fast Flow column chromatography, and
their activities were measured.

RESULTS: rHO-1 had the structure of a helical fold with
the heme sandwiched between heme-heme oxygenase-
1 helices. Bond angle, dihedral angle and chemical bond
in the active pocket changed after Ala25 was replaced
by His25, but Ala25 was still contacting the surface and
the electrostatic potential of the active pocket was
negative. The mutated enzyme kept binding activity to
heme. Two vectors pBHO-1 and pBHO-1(M) were constructed
and expressed. Ammonium sulphate precipitation and
column chromatography yielded 3.6-fold and 30-fold
higher purities of whHO-1, respectively. The activity of
AhHO-1 was reduced 91.21% after mutation compared
with whHO-1.

CONCLUSION: Proximal His25 ligand is crucial for normal
hHO-1 catalytic activity. AhHO-1 is deactivated by mutation
but keeps the same binding site as whHO-1. AhHO-1 might
be a potential inhibitor of whHO-1 for preventing neonatal
hyperbilirubinemia.

Xia ZW, Zhou WP, Cui W], Zhang XH, Shen QX, Li YZ, Yu SC.
Structure prediction and activity analysis of human heme
oxygenase-1 and its mutant. World J Gastroentero/ 2004;
10(16): 2352-2356

http://www.wjgnet.com/1007-9327/10/2352.asp

INTRODUCTION

Heme oxygenase (HO) is responsible for the physiological
breakdown of hemeinto equimolar anountsof biliverdin, carbon
monoxide, and iron. Three isoforms (HO-1, HO-2, and HO-3)
have been identified. HO-1 is ubiquitous, itsmRNA levelsand
activity can be increased several-fold by heme, other
metalloporphyrins, transition metals, and stress-inducing
stimuli. In contrast, HO-2 is present chiefly in brain and testes
and is virtually uninducible. HO-3 has very low activity; its
physiological functions probably include heme binding. The
HO system has been strongly highlighted for its potential
significance in maintaining cellular homeostasis. Nevertheless
the physiological correlations of the three isoforms and their
reciprocal interrelation have been poorly understood*“.

HO-1 regulates the levels of serum bilirubin as the rate-
limiting enzyme in heme degradation pathway. Recent reports
showed that HO-1 wasidentified as an ubiquitous stress protein
and it had important physiological roles. Overexpression of
HO-1 generesultedin protection from cytokine-induced oxidetive
stress®, inflammation®, apoptosi g7 and proliferation!*&2,

It has been reported that histidine (His) residuesat positions
25, 84, 119 and 132 in HO-1 sequence are conserved in rat,
human, mouse and chicken. These histidines may be important
for heme-binding. His25 and His132 mutants were reported
for the proximal heme iron ligand in rat heme oxygenase-1
(rHO-1)2, The unambiguous spectroscopic demonstration
that His25 isthe proximal iron ligand leavesthe role of His132
uncertain. His 25 is essential for heme degradation activity of
the enzyme. The research on human HO-1 (hHO-1) structure
has been shown that hHO-1 embodies anovel protein fold that
consists primarily of a-helices, and the heme is held between
two of these helices®.

It is unclear whether hHO-1 mutant has the same
characteristics and displays catalytic inactivity but binding
heme as Alareplacing His 25. In this study, the characteristics
of wild hHO-1 (whHO-1) and its mutant were predicted by bio-
informatics method. On the basis of the results, the truncated
hHO-1 cDNA mutant was congtructed by site-directed mutagenesis.
Two expression plasmids, pBHO-1 and pBHO-1 (M) containing
whHO-1 and hHO-1 His25Alamutant (AhHO-1), respectively,
were constructed and expressed in E.coli, and then isolated,
purified and analyzed of their activities analysis.

MATERIALS AND METHODS

Materials

Swiss-PdbViewer and Antheprot 5.0 werefrom GlaxoSmithKline
R&D and the Swiss Institute of Bioinformatics and CBI,
BeiJin University respectively. Plasmid pBHO-1 was provided
by Lightning and Ortiz de Montellano (Department of
Pharmaceutical Chemistry, University of California). Mutation
primer was synthesized by BoyaCompany. Anti-HO-1 antibody,
RNase and DNase were purchased from Sigma. Restriction
endonucleases were from Haojia Company, Q-Sepharose Fast
Flow Anion exchange column was from Amersham Pharmacia
pBSII KS+/-, pPGEM3Z and E. coli strain DH5a were stored in
author’s laboratory.
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Methods

Structureanalysisof hHO-1and itsmutant Swiss-PdbViewer
and Antheprot 5.0 were used to analyze the structure diversity
and physical-chemica changes between whHO-1 and AhHO-1.
Then the prime structure was refined by energy minimization.
Gromos96 was used as force field. The molecular surfaces and
electrostatic potential were calculated. The rationality of the
resulted model was validated by Ramachandran plot.
Construction of AhHO-1 expression vector pBHO-1 (M)
EcoRl/Sall digested fragment of pBHO-1, which is from
expression vector containing the truncated h(HO-1 cDNA (804 bp),
was cloned into the EcoRI/Sall sites of plasmid pBSKS 1 to
construct plasmid pBSHO-1. hHO-1 His25Ala mutant cDNA
could be amplified by PCR using pBSHO-1 as template. The
mutation primer (5 -GACAGCATGCCCCAGGATTTGTCAG
AGGCCCTGAAGGAGGCCACCAAGGAGGTGGCCACCC-3)
and reverse primer (5-AACAGCTATGACCATG-3') were
chosen, which have changed the His 25 codon CAC into Ala
codon GCC. The reaction conditionswere: at 94 °C for 5 min,
followed by 94 °C for 1 min, at 55 °C for 1 min, 72 °Cfor 2min,
with amplification repeated for 30 cycles, and finally at 72 °C
for 10 min. The mutant cDNA was gel-purified and digested
with Sohl/Sall and then cloned into Sphil/Sall sites of plasmid
pPGEM3Z. hHO-1 His25A1a mutant cDNA was screened by
restriction digestion and confirmed by sequencing in
pGEM3ZHO-1(M). Verified hHO-1 mutant cDNA wasobtained
from Spohl/Sall digested fragment of pPGEM3ZHO-1 (M) and
then cloned into pBHO-1, thus the expression vector containing
AhHO-1 was designated as pBHO-1 (M) (Figure 1).

- EcoRI
Ndel
o1 VN
PBHO-1 X hHo-1cDNA
Sall
EcoRI/Sal 1
Sa

EcoRI Ndel
; "0Ch; Sehl EcoRl

\/hHo—chNA pBSIIKS p 53|l
‘Lligation
EcoR1
Mutant primer
\ Sphl
PBHO-1 L hio-1cDNA
Common
reverse primer Sall
PCR
Sphl Sall
AhHO-1cDNA
Sph I/Sal 1 Sphl
Sphl
pnt- Sall PGEM3Z rc i
A hHO-1cDNA
Ligation
Sphl
A hHO-1cDNA
Sall
Sph I/Sal I EcoR1
Sph| P / Sall ,Ndel
N i Sphl
AhHO-1cDNA pBHO-1
\@ Sall
EcoR1
_Ndel
Sphl
PBHO-1(M} A hHo-1cDNA

" Sall

Figure 1 Construction of expression vector pBHO-1(M).

Expression and purification of whHO-1and AhHO-1 A total
of 5.0 mL inoculum was set up from plates with fresh colonies
of transformed E. coli DH50 and incubated at 37 °Cfor 12-16 h.
From the fresh cultures 400 pL wasused toinoculateinto 40 mL
cultures of the same media. The cellswere grown at 37 °C until
Ao reached 0.3-0.5, then added with 0.5 mmol/L PTG for 18 h.
The expression products were harvested and analyzed with
sodium dodecy! sulfate-polyacrylamide gel (SDS-PAGE) and
Western blotting at thetimepointsof 7, 9 and 11 h, respectively,
after addition of IPTG. Then 500 mL inoculum in medium was
incubated under same condition. The harvested cells were
centrifuged at 6 000 r/minfor 20min at 4 °C, washed oncein PBS,
andthen centrifuged at 6000 r/minfor 10minat 4°C. Thecdlswere
lysed in 50 mmol/L Tris buffer (pH 8.0) containing 1 mmol/L
dithiothreitol, 1 mmol/L EDTA, 2 mmol/L phenylmethanesul fonyl
fluoride (PM SF) and sonicated for 10 min. Then the cellswere
centrifuged at 13 000 r/min for 1 h at 4 °C. The supernatant was
collected and ammonium sulfate was added to a final
concentration of 30%, and the solution was stirred for 60 min.
Following centrifugation (13 000 r/min for 20 min), ammonium
sulfate concentration was raised to 60% of saturation. The
pellets precipitated by ammonium sulfate were collected and
resuspended in 0.1 mol/L potassium phosphate (pH 7.4) and
thendialyzed against 1 g/L NH,HCOs for 4 h (x4-times). Protein
130 mg was applied to a Q-Sepharose Fast Flow anion column
and eluted with astep gradient of 50 mmol/L Tris-HCI (pH 7.4)
(buffer A) containing 0-0.5 mol/L NaCl (buffer B). Thefractions
containing hHO-1 protein were pooled together and applied to
Q-Sepharose Fast Flow anion column again. The protein was
eluted with a step gradient of 50 mmol/L Tris-HCI (pH 8.4)
(buffer C) containing 0-0.5 mol/L NaCl (buffer B). The gradient
was increased linearly from 0-100% buffer B. Fractions
containing hHO-1 protein were pooled and dialyzed against
1 g/L NH,HCO; for 4 h (x4 times).

Western blotting Blot analysis was carried out as previously
described®. Microsomal protein samples were fractionated
by SDS-PAGE under denaturing conditions. The separated
proteins were electrophoretically transferred to anitrocellulose
membrane. Western blotting was carried out using monoclonal
antibody to hHO-1 and the immunoreactive bands were
visualized by staining (1 mol/L Tris-HCI pH 9.5, 1 mol/L MgCl,,
0.1 mg/mL nitro-bluetetrazolium, 0.1 mg/mL 5-bomo-4-chloro-
3-indolyphosphate-toluidine salt).

Analysisof whHO-1and AhHO-1 activities Protein samples
wereincubated with heme (50 umol/L), ret liver cytosol (5mg/mL),
MgCl, (2 mmol/L), glucose-6-phosphate dehydrogenase (1 unit),
glucose-6-phosphate (2 mmol/L), and NADPH (0.8 mmoal/L) in
0.5mL of 0.1 mol/L potassium phosphate buffer (pH 7.4), for
60 min at 37 °C. Reaction was stopped by putting the tubes
on ice, and reaction solution was extracted with chloroform.
Therate of bilirubin formation was monitored at 464 nm by a
spectrophotometer and then calculated using an extinction
coefficient of 40.0 mmoL/(L.cm),

RESULTS

Whole structure comparison between whHO-1 and AhHO-1
In heme-heme oxygenase-1 complex, heme is sandwiched in
whHO-1. When Ala 25 replaces His 25, the complex structure
does not change. In the heme-binding pocket, Ala 25 loses
contacting with heme as His 25 does. The molecular surface
has a catalytic reaction pocket, which includes Thr 21, His 25,
Ala28, Glu 29, Gly 139, Asp140, Gly 143. After binding heme,
His 25 till lies on the surface but Gly139, Asp140 and Gly143
are covered by heme. When Ala 25 replaces His 25, Ala 25 till
liesinthe surface (Figure 2). In activity domain, thebond angle,
dihedral angle and chemical bond appear differently after Ala
25 replacing His 25 (Table 1, Figure 3).
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whHO-1

AhHO-1

Figure 2 Prime simulated structure of whHO-1 and AhHO-1. Red: heme; Black: His 25 and Ala 25. Ala 25 loses contacting with

heme as His 25 does in the heme-binding pocket.
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Figure 3 Changes of bond angle, dihedral angle and chemical bond.
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Figure 4 Molecular surfaces and electrostatic potential of whHO-1 and AhHO-1. The electrostatic potential of active pocket is —1.800.

Table 1 Bond angle, dihedral angle and the distance between
atoms of AhHO-1

Prime Optimized

simulation simulation
Bond angle C24-N-CA 119.12 121.79
CA-C-N26 115.92 115.12
Distance CB-FE 5.55 5.58
between atoms CA-FE 6.28 6.26
Dihedral angle W 175.40 175.61
¢ -40.78 -34.45
1] -60.70 -62.89

Though Ala 25 replaces His 25, the molecular surfaces and
electrostatic potentia changed little (Figure4). The electrostatic
potential of active pocket was still negative. The mutagenesis
had no apparent effect on molecular surface. Ramachandran
plot showed that dihedral angles¢ (-33.98) and Y (-64.46) were
inrational range.

Antheprot 5.0 analysis also showed that there was no
alteration in the secondary structure between whHO-1 and
AhHO-1. Garnier, Gibrat, DPM and homology predicted the
same results. Physical-chemical characteristics showed
somewhat alteration. Hydrophobicity increased, while
hydrophilicity decreased. There was no changein antigenicity,
helical membranous regions and solvent accessibility.

Construction of pBHO-1(M) containing AhHO-1

hHO-1 cDNA was site mutated at His 25 (to Ala) by PCR with
pBSHO-1 as the template. The 866-bp PCR product showed
that nucleotide 3-773 sequences encoded hHO-1 domain from
25-265 AA. The mutant cDNA was cloned into the Sphi/Sall
Stesof plasmid pGEM3Z for congtructing plasmid pPGEM3ZHO-1
(M). h(HO-1 His25Alamutant cDNA wasconfirmed by sequencing
in pGEM3ZHO-1(M). Theverified hHO-1 mutant cDNA from
the Sphi/Sall digested fragment of pPGEM3ZHO-1 (M) was
cloned into pBHO-1, thus the expression vector containing
AhHO-1wasdesignated aspBHO-1 (M) (Figurel). BothwhHO-
1and AhHO-1 cDNAsequally encoded the proteins containing
265 amino acidswith aM, 30 500.

Expression and identification of whHO-1 and AhHO-1 in
E.coli DH5a

E.coli DH5a was transformed by pBHO-1 and pBHO-1 (M),
respectively, and treated with 0.5 mmol/L IPTGfor 18 hat 37
Equal quantities of cells transformed with different
expression vectors were lysed by protein electrophoresis
buffer. Untransformed E.coli sample was used as the negative
control. Asshownin Figure5, E.coli DH5a transformed pBHO-
1 or pBHO-1 (M) highly expressed whHO-1 and AhHO-1 with
aM; 30 500. Meanwhile, E. coli DH5a not treated with IPTG
a so expressed whHO-1 and AhHO-1, but its expression yield
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was significantly lower than that of transformed cells. Analysis
of cell lysates showed that whHO-1 and AhHO-1 were mainly
present in the supernatants.

IPTG + o+ - -
1 2 3 4 5 6 ku

- 94.0

W 67.0
- 430

s 30.0
- 20.1

- 14.4

Figure 5 Western blotting of whHO-1 and AhHO-1 expressed
in DH5a. Lanes 1, 2: Expression products of pBHO-1 and pBHO-
1(M) in DH5a induced with IPTG; lane 3: Control; lanes 4, 5:
Expression products of pPBHO-1 and pBHO-1(M) in DH5a not
treated with IPTG; lane 6: Marker.

Purification of whHO-1 and AhHO-1
The proteinwithaM, 30 500 was purified by 30-60% ammonium
sulphate precipitation and analyzed by SDS-PAGE.

After precipitated with ammonium sulphate, whHO-1 sample
was applied to Q-Sepharose Fast Flow anion column (pH 7.4).
Thefirst peak containing whHO-1 (No. 1-3 tubes) was collected
(Figure6A) and loaded on Q-Sepharose Fast Flow anion column
(pH 8.4) again. whHO-1 was shown to be eluted in the second
peak (No. 49-63 tubes) (Figure 6B). All sampleswere analyzed
by SDS-PAGE and Western blotting in order to identify the
separation efficiency. The activity of whHO-1 after purification
was 30-fold higher than that in the initia lysates (Table 2).

A 20— 2

1.5

0.5§%

00 O O 0 O 0 O
0 10 20 30 40 50
Fraction number

B 0.08
0.06 |-
g 0.04L

0.02 -

0 L1 L ee el ppar ety p et

0 10 20 30 40 50 60 70 80
Fraction number

Figure 6 Q-Sepharose Fast Flow column chromatography. A:
pH 7.4 buffer; B: pH 8.4 buffer.

Precipitated AhHO-1 wasfurther purified in the same way
as described above. One purified protein’s M, was 30 500.
The purified whHO-1 and AhHO-1 are shown on SDS-PAGE
(Figure?).

Table 2 whHO-1 activities after different purification

Supernatant of 30-60% Q-Sepharose
DH5a lysates  (NH,),SO, fast flow
whHO-1 activity 0.5 1.8 15
(Umg*h)
Purification fold 1.0 3.6 30

ku 1 2 3
94.0

67.0
43.0 je—

30.0
20.1 [—

14.4 -

Figure 7 SDS-PAGE analysis of purified whHO-1 and AhHO-1.
Lane 1: Marker; lane 2: whHO-1; lane 3: AhHO-1.

DISCUSSION

An understanding of the structure and function of hHO-1 is of
importance in the context of human diseases, but dueto limited
accessibility and difficulties associated with their purification
from microsomal membranes, little direct information has been
available until the expression of rHO-1in E. coli was achieved.
The protein thus obtained is soluble, easily purified, and fully
active. Encouraged by this result, the research on HO-1
including hHO-1 has been thriving.

hHO-1 isanchored to the endopl asmic reticulum membrane
viaastretch of hydrophobic residues at the C-terminus. While
full-length hHHO-1 consists of 288 residues, atruncated version
with residues 1-265 has been expressed as a soluble active
enzymein E. coli. Thisrecombinant enzyme precipitated from
ammonium sulfate solution but without ahigh purity for studied™.

In the present studies, we acquired the structures of hHO-1
with residues 1-265 and its mutant using Swiss-PdbViewer. Due
to the high smilarity between hHO-1 and its mutant, the hHHO-1
structure was used as template. Through homology modeling,
template selection and target-template alignment, a molecular
backbone and side chains were built in one step. Results
demonstrated that the refined model, aswell asthe entire assay,
was valid. Predictions of the structure showed that hHO-1 and
its mutant had similar electrostatic potential suggesting that
they have similar affinity to hemein electrostatic potential. Ala
isahydrophobic amino acid without chemical activity, and its
side chainisshort. So it hasno interferencewith binding through
steric hindrance.

Rat His25Ala HO-1 provides a new approach to construct
hHO-1 mutant. hHO-1 mutants were prepared in which residue
His25 was replaced by Alausing site-directed mutagenesisto
understand the role of hHO-1 His25 in keeping the activity of
thisenzyme. In this study, the synthesized forward primer was
applied in which His25 codon was replaced by the Ala codon.
This cDNA was cloned into the expression vector pBHO-1,
then pBHO-1 and pBHO-1(M) were transformed into E. coli,
which were used to express whHO-1 and AhHO-1. Although
the endogenous protein expression of E. coli could disturb the
measurement of whHO-1 and its mutantsby SDS-PAGE, hHO-1
and its mutant expression could be detected by anti-HO-1
antibody in Western blotting.

Our study shows that precipitation with ammonium sulfate
can enrich whHO-1 and AhHO-1 in the lysates. Compared
with the whHO-1 activity, AhHO-1 activity was reduced by
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91.21%. It suggeststhat His25 iscrucial for the catalytic activity
of whHO-1, the proximal His25 ligand iscritically required for
normal hHO-1 catalysis. The results are similar to previous
reports=-3s,

hHO-1 has anti-inflammatory®®, antiapoptotic®1, and
antiproliferativel®®! effects, and salutary effects on neonatal
hyperbilirubinemia. The results show avalid way to control
the concentration of bilirubin in human, since hHO-1 is the
rate-limiting enzyme in the catabolic reaction of heme, which
ultimately produceshbilirubininhuman body. High-leve bilirubin
in newborns, patients with the Crigler-Nagjjar type | syndrome
and certain hepatic disorders can result in hyperbilirubinemia,
especially in patients whose bilirubin is impaired for
developmental or genetic reasons. Currently clinical methods
areonly to eiminate formed bilirubin. Thereisno effective way
toinhibit bilirubin production, and AhHO-1would beapotentia
inhibitor for bilirubin production.
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Abstract

AIM: To investigated the effects of the SNPs (rs411021,
rs436045, rs427811, rs385039 and rs809912) on gene
expression and further identify the susceptibility genes of
type 2 diabetes.

METHODS: Ten allele fragments (49 bp each) were
synthesized according to the 5 SNPs mentioned above.
These fragments were cloned into luciferase reporter gene
vector and then transfected into HepG2 cells. The activity
of the luciferase was assayed. Effects of the SNPs on RNA
splicing were analyzed by bioinformatics.

RESULTS: rs427811T allele and rs809912G allele enhanced
the activity of the reporter gene expression. None of the
5 SNPs affected RNA splicing.

CONCLUSION: SNPs in protein kinase Cz (PKC2) gene
probably play a role in the susceptibility to type 2 diabetes
by affecting the expression level of the relevant genes.

Liu Z, Sun HX, Zhang YW, Li YF, Zuo J, Meng Y, Fang FD.
Effect of SNPs in protein kinase Czgene on gene expression
in the reporter gene detection system. World J Gastroentero/
2004; 10(16): 2357-2360
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INTRODUCTION

Type 2 diabetes is a highly heterogeneous chronic disease
characterized by metabolic disorder of blood glucose, its onset
involves anumber of susceptibility genes. Since 1996, locating
and cloning the predisposing genes of type 2 diabetes, aswell
as the functional investigation, has become one of the hot
spotsworldwidein type 2 diabetes research. Based on genomic
screening technology, it was reported firstly among Western
population in succession that type 2 diabetes susceptibility

geneslocated on different chromosomed™ . The susceptibility
geneswere localized on chromosome 9 in Chinese popul ationf24.
According to the case-control analysis in the region of
1p36.33-1p36.23, our research group found that one SNPlocus,
rs436045 in protein kinase Cz (PKCZ) gene, waslinked to type
2 diabetes in Chinese population, and the haplotype block has
been identified. While analyzing the haplotype which congsts of
the5 SNPs(rs411021, rs436045, rs427811, rs385039, rs309912),
we noticed that, in the case group, the haplotype CGTAG
showed a significantly higher frequency than that in control
group, whereas the frequency of haplotype TAGGA decreased
significantly (P<0.01, OR =1.625), itimplied that the changes of
those haplotypes related to the onset of type 2 diabetes in
Chinesd?®!, However, it isstill unclear weather haplotypes play
arole during the episode of the disease.

To determine the biological function of those haplotypes,
we investigated their influence on gene expression by
bi oi nformati cs approach and reporter geneactivity determination
system, which would provide a basis for further research.

In the previous work, we found that the 5 SNPs at theintrons
of PKCZ gene located in the same haplotype block in case
group, and the haplotype they formed was clearly associated
with type 2 diabetes mellitus. In order to determine the
susceptibility loci associated with type 2 diabetes, we performed
functional analysison 5 SNPs.

MATERIALS AND METHODS

Identification of SNPs in the coding region of PKCZ gene
Coding region (from exon 4 to exon 13 or from rs1878745 to
rs262642) of PKCZ gene wasinvestigated for SNPs (cSNP) by
sequencing. Ten unrelated type 2 diabetic patientsand 10 control
subjects from Han population in China were enrolled in a
case-control study. Primerswere designed by Primer 3.0 program
(http://zeno.well.ox.ac.uk:8080/gitbin/ primer3_www.cgi) and
each PCR product was limited within about 500 base pairs. The
seguencing results from ABI1377 sequencer were analyzed
through PhredPhrap/consed program to identify functional
SNPs.

Analysis of the effect of 5 intron SNPs on mRNA splicing

The distance from the SNP to the splicing point in exon was
determined based on the published genome sequence.
According to this information, we preliminarily estimated
whether the SNP site influences gene splicing.

Search of the information on PKC family member

The location and sequence of other PKC family memberswere
obtained by means of bioinformatics. Then, different
spliceosomes from other family members residing in the
sequence of PKCZ were analyzed.

Analysis of the introns where 5 SNPs located

Each SNP and the intron sequence around the loci were
compared with the datain cDNA database (www.sanbi.ac.za)
to reveal the sequence homology. The open reading framesin
this sequence were analyzed, and then the amino acid was
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blast using the (www.nchi.nlm.nih.gov) protein database in
search of the sequence homology.

Effects of SNPs on gene expression by transient transfection
Ten alleles corresponding to the 5 SNPs in PKCZ gene were
cloned into pGL 3-promoter vector in thedirectionfrom5' to 3
(Table 1). Meanwhile, HepG2 cellswere cultured with DMEM
(Gibco, LOS angeles, USA) containing 100 mL/L fetal bovine
serum. Then, thecdls(1.5x10°-2x10P) weretransfected with pGL 3-
promoter vector (1 uL) or recombinant vector with Lipofectamine
transfection reagent (Promega, madison, USA). Thetransfection
rate was assayed by using pRL-SV40 DNA (100 ng, Promega,
madison, USA) as an internal control. Forty-eight hours post
transfection, theluciferase activity was determined by the Dual -
Luciferase® Reporter Assay System using pRL-SV40 as an
internal control.

Table 1 Sequence of ten 49-bp fragments containing each al-
lele of 5 SNPs

Fragment name Sequence

rs809912G-forward
rs809912G-reverse
rs809912A-forward
rs809912A-reverse
rs436045A-forward
rs436045A-reverse
rs436045G-forward
rs436045G-reverse
rs427811T-forward

rs427811T-reverse

rs427811G-forward
rs427811G-reverse
rs385039G-forward
rs385039G-reverse
rs385039A-forward
rs385039A-reverse
rs411021C-forward
rs411021C-reverse

rs411021T-forward
rs411021T-reverse

5’ ggggtaccccagccatcctccacc ¢ geccattctecatee 3’
gtcggtaggaggtgg g cgggtaagaggtaggtictagaag 5°
ggggtaccccagccatcctecace t geecattetecatee 3°
ggggtaccccagccatcctccacc a geecattctecatee 5°
ggggtacccagcagtgcctgtcag a tttggtccaagcagt 3’
tcgtcacggacagtc t aaaccaggttcgtcactctagaag 5’
ggggtacccagcagtgectgtcag g tttggtccaagcagt 3’
tcgtcacggacagtc ¢ aaaccaggttcgtcactctagaag 5’
ggggtaccgctcagtgtectcttt t gagaaggtataggtg 3’
gagtcacaggagaaa a ctcttccatatccacatctagaag 5’
ggggtaccgctcagtgtectcttt g gagaaggtacaggtg 3’
gagtcacaggagaaa c ctcttccatgtccacatctagaag 5’
ggggtacctgtttacagaagctac g ttgtaacacctgctc 3’
caaatgtcttcgatg ¢ aacattgtggacgagatctagaag 5’
ggggtacctgtttacagaagctac a ttgtaacacctgctc 3’
caaatgtcttcgatg t aacattgtggacgagatctagaag 5’
ggggtaccgggggttgcggtgagce ¢ gagattgtgecactg 3’
ccccaacgcecacteg g ctctaacacggtgacctctagaag 5’
ggggtaccgggggttgcggtgage t gagattgtgccactg 3’
ccccaacgcecacteg a ctctaacacggtgacctctagaag 5’
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RESULTS

SNPs in the coding region of PKCZ gene

While seeking for functional SNPs by sequencing the exons
around the 13 intron SNPs discovered in the previouswork, we
found no new ones except for the rs1878745 corresponding to
NCBI database. It suggested that the disease loci probably did
not exist in the coding region.

Influence of positive SNP on the PKCZ gene expression

To locate the disease SNP, we investigated the effect of the
5 positive SNPs (rs411021, rs436045, rs427811, rs385039, and
rs809912) lying in the same haplotype block on PKCZ gene
expression. The influence of the 5 SNPs over RNA splicing
was evaluated since all the 5 SNPs lay in the introns. The
distance of the SNPs from the upstream and downstream of the
Fplicing Ste arerespectively asthefollowing: rs411021 (3535 bp,
5283 bp), rs436045 (4 770 bp, 4 048 bp), rs427811 (8 729 bp,
89 bp), rs385039 (1629 bp, 57 bp), and rs809912 (>2 kb, 2057 bp).
Those are comparatively long distant to 5’ splice donor site,
3’ receptor site and the internal vertex, suggesting that they
have little association with presmRNA splicing. In addition, we
estimated if differential splicing occurs between PKCZ gene
and other PK C family members. Althoughthereareat leest 11 family

members besides PKCZ, none of them locate on chromosome 1,
which negates the ‘differential splicing supposition’. The
location of introns where 5 SNPs located was analyzed. As a
first step, we compared the intron sequence around the loci of
each of the 5 SNPs with the datain cDNA database (www.
sanbi.ac.za) in order to revea the sequence homology. Result
showed that the introns had no coding function because neither
cDNA sequence homology nor protein sequence homology
by ORF analysiswas found. But this result needsto be further
confirmed by Northern blotting. And finally, the effects of the
SNPson gene expression wereinvestigated. Transfected HepG2
cell containing pGL 3-promoter reporter gene vector was used
to detect the activity of the reporter gene that could reflect
indirectly whether the fragment inserted affected gene
expression. Statistical analysis showed asignificant difference
between thetwo SNPsof rs4278111 and rs809912. Inrs4278111,
thereporter gene activity of T allelewas 1.5 timesthat of the G
alele, whileinrs809912, in G dleleit was 1.7 timesthat of A
dlele(Table 2). Therefore, these two SNPswill probably affect
the expression level of PKCZ gene.

Table 2 Transcriptional regulatory activity of each construct of
PKCZ in HepG2 cells

Construct Relative luciferase activity P

0.3533£0.040
0.5167+0.064

pGL3-promoter
pGL3-rs411021C

pGL3-rs411021T 0.5100+0.102 0.928
pGL3-rs436045A 0.3433+0.051
pGL3-rs436045G 0.3767+0.023 0.363
pGL3-rs427811T 0.6233+0.064*
pGL3-rs427811G 0.4433+0.068 0.029
pGL3-rs385039A 0.3500+0.044
pGL3-rs385039G 0.3467+0.015 0.907
pGL3-rs809912A 0.1800+0.017#
pGL3-rs809912G 0.3033+0.042 0.009

ap<(0.05 in comparison between construct and pGL3-promoter
vector.

DISCUSSION

PKCZ isamember of serine/threonine protein kinase family,
belonging to atypical PKC, and independent of both calcium
and diacylglycerol (DAG)?. It isinsensitiveto PKC inhibitors
and cannot be activated by phorbol ester. PKCZ protein is
thought to function downstream of phosphatidylinositol 3-kinase
(PI 3-kinase) in insulin signaling pathway and playsarolein
promoting the transl ocation and activation of GluT4 from the
cytosol to membranes which will accelerate the glucose
transport in skeletal muscle and adipocyted?”-°, In addition,
PKCZ can induce negative feedback to the signaling pathway
through phosphorylating IRS-1%2, | nsulin-stimul ated glucose
transport is defective in type 2 diabetes mellitus, and this defect
can be ameliorated via correcting PRK C-zeta/lambda activation
defect®¥, suggesting that the transport deficiency is at least
partly associated with the activation defect of PKCZ. Our
previous research showed that PKCZ isrelated to susceptibility
to type 2 diabetes mellitusin Chinese population. If so, whether
genetic polymorphism of PKCZ genewill influencethe pathways
associated with blood glucose regulation by affecting its gene
expression, and increase the susceptibility to this disease
ultimately? Based on bioinformatics research and reporter gene
activity determination system, our data provide first evidence
that intron SNP loci in PKCZ gene affect gene expression.
Horikawa®! has reported that gene expression was under
the influence of the 3 intron SNPs in CAPN10 gene, the
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susceptibility gene of type 2 diabetes in Mexican American.
Such kind of result was also reported by other groups, for
example, an SNPin COL1N1 gene can change the binding site
of transcription factor Spl thereby influencing the gene
expression, resulting in the decline of bone density aswell as
osteoporosig.

In our experiment, we found thetwo alleles (rs427811T and
rs809912G) that had ardlatively high frequency intype 2 diabetic
patients could improve the reporter gene expression, apparently
in conflict with our predicted result. This phenomenon might
be explained by the hypothesis that PKCZ gene was involved
in other signaling pathways and its relation to the disease was
more complicated than we had estimated. Till now, there have
been no reports that PKCZ gene expression is changed in the
tissues of type 2 diabetic patients. But PED/PEA-15, asubstrate
of PKC, was reported to increase PKCZ gene expression in the
patient’s tissues®, which inhibited insulin stimulated glucose
transportation. Thus, the high expression of PED/PEA-15 gene
probably plays arolein insulin resistance of type 2 diabetes.
Our next goals are to determine whether PKCZ interacts with
PED/PEA-15ininsulin signaling pathway, and whether PED/
PEA-15 or itsanalogueisinvolvedin theinhibition of theinsulin
stimulated glucose transport via another signal pathway.
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Abstract

AIM: To induce the tolerance of rat liver allograft by
dendritic cells (DCs) modified with NF-kB decoy
oligodeoxynucleotides (ODNSs).

METHODS: Bone marrow (BM)-derived DCs from SD rats
were propagated in the presence of GM-CSF or GM-CSF+IL-4
to obtain immature DCs or mature DCs. GM-CSF+IL-4-
propagated DCs were treated with double-strand NF-kB
decoy ODNs containing two NF-kB binding sites or scrambled
ODNs to ascertain whether NF-kB decoy ODNs might
prevent DC maturation. GM-CSF-propagated DCs, GM-
CSF+NF-kB decoy ODNs or scrambled ODNs-propagated
DCs were treated with LPS for 18 h to determine whether
NF-kB decoy ODNs could prevent LPS-induced IL-12
production in DCs. NF-kB binding activities, costimulatory
molecule (CD40, CD80, CD86) surface expression, IL-12
protein expression and allostimulatory capacity of DCs were
measured with electrophoretic mobility shift assay (EMSA),
flow cytometry, Western blotting, and mixed lymphocyte
reaction (MLR), respectively. GM-CSF-propagated DCs, GM-
CSF+IL-4 -propagated DCs, and GM-CSF+NF-kB decoy
ODNs or scrambled ODNs-propagated DCs were injected
intravenously into recipient LEW rats 7 d prior to liver
transplantation and immediately after liver transplantation.
Histological grading of liver graft rejection was determined
7 d after liver transplantation. Expression of IL-2, IL-4 and
IFN-y mRNA in liver graft and in recipient spleen was
analyzed by semiquantitative RT-PCR. Apoptosis of liver
allograft-infiltrating cells was measured with TUNEL
staining.

RESULTS: GM-CSF-propagated DCs, GM-CSF+NF-kB decoy
ODNs-propagated DCs and GM-CSF+ scrambled ODNs-
propagated DCs exhibited features of immature DCs, with
similar low level of costimulatory molecule(CD40, CD80,
CD86) surface expression, absence of NF-kB activation,
and few allocostimulatory activities. GM-CSF+IL-4-propagated
DCs displayed features of mature DCs, with high levels of
costimulatory molecule (CD40, CD80, CD86) surface
expression, marked NF-kB activation, and significant
allocostimulatory activity. NF-kB decoy ODNs completely
abrogated IL-4-induced DC maturation and allocostimulatory
activity as well as LPS-induced NF-kB activation and IL-12

protein expression in DCs. GM-CSF+NF-kB decoy ODNs-
propagated DCs promoted apoptosis of liver allograft-
infiltrating cells within portal areas, and significantly
decreased the expression of IL-2 and IFN-y mRNA but
markedly elevated IL-4 mRNA expression both in liver
allograft and in recipient spleen, and consequently
suppressed liver allograft rejection, and promoted liver
allograft survival.

CONCLUSION: NF-kB decoy ODNs-modified DCs can
prolong liver allograft survival by promoting apoptosis of
graft-infiltrating cells within portal areas as well as down-
regulating IL-2 and IFN-y mRNA and up-regulating IL-4 mRNA
expression both in liver graft and in recipient spleen.

Xu MQ, Suo YP, Gong JP, Zhang MM, Yan LN. Prolongation
of liver allograft survival by dendritic cells modified with NF-kB
decoy oligodeoxynucleotides. World J Gastroentero/ 2004;
10(16): 2361-2368

http://www.wjgnet.com/1007-9327/10/2361.asp

INTRODUCTION

Dendritic cells (DC) play acritical rolein theinitiation and
regulation of immune response and are instrumental in the
induction and maintenance of tolerancel>”. The function of
DCsisregulated by their state of maturation. Immature DCs
resident in nonlymphoid tissues such as normal liver are
deficient at antigen capture and progressing®®, whereas mature
DCs, resident in secondary lymphoid tissues, are potent antigen-
presenting cells (APC), which can induce naive T-cell activation
and proliferation'®*, The ability of DCs to initiate immune
responses is determined by their surface expression of major
histocompatibility complex (MHC) gene products and
costimulatory molecules(CD40, CD80, CD86), and thesecretion
of theimmuneregulator, interleukin ( IL )-121*%, Immature DCs
that express surface MHC class 11, but deficient in surface
costimulatory molecules and few expressions of IL-12, can
induce T-cell anergy!®°2%, and inhibit immune reactivity!®22,

Immature donor-derived DCs that are deficient in surface
costimulatory molecules freshly isolated from commonly
transplanted organs, can induce alloAg-specific T cell anergy
invitro®. These DCsprolong survival of fully alogeneic grafts
in rodents, in same cases, indefinitely?*%!, [n addition,
pharmacol ogicinhibition of DC maturationin nonhuman primates
is associated with the induction of organ transplant tolerance
Moreover, immature human DCs have been showntoinduce T
regulatory cellsin vitrol?? and to promote Ag-specific T cell
tolerance in healthy volunteerd®. Thus, DCs offer potential
both for therapy of allograft rejection and promotion of
transplant tolerance.

Theinherent ability of DCsto traffic exquisitely to T cell
areas of secondary lymphoid tissues®? and to regulate immune
responses makes them attractive targets for manipulation with
genes encoding immunosuppressive molecules, such as1L-4,
IL-10, CTLAA4Ig, Fasligand (CD95L), or transforming growth
factor (TGF)-[31, that suppress T cell response by various
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mechanisms A potentid obstacletothesuccessful useof genetically
engineered DCs for therapeutic immunosuppression is their
maturation/activation in vivo following interactions with
proinflammatory factors that may overcome the desired effect
of transgene products. Recent studies showed that both DC
maturation and immunostimul atory ability depended on NF-kB-
dependent gene transcription’34, inhibition of NF-kB activation
could suppress DC maturation/activation induced by IL-4 or
L PS stimulation?**4%1 and DCs treated with NF-kB decoy
oligodeoxynucleotides(ODNs) containing specific NF-kB
binding sites could induce tolerance of cardiac allografti?®3],

Although genetically engineered DCs have been used in
toleranceinduction of cardiac allograft, there are few evidences
that genetically engineered DCs can be used to induce tolerance
of liver alograft. In the present study, whether NF-kB decoy
ODNs-treated DCs could prolong liver allograft survival inrats
was studied.

MATERIALS AND METHODS

NF-kB decoy ODNs

Double-stranded NF-kB decoy ODNSs or scrambled ODNs (as
a control for NF-kB decoy ODNSs) were generated using
equimolar amounts of single-stranded sense and antisense
phosphorothioate-modified oligonucl ectide containing two NF-kB
binding sites (sense sequence 5 -AGGGACTTTCCGCTG-
GGGACTTTCC-3', NF-kB binding sites bold lines and
underlined)™ and scrambled oligonucl eotide (sense sequence
5 -TTGCCGTACCTGACTTAGCC-3')i*!, Senseand antisense
strands of each oligonucl eotide were mixed in the presence of
150 mmol/L PBS, hested to 100 °C, and allowed to cool to room
temperature to obtain double-stranded DNA.

Propagation of bone marrow-derived DC populations

Bone marrow cells harvested from femurs of normal SD rats
were culturedin 24-well plates(2x10°per well) in2 mL of RPMI
1640 compl ete medium supplemented with antibiotics, 10 mL/L
fetal calf serum (FCS) and 4.0 ng/mL recombinant rat GM-CSF
to obtain immature DCs. In addition to GM-CSF, 10 ng/mL
recombinant rat |L-4 was added to culturesto obtained mature
DCs. To select plates, 10 umol/L NF-kB decoy or scrambled
ODNSs was added at the initiation of culture of DCg*! to test
the ability of NF-kB decoy ODNsto inhibit IL-4-induced DC
maturation. Cytokine-enriched medium was refreshed every
2 d, after gentle swirling of the plates, half of the old medium
was aspirated and an equivalent volume of fresh, cytokine-
supplemented medium was added. Thus, nonadherent
granulocytes were depleted without dislodging clusters of
developing DC attached loosely to amonolayer of plastic-adherent
macrophages. Nonadherent cells released spontaneously from
the clusters were harvested after 7 d. In certain experiments,
after propagation for 7 d, GM-CSF-propagated DCs, GM-CSF+
NF-kB decoy ODNSs- propagated DCsand GM-CSF + scrambled
ODNs- propagated DCswere cultured with 10 pg/mL LPS for
18 htotest theability of NF-kB decoy ODNsto prevent LPS-
induced IL-12 production in DCs.

Phenotypical features of DCs

Expression of cell surface molecules was quantitated by flow
cytometry asdescribed in our previousstudy. Aliquotsof 2x10°
DCs propagated for 7 d in vitro were incubated with the
following primary mouseanti-rat mAbsagaing CD40, CD80, CD86,
or rat 1gG asanisotypecontrol for 60 minonice[1 pg/mL diluted
inPBS/(20mL/L FCS)]. CdlswerewashedwithPBS/(10mL/L FCS)
and |abeled with FITC-conjugated goat anti-mouse 1gG, diluted
1/50in PBS/(10 mL/L FCS) for 30 minonice. At theend of this
incubation, the cells were washed, propidium iodide/PBS were
added, and the cells were subsequently analyzed by a FACS -

4200 flow cytometer.

DCs allostimulatory capacity

One-way mixed leukocyte reactions (MLR) were performedin
96-well, round-bottomed microculture plates. Graded doses of
y-irradiated (20Gy) alogeneic(SD) stimulator cells (DCs) were
added to 2x10° nylon wool-eluted LEW rat splenic T cells
(responders) and maintained in complete medium for 72 hin
50 mL/L CO;inair a 37 °C. [*H]thymidine(1 uCi/well) wasadded
for thelast 18 h of culture. Cellswere harvested onto glassfiber
matsusing an automatic system, and [*H]thymidineincorporation
was determined by aliquid scintillation counter. Results were
expressed as meantSD.

Isolation of nuclear proteins

Nuclear proteins wereisolated from DC extract by placing the
samplein 0.9 mL of ice-cold hypotonic buffer [10 mmol/L HEPES
(pH7.9), 20mmol/L KCl, 0.1 mmol/L EDTA, 0.1 mmol/L ethylene
glycol tetraeceticacid, 1 mmol/L DTT, proteaseinhibitors(aprotinin,
pepstatin, and leupeptin, 10 mg.mol/L each)]. Homogenates
wereincubated onicefor 20 min, vortexed for 20 safter adding
50 pL of 100 g/L Nonidet P-40, and then centrifuged for 1 min
at 4 °Cinan Eppendorf centrifuge. Supernatants were decanted,
nuclear pellets after asinglewash with hypotonic buffer without
Nonidet-P40 were suspended in anice-cold hypertonic buffer
[20mmol/L HEPES(pH7.9), 0.4 mol/LNaCl , 1mmol/LEDTA,
1 mol/L DTT, proteaseinhibitors], incubated on icefor 30 min
at 4 °C, mixed frequently, and centrifuged for 15min at 4 °C.
Supernatants were collected as nuclear extracts and stored
at -70 °C. Concentrations of total proteinsin the sampleswere
determined according to the method of Bradford.

Electrophoretic mobility shift assay (EMSA) for NF-kB activation
of DCs

NF-kB binding activity was performed in a 10-pL binding
reaction mixture containing 1xbinding buffer [50 mg/L of double-
grandedpaly (dI-dC), 10mmol/L TrisHCI (pH7.5), 50mmol/LNaCl,
0.5mmal/L EDTA,0.5mmol/LDTT, 2 mmol/L MgCl,,and100mL/L
glyceral], 5pgof nuclear protein, and 35 fmol of double-stranded
NF-kB consensusoligonucleotide (5" -AGT TGAGGGGACTTT
CCCAGGC-3') that wasendly labeled with y-*2P (111TBgq/mmol
at 370 GBq?) using T4 polynucleotide kinase. The binding
reaction mixture wasincubated at room temperature for 20 min
and analyzed by electrophoresis on 70 g/L nondenaturing
polyacrylamide gels. After electrophoresis, the gelsweredried
by agel-drier and exposed to Kodak X-ray filmsat -70 °C.

Western blotting for IL-12 protein expression in DCs stimulated
with LPS

GM-CSF-propagated DCs, GM-CSF+ NF-kB decoy ODNs-
propagated DCsand GM-CSF + scrambled ODNs-propagated
DCswereculturedwith 10 ug/mL LPSfor 18 h. DCswerestarved
inserum-freemediumfor 4 hat 37 °C. These cdllswere washed
twicewith cold PBS, resuspended in 100 L lysisbuffer (1 mL/L
Nonidet P-40, 20 mmol/L Tris-HCI, pH8.0, 137 mmol/L NaCl,
100mL/L glycerol, 2mmol/L EDTA, 10ug/mL leupeptin, 10 pg/mL
gprotinin, 1 mmol/L PMSF, and 1 mmol/L sodium orthovanadate),
and total cell lysates were obtained. Homogenates were
centrifuged at 10000 g for 10 minat 4 °C. Cell lysates (20 ug)
were electrophoresed on SDS-PAGE gels, and transferred to
PVDC membranes for Western blot analysis. Briefly, PVDC
membraneswere incubated in ablocking buffer for 1 h at room
temperature, then incubated for 2 hwith Absagainst 1L-12 p35
and IL-12 p40 and IL-12 p70. Membranes were washed and
incubated for 1 h with HRP-labeled horse anti-goat or goat
anti-rabbit 1gG. Immunoreactive bandswere visualized by ECL
detection reagents. The binding bands were quantified by a



Xu MQ et al. Prolongation of liver allograft survival by modified dendritic cells 2363

scanning the densitometer of abio-image analysis system. The
results were expressed as arelative optical density.

Liver transplantation

Sixty maleLEW ratsand sixty male SD ratsweighing 250-300g
were used in all experiments. Allogeneic liver transplantation
model was established using a combination of SD rats with
LEW rats. All operationswere performed under ether anesthesia
in sterile conditions. Orthotopic liver transplantation was
performed according to the method described in our previous
study. Normal saline (group A), 1x10” GM-CSF-propagated
DCs(group B), 1x10" GM-CSF+IL-4-propagated DCs (group
C), and 1x10" GM-CSF+ NF-kB decoy ODNs or scrambled
ODNs-propagated DCs (group D or group E) were injected
intravenously through the penile vein into recipient LEW rats
7 d prior to liver transplantation and immediately after liver
transplantation, respectively. Liver graft tissues and recipient
pleen samples(n=8) wereharvested 7 d fter liver transplantation
and immediately frozen in liquid nitrogen and kept at -80 °C
until use. Part of the liver graft tissues was sectioned and
preserved in 40 g/L formaldehyde.

Histology

Part of liver tissues was sectioned and preserved in 40 g/L
formaldehyde, embeded in paraffin, and stained with
hematoxylin and eosin. Histological grading of rejection was
determined according to the criteria described by Williams.

Apoptosis of liver graft-infiltrating cells (GIC)

Apoptotic cells in tissue sections were detected with the in
situ cell death detection kit. Liver graft tissue sections were
dewaxed and rehydrated according to standard protocols.
Tissue sections were incubated with proteinase K (20 ug/mL in
10 mmol/L TrigHCI, pH 7.4-8.0) for 15 to 30 min at 21-37 °C.
Endogenous peroxidase activity was quenched with blocking
solution (3mL/LH,O,inmethanol) for 30minat roomtemperature
before exposureto TUNEL reaction mixtureat 37 °C for 60 min.
After washed in stop wash buffer, peroxidase(POD) was added
to react for 30 min at 37 °C. DAB-substrate was used for color
development, and the sections were counterstained with Harrs
hematoxylin. TUNEL staining wasmounted under glasscoverdip
and analysed under a light microscope.

Semiquantitative RT -PCR assay for expression of IL-2, IL-4
and IFN-ymRNA in liver graft and spleen

IL-2, IL-4 and IFN-y mRNA expression was determined by
semiquantitative RT-PCR amplification in contrast with house-
keeping gene B-actin, respectively. Total RNA from 10 mg liver
allograft and recipient spleen tissue was extracted using
Tripure™ reagent. First-strand cDNA was transcribed from 1 ug
RNA usng AMV and an Oligo(dT s) primer. PCRwasperformed in
a25 L reection sysem containing 10 uL cDNA, 2 pL 10mmol/L
dNTP, 2.5 L 10xbuffer, 2.5 uL 25 mmol/L MgCl,, 2 pL specific
primer, 5L water and 1 UL Taq (35 cycles. at 95°Cfor 60 s, at
59°C for 90, and at 72 °Cfor 10s). Primerg®* used in PCR
reactionswereasfollows: IL-2,5' primer 5 -CAT GTA CAGCA
TGCAGCTCGCATCC-3,3 primer5-CCACCACAGTTGCTG
GCTCATCATC-3,togivea410-bp PCR product; IL-4,5 primer
5-TGATGGGTCTCAGCCCCCACCTTGC-3,3 primer5'-CTT
TCAGTGTTGTGAGCGTGGACTC-3', togivea378-bp PCR
product; IFN-y,5' primer 5 -AAGACA ACCAGGCCATCAGCA-
3,3 primer 5-AGCCACAGTGTGAGTTCAGTC-3, togivea
547-bp product; B-actin, 5’ primer 5 -ATGCCATCC TGCGT
CTGGACCTGGC-3, 3 primer 5-AGCATTTGCGGTGCAC
GATGGAGGG-3', to give a607-bp product. PCR products of
each sample were subjected to dectrophoresisina 15 g/l agarose
gel containing 0.5 mg/L ethidium bromide. Densitometrical

analysis using NIH image software was performed for
semiquantification of PCR products, and mRNA expression
was evaluated by the band-intengity ratio of 1L-2, IL-4 and IFN-y
to B-actin, and presented as percent of -actin (%).

Statistical analysis
Statistic analysis of data was performed using the t-test and
rank sum test, P<0.05 was considered statistically significant.

RESULTS

NF-kB decoy ODNs inhibited IL-4 or LPS - induced NF-kB
activation in DCs

To confirmwhether NF-kB decoy ODNs might specifically bind
toNF-kB, andysisof NF-kB activity was performed with nuclesr
extractsobtained from GM-CSF-propagated DCs, GM-CSF+IL-
4-propagated DCs, GM-CSF+L PS-propagated DCs, GM-
CSF+1L-4+ODNs-propagated DCsand GM-CSF+L PS+ODNSs-
propagated DCs by EMSA. As shown in Figure 1, EMSA
analysis showed no NF-kB activationin GM-CSF - propagated
DCsbut significant NF-kB activationin IL-4 or LPS-stimulated
DCs. NF-kB decoy ODNs completely inhibited IL-4 or LPS-
induced NF-kB activation in DCs, whereas scrambled ODNs
had little effect on inhibition of IL-4 or LPS - induced NF-kB
activationin DCs.

1 2 3 4 5 6 7

W
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Figure 1 Inhibition of IL-4 or LPS -induced NF-kB activation
in DCs by NF-kB decoy ODNs. Nuclear proteins of GM-CSF
DCs, GM-CSF + IL-4 DCs, GM-CSF+IL-4 + NF-kB decoy ODNs
DCs, GM-CSF+IL-4 + scrambled ODNs DCs, GM-CSF + LPS
DCs, GM-CSF+LPS+ NF-kB decoy ODNs DCs and GM-
CSF+LPS+ scrambled ODNs DCs were measured by EMSA
(lanes 1-7).

NF-kB decoy ODNs inhibited IL-4 - induced costimulatory
molecule surface expression in DCs

Functional maturation of DCswas associated with up-regulation
of costimulatory molecules (CD40, CD80, and CD86). To test
the ability to inhibit DC maturation, NF-kB decoy ODNSs or
scrambled ODNswere added at theinitiation of culture of GM-
CSF+IL-4- stimulated SD rat BM-derived DCs. After culturefor
7 d, surface expression of CD40, CD80, and CD86 wasanalyzed
by flow cytometry. Figure 2 shows the effects of ODNs on
phenotype of the cultured DCsin the presence of GM-CSF+IL-
4. Flow cytometric analysis showed GM-CSF-propagated DCs
exhibited immature phenotypical featureswith very low levels
of CD40, CD80 and CD86 surface expression, GM-CSF+IL-4-
propagated DCs displayed mature phenotypical features with
highlevel of CD40, CD80, and CD86 surfaceexpression. NF-kB
decoy ODNs prevented IL-4-induced DCs maturation, and
maintained DCsin theimmature state, with low levelsof surface
costimulatory molecule expression. Whereas the scrambled
ODNSs could not prevent IL-4-induced DCs maturation, and
maintained DCsin the mature state, with similar high levels of
surface costimulatory molecul e expression compared with GM-
CSF+IL-4-propagated DCs (data not shown) .



2364 ISSN 1007-9327 CN 14-1219/ R World J Gastroenterol  August 15, 2004 Volume 10 Number 16
GM-CSF DCs
200 200 200
[9] 9] wn
c € c
3 3 3
@] i ‘ &) ] ‘
S F A | w_
0 Q T r\ﬂ%ﬁ‘ 0
100 10t 102 103 10% 100 10t 102 10° 10* 100 10t 102 103 104
FL1-H FL1-H FL1-H
CD40 CD80 CD86
GM-CSF+IL-4 DCs
200 200 200
ﬂ wn (]
c -‘E 4‘_:;
=] ‘ S =] ‘
S S S |
M1 ‘ M1 M1
0 0\\\\\\\\\ T TTTI7TTT T TTTTTT LA 0 T T TITTTTT T TTTITTT T TTTTTT LA
10° 10t 10? 10° 10* 100 10t 102 10° 10* 100 10t 102 103 104
FL1-H FL1-H FL1-H
CD40 CD80 CD86
GM-CSF+IL-4+NF-kB decoy ODNs DC:
200 200 200
1] (%] [9]
< € c
SR \ \ 3 3
o A | o | o ‘ ‘
'T-ule M1 | ML |
T TTTT0TT T TTTITTT T TTTTTT i mani 0 0 T T T TITTITT T TTTITTT T TTTTTT rmrrrri
100 10t 10? 10° 104 100 10t 10? 10° 104 10° 10! 102 103 10*
FL1-H FL1-H FL1-H
CD40 CD80 CD86
Figure 2 Suppression of IL-4-induced costimulatory molecule expression in DCs by NF-kB decoy ODNs.
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Figure 3 Suppression of IL-12 protein expression in LPS-stimulated DCs by NF-kB decoy ODNs. Protein extracts from GM-CSF
DCs, GM-CSF+LPS DCs, GM-CSF+LPS +NF-kB decoy ODNs DCs and GM-CSF+LPS +scrambled ODNs DCs were measured by

Western blot (lane 1-4).

NF-kB decoy ODNs abrogated LPS- induced IL-12 protein
expression in DCs

Previous studies showed that IL-12 protein expression was
significantly up-regulated in mature DCg°1%1%4% Tq further
confirm whether NF-kB decoy ODNs might prevent DC
maturation, L PS-induced IL-12 protein (p35, p40 and p70)
expression in DCswas measured. As shown in Figure 3, very
low level of IL-12 protein was detected in GM-CSF DCs, and
markedly high level of IL-12 protein was detected in LPS-
stimulated DCs (P<0.001). NF-kB decoy ODNs completely
abrogated the L PS-induced production of I1L-12 proteinin DCs,
whereas scrambled ODNs had almost no effect on down-
regulation of LPS- induced IL-12 protein expressionin DCs.

DCsallostimulatory capacity was inhibited by NF-kB decoy ODNs
The effect of NF-kB decoy ODNs on DCsimmunostimul atory
activity was evaluated by in vitro MLR. Graded number of
y-irradiated DCs(SD) was cultivated for 72 hwith afixed number
of alogeneic (LEW) splenic T cellsin MLR. The results of a
representative experiment are shown in Figure 4. In comparison
with IL-4 stimulated mature DCs or |L-4 + scrambled ODNs-
propagated DCs, which were potent inducers of DNA synthesis
and consistent with their mature surface phenotype, IL-4+NF-kB

decoy ODNs- propagated DCsinduced only aminimal T cell
proliferation. The poor stimulatory capacity of IL-4 +NF-kB
decoy ODNsDCsremained unchanged after alonger incubation
with allogeneic T cells (4- or 5-d MLR, data not shown). The
results suggested that allostimulatory capacity of DCs was
inhibited by NF-kB decoy ODNs.
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Figure 4 Suppression of allostimulatory function of IL-4-stimu-
lated DCs by NF-kB decoy ODNSs. °P<0.001 vs IL-4+NF-kB
decoy ODNs -propagated DCs.
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NF-kB decoy ODNs- treated DCs prolonged donor-specific liver
allograft survival

To examine the effect of NF-kB decoy ODNs-treated DCs on
liver allograft survival invivo, 1x10”unmodified immature bone
marrow-derived DCsfrom SD rats(GM-CSFDCs), GM-CSF+L -
4-propagated mature DCs, and GM-CSF+NF-kB decoy ODNs
or scrambled ODNs-propagated immature DCs were injected
intravenously through the penile vein into recipient LEW rats
7 d prior to liver transplantation and immediately after liver
transplantation, respectively. Table 1 and Figure 5 show the
effect of DCson liver alograft rejection and recipient survival.
GM-CSF+IL-4-propagated mature DCs accel erated the liver
allograft rejection and shorted the survival time of recipient
animds. Immaturedonor DCs(GM-CSF or GM-CSFH+scrambled
ODNs-propagated DCs) significantly suppressed liver alograft
rejection and prolonged graft survival compared with untreated
controls. In comparison with GM-CSF or GM-CSF +scrambled
ODNSs-propagated DCs, NF-kB decoy ODNs-treated DCs
exerted amarked effect on liver allograft rejection and recipient
survival, and significantly suppressed the liver allograft
rejection and prolonged survival time of recipient animals.

Table 1 Rejection stages of liver allografts

Rejection Group Group Group Group  Group
stages A (n) B (n) C(n) D (n) E (n)
0 0 1 0 6 2
1 2 6 0 2 6
2 6 1 2 0 0
3 0 0 6 0 0

Group B vs group A, u = 2.475, P<0.05; Group C vs group A,
u = 2.951, P<0.01; Group D vs group A, u = 3.298, P<0.01,
Group D vs group B, u = 2.416, P<0.05; Group E vs group A,
u =0.901,P>0.05.

NF-kB decoy ODNs-treated DCs promoted apoptosis of liver
allograft-infiltrating cells in portals

Although the precise mechanisms remain unclear, spontaneous
acceptance of liver grafts in mice has been associated with
high levels of apoptosisin GIC populationd. In contrast, FL
liver gllografts that were rejected acutely showed reduced
apoptotic activity in GIC within portal areas and enhanced
apoptosis of hepatocytes“?. These data suggested a critical
immunoregulatory role of apoptosisin determining the outcome
of hepatic allografts. To determine whether the prolongation of

liver allograftssurviva induced by NF-kB decoy ODNs-treated
DCswas associated with enhanced apoptosis of GIC, apoptotic
activity in the graft was examined by TUNEL staining with
immunohistochemistry analysis. Insitu TUNEL staining of liver
graft sections revealed that acertain level of apoptosis of GIC
wasinduced by immature DCs(GM-CSF or GM-CSF+scrambled
ODNs-propagated DCs), and mature DCs appeared to protect
GIC from apoptosis. The greatest degree of apoptosis of GIC
within portal areas of liver graftswasinduced by NF-kB decoy
ODNs-treated DCs (Figure 6). These data strongly suggested
that augmentation of apoptosis of activated GIC within portal
areas of liver grafts might be critical in promoting the tolerance
of liver allografts.
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Figure 5 Prolongation of survival of liver allograft recipient by
NF-kB decoy ODNs-treated DCs. ®°P<0.001 vs group A, 4P<0.001
vs group A,"P<0.001 vs group C, "P<0.001 vs group A, P<0.001 vs
group B,'P<0.001 vs group B, 3P>0.05 vs group B.
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Figure 6 Augmentation of apoptosis of liver allograft-infiltrat-
ing cells in portals. by NF-kB decoy ODNs-treated DCs (x400).
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Figure 7 Suppression of IL-2 and IFN-y mRNA expression and up-regulation of IL-4 mRNA expression both in liver graft and in

recipient spleen by NF-kB decoy ODNs-modified DCs.
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NF-kB decoy ODNs-treated DCs suppressed IL-2 and IFN-y
mRNA but elevated IL-4 mRNA expression both in liver graft and
in recipient spleen

To determine the relationship of specific cytokine production
to the outcome of liver transplantation, cytokine mRNA
expression in liver graft and recipient spleen 7 d after liver
transplantation was examined by RT-PCR assay. IL-2, IL-4 and
IFN-y mRNA were readily detected both in liver graft and in
recipient spleen 7 d after liver transplantation in animals from
group A. Administration of immature DCs (group B and group
E) partially down-regulated IL-2 mRNA and INF-y mRNA
expression and partially up-regulated IL-4 mRNA expressionin
liver graft and recipient spleen. Administration of 1L-4 stimulated
mature DCs (Group C) significantly up-regulated expression of
IL-2and IFN-ymRNA but markedly down-regulated IL-4mRNA
expressionin liver graft and recipient spleen (P<0.001 vs group
A, B, D, E. Statistic data not shown). However, administration
of NF-kB decoy ODNs-modified DCs (groupD) significantly
suppressed expression of IL-2 and IFN-ymRNA and significantly
elevated expression of IL-4 mRNA both in liver graftsand in
recipient spleen (P<0.001vsgroup A, B, C, E. Statistic datanot
shown). Taken together, these results suggested that prolongation
of liver alograft survival induced by NF-kB decoy ODNs-
modified DCs might be associated with down-regulation of IL-2
and IFN-y production and up-regulation of IL-4 production in
liver graft and recipient lymphoid tissue.

DISCUSSION

It is accepted that both donor and recipient DCs mediate the
rejection of graft in organ trangplantation. Thus, conversion of
these two sets of DCs to specifically inactivate recipient
aloreactive T cells should allow the long-term acceptance of
graft in the absence of continuous immunosuppression. In the
present study, we showed that stably immature DCs modified
with NF-kB decoy ODNs markedly suppressed the rejection of
liver allograft and prolonged liver alograft survival.

Theability of DCstotrafficto T cell areasof secondary lymphoid
tissues and subsequently direct immune responses makes
them ideal candidates for cell-based therapies of allograft
rejection. Several studies showed that immature donor DCs,
deficient in surface costimulatory molecules, could induce
T-cell hyporesponsiveness®?2 and prolong graft survival in
unmodified hosts*44.

Several strategies have been used to arrest the maturation
of DCsand to potentiate their tolerogenicity. While some have
shown their promising, all have significant disadvantages. CsA
couldinhibit DCfunction, but its effect wasweak and temporary,
easily to be overcome by cytokines such as IL-4“1. CsA may
inhibit DC maturation in vivo, but also interferes with signal
transduction throughthe T cell receptor complex, thusimpairing
the development of antigen-specific tolerance. Indeed, CsA
interfereswith T cell maturation and selection and can lead to
generation of autoreactive T cells. Additionaly, CsA isassociated
with significant toxicity. Antibodiesto fusion proteins specific
for cell-surface molecules (anti-CD40, CTLA4Ig) could prevent
DC costimulation of T cell§?. However, antibodies and fusion
proteins have a limited half-life. Late up-regulation of DC
costimulatory molecules upon encountering the host
microenvironment regquires treatment of multiple antibodies.
Expression of immunosuppressive gene products such as
IL-10, TGF-p and CTLA4-1g by DCs could result in further
inhibition of alloimmune responses in vitrol224748, However,
adenoviral vectors used to efficiently deliver transgene
expression could simultaneously activate DCS2°2%, Thus,
transgene expression was overcome by the vigorous upregulation
of costimulatory molecules on the transfected DC surface.
Antisence oligodeoxynucleotides to molecules such as ICAM-1

could prolong kidney and heart allograft survival“®. However,
effectswere not donor specific, nor did graftssurviveindefinitely.
To date, strategies using genetically DCs aonein experimental
organ transplantation have failed to induce tolerance. In the
setting of transplantation, proinflammatory cytokines and other
factorswere capable of promoting DC maturation abound within
recipient tissues. Thus, late maturation and inherent T cell
stimulatory potential of genetically engineered DCs may
overcomethe effects of localized immunosuppressive transgene
expression. However, our and other data indicated that
preconditioning donor DCs in vitro with ODN to block NF-kB
nuclear translocation were sufficient to stably suppress the
up-regulation of costimulatory moleculesand IL-12 production
inresponseto potent activating stimuli, such asLPSand IL-4.

NF-KkB isanimportant transcriptiona regulator of theimmune
response in avariety of cell types, but its precise function in
DCs has not been extensively evaluated. Nonetheless,
interference with its actions, either by CsA or using ODN decoy
approach, could result in significant suppression of immune
function at the level of cytokine production, effector function,
and costimulation capacity.

Although long-term allograft survival has been achieved
after infusion of costimulatory molecule-deficient DCsin afew
specific mouse strain combinations, the ability of immature DCs
toprolong alograft surviva inmost modelsistill not satisfactory.

In this study, by targeting the NF-kB pathway in DCswith
short NF-kB decoy ODNs, DCswere maintained in animmature
phenotype associated with significantly reduced allostimul atory
capacity invitro. Moreimportantly, with administration of NF-kB
decoy ODNs-treated donor DCs, significant suppression of
liver alograft rejection and marked prolongation of recipient
survival were achieved in the absence of immunosuppression.
In vivo, only the effect of NF-kB decoy ODNs-treated donor
DCson liver alograft survival was maximal, although some
suppression of liver alograft rejection and surviva prolongation
were observed inrecipientsinjected with immature DCswithout
NF-kB decoy ODNs modification.

Themechanisms by which NF-kB decoy ODNs-trested DCs
prolong survival of liver allografts are unclear. We found in
vitro and in vivo evidence that stably immature NF-kB decoy
ODNs-treated DCs could suppress T cell alostimulatory ability,
promote apoptosis of graft-infiltrating cells, and inhibit Thl
immunostimulatory cytokines such asIL-2 and IFN-y mRNA
expression and increase Th2 cytokine (IL-4) mRNA expression
both in liver graft and in recipient spleen. Apoptosis of
alloreactive T cells appears to be an important mechanism
underlying the survival prolongation of organ graft, apoptosis
of immunoreactive T cells within the graft and host secondary
lymphoid tissue plays apivota rolein determining the balance
between liver transplant tolerance and rejection. Previous studies
showed that blockade of costimulation by donor-derived DCs
markedly promoted apoptosis of alloreactive T cellsin host
lymphoid tissue and prolonged organ graft survivalt®54,
However, prevention of apoptosis of aloreactive T cells could
block the induction of peripheral transplant tolerance®>%2, In
the present study, in situ TUNEL staining of liver graftsfrom
NF-kB decoy ODNs-modified DCs-treated recipients showed
the greatest degree of apoptosis of lymphocytes within portal
areas of liver grafts. The result strongly suggested that the
enhanced apoptosis of liver alograft-infiltrating lymphocytes
might be an important mechanism for surviva prolongation of
liver allograft induced by NF-kB decoy ODNs-treated DCs.

Anather important mechanism by which NF-k B decoy ODNs-
treated DCs prolong survival of liver allografts may be the
ateration of immunoregulatory cytokines (such asIL-2, IL-4
and IFN-y) mRNA expression bothinliver graft andin recipient
spleen. In the present study, high level expression of IL-2, IL-4
and IFN-y mRNA was observed in grafts and recipient spleen
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of untreated recipient animals, which was consistent with
immune activation. Administration of immature DCs (GM-CSF
DCs or GM-CSF + scrambled ODNs DCs) partially down-
regulated IL-2mRNA and IFN-ymRNA expressionand partialy
up-regulated IL-4 mRNA expression both in liver graft and in
recipient spleen. NF-kB decoy ODNs-treated DCs appeared to
skew cytokine expression toward Th2 cytokines (IL-4), and
significantly suppressed Thl cytokines (INF-yand IL-2) mRNA
expression both in liver graft and in recipient spleen. The
suppressed expression of IFN-y and IL-2 mRNA both in liver
graft and in spleen might be associated with the enhanced
apoptosis of T cells and the skewing toward Th2. Although
thereis evidence that IL-10 could exacerbate organ allograft
rejection and its neutralization could modestly prolong
transplant survival®**4, the predominant expression of Th2
cytokines, such as|L-4 and IL-10, wasimplicated in long term
survivd of thealograftin genera. In contrast to Th2 cytokines,
expression of Thl cytokines, especially IFN-y, in graft models
has been shown to be associated with acute rejectionl?%505%,
Thus, significantly decreased expression of Thl cytokines such
aslL-2 and IFN-y mRNA, aswell astherelatively high level of
IL-4 mRNA bothinliver alograft and in recipient spleen may be
an important mechanism underlying the tolerance of liver
allograft induced by NF-kB decoy ODNs-treated DCs.
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Abstract

AIM: To assess the grey scale enhancement of a new lipid-
coated ultrasound contrast agent in solid abdominal organs
as liver and kidney.

METHODS: Size distribution and concentration of the lipid-
coated contrast microbubbles were analyzed by a Coulter
counter. Two-dimensional (2D) second harmonic imaging
of the hepatic parenchyma, the inferior vena cava and the
right kidney of the rabbits were acquired before and after
contrast agent injection. Images were further quantified
by histogram in Adobe Photoshop 6.0. Time-intensity curves
of hepatic parenchyma, inferior vena cava and renal cortex
were generated from the original grey scale.

RESULTS: The 2D images of hepatic parenchyma and
cortex of the kidney were greatly enhanced after injection
and the peak time could last more than 50 min.

CONCLUSION: This new lipid ultrasound contrast agent
could significantly enhance the grey scale imaging of the
hepatic parenchyma and the renal cortex for more than
50 min.

Liu P, Gao YH, Tan KB, Liu Z, Zuo S. Grey scale enhancement
of rabbit liver and kidney by intravenous injection of a new
lipid-coated ultrasound contrast agent. World J Gastroenterol
2004; 10(16): 2369-2372
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INTRODUCTION

New ultrasound contrast consisting of perfluorocarbon
microbubbles could enhance grey scaleimages of parenchymal
organs. It provided a new method in diagnosisi*?. The
development of new ultrasound contrast agent (UCA) has
become one of the most promising fieldsin ultrasound medicine.
So far, several UCAS, like Optisoni**2 and Definity!*¥, have
been approved for treatment and become commercialy available
many othersaredtill in clinical trialg+¢, Based on the chemical
components of bubble film, UCASs could be divided into four
different types: Surfactants*%, human albumin®24, polymeri?2
and lipidd?*?, The lipids are superior to the others in many
aspects: norisk of blood transmitted infection, excellent stability
and some tissue-specific targeting, like the reticuloendothelial

system. This study was aimed to investigate the effectiveness,
reproducibility of anew lipid contrast agent in the enhancement
of abdominal parenchymal organs. All the protocols were
approved by IRB (Internal Review Board) of Xingiao Hospital.

MATERIALS AND METHODS

Preparation and analysis of lipid-coated microbubble agent

Liposome, which consists of two kinds of phospholipids and
polyethylene glycol, was prepared by lyophilization. Then the
lipids were rehydrated with certain media, like glucose and
deionized water. The resultant suspension was sonicated by
an ultrasound sonicator (Y J 92-11 Xinzhi Corp. Hang-zhou,
Zhegjiang Province). The perfluoropropane was introduced into
the suspension during sonication, then it was kept still, until it
was separated into two layers, the upper layer was still in white
colloid whereasthe lower layer was dowly defecated. Thenthe
upper layer of the agent was extracted and analyzed. To acquire
size distribution data of the new contrast agent, the milky
microbubblessuspens onwasanayzed by Sysmex KX-21 (Sysmex
Corporation, Japan). The surface dectric potential and pH of UCA
were meesured by Zeta3 000 (Mavern Ltd., United Kingdom).

Animal models

Ten healthy rabbits, weighing 2.0-2.2 kg, were enrolled in this
study. The body hair at experimental region was removed for
liver and renal scan. Rabhitswere anesthetized by intramuscular
injection of “Xu Mian Xing” (mainly consisted of haloperidol
and made by Changchun University of Agriculture and
Prologue) at the dose of 0.15 mL/kg bm, and the intravenous
infusion was set up through ear veins. Lipid contrast agent
wasinjected at 0.01 mL/kg bm, and followed by 1 mL salineflush.

Settings of ultrasound equipment

A Siemens Sequoia 512 (Siemens Acuson Co., Mountain View,
California) ultrasound system was used in this study. The
second harmonic imaging of 6L 3 probe at 3.0/6.0 MHz was
used. The mechanic index and output power were set at 0.11
and -24 dB, respectively. All the other parameters, like gain,
depth, TGC, compress and focus, were kept constant during
experiment. Experimental imagesweredigitally recorded. Overall,
baseline and 60 min contrast images were acquired. All images
weretransformed from original DICOM filesinto JPEG format
by Viewpro (Acuson Co.). Grey scale was calculated by
histogram in Adobe Photoshop 6.0 (Adobe Co.). Sample area
usedinthehistogram had 1 088 pixelsin an élipse. Time-density
curve was generated based on the mean pixel grey scale of
hepatic parenchymaand rena cortex.

Pathological examination

All animals were sacrificed by intravenous injection of 10%
potassium chloride. The liver, kidney and lung tissues were
autopsied and fixed in 40 g/L formaldehyde for H& E stain. All
tissue slides were reviewed by pathol ogists.

Statistical analysis
The grey scale dataacquired from liver, inferior vena cavaand
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renal cortex were expressed as meantSD. Pre- and post-contrast
of liver’'sand kidney's grey scale datawere compared by paired
two-tailed Student’st test in SPSS 8.0 program. P critical value
less than 0.05 was considered to be statistically significant.

RESULTS

Contrast agent

The visual appearance of the newly made liposome contrast
agent was an opaque milky suspension, and it was slowly
delaminated. Themicrobubble concentration was (7-8)x10°/mL,
and the size distribution was 2 to 10 um. About 90% of the
microbubbleswerelessthan 8 um (Figure 1). Thesurfaceelectric
potential was-71.2 mV and the pH was 6.42.

Figure 1 Microbubbles in 400-fold diluted saline (original
magnification: x100).

i

Figure 2 Ultrasound images of liver parenchyma and inferior
vena cava (IVC) before and after the injection of microbubbles.
A: before injection; B: 30 s after injection; C: 1 min after injection;
D: 2 min after injection.

Grey scale enhancement of liver and kidney

The images of both hepatic parenchyma and renal cortex were
visually significantly enhanced after intravenous injection of
the contrast agent (Figures 2-5). Time-intensity curves of both
liver and cortex were elevated and kept at ahigh level. Thegrey
scaleof liver parenchyma (61.2+3.1) 30 safter contrast injection
was significantly higher than that of baselineimage (38.0+3.0,
P<0.05). At thetime point of 180 safter injection, thegrey scale
of liver parenchymareached 83.2+1.8 which was significantly

higher than baseline (P<0.01). And 54 min after the injection,
the liver enhancement remained at 57.8+1.4. One hour after
contrast injection, the grey scale dropped to 45.2+1.0, which
had no statistical significance. Similar resultswere observed in
the contrast enhancement of renal cortex, and the grey scales
were 18.1+3.8 at basdine, 48.8+3.3 (P<0.01) 10 safter injection,
27.4+4.1 (P<0.01) 56 min after injection, 26.1+3.9 60 min after
injection (P<0.05). These results confirmed that this lipid
microbubbles contrast agent could effectively enhance hepatic
parenchymaand renal cortex at arelatively long time.

Figure 3 Ultrasound images of liver parenchyma and inferior
vena cava (IVC) before and after the injection of microbubbles.
A: 15 min after injection; B: 25 min after injection; C: 30 min
after the injection; D: 40 min after the injection.

Figure 4 Ultrasound images of renal cortex before and after
the injection of microbubbles. A: before injection; B: 30 s after
injection; C: 1 min after injection; D: 2 min after injection.
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Figure 5 Ultrasound images of the renal cortex after injection
of microbubbles. A: 5 min after injection; B: 10 min after
injection; C: 30 min after injection; D: 40 min after injection.

At inferior vena cava (IVC), the time-intensity curve was
different from that of hepatic parenchymaand rena cortex. The
grey scaleof IV Csgnificantly roseto 52.5+2.9 20 safter contrast
injection which was higher compared with baseline (5.8+1.6).
The significant enhancement lasted only 120 s after injection,
then diminished gradually and disappeared at 240 safter contrast
injection. 1V C contrast intengity dropped back to basdine 27 min
after injection (17.0+5.2).

Pathological results
All tissuesfrom liver, lung, and kidney werennormal in histology,
and there was no sign of air embolism or infarction spot.

DISCUSSION

Lipid-coated microbubbles were mainly composed of several
biocompatible phospholipids that had excellent stability and
non-bioactive components. The lipids had been widely used in
the preparation of ultrasound contrast agent, liposome and
other drugs. In this study, a new ultrasound contrast agent
based on lipids was prepared and showed excellent stability in
the enhancement of hepatic parenchymaand renal cortex at a
minimal dose of 0.01 mL/kg bm. Grey scale enhancement could
last more than 50 min from both visual assessment and
guantitative statistical analysis. This enhancement was longer
than some previous reports, which were about 5-15 minl*°2528,
Also, thetime-intensity curves of hepatic parenchymaand renal
cortex were quitedifferent from that of inferior venacava. These
microbubbles tended to be stablein parenchyma, rather thanin
circulation, asthe time-density curve from IV C showed a200-s
wash-in and wash-out enhancement.

According to some reportd?’?8 and our experiment®, we
assumed that the prolonged enhancement was due to the
uptake of microbubbles by the reticuloendothelial systemin
liver. But this could not explain the prolonged enhancement in
the kidney, which is not rich of reticuloendothelial system.
There might be some other reasons. Since the peak contrast
intensities of liver parenchymaand cortex appeared much later
than that of inferior venacava, they were 12 min, 6minand 30 s,

respectively, it indicated that after the peak contrast in
circulation there was another peak contrast in solid organs,
and it was presumed to be the accumulation of microbubblesin
hepatic sinusoidsor capillary bed in cortex. Asweknow, hepatic
parenchymais consisted of hepatic sinusoids and renal cortex
is mostly consisted of glomeruli. They are both rich in
capillaries. Meanwhile, the blood flow in hepatic sinusoids and
glomeruli ismuch dower than that in inferior venacava. So, the
microbubbles could easily be accumulated in capillary bed,
which resulted in the prolonged enhancement of liver and
kidney.

AsIVC grey scale at 27 min postinjection was lower than
that before injection, the hepatic parenchyma might block
ultrasound transmission to 1V C by condensed bubble’s
attenuation, and this could produce visualy lower 1V C echo.

In this study, the new lipids ultrasound contrast agent was
long-term stable in enhancement of liver parenchymaand rena
cortex. The mean size of the microbubbleswaslessthan 8 um,
which was smaller than that of red blood cell, and thereby it
was safefor intravenousinjection. Pathologically, all thetissues
from liver, lung, and kidney were norma in histology, and there
were no signs of air embolism or infarction spot.

In comparison with other lipid-coated microbubbled®, this
contrast agent had a higher bubble concentration and alonger
stability in parenchymal organs. The reason for this might
attribute to the reconstituted membrane of the microbubbles.
Polyethylene glycol could protect phagocytosis from Kupffer
cell, and it could exist in hepatic sinusoid longer. Tween 80, a
kind of surfactant, which has never been used in other lipid
microbubbles contrast agent, may increase the bubbles or
microbubbles concentration.

Although this new lipid-based contrast agent exhibited a
prolonged enhancement, the true reason has not been clarified.
Further studies are needed to investigate the mechanism of
long-lasting enhancement.
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Abstract

AIM: To investigate the intestinal barrier function damage
induced by trauma and infection in rats.

METHODS: Experimental models of surgical trauma and
infection were established in rats. Adult Sprague-Dawley
rats were divided into 4 groups: control group (n7 = 8), EN
group (7= 10), PN group (n = 9) and Sep group (n = 8).
The rats in PN and Sep groups were made into PN models
that received isonitrogenous, isocaloric and isovolumic TPN
solution during the 7-d period. Rats in EN and Sep groups
received laparotomy and cervical catheterization on day
1 and received lipopolysaccharide injection intraperitoneally
on d 7. On the 7™ day all the animals were gavaged with
lactulose and mannitol to test the intestinal permeability.
Twenty-four hours later samples were collected and examined.

RESULTS: The inflammatory responses became gradually
aggravated from EN group to Sep group. The mucosal
structure of small intestine was markedly impaired in PN
and Sep groups. There was a low response in IgA level in
Sep group when compared with that of EN group.
Lipopolysaccharide injection also increased the nitric oxide
levels in the plasma of the rats. The intestinal permeability
and bacterial translocation increased significantly in Sep
group compared with that of control group.

CONCLUSION: One wk of parenteral nutrition causes an
atrophy of the intestinal mucosa and results in a moderate
inflammatory reaction in the rats. Endotoxemia aggravats
the inflammatory responses that caused by laparotomy
plus TPN, increases the production of nitric oxide in the
body, and damages the intestinal barrier function.

Ding LA, Li JS, Li YS, Zhu NT, Liu FN, Tan L. Intestinal barrier
damage caused by trauma and lipopolysaccharide. World J
Gastroentero/ 2004; 10(16): 2373-2378
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INTRODUCTION

Severe infection is still the main cause of death in critical
illnesses such as severe trauma, burns and in massive use of
immunosuppressive medicines. The endotoxin produced by G
bacilli isthe important factor for the impairment of tissues and
cdllsof thebody. It could damage the systemicimmunity, impair
theintestinal barrier function, increasethe mucosal permeability,
and hence cause enterogenous infection, a phenomenon known
as bacteria translocation>Z. The impairments aggravate the

primary infection, which might cause multiple organ dysfunction
syndrome (MODS), and even death. The alterations in
pathophysiology and immunology when endotoxemia occurs,
are very important for us to evaluate the impaired gut barrier
function.

Inroutineclinical practice, some patientswould complicate
with infections after operation and trauma. Most of them can
be cured, but afew of these infections would last for alonger
time. Based on the consideration of the latter being a
phenomenon of bacterial trand ocation asaresult of the damage
of intestinal barrier function, we conducted this animal
experiment so asto investigate if there were gut barrier damage
and bacterial translocation in such instances.

MATERIALS AND METHODS

Experimental animals and grouping

Adult, healthy male Sprague-Dawley rats, with body mass of
150-180 g (supplied by Shanghai Experimental Animal Center,
Chinese Academy of Sciences) were used. The rats were fed
for over 1wk in our laboratory for adaptation and then put into
metabolic cagesfor 5-7 d. Thetemperaturein the animal rooms
was 17-21°C with proper humidity (about 60%) andillumination
of 12 h/d (6:00-18:00). During the adaptation period all therats
were fed with regular rat chow and tap water ad libitum. When
the rat’s body mass reached 200-300 g, 33 rats were chosen
randomly and divided into 4 groups: (1) control group (n = 8),
whichwerefedrat chow and tap weter fredy; (2) EN group (n=10),
in which a central venous catheter was inserted into animals
superior venacavathrough right jugular vein under anaesthesia,
and connected to the swivel apparatus. The rats also received
laparotomy and were fed the chow freely; (3) PN group (n=9),
which were infused with awhole nutrients solution through a
central venous catheter, and with drinking water ad libitum; (4)
Sep group (n= 8) inwhich an exploratory laparotomy and central
venous catheterization served as the trauma. After this, TPN
was their sole nutrition source plus drinking water ad lib. On
the 7" day 5 mg/kg of lipopolysaccharide was injected
intraperitoneally for EN and SEP groups. PN and Sep Groups
received isonitrogenous, isocaloric and isovolumic TPN
solution during the 7-d period. All the protocols and procedures
were approved by our University Committee of Animal
Experiment Administration.

Intravenous nutrients and other relevant chemicals

TPN ingredients About 11.4% compound amino acids
injection (Novamin), 20% medium-long chain fat emulsion
(LipovenoesMCT), multivitamin mixture (Soluvit, Vitalipid) and
atrace el ement mixture (Addamel) were purchased from Sino-
Sweden and Fresenius Pharmaceutical Corp. LTD.
Chemicals and reagents Lipopolysaccharide (LPS, from
E. cali, 055: B5) waspurchased from SigmaCo.; NO Test Kit was
purchased from Promega Co., USA. Immunohistochemistry
(T cell subgroups measurement) reagents were purchased from
Serotec Ltd., Germany and IgA, Bethyl Co., USA.

Experimental model

Operation procedures Under anaesthesiawith 100 mg/kg of
ketamin injected into the animals intraperitoneally, the TPN
model was established and arotary transfusion apparatus was
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used for TPN infusiont®. For surgical trauma, after shaving the
hair on the abdomen, an incision (about 4 cm in length) was
made and the whole abdominal cavity was explored and
examined for about 5 min from the epigastrium to the pelvic
cavity. The incision was sutured in double layers with silk
suture No. 1. The operation was done under aseptic conditions.
TPN solution The rats were put in the metabolic cages after
surgical recovery. Each rat received 230 kcal/kg body mass of
calories and 1.42 g nitrogen/kg each day in 50 mL of TPN
solution. Theratio of glucoseto lipidinthissolutionis2:1, and
nonprotein calorie to nitrogen (kcal/g), 137:1. Multivitamins,
electrolytes, trace elements and 500 units of heparin were also
included in the TPN solution. All the nutrient solutions were
prepared under aseptic conditions daily and the infusion was
donewith an injecting micropump continuously and uniformly
during 24 h each day. TPN infusion was started immediately
after recovery from the laparotomy. On the first and last days
of the experiment, each rat was given half of thetotal calories
without any changes of other TPN ingredients.

Induction of endotoxemia Onthe 7" d of theexperiment, 5mg/kg
of LPSin5mL of sterile distilled water was injected into the
animals' peritoneal cavity to cause a sepsis state.

L actulose/mannitol solution gavage On the 7" d of the
experiment, 66 mg of lactulose and 50 mg of mannitol dissolved
in2mL of normal saline were gavaged. Twenty-four hour urine
was collected, the volume recorded and 0.2 mL of mercury
salicylosulfide added. Then 5 mL of the urine specimen was
stored at -20 °C until measurement.

Sample preparation and measurements

Twenty-four hours after gavaging with lactulose and mannitol
and injecting endotoxin, 100 mg/kg of ketamine was injected
intraperitoneally as an anesthetic. After the laparotomy was
done, tissue and blood samples were collected and gross and
laboratory examinations were performed.

Bacteriological test Blood 0.5 mL from the portal vein was
drawn for culture. One gram of anterior lobe liver tissue and
about 0.2-0.5 g mesenteric lymph nodes were excised. Each
sample was put in atissue homogenizer and 1.5 mL of normal
salinewas added before they were homogenized. The specimens
were sent to a microbiological 1aboratory for aerobic culture
and bacterial identification by morphologica and bacteriological
analyzer.

Bacterial culture (1) 10 uL homogenates of the lymph nodes
and liver were separately taken and put on blood agar plates.
Another 10 pL lymph nodesand liver homogenates were mixed
with 10 mL saline for adilution and the diluted samples were
inoculated also on blood agar plates. (2) 0.5 mL of portal vein
blood wasinoculated into 4.5 mL of common broth for bacterial
enrichment 16-18 h, then 20 pL of the enrichment solution was
inoculated on blood agar plates. (3) The cultured mediawere
put in a CO,incubator at 35 °C for 24-48 h. If there was no
bacterial growth, they would be regarded as negative; but if
there was growth, it would be further identified.

I dentification of bacteria First, Gram-stained smearsweremade
to determine whether they were cocci or bacilli and G*or G'.
Second, identifications were made using bacteriological
analyzer of Vitek-32 (Bio Merieux Vitek, Inc., USA). Gram-
positive cocci were tested with GPI card, Gram-negative bacilli,
with GNI card, and fungi, YBC card.

Preparation of small intestine specimens The whole small
intestine below the Treitz ligament was excised andimmediately
placed onice cold of 9 g/L sadline. The intestine was opened
longitudinally and the contents of the intestine were washed
out withicy saline. Two cmof proximal jejunum and distal ileum
were cut and put into a40 g/L neutral formaldehyde solution
promptly and sent to be examined histologically. About 5 cm
intestine segments from the upper, middle and lower sections

were resected and then the surfaces of the mucosa were dried
with cotton swabs. The mucous membrane of theicy specimens
was scraped, weighed and divided into two equal parts. They
wereimmediately put into liquid nitrogen and then stored at -70 °C.
Histological examination of theintestinal mucosa Specimens
were embedded in paraffin, 4 um sections were cut and stained
with H.E., analyzed with an HPIAS-1000 Multimedia Color
Analysis System. Threelow power (10x10) fieldsin each section
were observed. The lengths of 5 villi, the depth of 5 crypts and
thethickness of themucosaat 5 siteswere analyzed. Theaverage
value was calculated and documented. All the calculation was
done double-blindly by two experienced pathologists.
Immunohistochemical analysis of T cell subpopulation
Specimens were embedded in paraffin, 4 um sections were cut
and stained with H.E., T cell subsets were examined by
immunohistochemical SP method. The total T lymphotocyte
and its positive stained subpopulations (CD3, CD4, CD8) were
counted in 10 whole villi in each section. The ratios and rates
were then calculated. All the calculation was done double-
blindly by two experienced pathologists.

Blood sampling Three milliliter blood from the right cardiac
ventriclewas drawn and 1 250 u heparin added. The blood was
centrifuged and the serum stored at -70 °C. Then the animals
were sacrificed by exsanguination.

L actulose/mannitol test The lactulose and mannitol
concentrations in the preserved urine sample were measured
by ahigh-performanceliquid chromatograph (Waters Co., USA).
The ion-exchange column used was purchased from
Transgenomic Co., USA. The ratio between the two sugars
was then calculated. The test was to measure the amount of
excreted dual sugarsin urine of 24 h. Because these two kinds
of saccharide nearly neither metabolize nor synthesize in the
body, amounts of the two sugars being excreted from urine
reflect the“leaking” degree of theintestine, or permeable extent
of the intestine. The molecular weight of these two saccharides
is different. The test error can be reduced when using two
sugars of different molecular weight than using one only for
the test. If the ratio of the two sugars’ percentage in tested
group was significantly bigger than that of normal control
group, it could be concluded that the intestinal permesability in
tested animalsincreased.

Determination of IgA Thefrozen samplesof blood plasmaand
mucosa of the small intestine were melted to room temperature
and 1 mL normal salinewas then added to the melted 100 mg of
mucosa before the homogenates were made, and then the
concentration of 1gA in their supernatants after centrifugation
below 4 °C was measured. Theresultswereshown aslgA pg/mL
of blood plasmaand IgA pg/g of small intestine mucosa.
Determination of NO Thefrozen samplesof blood plasmaand
mucosa of the small intestine were melted to room temperature
and concentration of NO in them was measured with the enzymatic
method (Griess Reaction)® . Theresultswere shown asNO pmol/L
of blood plasmaand NO pmol/g of small intestine mucosa.

Statistical analysis

All the values were expressed as the mean+SE. One-way
ANOVA was used to check the differences between groups.
Chi-square test was used to check the differences of bacterial
translocation rates between groups. When P was less than
0.05, the difference was considered statistically significant.
The degree of correlation was described using Pearson
correlation coefficient. Software SPSS10.0 was used in all
statistical tests.

RESULTS

General animal manifestation
All the rats except those in the normal group appeared to have
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symptoms in different degrees, such as lethargy, idleness,
ruffling of hair, stop drinking and grossly concentrated urine.
Some rats appeared very slow in their responses to sound
stimulations and a so had diarrhea. Their eyes appeared glazed
with crusting exudates. These symptomswere prominent during
the 5to 15 h following LPS injection. There was no statistical
differencein mortality within 24 h after LPSinjection between
EN and Sep groups.

Complete blood cell count

The total number of leukocytes and the number of neutrophils
in PN group [(14.97+2.704)x10°/L and (6.82+2.254)x10°%/L] was
more than those of control group [(7.59+£0.379)x10%L and
(2.34+0.568)x10%L]. On the contrary, Sep group rats showed a
low responsein cell count [(8.9+0.82)x10° and (4.35+0.92)x10°/L].
Platelet count ingroups of EN, PN and Sep [(586.5+65.03)x10°,
(483.33194.62)x10°and (277.5+44.87)x10°L respectively]
decreased markedly as compared with that of control group
[(928.7£33.89)x10°/L].

Body weight

At the beginning of the experiment there was no differencein
the body mass of the animals. At the end of the experiment, the
body mass increase was 32.38+3.39 g in the control group.
The body mass of other three groups decreased; it was
33.88+3.19 g of lossin Sep group, the greatest among them.

Morphology and morphometry of smallintestinal mucous membrane
The degree of damage of the villi and crypts and the thinning
of the mucous membrane in jejunum and ileum were most
significant in Sep group among the animals (Figures 1, 2).

Concentrations of NO in blood plasmaand small intestinal mucosa
Concentrations of NO in blood plasmaincreased significantly
after LPS injection (groups EN and SEP), whereas it was not
evident in mucous membrane of small intestine (Table 1).
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Figure 2 Morphometry for structure of small intestine mucosa
(meanxSE). °P<0.001 vs EN, PN and Sep gorups; “P<0.001 vs
PN and Sep gorups; P<0.01 vs Sep gorup; "P<0.005 vs PN and
Sep gorups; 'P<0.001 vs Sep group; 2P<0.02 vs Sep gorup; "P<0.01
vs EN gorup; 'P<0.001 vs PN and Sep groups.

IgA levels in plasma and small intestinal mucosa
I1gA level was highest in blood plasmaand intestinal mucosain
EN group among the animals (Table 2).

CD3 lymphocyte and CD4/CD8 ratio
Therewas no differencein CD3 population among the groups

Figure 1 Alterations in architecture of small intestinal mucosa. (HE staining, original magnification: x100). A: Normal mucous
membrane of jejunum in control rats. B: Normal mucous membrane of ileum in control rats. C: Histological changes of jejunal
mucosa of group T1 rats. The villi become sparser than those in control. The height and shape of villi are normal on the whole. D:
Histological changes of ileal mucosa in PN group rats. The section shows a severe atrophy in mucosal structure. The villi become
shorter, blunt and swollen. E: Histological changes of jejunal mucosa of Sep group. The villi are sparse and shorter than those of
control group.
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but CD4/CDS8 ratio in EN and PN groups was higher than that
of control group. Therewas no significant differencein ratio of
CD4 to CD8 between Sep group and control group.

Table 1 Concentrations of NO in blood plasma and in intesti-
nal mucosa

Group n BP(umol/L) SIM(umol/g)*
Control 8 38.63+8.75° 39.19+2.68
EN 10 103.39+10.18 67.19%6.67
PN 9 63.06+23.33% 66.90+6.25
Sep 8 113.33+30.47 53.10%+2.16

Values are expressed as meanzSE; BP, blood plasma; SIM,
mucous membrane of small intestine; "P<0.01 vs EN group
and Sep group; 2P<0.05 vs Sep group: ‘There was no statistical
significance in NO levels in mucous membrane of small intes-
tine among groups; r = 0.485, P = 0.515, there was no correla-
tion of NO concentration in mucous membrane with that in
blood plasma.

Table 2 IgA levels in blood plasma and small intestinal mucosa

Group n Blood plasma IgA (ug/mL) Mucosa tissue IgA (1g/Q)

Con 8 146.73+18.03* 507.48+59.18%
EN 10 260.37+38.54° 733.51+81.42°
PN 9 133.94+21.47 489.38+14.27
Sep 8 194.52+39.31 511.89+52.33

Data are expressed as mean+SE; P<0.05 vs EN group; "P<0.01
vs PN group; r =0.998, P = 0.002, P<0.003, there was a positive
correlation in IgA level in blood plasma with that in intesti-
nal mucosa.

Lactulose/mannitol (L/M) test
The L/M ratio showed asignificant increment in all rats except
those in control group animals (Table 3).

Table 3 Dual sugar (lactulose/mannitol) test

Group n Rate of lactulose Rate of mannitol Ratio of L/M

Control 8 0.0097+0.0027 0.0202+0.0026  0.4789+0.1001
EN 10 0.0213+0.0035 0.0283+0.0020  0.7981+0.1559
PN 9 0.0981+0.0374 0.0723+0.0285 1.4494+0.2670
Sep 8 0.1466+0.0572 0.0361+0.0089  4.0088+0.8893°

Data are expressed as mean£SE. Rate of lactulose (or mannitol):
denotes the rate of lactulose (mannitol) amount excreted in
urine with that gavaged; Ratio of L/M denotes the ratio of
the above two rates. °P<0.01 vs control, EN and PN groups.

Table 4 Examination of bacterial translocation

Group n MLN Liver PVB RBT Logi TB£SD

Control 8 3/8 0/8 0/8 12.5% (3/24) 0.5414+0.288
EN 10 4710 2/10 3710 30.0% (9/30) 1.6444+0.349
PN 9 5/9 4/9 4/9  48.15% (13/27)° 2.3279+0.433°
Sep 8 6/8 7/8 7/8 83.33% (20/24)" 3.2815+0.483¢

Values are expressed as mean+SE; MLN: Mesenteric lymph
node; PVB: Portal venous blood; RBT: Rate of bacterial
translocation; TB: Translocated bacteria; 3/8: Numerator rep-
resents the positive samples of bacteria culture; denominator
represents the number of animals enrolled. "P<0.01 vs Control,
4P<0.01 vs control, EN and PN groups; r=0.979, P=0.021, P<0.03,
there was a positive correlation of rate of bacterial transloca-
tion with the value of Logy, translocated bacteria.

Bacterial identification and bacterial translocation

The results of bacterial culture were labeled as positive when
the CFU found per gram of tissue (or mL of blood) was more
than or equaled to 10%9. In Sep group the rate of bacterial
trandl ocation was the highest. The logarithm of the number of
translocated bacteria correlated positively with the rate of
bacterial translocation (Table 4). The bacteriatranslocated, in
order of frequency, were proteus, E. coli, enterococcus and
other Gram-negative bacteria. One or two, even three bacterial
groups were usually recovered from the same organ when
transl ocation was present.

DISCUSSION

Recent studies have shown that the gastrointestinal tract is
not only an organ for nutrient digestion and absorption, but
also an organ for systemic immunity and at the same time
performs abarrier function. It prevents bacteria and endotoxin
in the lumen of the GI tract from entering the blood circulation
(bacterial/endotoxin trand ocation). At the time when body and/
or organ tissues are injured by trauma, burns, infection,
ischemia/reperfusion and surgical operation strikes, the
intestinal barrier mal function occurs and enterogenousinfection
ensues. Thus, it aggravates the original illness and makes it
persistent, causing multiple organ dysfunction syndrome
(MODS) and even death'* 269, Based on these, Wilmore named
the Gl tract as “acentral organ after surgical stress’i.

Most infections that take place in abdominal surgery are
commonly caused by G bacilli or polyinfection, which brings
harm to body through endotoxin. Endotoxin (LPS) playsavery
important role during stress. In vivo and in vitro studiesin
animals and humansindicated that L PS could cause damage to
theintestina barrier function and cause bacterid trand ocation 4.,
Theaim of the experiment wasto mimictheclinical casesabove.
In the experiment, we had laparotomy plus parenteral nutrition
as trauma. Sick manifestations emerged after a few days’
parenteral nutrition. Onewk parenteral nutrition was obviously
aninflammatory stimulustorats. Laparotomy wasaminor injury,
whereas it was an intermediate degree of impairment when
administering laparotomy plus 1-wk parenteral nutritionto rats.
Clinical manifestationsin rats confirmed the point of view. We
injected lipopolysaccharide to rats intraperitoneal ly after 1-wk
parenteral nutrition so as to mimic infested clinical situations
after trauma. There were two main harmful stimuli, parenteral
nutrition and LPS injection, included in our experiment. We
have had another two control groups, the group of parenteral
nutrition (PN) and thegroup of LPSinjectionwith entera feeding
(EN) except the normal control one so as to investigate and
compare the damage degree of different injury stimuli to gut
barrier.

Investigations have reported the relation of TPN with
bacterial translocation. Qin and his colleagues'® discovered
that parenteral feeding in a 7-d period in experimental
pancrestitis of dogs caused a significant damage of intestinal
mucosa and bacterial transocation (BT) when compared with
that of given isonitrogenous and isocaloric enteral feeding.
Similar results were reported by other scholard 112, A study
even revealed that 2-d TPN resulted in BT in SD ratg™. In their
investigation patients underwent thoracic esophagectomy,
Takagi et al. presented that in patientsreceiving TPN from 1 wk
before operation to 2 wk after operation, serum levels of I1L-6,
IL-10 and endotoxin were higher than that of receiving
isonitrogenous and isocaloric TEN. The result suggested that
TPN could increase the endotoxin trand ocation from the bowel 4.,

Our investigation achieved similar results and showed that
feeding ratswith TPN for 1 wk led to aremarkable atrophy of
theintestinal mucous membrane; hence an increasein intestinal
permeability and bacterial trand ocation ensued. The ratswere
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in astate of systemic inflammatory response, which was shown
by clinical manifestations of the animals and analysis of their
blood cdlls. It isknown that the cause of increment in intestinal
permeability in animals fed with TPN is mainly the atrophy of
theintestinal mucous membraneg®>*¢, Parenteral nutrition could
meet the needs of other organs and tissues of the body, but
not that of the intestinal mucosa. Seventy percent of the
nutrientsthat intestinal epithelianeed is absorbed directly from
the intestinal lumen by mucosa cell§*. Enteral feeding could
prevent the intestinal mucous membrane from atrophy and
avoid increment of intestinal permeability™™™ . Likewise, it
could also prevent gut associated lymphatic tissue (GULT)
from atrophy, which could increase the intestinal mucosal
immunity!®17, 1t could be seen from our investigation that the
damage of intestinal mucous membranein EN rats was grestly
attenuated. Enteral feeding led to a better immune reaction in
these rats than others. The increase of gut permeability was
avoided and the rate of bacterial translocation aleviated. It
was shown from the analysis of complete blood cell count in
the rats that the total number of leukocytes and the number of
neutrophilsincreased following the stimulusof TPN in PN group,
whereasthere was alow reaction in Sep group, which suffered
from more severe stress injury than PN group. The falling of
platelet count may be related to agreater depletion of platelets
that was caused by an intravascular coagulation due to the
systemic inflammatory reaction(*#,

A series of symptoms appeared after injecting LPS into
laparotomised TPN-ratsin our experiment: lethargy, idleness,
ruffling of hair, stopping drinking and grossly concentrated
urine etc. Some rats appeared to have very low reactions to
sound and other stimulations and also had diarrhea. Some eyes
appeared glazed with crusting exudates. These symptoms were
prominent during the 5 to 15 h following LPSinjection, and the
menifestationswere aleviated gradually thereafter. Thesewere
in accordance with other reports*:361820 No statistical
difference was found in the mortality within 24 h after LPS
injection between the two groups (there were 1 and 3 deaths
for EN and Sep groups respectively).

The animals in Sep group responded acutely after being
injected with LPS intraperitoneally. LPS aggravated the
impairment of the intestinal mucosal barrier and bacterial
translocation that was caused by TPN. The aggravation of
impairment of the mucosal barrier function might be related to
nitric oxide (NO), which was shown by anincreased NO level in
blood plasma after LPS injection. Some scholars considered
that high output of NO after surgical stress could damage the
oxygenation metabolism in mitochondria of the intestinal
epithelia®?y,

Theincrement of intestinal permesbility caused by endotoxin
is very complicated. It may relate to many inflammatory
mediators such as cytokines, vasoactive amines and oxygen
free radical %%, Among them, NO, one of the main oxygen
freeradicalsinthebody, isanimportant inflammatory mediator
causing impairment of the intestinal barrier’®1#24, Generally,
the body could only secrete small amounts of NO under the
effects of constructive NO synthase (cNOS) and endothelial
NO synthase (eNOS). Thislow level of NO hasprotective effects
on the body'®, whereas a higher concentration of NO being
produced under the effect of inducible NO synthase (iNOS)
whenthebody suffered from harmful stimulations, would impair
the functions of cells and tissues of the body, including the
intestinal barrier function. It was concluded from agreat number
of studiesthat alower NO level was beneficial and ahigher NO
level was harmful to the body®?*?!, and using NO inhibitor
when stress occurred could reduce the damage of gut barrier!?27,
Theresultsfrom our investigation were in accordance with this
hypothesis.

The intestinal immunity is very important in maintaining

intestinal barrier function. It isknown that the digestivetract is
the largest immune organ in the human body. About 80%
of humoral immunity and 50% of cellular immunity locateinthe
digestive tract®#, Intestinal mucosal I1gA isthefirst defense
line of the intestinal barrier. It has an important function in
preventing bacterial adherence and trand ocation from intestinal
lumens®, The IgA secretion in our EN group increased after
LPS stimulation, but it had alow reaction in PN group when
compared with that of EN group. The ratio of CD4 to CD8in
mucous membrane of small intestine in Sep group was lower
than that in groups EN and PN, reflecting alow cdllular immune
response. Thisis in accordance with other reports that LPS
could stimulate the increment of suppressive T lymphocytes?2.
I0A level in blood plasmais positively correlated with that in
the intestinal mucosa, and this accords with a previous report'®.
Our resultsindicated that theincrease of bacteria trandocation
was not only caused by an increased intestinal permeability,
but also by an impairment of the whole intestinal barrier
function!*®2%, The kinds and groups of translocated bacteria
and the phenomenon that therewere 1 to 3 kinds of translocated
bacteria in the same organ found in our experiment were in
accordance with other reports33y,

In summary, one week of parenteral nutrition caused an
extreme atrophy of intestinal mucosa and an impairment of
intestinal barrier functionin SD rats. L PSaggravated thisdamage
and also damaged the systemic immunity of the animals. The
aggravation was related to the increased NO produced by the
stimulation of LPS.
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Abstract

AIM: To determine the efficacy and safety of DA-9601 on
erosive gastritis versus cetraxate as a standard drug by
gastrointestinal endoscopy.

METHODS: Five hundred and twelve patients with erosive
gastritis were divided into three groups. The groups
received 180 mg or 360 mg of DA-9601, or 600 mg of
cetraxate (Neuer™) t.i.d. for 2 wk, respectively. Endoscopic
observations were performed before and 2 wk after the
treatment, and the cure and improvement rates were
investigated.

RESULTS: Of the 512 intention-to-treat (ITT) population,
457 patients comprised the per protocol (PP) analysis.
Endoscopic cure rate was significantly higher in the DA-
9601 group than in the cetraxate group in both the PP
(56%, 58% vs36%); DA-9601 180 mg, 360 mg and cetraxate,
respectively) and ITT (52%, 51% vs 35%) populations.
Two DA-9601 groups (180 and 360 mg) had significantly
higher endoscopic improvement rates than the cetraxate
group in both the PP (67%, 65% vs 46%) and ITT (63%,
58% vs 45%) populations. The percentage of symptom
relief over the 2 wk was found not significantly different
between groups. During the study, both DA-9601 and
cetraxate produced no treatment-associated adverse events.

CONCLUSION: From these results, it appears that DA-
9601 has excellent efficacy on erosive gastritis. This study
also confirms the safety profile of DA-9601.

Seol SY, Kim MH, Ryu JS, Choi MG, Shin DW, Ahn BO. DA-
9601 for erosive gastritis: Results of a double-blind placebo-
controlled phase III clinical trial. World J Gastroenterol 2004;
10(16): 2379-2382

http://www.wjgnet.com/1007-9327/10/2379.asp

INTRODUCTION

Gastritisis a heterogeneous pathological condition, and isone
of the most frequent reasons for medical consultation in Asian

countries, including Korea and Japan. However, in Western
countries, these conditions are diagnosed as non-ulcer
dyspepsia (NUD), which affects approximately one in five
Americand’4. Gastritis, the “precursor” lesion to mucosal
ulceration is both an important clinical entity and an important
cause of abdominal pain in children®. Inflammation of the
gastric mucosa is the end result of an imbalance between
mucosal defensive and aggressive factors (i.e., disturbancesin
gastric cidity and the mucus-bicarbonate barrier), and recently
agreat dedl of attention has been focused on gastric hormones,
specifically gastrin, and pepsinogens | and 11167,

Gadtritis can be classified into acute or chronic forms based
upon Sydney System, and chronic gastritis can be subclassified
as nonatrophic, atrophic, and special types®. Using this
Sydney pathologic classification as a guide, Chen et al.l*?
reported a simplified classification for gastritis based on
practical radiologic evaluation, including erosive gastritis (acute
and chronic), Helicobacter pylori (H pylori) gastritis, chronic
nonspecific gastritis, hyperplastic gastritis, and miscellaneous
types (including granulomatous, phlegmonous, eosinophilic,
corrosive, other infectious types and rare types).

At present, the exact pathophysiology of this syndromeis
poorly understood. However, current evidence suggests that
H pylori infection, changesin lifestyles, eating behaviors, and
nonsteroidal anti-inflammatory drug (NSAID) ingestion are
causative factorsin the pathogenesis of gastric mucosal injury
in humang™. H pylori is known to be a particularly important
pathogen in gastric and duodenal inflammation by producing
excessive mucosal-reactive oxygen species (ROS), which
damage the cell membrane and deplete gastric antioxidantg*2.

The current rationalefor drug treatment in gastritisissimilar
to other gastrointestinal disorders (eg., non-ulcer dyspepsia),
and depends mainly on symptomatic relief using gastroprotective
agents (e.g., rebamipide, teprenone, ecabet sodium, sofalcone,
cetraxate, etc.), H, receptor antagonists (e.g., cimetidine,
ranitidine, famotidine, etc.), and antacids®®. However, despite
many efforts, the pharmacological treatment of patients with
gastritisusually achieves only partial symptomatic relief inthe
majority of cases.

DA-9601 (Stillen™), a phytopharmaceutica derived from
Artemisia asiatica, has been reported to possess antioxidative
and cytoprotective actionsin various models of gastric mucosal
damage** ¢, Though the mode of action of DA-9601 has not
been fully elucidated, this new antioxidative drug scavenges
superoxide and hydroxyl radicals, possesses potent anti-
inflammatory activities, regenerates mucosal epithelial cells,
and enhances the cytoprotective cytokines9,

The present study was designed to assess the therapeutic
effects and safety of DA-9601 on gastritis. Cetraxate, which
has been shown to have therapeutic effects on gastritis was
selected as the standard drug for comparative purposes.

MATERIALS AND METHODS

Patients
The patients examined in this study consisted of 550 erosive
gastritis patients who were diagnosed endoscopically between
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August 2000 and December 2001. All patientsgavetheir written
consent to this study. Out of 550 initially enrolled patients, 512
completed the study. Those 512 patients were subsequently
randomized, of whom 326 were alocated to DA-9601 (186 had
180 mg and 140 had 360 mg daily) and 186 to cetraxate 600 mg.
The exclusion criteriawere: a history of peptic ulcer disease
and reflux esophagitis; the presence of a malignant tumor in
the digestive tract; the use of drugs capable of interfering with
digestive mucosal integrity, gastric secretion or gastrointestinal
motility, including H,receptor antagonists, NSAIDs, muscarinic
antagonists, gastroprotective agents (within the previous 14 d);
thrombotic patients (cerebral thrombosis, myocardial infarction,
thrombophlehitis, etc.); consumption coagul opathy patients;
ahistory of hypersensitivity to drugs (rash, fever, itching, etc.);
the presence of major hematological, renal, cardiac, pulmonary,
or hepatic abnormalities.

Methods

The study was performed as a randomized, double-blind,
placebo-controlled, multicenter trial. Subjects were recruited at
thefollowing five Korean centers; Inje University of Medicine
(Busan), Ulsan University of Medicine (Seoul), Chunnam
University of Medicine (Gwangju), Catholic University of
Medicine (Seoul), and Ajou University of Medicine (Suwon).
Gastrointestinal endoscopies were performed in all patients
before starting therapy, and 2 wk later. Patients diagnosed with
erosive gastritis were included and divided into 3 groups
following initial symptom assessment, and either treated with
DA-9601 180 or 360 mg, or cetraxate 600 mgt.i.d. for 2wk. After
completing the therapy, endoscopic examinations were
conducted according to the following grades: score 1, no
erosions; score 2 (mild), erosion number between 1 and 2; score
3 (moderate), erosion number between 3 and 5; score 4 (severe),
erosion number more than 6, for the eval uation of cure rate and
improvement rate (Table 1). In addition, all patients compl eted
astandardized subjective assessment questionnaire, according
to Table 2. Safety surveillance was done at the end of therapy,
based on responses to a complaint questionnaire, results of
physical examinationsand laboratory tests. Blood sampleswere
obtained at the end of therapy to determine concentrations of
GPT, GOT, and bilirubin. Complaint questionnaires were
recorded for the appreciable harmful or unpleasant reactions
experienced by a patient as aresult of drug therapy.

Table 1 Evaluation of efficacy based on endoscopic observa-
tions

Score Number of erosions
1 (none) 0

2 (mild) 1-2

3 (moderate) 3-5

4 (severe) 6<

Table 2 Evaluation of efficacy in individual symptom

Score Criteria

1 (none)
2 (weak)
3 (moderate)

No symptom

Symptoms occurred once a week

The symptoms did not affect their life and
occurred more than twice a week

The symptoms affected their everyday life
and occurred daily

4 (strong)

Statistics analysis
Endoscopic efficacy wasanalyzed on anintention-to-treat (ITT)
and per protocol (PP) basis. Both subjective and objective

criteriawereanalyzed using Duncan’smultipletest. Comparisons
between treatment groups were performed using the chi-square
test. Datawere considered to be significant when P<0.05.

RESULTS

A total of 512 patientscompleted thetrial. Baselinecharacteristics
of the study populations are detailed in Table 3, which shows
that the study groups were comparable with respect to
demographics and disease-specific characteristics.

Table 3 Base-line characteristics of the patients (n, %)

Characteristic DA-9601 DA-9601 Cetraxate
180 mg 360 mg 600 mg

(n = 186) (n = 140) (n =186)

Male sex 89 (47.9) 72 (51.4) 92 (49.5)

Age(yr) 45.9+11.2 44.6+12.1 46.4+11.5
History <1 wk 3(1.6) 1(0.7) 3(1.6)

1-4 wk 31 (16.7) 28 (20.0) 29 (15.6)

>4 wk 98 (52.7) 27 (19.3) 97 (52.2)

Unknown 54 (29.0) 84 (60.0) 57 (30.7)

Type Erosion 186 (100) 140 (100) 186 (100)
Bleeding 8 (4.3) 4 (2.9) 10 (5.4)

Redness 51 (27.4) 47 (33.6) 44 (23.7)
Edema 2(11) 10 (7.1) 5(2.7)

Grade Mild 14 (7.5) 18 (12.9) 21 (11.3)

Moderate 50 (26.9) 40 (28.6) 54 (29.0)

Severe 122 (65.6) 82 (58.6) 111 (59.7)

Data values are mean+SD.

Table 4 Number of patients for ITT and PP assays

Number of patients

DA-9601 DA-9601 Cetraxate

180 mg 360 mg 600 mg
ITT analysis 186 140 186
PP analysis 171 120 166
Efficacy evaluation

ThelTT population was composed of 512 patients (186 in the
DA-9601 180 mg group, 140in the DA-9601 360 mg group, and
186 in the cetraxate 600 mg group) (Table 4). Endoscopic cure
ratesin DA-9601 180 mg, 360 mg, and cetraxate 600 mg groups
were 52.2%, 51.4%, and 35%, respectively (Figure 1). A
significant difference was found between the DA-9601 and
cetraxate groups (P<0.05), however, no differencein curerates
was found between the DA-9601 groups.
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Figure 1 Estimated cure rates of erosive gastritis by intention-
to-treat (ITT) analysis among patients treated with DA-9601
(180 mg or 360 mg, t.i.d.) or cetraxate (600 mg, t.i.d.) for 2 wk.
aP<(0.05 vs 600 mg of cetraxate.
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Figure 2 Estimated cure rates of erosive gastritis by per proto-
col (PP) analysis among patients treated with DA-9601 (180 mg
or 360 mg, t.i.d.) or cetraxate (600 mg, t.i.d.) for 2 wk. ?P<0.05 vs
600 mg of cetraxate.

The PP assay population comprised 457 patients (171 in the
DA-9601 180 mg group, 120 inthe DA-9601 360 mg group, and
166 in the cetraxate 600 mg group) (Table4). The estimated cure
rates of erosive gastritis by PP analysisin DA-9601 180 mg,
360 mg, and cetraxate 600 mg groups were 55.6% (95/171),
57.5% (69/120), and 35.5% (59/166), respectively (Figure 2).
The cure rates between the DA-9601 and cetraxate groups
(P<0.05) were significantly different, however, no difference
was found between the DA-9601 groups.

Estimated improvement rates by ITT analysis of erosive
gastritis patients treated with cetraxate (600 mg) and DA-9601
(180 or 360 mg) showed statistically significant differences
(P<0.05); however, no difference was observed between the
DA-9601 treated populations (Figure 3). Theimprovement rates
of thosetreated with DA-9601 180 mg, 360 mg and cetraxate 600 mg
were 63.4% (118/186), 57.9% (81/140), and 44.6% (83/186),
respectively.

The estimated improvement rates by PP analysisfor erosive
gastritis treated with DA-9601 or cetraxate were statistically
different (P<0.05) (Figure4). However, no differencewasfound
between the DA-9601 treated groups. The estimated
improvement rateswere 67.3% (115/171), 65.0% (78/120), and
46.4%(77/166) intheDA-9601180mg, DA-9601 360mg, cetraxate
600 mg treated groups.
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Figure 3 Estimated improvement rates of erosive gastritis by
intention-to-treat (ITT) analysis among patients treated with
DA-9601 (180 mg or 360 mg, t.i.d.) or cetraxate (600 mg, t.i.d.)
for 2 wk. 2P<0.05 vs 600 mg of cetraxate.

Symptom relief rates

The symptomrelief ratesdetermined by the I TT and PP methods
showed no statistically significant difference between the study
populations. The overall degrees of symptom reduction by the
ITT method in the DA-9601 180 mg, 360 mg, and cetraxate
600 mg groupswere 77.4% (144/186), 75.0% (105/140), and
73.1%(136/186), respectively (Figure5), and by PPanaysisthese
were81.3%(139/171), 81.7%(98/120), and 76.5% (127/166).
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Figure 4 Estimated improvement rates of erosive gastritis by
per protocol (PP) analysis among patients treated with DA-
9601 (180 mg or 360 mg, t.i.d.) or cetraxate (600 mg, t.i.d.) for
2 wk. ?P<0.05 vs. 600 mg of cetraxate.
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Figure 5 Overall reduction rates of symptoms among patients
treated with cetraxate (600 mg, t.i.d.) or DA-9601 (180 mg and
360 mg, t.i.d.) for 2 wk.

Table 5 Incidence of adverse events (n, %)

DA-9601 180 mg Cetraxate 600 mg

Gastrointestinal

Dyspepsia 2 (1.08) 0
Nausea 2 (1.08) 0
Diarrhea 2 (1.08) 0
Heartburn 1 (0.54) 1 (0.54)
Abdominal pain 1 (0.54) 1 (0.54)
Acid reflux 0 1 (0.54)
Vomiting 1 (0.54) 1 (0.54)
CNS and ANS

Dizziness 1 (0.54) 0
Headache 1 (0.54) 1 (0.54)
Skin

Itching 1 (0.54) 1 (0.54)
Skin redness 1 (0.54) 1 (0.54)
Facial edema 0 1 (0.54)
Liver

sGPT elevation 1 (0.54) 1 (0.54)
SGOT elevation 0 1 (0.54)
Bilirubin elevation 0 1 (0.54)
Total 14 (7.53) 11 (5.91)
Safety

Serious adverse reactions were not encountered during this
study. Of the 186 cetraxate 600 mg treated patients, theincidence
of adverse effects was 7.5% (11 cases); including heartburn,
abdominal pain, acid reflux, headache, itching, skin redness,
facial edema, etc. Mild adverse events were observed in 14 of
186 patientstreated with DA-9601 180 mg (Table5). Inthecase
of DA-9601 360 mg group, no notable change was observed



2382 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

August 15, 2004 Volume 10 Number 16

either in subjective assessment questionnaire or in clinical
examination at the end of the study as compared to DA-9601
180mg or cetraxate groups. No statigticaly significant difference
was observed between the cetraxate and DA-9601 treated groups.

DISCUSSION

Although gastritis is the most common complication in the
digestive tract, the definition of gastritisis not consensua due
to differencesin diagnostic criteria. It has been postul ated that
gastritis contributes to the natural history of ulcer development
due to the decreased protection offered by the mucosal barrier
lining the stomach, and increased epithelial cell exposure to
hydrochloric acid.

The aim of this study was to demonstrate the efficacy and
safety of DA-9601 versus cetraxate, a widely used anti-ulcer
drug, for the treatment of erosive gastritis. Cetraxate, which
has amucosal protective effect, wasfirst introduced in 1976 as
an anti-ulcer drug®. It iswidely used clinically in Japan and
other Asian countries. The mode of action of cetraxate is
ascribed to an increased gastric mucosal blood flow through
enhanced nitric oxide synthase activity, and the prevention of
adecrease in the mucosal prostaglandin content(?Y. The results
of the present randomized, double-blind, placebo-controlled,
multicenter study demonstrate that orally administrated DA-
9601 is both effective and well-tolerated in the treatment of
erosive gastritis of various etiologies.

Adversereactionswere seenin 7.5% (14/186) of the patients
inDA-9601 180 mg treated group andin 5.9% (11/186) of patients
in the cetraxate 600 mg treated group. In both groups, the main
adverse reactions were vomiting, abdominal pain, headache,
skin rash, itching, and sGPT elevation. However, in DA-9601
360 mg treated group, no obvious adverse reactions were
observed (0%, 0/140). Therefore, we concluded that there was
no drug treatment rel ated adverse reaction based on the lack of
dose-responserel ationship. Inthe previousfour-wk ora toxicity
study of DA-9601 in ratsat doses of 120, 500, and 2 000 mg/kg.d,
no treatment related alternations, including changesin blood
biochemistry were observed?. In animal experiments, DA-9601
prevented acetaminophen, and CCl,-induced hepatic GSH
depletion and CCl,-induced increased hepatic MDA (aparameter
of lipid peroxidation) in a dose-dependent manner(2324, |n
addition, sGPT and sGOT levels showed atendency to fall to
below thenormal rangein DA-9601 treated patients (unpublished
data).

Conclusively, the present study indicates that DA-9601 has
an excellent efficacy and safety profile. Therefore, we believe
that DA-9601 is a highly attractive option for the treatment of
erosive gastritis, in which a balance between aggressive and
defensive factors plays a significant role.
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Abstract

AIM: Gallbladder and gastrointestinal motility defects exist
in gallstones patients and to a lesser extent in pigment
gallstone patients. To investigated the role of gallbladder
and gastrointestinal motility disorders in pigment gallstone
formation in B-thalassemia major.

METHODS: Twenty-three patients with B-thalassemia
major (16 females; age range 18-37 years) and 70 controls
(47 females, age range 18-40 years) were studied for
gallbladder and gastric emptying (functional ultrasonography),
orocecal transit (OCTT, H,-breath test), autonomic
dysfunction (sweat-spot, cardiorespiratory reflex tests),
bowel habits, gastrointestinal symptoms and quality of life
(all with questionnaires). Gallbladder content (ultrasonography)
was examined before and during 8-12 mo follow-up.

RESULTS: Gallstones and/or biliary sludge were found in
13 (56%) patients. B-thalassemia major patients had
increased fasting (38.0+4.8 mL 1520.3+0.7 mL, A= 0.0001)
and residual (7.9£1.3 mL v55.1+0.3 mL, A= 0.002) volume
and slightly slower emptying (24.9+1.7 min v520.1+£0.7 min,
P = 0.04) of the gallbladder, together with longer OCTT
(132.2+7.8 min ¥599.74+2.3 min, A= 0.00003) than controls.
No differences in gastric emptying and bowel habits were
found. Also, patients had higher dyspepsia (score: 6.7+1.2
vs 4.9£0.2, P= 0.027), greater appetite (P = 0.000004)
and lower health perception (P = 0.00002) than controls.
Autonomic dysfunction was diagnosed in 52% of patients
(positive tests: 76.2% and 66.7% for parasympathetic and
sympathetic involvement, respectively). Patients developing
sludge during follow-up (38%, 2 with prior stones) had
increased fasting and residual gallbladder volume.

CONCLUSION: Adult p-thalassemia major patients have
gallbladder dysmotility associated with delayed small
intestinal transit and autonomic dysfunction. These

abnormalities apparently contribute together with haemolytic
hyperbilirubinemia to the pathogenesis of pigment gallstones/
sludge in B-thalassemia major.

Portincasa P, Moschetta A, Berardino M, Di Ciaula A, Vacca M,
Baldassarre G, Pietrapertosa A, Cammarota R, Tannoia N,
Palasciano G. Impaired gallbladder motility and delayed orocecal
transit contribute to pigment gallstone and biliary sludge
formation in B-thalassemia major adults. World J Gastroentero/
2004; 10(16): 2383-2390
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INTRODUCTION

Patients with cholesterol gallstones have impaired gallbladder
emptying!" and may show dyspeptic symptomswith functional
defects of both upper and lower gastrointestinal tract!4.
Recently, we reported that gallbladder emptying was also
defectivein patientswith black pigment stones and such defect
was less severe than in patients with cholesterol stones?.

B-thalassemiais one of the most widespread single-gene
disorders with 3-6% of the world’s population carrying the
gene. The disease represents amajor public health problemin
the Mediterranean area, the Middle East, the I ndia subcontinent
and the Far East®. Increased production of bilirubin from
chronic hemolysisis a prerequisite for formation of pigment
gallstoned®”, and black pigment gallstones often accompany
thalassemiamajor'®, However, despite similar biochemical and
clinical features, many 3-thalassemiamajor patientswith marked
hemolysis did not develop gallstones. One might hypothesize
that gallbladder stasis and functional gastrointestinal disorders
could contribute to gallstone pathogenesis in 3-thalassemia
major. In the present study, we investigated for the first time
the role of gallbladder and gastrointestinal motility in adult
[3-thalassemia major patients in relation to gallstone/sludge
formation. Autonomic neuropathy and gastrointestinal
symptoms were also evaluated.

MATERIALS AND METHODS

Subjects

B-thalassemia major patients (n = 23) Age 26+1 years
(meantSE, range 18-37 years), body mass index (BMI) of
21.4+40.6 kg/m?. Sixteen werewomen. Patients attended regular
review from October 2001 until June 2003 at the Referral Center
of the University Hospital of Bari. All the patients were
homozygous for a mutation 3° or 3* or double heterozygous
for amutation 3° or 3*. The genetic characteristics of the patients
seen in Bari have been previoudly reported®. As B-thalassemia
major requiresregular blood transfusions and chel ating therapy
to dleviate the harmful accumulation of iron, dl patientswereona
program consisting of one or two monthly blood transfusion of
packed red blood cdlsand desferrioxaminegiven as40-60mg/(kg-d)
subcutaneously overnight using syringe pumps. The program
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lasted for 5 nights per week. Mean length of desferrioxamine
treatment was 19.2+0.6 years. All patients had various stages
of liver involvement, as confirmed by ultrasonography (e.g.
liver steatosis, hyperechoic parenchyma) and/or liver biopsy
(ranging from active/chronic siderotic and fibrotic hepatitis to
definiteliver cirrhosis, n= 1). Theanalysisof organinvolvement
confirmed that splenomegaly, hypothyroidism, and heart
disease were the most frequent conditions with a prevalence of
39%, 35% and 18%, respectively. Hypogonadism was present
in 35% of the patients. Type | insulin-dependent diabetes and
apositive oral glucose tolerance test were present in 9% and
22% of the patients, respectively.
Healthy subjects(n =70) Age28+1 years(range 18-40 years),
BMI 22.0+0.3 kg/m?. Forty-seven were women. They were
recruited from local staff members, students, and family
practices. None of the healthy subjects complained of
gastrointestinal symptoms or had previous gastrointestinal
diseases or surgery. All had a negative abdominal ultrasound.
No significant difference existed in age, BMI and gender
distribution between the patients and the normal controls. As
expected!®, patients had shorter stature than their matched
controls(males: 168+2 cmvs178+7 cm, P =0.0006 and femaes:
158+0.01 cmvs 167+6 cm, P =0.00005). All subjectsgavetheir
informed consent and the study was approved by the University
of Bari Human Subjects Committee.

Study design

After the outpatient clinic evaluation consisting of history,
physical examination, and serum analyses, subjects were
scheduled for the motility studies and tests for autonomic
neuropathy. A clinical and ultrasonographic follow-up was
planned within the next 8-12 mo. Ultrasonography was chosen
because it was a non-invasive and validated technique
allowing to study both gallbladder*® and gastrict**-
emptying, simultaneously*”). We al so developed anovel, one-
day test for studying the upper gastrointestinal motility by
simultaneous assessment of gallbladder, stomach, and small
bowel transit!d,

Gallbladder and gastric emptying

The gallbladder was studied for content, wall, shape, and
motility with standardized methodology!*”. Gallstones were
diagnosed by the presence of mobile high-level echoes with
acoustic shadows in the gallbladder, and sludge by the
presence of mildly echogenic intraluminal sediment in the

absence of acoustic shadows?9. All gallstone patients had a
small gallstone burden (i.e. less or equal to 20% of fasting
gallbladder volume)®! and athin gallbladder wall (i.e. lessthan
3 mm in the fasting state) delimiting a regularly pear-shaped
organ*, Gallbladder motility was assessed by monitoring
gallbladder volumes before and at 5-15 min intervalsover 2 h
after ingestion of aliquid test meal.

Gastric emptying was assessed by monitoring antral areas
at the sametime pointsasfor the gallbladder™*3. The equipment
consigted of an Esaote AUCS0 equipped with a3.5 MHz convex
probe. The test meal consisted of 200 mL liquid formula
containingfat 11.6 g (35%), protein 12 g (16%) and carbohydrate
36.8 g (49%) with atotal of 300 kcal, 1 270 kJ, 445 mOsm/L
(Nutridrink®, NutriciaS.p.A., Lainate Milano, Italy).

Orocecal transit time

Orocecal transit time was measured at the time when
ultrasonographic studies were performed by the hydrogen
bresth test with a portable, previously validated device (EC60-
Gastrolyzer, Bedfont, USA)821, The substrate consisted of 10 g
lactulose (Duphalac Dry®, Solvay Pharma, Belgium) whichwas
added directly to the standard liquid test meal. The accuracy of
the detector wast2 p.p.m. A rise of 10 p.p.m. above baselineon
two consecutive measurements was considered as orocecal
transit time and expressed in minute??,

Autonomic neuropathy

Symptoms and signs of autonomic dysfunction were evaluated
by taking the clinical history according to Rangari et al.'*. The
guestionnaire was scored as “normal”, “mild” and “ severe” for
the presence of orthostatic hypotension, gastric symptoms,
bowel disorders, sweating disorders, bladder dysfunction and
inmales, impotence. A combination of testsincluding the Swest-
spot-test (SST)[?224%] and cardiorespiratory reflex tests?, were
employed as sensitive methods to assess the presence of
autonomic neuropathy!?. The SST was used to investigate
theinvolvement of cholinergic sympathetic fibers by analyzing
swesat abnormalities on the dorsum of the foot. An example of
positive and negative test is shown in Figure 1.

A portable device was used to measure the “ beat-to-beat”
modifications of the R-R interval using skin electrodes
connected to Cardionomic® (Lifescan, Italy). Lying-to-standing
and standing-to-lying tests were used for sympathetic
involvement. Val salva maneuver, deep-breathing, cough test,
and postural hypotension test were used for parasympathetic

Figure 1 Sweat spot test (SST) for assessment of sympathetic autonomic nervous system?2l, The skin is coated with iodine and
a fine emulsion of starch in arachis oil. Sweat is stimulated by intra-dermal injection of of 0.1 mL acetylcholine (the red dot indicates
the point of injection). Denervated glands do not respond to the acetylcholine injection. A colorimetric reaction between starch and
iodine is triggered by the sweat from stimulated glands, so that each pore appears as a small black dot after 2-5 min. A digital photo
is taken and transferred to a magnifying software to measure the number and distribution of dots appearing in a standard squared

grid of 529 mm? divided into 64 squared subareas. A normal SST implied a score

12 dots/subarea and/or <8% of abnormal

subareas (each square of the grid having less than 6 dots) according to Ryder? and to our group®!. Only patients with both indices
(SST score and % abnormal subareas) outside normal limits were considered to have a positive test. A: Normal and even distribution
of sweating glands seen as black dots; B: Defective response in a 3-thalassemia major patient with sympathetic autonomic neuropathy.
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involvement. The results of each test were scored as normal,
borderline or abnormal, according to age-controlled values.
The overall results for autonomic neuropathy were therefore
normd (all tests normal), early involvement (one abnormal test
or two borderline abnormal), definite involvement (two or more
abnormal tests)®.

Questionnaires

On the same day of the motility studies, subjects were asked to
complete the following questionnaires under the supervision
of one operator.

Bristol stool scaleform(?! Thisisasemi-quantitative scoreto
assess the quality of bowel movements. The weekly frequency
of evacuations over atime span of one mo was also assessed.
Dyspepsia scor€® Thisisasemi-quantitative score from four
symptoms such as epigastric pain, burning, belching/burping,
postprandial fullness. Maximum score was equal to 48 with the
upper normal limit equd to 8 and estimated from the mean+2SD
of healthy control values.

Visual analogue scales (VAS) of upper gastrointestinal
perception!®* These are self-assessed 100 mm horizontal lines
of upper gastrointestinal perception monitoring appetite, satiety,
nausea, abdominal fullness and upper abdominal (epigastric)
pain or discomfort. Scoresin mm were obtained at basdline (i.e.
time0) and at 15, 30, 45, 60, 90 and 120 min postprandially.
Romecriteriafor biliary pain® Patientswith gallstones or
sludge were considered “ symptomatic” with a history of one
or more episodes of colicky pain during the last 12 mo.

Health survey SF-361%%% Thisisashort form of questionnaires
assessing health-related quality of life (HRQOL). The SF36
includes 36 items which measure eight multi-item variables:
generd health, physical function, role physical, role emotional,
social function, mental health, body pain, and vitality. Healthy
subjectsin thissetting had aHRQOL profileremarkably similar
to that derived from subjects across different culturesin USA
and UK,

Statistical analysis

Results are expressed as mean+SE. Demographic data, aswell
as baseline characteristics were checked for normal distribution
(Kolmogorov-Smirnov goodness of fit test). Statistical
significance in contingency tables was evaluated using 2 -test
or Fisher’s exact test when appropriate. Comparison of
continuous variables among groups was performed with
unpaired Student’st-test or Mann-Whitney rank sum test when
appropriate. Comparison between multiple groups was
assessed using one-way analysis of variance (ANOVA) or the
Kruskall-Wallis non parametric ANOVA on ranks. Post-hoc
multiple pair wise comparisonswere calculated with the Fisher's
LSD test. Linear regression analysis was performed by the
method of |east square and Pearson’s coefficient. A multivariate
analysis was constructed to study the effect on appetite of
motility variables. The variables showing significant correlations
in univariate analysis were included in a stepwise multiple
regression anaysis. All statistical calculationswere performed
with the NCSS2004 software (Kaysville, UT, USA). Statistical
tests were conducted as a two-sided alphalevel of 0.0555%,

RESULTS

Gallbladder sludge and stoneswerefound in 13 (56%) patients,
all asymptomatic for previous episodes of biliary pain. Sludge
was detected in 6 (26%) patients, while gal|stoneswere observed
in 7 (30%) patients, solitary and small in size (5-9 mm). The
other 10 patients (44%) were gallstone/sludge-free.

Routine biochemical analysis
There was no differencein laboratory biochemistry among the

three subgroups of thalassemia patients, according to
gallbladder content (Table 1). There was a statistically
significant relationship between levels of ferritinand AST and
ALT intheserum (0.73< r<0.77; P>0.00002, P<0.00007).

Table 1 Laboratory biochemistry in B-thalassemia major pa-
tients with gallstones, biliary sludge and gallstone-free

Gallstones Sludge  Gallstone/ P
sludge-free

No. of subjects 7 6 10
Total bilirubin (mg/dL) 2.3+0.4 1.4+0.4 1.8+0.3 NS
AST (U/L) 50.9+11.5  32.8+12.5 44.9+9.7 NS
ALT (U/L) 76.7x17.7 42.7¥19.1 59.8+14.8 NS
Ferritin (mg/dL) 1922+445  1165+481 1900+372 NS
Hb (g/dL) 9.3+0.1 9.5+0.2 95401 NS
Iron (mg/dL) 186.8+16.8 189.6+8.4 156.5+16.8 NS
Total proteins (g/dL) 7.8+0.2 7.9+0.2 7.4+0.2 NS
GGT (U/L) 34.4+5.6 18.3+6.0  19.4+4.7 NS
Alk. Phosphatase (U/L) 1.15+0.2 0.98+0.2 0.9+0.2 NS
LDH (U/L) 331.3+46.7 293.7+£36.7 310.7+28.4 NS
Cholesterol (mg/dL) 98.3£10.2 129.4+12.1 96.9+9.0 NS
Tryglicerides (mg/dL) 11494235  71.6+27.9 84.4+22.0 NS

Data are expressed as mean+SE; NS: Not significant; AST: As-
partate transaminase; ALT: Alanine transaminase; GGT:
Gamma-glutamyl transpeptidase; LDH: Lactate dehydrogenase.

Ultrasonographic studies

The study of gallbladder emptying showed that 3-thalassemia
major patients had increased fasting gallbladder volume
(38.0+4.8 mL vs20.3+0.7 mL, P=0.0001), and residual volume
(7.9£1.3mL vs5.1+0.3mL, P=0.002), decreased percent residual
volume (20.3+1.5% vs 24.6+1.0%, P = 0.03) and dlightly sower
emptying (24.9£1.7 minvs20.1+0.7 min, P = 0.04) than contrals,
as also suggested by the analysis of the gallbladder emptying
curves (Figure 2).

Although all subgroups compared to controls had a
significantly greater fasting gallbladder volume, only patients
with biliary dudgeand normal gallbladder had increased residual
volume and delayed emptying. Indeed, relative gallbladder
contraction (percent residual volume) wasincreased in patients
with gallstones. -thalassemia patients and controls showed
comparablefasting and postprandial indices of gastric emptying
(Table2).

Orocecal transit time

Mean OCTT was longer in [3-thalassemia patients than in
controls(132.2+7.8 minvs99.7+2.3min, P=0.00003) (Figure 3).
Seven patients (30.4%) but none of controls had OCTT above
the upper normal value of 140 min (i.e. mean+2SD) derived from
the control group (P = 0.000026, x2-test). Similar results were
found among different subgroups (Table 2).

Autonomic neuropathy

Twenty-one patients agreed to undergo the tests. Symptoms
and signs of autonomic dysfunction were found in 11 patients
(52%), whichweremildin all but 2 cases (asymptomatic). Early
or definitive parasympathetic and sympathetic involvement
was present in 76.2% and 66.7% of cases, respectively. Early
involvement was more frequent in the cases of parasympathetic
AN system than those of sympathetic AN system (81.3% vs
28.6%, P = 0.00037). Overall, there were 3 (14%), 5 (24%),
and 13 (62%) patients with normal tests, early involvement
(mainly parasympathetic), and definitive involvement (both
parasympathetic and sympathetic), respectively. All 5 patients
with type | insulin-dependent diabetes or impaired oral glucose
tolerance test and all 7 patients with thyroid involvement had
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Figure 2 Time-course of fasting and postprandial gallbladder volumes in 23 B-thalassemia major patients and 70 controls and
expressed as mL (panel A) or percent fasting gallbladder volume (panel B). Symbols indicate means, while vertical lines indicate
SEM. Patients had impaired gallbladder emptying, with significantly increased fasting and postprandial volumes at each time point
(panel A), in spite of similar contraction (panel B), compared to controls.

Table 2 Dyspeptic symptoms, bowel habits and gastrointestinal motility indices (gallbladder, stomach, small bowel) in B-thalas-
semia major patients with or without gallstone/sludge and in controls

Gallstones Sludge GS/sludge-free Controls P
No. of subjects 7 6 10 70
Dyspepsia (Buckley score) 5.0+1.0 6.8+2.2 7.8+2.5° 4.9+0.2 0.046
Bowel habits (Bristol score) 3.5+0.21 3.4+0.6 3.8+0.2 3.5+£0.07 NS
Stomach
Fasting antral area (cm?) 2.8+0.2 2.9+0.2 3.4+0.3 3.2+0.1 NS
Postprandial maximal area (cm?) 10.4+0.2 10.7+0.5 10.9+0.4 11.5+0.2 NS
Postprandial minimal area (%) 0.9+0.5 0.3+0.3 0.4£0.7 2.1+0.4 NS
Postprandial minimal (cm?) 2.9+0.2 3.0+£0.2 3.3+0.2 3.4+0.1 NS
Half-emptying time (min) 28+2 31+2 28+2 27+1 NS
Gallbladder
Fasting volume (mL) 30.1+3.82 42.9+10.32 40.6+8.9° 20.3+0.7 0.000001
Postprandial residual volume (mL) 4.4+0.9 10.0£2.7% 9.1+2.3%¢ 5.1+0.3 0.00030
Postprandial residual volume (%) 14.7+£1.62 23.0x2.7 22.6x2.4 24.6+£1.0 0.023
Half-emptying time (min) 21+1 27+5° 26x2?2 20x1 0.009
Small bowel
Orocecal transit Time (min) 128.6+13.4° 30.0+£15.02 136.0+13.6° 99.7+2.3 0.000002

Data are expressed as mean+SE; GS: Gallstones; ®P<0.05 vs controls; °P<0.05 vs gallstones (ANOVA and Fisher’s LSD multiple-

comparison test); NS: Not significant.

evidence of autonomic neuropathy. Neither age nor mean
duration of desferrioxamine therapy was significantly different
in patients with or without autonomic neuropathy (data not
shown). Patients with autonomic neuropathy compared with
those without it (n =3, scant number might imply atype 2 error),
showed atrend towardslonger OCTT (132+9 minvs117+3min,
P=0.06), increased fagtingvolume (39.5£5.7 mL vs19.7+4.3mL,
P =0.07) and decreased contraction (residual volume 8.6+1.6 vs
3.2+0.7mL,P=0.044).
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Figure 3 Orocecal transit time (OCTT) by lactulose H,-breath
test in B-thalassemia major patients and controls. Patients had
significantly longer OCTT than controls. Data are expressed as

individual points and means (bars).

Questionnaires
Overall, bowel habits were comparablein controls and patients
(overall: 3.5+0.01 vs 3.6+0.2, respectively), while the score for
dyspepsiawas dlightly higher (and statistically significant) in
patientsthan in controls(6.7+1.2 vs4.9£0.2, P=0.027) (Table 2).
Theresults of VASfor satiety and appetite (as postprandial
AUC) showed that thetwo fedlingswere strongly and negatively
correlatedin both patients(r=-0.87, P<0.0001 n = 23) and controls
(r=-0.03, P<0.0001, n=70). Profilesfor both appetite and satiety,
however, were different in patients and controls. Fasting and
postprandial appetite scores were invariably greater in patients
than in controls. In particular, VAS for appetite was increased
at baseline and showed a rapid decrease followed by arapid
and marked postprandia increase, compared to controls (Figure 4).
Whereas univariate analysis suggested an inverse relation
between appetiteand OCTT, gd Ibladder contraction (asresidual
volumein percent) and gallbladder half emptying time, multiple
regression analysis identified gallbladder half-emptying time
astheonly predictor (P<0.002) of time-rel ated changes of appetite
perception in patients. Therelationship isshown in Figure 5.
There was no difference in nausea, fullness and abdominal
pain between patients and controls either at baseline or
postprandially (data not shown).
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Figure 4 Time-course of visual analogue scale (VAS) for appetite and satiety in B-thalassemia major patients and controls. Data are
mean+SE. On the X-axis time “0” is before ingestion of test meal. Asterisks indicate significant differences of controls vs patients

(0.0001<P<0.001, at various time-points and overall ANOVA).
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Figure 5 Correlation between appetite sensation (area under
curve during 120 min of visual analogues scale) and speed of
gallbladder emptying (half-emptying time) in B-thalassemia
major patients.

Quality of life

Patients showed a significant deterioration in general health
and alower scorethan controls (51.7+4 vs 73.1+2, P =0.00002,
ANOVA). All other domains were similar between the two
groups.

Follow-up

Thefollow upwas completed after 8-12moin 16 out of 23 (69.6%)
patients (2 patients were lost at follow-up because one died
and the other moved to a different city). All patients remained
asymptomatic for biliary symptoms. Gallbladder ultrasound was
utilized to identify three subgroups of patients according to
gallbladder content: (1) patientswith astill anechoic gallbladder
bile(n=5), (2) patientswho developed hiliary dudgeadone (n=4)
and (3) patients with prior sludge/gallstones who had
unchanged gallbladder content (n = 5) or had stones and
developed additional sludge (n = 2) during follow-up.

A 120 a o Anechoic
c
100 / Sludge
« Stone (s)

]
o

Still Prior sludge/

anechoic Developed gallstones
—, sudge

40 —

20! /= —
o——=o

Fasting gallbladder volume (mL)
[e)])
o

o

basal 8-12 basal 8-12 basal 8-12
Months of follow up

o Stones+sludge

Table 3 Prior gallbladder matility indices in B-thalassemia ma-
jor patients according to ultrasonographic appearance of the
gallbladder during 8-12 mo follow-up

Still Developed  Prior sludge/

anechoic sludge gallstones
No. of subjects 5 4 7
Fasting volume 29.2+7.3 60+172 29.2+4.2
(mL), basal
Residual volume 5.5+1.4 14.7+4.62 4.9+0.9
(mL), basal
Fasting volume 30.9+6.5 72.8+20.1%* 36.7+5.1

at follow-up (mL)

Data are expressed as mean+SE; 2P<0.017 vs still anechoic group;
°P<0.05 vs prior sludge/gallstones group (ANOVA and Fisher’s
LSD multiple comparison test).

Variationsin individua fasting gallbladder volumesfor each
subgroup are depicted in Figure 6. Mgjor changes were evident
in patients developing biliary sludge (panel A), also when
gd Ibladder volume was expressed as percent increase (panel B).
Interestingly, maximum percent increase in fasting gallbladder
volume was observed in 2 patients (89% and 130%) who
developed sludge in a gallbladder which previously contained
only stones and showed normal fasting volume (i.e.<cut-off value
of 32 mL). These two patients had clinical evidence of diabetes
mellitus (and autonomic neuropathy) and hypothyroidism.

Furthermore, patients who devel oped sludge during follow-
up had also significant changes in postprandial gallbladder
volume (Table 3), with atrend towards decreased gal | bladder
contraction (residual volume: 25.6+4.7% vs 19.5+2.8% vs
17.9+3.0%), and longer trandit time (OCTT: 150+15.8 vs 108+9.7
vs 126+12.9 min) when compared with the other two subgroups.
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Still Developed Prior
anechoic sludge gallstones/sludge

Figure 6 Varations in individual fasting gallbladder volumes for each subgroup in B-thalassemia major patients. A: Major changes
in patients who developed biliary sludge: asterisks indicate significant differences, compared to the other two groups of patients
(®P<0.05 vs prior sludge/gallstones group and °P<0.017 vs still anechoic group). B: Percent increased fasting gallbladder volume in
the three groups of patients. The last bar represents those gallbladders with stones that developed additional sludge (n = 2).
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DISCUSSION

The present study examined the role of gallbladder and
gastrointestinal motility in awell characterized group of adult
[B-thalassemiamajor patientsin their 3rd decadeof life, inrelation
with the presence of gallstones/biliary sludge. The results
suggested the coexistence of impaired gallbladder motility,
delayed small intestind transit, and high prevalence of autonomic
neuropathy in B-thal assemiamajor patients. Theseabnormalities
might contribute, together with haemolytic hyperbilirubinemia
to the pathogenesis of gallstones/sludgein 3-thalassemiamajor.

As for other hemolytic disorders including sickle
hemogl obinopathy!®?, both hyperbilirubinemia and bilirubin
overload/precipitation in bilewere definite predisposing factors
for pigment gallstone in B-thalassemia major patients during
chronic hemolysis®. Indeed, in this study gallstones and/or
biliary dudgewerefound in 56% of 3-thaassemiamajor patients
at entry, increasing to over 80% during follow-up (8-12 mo). A
previous study!” in young patients reported a prevaence of 11.8%
and 29.4% for gallstones and dudge, respectively. However, the
mean age of B-thalassemiamgjor patientsin the present serieswas
26 years, whileit was 12 yearsin the above mentioned study.

Several pathways might be involved in the pathogenesis of
sludge and pigment stones in 3-thalassemia. Glucuronidation
of excess bilirubin was a predisposing factor in chronic
haemolitic diseased™. After injection of desferroxamine, both
fecal and urinary excretion were observed and there was
formation of iron-desferroxamine complex®! which might
potentially interfere with the gallbladder microenviroment,
already enriched in calcium bilirubinate. Moreover, increased
secretion of glycoproteins by epithelial cells was seen after
iron-induced stimulation in the guinea pig gallbladder“”, and
this might also take place in 3-thalassemia major patients who
developed dudge. However, sincenot al [3-thal assemiapatients
with hemolytic hyperbilirubinemia had gallstones, other
pathogenetic mechanisms underlying gallstone formation in
[3-thalassemiamajor may play arole.

The present study for the first time suggested that bile stasis
and intestinal dysmotility might be key factors in the
pathogenesis of pigment gallstones in B-thalassemia major.
Pigment stones were common in patients with cirrhosig4+42,
chronic hemolysig® %4 jleal Crohn’sdiseasd®!, and conditions
associated with impaired gallbladder kineticg® 4446481, A recent
study by our group found a certain degree of impaired
motorfunction of the gallbladder a so in non-hemolytic pigment
stone patients®. Compared with controls, there was about 100%
increase of fasting gallbladder volume across 3 3-thalassemia
major subgroups: i.e. patients with stones, sludge and stone-
sludge free. Increased fasting gallbladder volume seemsto be
common in hemolytic conditions leading to pigment stones.
Everson et al. found a volume of about 27 mL in adolescents
and young adultswith sickle hemogl obinopathy™". Neverthel ess,
we found that adult “ symptomatic” pigment (non hemolytic)
stone patients had a fasting volume comparable to controlsZ.
Ingenerd, fasting gallbladder volumeincreased with body size*
and obesity! %9, In this respect, the finding of increased fasting
gallbladder volume was even more striking if one considered
that [3-thal assemiamajor patients had reduced growth with short
stature, compared with matched controld®. The increment in
fasting gallbladder volume in (3-thalassemia major, therefore,
represents a true phenomenon and seems to point to defective
interprandia (fasting) gallbladder motility. It has been found
that fluctuations in fasting gallbladder volume (leading to 20-
30% contraction) are normally synchronized with the intestinal
migrating motor complex (MM C) and release of the intestinal
hormone motilin®Y, Patients with cholesterol gallstones had
frequently increased fasting gall bladder volume® with abnormal
MMC and motilin release pattern. Interdigestive gallbladder
emptying was reduced, contributing to gallstone formationl5253,

A similar derangement of fasting gallbladder matility might also
develop in B-thalassemiamajor patients, and contributeto stasis
and sludge/stone formation. A mechanical effect on fasting
volume due to the physical presence of gallstones in the
gallbladder lumen in 3-thalassemia major was unlikely since
fasting volume was larger in patients with dudge than in those
with stonesand al so greater in patientswithout gallstone/sludge
thanin controls. Also, patientswereall asymptomatic for biliary
colicky pain (excluding an impacted stone within the cystic
duct and/or acute cholecystitis). Our data indicate that
postprandial gallbladder matility in 3-thalassemiamajor patients
is deranged. Not only fasting, but also residual volume was
increased and emptying speed was somewhat dower (although
still in the normal range) in sludge or gallstone/sludge-free
patients, compared to both patients with gallstones and
controls. The large residual gallbladder volume might be the
consequence of a greater starting fasting volume05+%8, By
contrast, we found that “crude” contraction was preserved
(i.e. similar or even smaller percent residual volume than in
controls, Table 2). Thus, findingsin the present study mimicked
those seenin sicklehemoglobinopathy™?, withasmaller contraction
index characteristic of 3-thalassemia major patients (without
mentioning gallbladder emptying speed). Differencesin patients
characteristics, age and study protocol might partly account
for the discrepancies across studies. Why in our study those
patients with gall stones had better gallbladder contraction than
controls, remains to be elucidated. Prospective observations
areneeded to seeif, at equilibrium(i.e. after stone haveformed),
the gallbladder adaptsto asmaller fasting volume and therefore
better contraction (smaller residual volume). According to
Laplace’'slaw, in fact, the smaller the radius of a given shape
(i.e. the gallbladder), the smaller the wall tension (from smooth
muscle contraction) required to withstand agiven internal fluid
pressure®. It is highly unlikely that release of endogenous
cholecystokinin was deranged in this series of pigment
gallstone patients, as seen during total parenteral nutrition®,
Whereas in cholesterol gallstone patients excess biliary
cholesterol might alter cholecystokinin smooth muscle
receptors®+2, resulting in secondary impaired gallbladder
motility. This possibility has been ruled out in B-thalassemia
major patients. In fact, biliary cholesterol saturation did not
increase in pigment stone patients and gallbladder smooth
muscle contractility in vitro was normal®,
Wedsofoundthat OCTT wasdightly delayedin B-thadassemia
major patients, evidently acrossall subgroups. A clear explanation
of thefinding is not readily available, but acondition secondary
to bacterial overgrowth or delayed colonic transit was highly
unlikely, since there was no evidence of bacterial trandocation
with H,-breath test and all patients had normal weekly bowel
habits and a stool scale form. Small bowel dysmotility might
accompany abnormal intestina migrating motor complexes, as
seen in a subgroup of patients with irritable bowel!® and
functional dyspepsid®. Also, intestinal mucosal changes have
been described in B-thalassemia major patientd® and might
influence some motility patternsin the small bowel. Others
havefound that small bowel inflammation and/or malabsorption
arenot morefregquent in B-thalassemiamajor patientd®. Patients
withileal disease, bypass, or resection were at increased risk for
developing pigment gallstones, so were patients with ileal
Crohn’s disease. Increased bilirubin levelsin bile of patients
with Crohn disease were caused by lack of functional ileum®.
One might speculatethat delayed OCTT in 3-thalassemiamajor
patients might lead to increase of enterohepatic cycling of
bilirubin®®, therefore predisponing to pigment gallstoneformation.
Autonomic neuropathy might be associated with gastroi ntestinal
dysmotility. Asexpected, all B-thalassemiamajor patientswith
diabetes or abnormal oral glucose tolerance test had impaired
tests for autonomic neuropathy (i.e. 23% of al patients).
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Surprisingly abnormal tests of sympathetic and parasympathetic
system were found in 86% of the patients. Potential causesfor
autonomic neuropathy in B-thalassemia major patients were
the coexistence of diabetes mellitus, neurotoxicity of
desferroxamine ad iron overload (or both)®™ (for example,
visual and auditory neurotoxicity were found in 1 patient of
this series). The presence of hemolysis might also contribute
to neuropathy, as abnormal autonomic cardiovascular response
was described in patients with sickle cell anemia™. Last but
not least, the presence of autonomic dysfunction was also a
feature in patients with different types and stages of chronic
liver disease, " and this might also the case in chronic liver
disease of -thalassemia major patients. Further studies are
needed to clarify if the presence of autonomic dysfunctionisa
useful tool for the prediction of prognosis and outcome of
patients with B-thalassemiamgjor.

Positive tests for autonomic neuropathy tended to relate to
abnormal gallbladder and small bowel motility. Interestingly,
we found delayed OCTT with increased bowel movementsin
chronic alcoholic patients during abstinence, was associated
with dysfunction of autonomic nervous system. A form of
subclinical autonomic neuropathy might predisponeto adiffuse
disorder of smooth muscle, suggesting the multi-organic
involvement of the gastrointestinal tract. In the determination
of altered OCTT apossiblerole for dysfunction of autonomic
nervous system has been suggested in other series of patients??
and might deserve further investigations also in -thalassemia
major patients.

In conclusion, the present study shows for the first time
that in B-thalassemia major patients in the 3rd decade of life,
increased volume and deranged motility of the gallbladder are
associated with delayed small intestinal transit and mild
dyspeptic symptoms. Such functional abnormalities apparently
contribute together with haemolytic hyperbilirubinemiato the
pathogenesis of gallstones/sudge in B-thalassemia major.
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Abstract

Human intestinal capillariasis is a rare parasitosis that was
first recognized in the Philippines in the 1960 s. Parasitosis
is a life threatening disease and has been reported from
Thailand, Japan, South of Taiwan (Kaoh-Siung), Korea,
Iran, Egypt, Italy and Spain. Its clinical symptoms are
characterized by chronic diarrhea, abdominal pain,
borborygmus, marked weight loss, protein and electrolyte
loss and cachexia. Capillariasis may be fatal if early
treatment is not given. We reported 14 cases living in rural
areas of Taiwan. Three cases had histories of travelling to
Thailand. They might have been infected in Thailand while
stayed there. Two cases had the diet of raw freshwater
fish before. Three cases received emergency laparotomy
due to peritonitis and two cases were found of enteritis
cystica profunda. According to the route of transmission,
freshwater and brackish-water fish may act as the
intermediate host of the parasite. The most simple and
convenient method of diagnosing capillariasis is stool
examination. Two cases were diagnosed by histology.
Mebendazole or albendezole 200 mg orally twice a day for
20-30 d is the treatment of choice. All the patients were
cured, and relapses were not observed within 12 mo.

Bair MJ, Hwang KP, Wang TE, Liou TC, Lin SC, Kao CR, Wang
TY, Pang KK. Clinical features of human intestinal capillariasis
in Taiwan. World J Gastroentero/ 2004; 10(16): 2391-2393
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INTRODUCTION

Capillaria species parasitize many classes of vertebrates,
although only 4 species described have been found in humans,
namely Capillaria phillippinensis, Capillaria plica, Capillaria
aerophila, and Capillaria hepatical¥. C. philippinensisis a
tiny nematode that was first described in the 1960 s as the
causative agent of severe diarrheal syndromesin humans. In
1962, thefirst case of human intestinal capillariasisoccurredin
aprevioudy healthy young man from Luzon (Philippines) who
subsequently died. At autopsy, alarge number of worms, later

described as C. Philippinensis, were found in the large and
small intestines?. The disease was first reported by Chitwood
et al. in 1964, During the Philippine epidemic from 1967 to
1968, morethan 1300 personsacquired theillnessand 90 patients
with parasitologicaly confirmed infections died™. In late 1978
and early 1979, another small outbreak was identified in
northeastern Mindanao, the Phillippines, and about 50 persons
acquired the infection®. Sporadic cases continued to appear
in northern Luzon as well as in other areas where epidemics
had occurred. The disease is al'so endemic in Thailand, and
was first reported in 19731, Sporadic cases have also been
found in Iran'®, Egypt"®, Taiwan', Japan®tt, |ndonesia*?,
Kored™, Spain (probably acquired in Colombia)*! and Italy
(acquired in Indonesia)!*®, indicating that this infection is
widespread. Because theinfection can result in asevere disease
with a high mortality when untreated, early diagnosisis very
important. Here we described 14 cases of human intestinal
capillariasisfound in Taiwan from 1983 to 2001.

MATERIALS AND METHODS

Since 1983, 14 cases have been diagnosed as intestinal
capillariasisin Taiwan, al withthesymptomsof chronic diarrhes,
abdominal pain, borborygmus and marked weight loss. All
patients were hospitalized for examination and trestment. Their
diagnosis was confirmed by eggs and/or larvae and/or adult
C. philippinensis found in the feces of 5 patients. Two cases
were recognized by a pathologist by histology of jejunum or
ileumn (Figures 1, 2) with negative stool examination. Bacterial
cultures of stool specimens were negativein all patients. The
stool specimenswere examined by formalin-ether concentration
method. C. Philippinensis eggs were peanut-shaped with
flattened bipolar plugs, 20x40 mmin size (Figure 3).
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Figure 1 C Philippinensis worms embedded in intestinal mu-
cosa (arrow). Hematoxylin and eosin, x200.

RESULTS

Fourteen cases, nine males and five females, were 36 to 76 years
old when they were diagnosed as intestinal capillariasis
(Tables 1, 2). Threelived in Kaohsiung County and elevenin
Taitung County. Seven of them were aborigines and two were
brother and sister. Two of them had histories of travelling to
Thailand. Two patientshad history of eating raw or insufficiently
cooked fresh-water fish. Four of 14 patients had mixed infection
with Clonorchis sinensis or Strongyloides stercoralis whose
eggs were also found in the feces.
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Figure 2 Multiple longitudinal sections of C. philippinensis on
mucosal surface and lumen. The longitudinal sections shows a
row of stichocytes (arrow). Hematoxylin and eosin, x200.

Three casesreceived emergency lgparotomy dueto peritonitis
and two of them were found to have jgjunitis cystica profunda
Small bowel series and colonoscopic study revealed mild
dilatation and thickened mucosa of jgjunum and ileum, which
suggested malabsorption. Laboratory findingsrevealed anemia,
malabsorption of fats and carbohydrates and low serum levels
of potassium, sodium, calcium and total protein. Mebendazole
200 mg twice aday for 20 d was given to 12 patients, while
albendazole was given to the other two patients. All of them
were cured and relapses were not observed within 12 mo
following chemotherapy and supportive treatment.
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Figure 3 Peanut-shaped eggs of C. philippinensis in feces with
flattened bipolar plugs. x160.

DISCUSSION

Capillaria species parasitize many classes of vertebrates,
although only 4 species have been found in humans, namely
C. philippinensis, C. plica, C. aerophila, and C. hepatica”.
C. philippinensisisatiny nematode first described in the 1960
sasapathogeninducing severediarrheal syndromesin humans.
In 1962, thefirst reported case of human intestinal capillariasis
occurred in apreviously healthy young man from Luzon in the
Philippines, who subsequently died. At autopsy, alarge number
of wormswerefoundinthelargeand small intestines?. Chitwood
et al. described this case in 1964, There was an epidemic of

Table 1 Cheracteristics of seven patients with intestinal capillariasis reported in Tai-tung

Case Year Occupation Age (yr) Sex Travel history Associated parasite Treatment Outcome
No. Occurred
1 1983 Farmer 76 M - Clonorchis sinensis Albendazole Cure
2 1987 Merchant 46 M - - Albendazole Cure
3 1988 Housewife 58 F Thailand - Mebendazole Cure
4 1990 Housewife 41 F - - Mebendazole Cure
5 1991 Housewife 36 F - - Mebendazole Cure
6 1991 Farmer 62 M - Clonorchis sinensis Mebendazole Cure
7 1991 Housewife 46 F - - Mebendazole Cure
8 1992 Merchant 53 M Thailand - Mebendazole Cure
9 1992 Farmer 45 M - - Mebendazole Cure
10 1995 Farmer 61 M - - Mebendazole Cure
11 1995 Housewife 45 F - Strongyloides stercoralis Mebendazole Cure
12 1999 Farmer 39 M - - Mebendazole Cure
13 2000 Fisher-man 69 M - - Mebendazole Cure
14 2001 Farmer 50 M - Clonorchis sinensis Mebendazole Cure
Table 2 Clinical features and diagnostic method of seven patients with intestinal capillariasis reported in Tai-tung
Case No. Duration of onset  Diagnostic Chronic Abdominal Abdominal  Body weight Anemia Hypoalbu
to diagnosis method diarrhea Pain borborygmi loss minemia
1 119 d Stool ova + + + + + +
2 2Y7T M Stool ova + + + + + +
3 6M Stool ova + + + + + +
4 1Y3 M Histology + + + + + +
5 120d Histology + + + + + +
6 70d Stool ova + - - + - +
7 7d Stool ova + + - - + +
8 65 d Stool ova + + + + + +
9 34d Stool ova + + + + + -
10 103 d Stool ova + + + - + +
11 66 d Stool ova + + + - - +
12 37d Histology + + + + - +
13 25d Histology + - - + +
14 17d Stool ova + + + + - +
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the disease in the Philippines from 1967 to 1968, more than
1 300 persons acquired the illness, and 90 patients with
parasitologically confirmed infection died™. In late 1978 and
early 1979, another small outbresk wasidentified in northeastern
Mindanao, Phillippines, with about 50 persons infected!.
Sporadic cases continued to appear in northern Luzon and
also in other areas where epidemics had occurred. The disease
is endemic in Thailand, where it was first reported in 19731,
Sporadic cases have dso been found in Iran'®, Egypti™d, Taiwan'®,
Japant®1 Indonesid'?, Korea™, Spain (probably acquired
in Colombia)*, and Italy (acquired in Indonesia)*?. The
parasite thus appears to be widespread. Because infection may
result in severe disease with a high mortality when untreated,
early diagnosisisvery important. Infectionwith C. philippinensis
should be considered inthe differential diagnosisof malabsorption
syndrome'®®. There was often adelay in diagnosis, averaging
4 mo and even longer in Taiwan, especialy in non-endemic
aread’®. The delay was over ayear in our cases.

It has been found that Capillaria species are closely related
to Trichurisand Trichinellaspecies?, and the eggs of Trichuris
trichiura and C. philippinensis are similar in appearance,
athough they can be differentiated by experienced observerd*™.
Someindividuals could be infected with both parasites, which
further confusethe picture. Infact, 10 of the 11 patientsdescribed
by Whaler et al.l*®¥ were infected with both T. trichiura and
C. philippinensis. An inexperienced observer might confuse
the eggs of Capillariawith those of T. trichiurid¥, although a
correct parasitologic diagnosis could be made by finding
characteristic peanut-shaped eggs with flattened bipolar plugg?.

The source of C. philippinensisinfection in our two patients
was unclear, particularly as they had no travel history. In
Thailand and the Philippines, the infection has been attributed
to eating raw or insufficiently cooked fish harboring the
larvae!?t¥, Hakka Chinesein Taiwan like to eat raw, freshwater
fish, so they might be expected to have a significant incidence
of infection if freshwater fish in Taiwan commonly host
C. philippinensis. Thisisnot the case, however. Our two patients
lived in the southeastern part of Taiwan, closest to Luzon, so it
was possible that the fish imported from the Philippines were
the source of infection. Fish in markets in Taitung County,
southeastern Taiwan, have been examined for C. philippinensis
infection, but the results were negative. Recent findings
suggested that fishing-eating birds might be the natural definitive
hosts?, including Bulbulcus ibis, Nyticorax nyticorax, and
Ixobrychus sinensis, all of which have been found in Taiwan(?Y.
Therefore, the possibility of humaninfection acquiredin Taiwan
by direct or indirect ingestion of fresh-water fish with alarval
stage of the parasite cannot be discounted.

Enteritis cystic profundais adisorder with mucin-filled cystic
spaces lined by non-neoplastic columnar epithelium in the wall
of small intestine, predominantly the submucosa. The histology
has been found to simulate mucinous carcinoma??. It has also
been shown to occur in the esophagus® and stomachf?+29,
Theirregular distribution of the glands and cysts with normal-
appearing glandular epithelium containing mucus and Paneth’'s
cells were features suggestive of its benign nature?®,

Albendazole was presently considered the drug of choice
for the treatment of human intestinal capilliariasis because it
was effective against eggs, larvae, and adult worms/*29,
However, for a major infection, mebendazole (200 mg orally
twice a day for 20 d) was recommended as the treatment of
choice. Attempts to reduce the standard schedule of
mebendazol e treatment (400 mg daily for 3 wk) havefailed in
Thailand. Our patients responded well to a standard course of
mebendazole and had no evidence of relapse.

Convenient international travel and commercia globdization

have facilitated the wide dissemination of infectious diseases,
whether they are carried by human hosts or non-human vectors.
Intestinal capillariasis needsto be considered in the differential
diagnosis of patients with chronic diarrhea, borborygmus,
abdominal pain, and marked weight loss.

REFERENCES
1 Cross JH. Intestinal capillariasis. Clin Microbiol Rev 1992; 5:
120-129

2 Cross JH. Intestinal capillariasis. Parasitol Today 1990; 6: 26-28

3 Chitwood MB, Valasquez C, Salazar NG. Capillaria phillippinensis
sp. N. (Nematoda: Trichinellida) from the intestine of man in
the Philippines. J Parasitol 1968; 54: 368-371

4 Cross JH, Singson CN, Battad S, Basaca-Sevilla V. Intestinal
capillariasis: epidemiology, parasitology and treatment. Proc
R Soc Med Int Cong Symp Ser 1979; 24: 81-86

5 Pradatsundarasar A, Pecharanond K, Chintanawongs C,
Ungthavorn P. The first case of intestinal capillariasis in Thailand.
Southeast Asian J Trop Med Pub Health 1973; 4: 131-134

6 Hoghooghi-Rad N, Maraghi S, Narenj-Zadeh A. Capilliaria
philippinensis infection in Khoozestan Province, Iran: case
report. Am J Trop Med Hyg 1987; 37: 135-136

7  Youssef FG, Mikhail EM, Mansour NS. Intestinal capillariasis
in Egypt: a case report. Am J Trop Med Hyg 1989; 40: 195-196

8 Mansour NS, Anis MH, Mikhail EM. Human intestinal capil-
lariasis in Egypt. Trans R Soc Trop Med Hyg 1990; 84: 114

9 Chen CY, Hsieh WC, Lin JT, Liu MC. Intestinal capillariasis:
report of a case. J Formosa Med Assoc 1989; 88: 617-620

10 Mukai T, Shimizu S, Yamamoto M. A case of intestinal
capillariasis. Jpn Arch Int Med 1983; 3: 163-169

11 NawaY, Imaill, Abe T, Kisanuki H, Tsuda K. A case report of
intestinal capillariasis. The second case found in Japan. JpnJ
Parasitol 1988; 37: 113-118

12 Chichino G, Bernuzzi AM, Bruno A. Intestinal capillariasis
(Capillaria philippinensis) acquired in Indonesia: a case report.
Am J Trop Med Hyg 1992; 47: 10-12

13 Lee SH, Hong ST, Chai JY. A case of intestinal capillariasis in
the Republic of Korea. Am J Trop Med Hyg 1993; 48: 542-546

14 DrondaF, Chaves F, Sanz A, Lopez-Velez R. Human intesti-
nal capillariasis in an area of nonendemicity: case report and
review. Clin Infect Dis 1993; 17: 909-912

15 Paulino GB, Wittenberg J. Intestinal capillariasis: a new cause
of a malabsorption pattern. Am J Roentgenol Radiother Nucl
Med 1973; 117: 340-345

16 Hwang KP. Human intestinal capillariasis in Taiwan. Acta
Paed Sin 1998; 39: 82-85

17 Zaman V, Keong LA. Helminths in: Handbook of medical
parasitology. 2" ed. Edinburgh: Churchill Livingstone 1990: 87-217

18 Whalen GE, Rosenberg EB, Strickland GT. Intestinal
capillariasis: a new disease in man. Lancet 1969; 1: 13-16

19 Bhaihulaya M, Indra-Ngarm S, Anathapruit M. Freshwater
fishes of Thailand as experimental intermediate host for Cap-
illaria philippinensis. Int J Parasitol 1979; 9: 105-108

20 Bhaibulaya M, Indra-Ngarm S. Amaurornis phoenicurus and
ardeola bacchus as experimental definite hosts for capillaria
philippinensis in Thailand. Int J Parasitol 1979; 9: 321-322

21 Cross JH, Basaca-Sevilla V. Experimental transmission of cap-
illaria philippinensis to birds. Trans R Soc Trop Med Hyg 1983;
77: 511-514

22 Kyriakos M, Condon SC. Enteritis cystic profunda. Am J Clin
Pathol 1978; 69: 77-85

23 Volrol MW, Welsh RA, Genet EF. Esophagitis cystica. Am J
Gastroenterol 1973; 59: 446-453

24 Oberman HA, Lodmell JG, Sower ND. Diffuse heterotopic
cystic malformation of the stomach. N Engl J Med 1963; 269:
909-911

25 Fonde EC, Rodning CB. Gastritis cystica profunda. Am J
Gastroenterol 1986; 81: 459-464

26 Anderson NJ, Rivera ES, Flores DJ. Peutz-Jeghers syndrome
with cervical adenocarcinoma and enteritis cystica profunda.
West J Med 1984; 141: 242-244

Edited by Wang XL and Xu JY Proofread by Xu FM



PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(16):2394-2396
World Journal of Gastroenterology
Copyright © 2004 by The WJG Press ISSN 1007-9327

e CLINICAL RESEARCH e

Accuracy of indocyanine green pulse spectrophotometry clearance
test for liver function prediction in transplanted patients

Chung-Bao Hsieh, Chung-Jueng Chen, Teng-Wei Chen, Jyh-Cherng Yu, Kuo-Liang Shen, Tzu-Ming Chang, Yao-Chi Liu

Chung-Bao Hsieh, Chung-Jueng Chen, Teng-Wei Chen, Jyh-
Cherng Yu, Kuo-Liang Shen, Yao-Chi Liu, Division of General
Surgery, Department of Surgery, Tri-Service General Hospital,
National Defense Medical Center, Taipel, Taiwan, China
Tzu-Ming Chang, Department of Surgery, Tungs' Taichung
Metroharbor Hospital, Taichung, Taiwan, China
Correspondenceto: Dr. Chung-Bao Hsieh, 325, sec 2, Cheng-Kung
Rd, Taipei, Taiwan, China. albert0920@yahoo.com.tw

Telephone: +886-2-87927191 Fax: +866-2-87927372
Received: 2003-11-12 Accepted: 2003-12-16

Abstract

AIM: To investigate whether the non-invasive real-time
Indocynine green (ICG) clearance is a sensitive index of
liver viability in patients before, during, and after liver
transplantation.

METHODS: Thirteen patients were studied, two before,
three during, and eight following liver transplantation, with
two patients suffering acute rejection. The conventional
invasive ICG clearance test and ICG pulse spectrophotometry
non-invasive real-time ICG clearance test were performed
simultaneously. Using linear regression analysis we tested
the correlation between these two methods. The
transplantation condition of these patients and serum total
bilirubin (T. Bil), alanine aminotransferase (ALT), and
platelet count were also evaluated.

RESULTS: The correlation between these two methods
was excellent (r7=0.977).

CONCLUSION: ICG pulse spectrophotometry clearance is
a quick, non-invasive, and reliable liver function test in
transplantation patients.

Hsieh CB, Chen CJ, Chen TW, Yu JC, Shen KL, Chang TM, Liu
YC. Accuracy of indocyanine green pulse spectrophotometry
clearance test for liver function prediction in transplanted
patients. World J Gastroentero/ 2004; 10(16): 2394-2396
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INTRODUCTION

Monitoring of liver function isimportant in patients undergoing
liver transplantation. Exact liver function and the extent of the
remaining liver function at end-stage liver disease can indicate
the appropriate timing of liver transplantation!*3. During
liver transplantation, immediate liver function evaluation can
resolve primary non-functioning of the liver and technical
complications®. Moreover, post-transplantation early liver
function evaluation can detect delayed graft malfunction or
acute/chronic graft rejection.

Indocyanine green (ICG) is a synthetic dye that has been
used for many years to measure hepatic blood flow and as a
test of liver function®. It was also used by Makuuchi and his
colleagues, based on their experience, as a guide for selecting

the type of resection to be performed®”. During liver
transplantation, |CG clearance rate has been used for evaluation
of the recipient liver®®, the donor liver!® and the post-
transplant liver graft’®. Conventional ICG clearance is
determined by measuring the rate of elimination using 3 mL
venous samplesat 0, 5, 10, 15, and 20 min after administering
ICG. This invasive technique produces patient discomfort
through repeated peripheral venous sampling at exact time
intervals. Pulse spectrophotometry is an infrared-based non-
invasive technique originally developed for monitoring tissue
oxygenation. It has been previously used for the measurement
of hepatic ICG concentration by Shinoharaet al.™. In arecent
case report, infrared spectrophotometry was sufficiently
sensitive to measure the ICG clearancein surgical patientg*2.

Even though the I CG clearance test has been used worldwide
to predict liver function, there are some limitations for end-
stage liver disease in patients with hyperbilirubinemia,
intrahepatic shunt or capillarization!*.

| CG pulse spectrophotometry (LiMON) has not been tested
in transplanted patients previously.

Theaim of this study wasto determine the accuracy of ICG
spectrophotometry, compared with the conventional invasive
method, in predicting liver function in waiting and transplanted
patients.

MATERIALS AND METHODS

Thirteen patients who underwent liver transplantation and
follow-up at the Tri-Service General Hospital wereevaluatedin
the current study. Eleven male patients were transplanted for
chronicliver disease of variousetiologies (1 hepatitisC, 2 hepatitis
B, and 8 hepatitis B with hepatoma) and 2 patients with end-
stage liver disease awaiting transplantation. Patients 7 and
11 were studied in acute rejection during follow up (d36 and 90)
and proved by liver biopsy. Patients 3, 4 and 13 were studied
immediately post-liver transplantation (within 24, 27 and 12 h)
(Tablel).

Invasive ICG measurement

Anintravenous (V) bolusof 0.5 mg/kg |CG wasinjected rapidly
through a central venous catheter or large peripheral venous
line, and sampleswere obtained from another periphera venous
lineat 0,5, 10, 15, 20 min thereafter and kept inan EDTA-treated
tube at room temperature until centrifuged at 3 000 r/min for
10 min. Absorbance was measured by a Perkin Elmer
spectrophotometer at 805 nm. Direct 1CG retention rate at
15 min (ICG;5p) and the elimination rate constant (ICG(K)p)
values were calculated using a commercial computer program
(V-500 Spectra Manager, Jasco, Japan).

ICG pulse spectrophotometry

Pulse-dye densitometry (LiMON, Stahigruburring, Munich,
Germany) was used to measure the blood |CG concentration
non-invasively in real time. This apparatus makes such
measurements possible by continuously monitoring the
optical absorption at 805 nm and 890 nm, viaan optical probe
attached to the patient’s finger. During the first 5-10 min after
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Table 1 The demographic data of all patients

Diagnosis Condition (d) T. Bil ALT Cr. PLT ICGisp ICGie  ICG(K)p ICG(K)e

1 Alcoholism Waiting 1.6 121 0.8 16.4 27.2 28.4 0.05 0.08

2 HBV+HCC Waiting 14 a7 0.9 12.6 36 38.3 0.03 0.06

3 HBV During-OLT-(2) 1.6 126 0.8 7.4 3 3.9 0.24 0.22

4 HBV During-OLT-(2) 1.1 102 1.0 11.8 1 2.5 0.28 0.29

5 HCV+HCC Post-OLT (43) 0.7 233 2.3 15.1 4 3.7 0.18 0.22

6 HBV Post-OLT (212) 0.5 8 2.9 12.1 1 2.3 0.35 0.29

7 HBV Post-OLT (36) 9.1 131 1.6 7.2 26 24 0.10 0.10
Ac. rejection

8 HBV+HCC Post-OLT (142) 0.8 15 1.3 11 6.5 6.8 0.21 0.25

9 HBV+HCC Post-OLT. (166) 11 37 0.7 24.9 2 4 0.32 0.23

10 HBV+HCC Post-OLT (312) 0.5 16 1.0 18.8 4 4.5 0.24 0.21

11 HBV+HCC Post-OLT (90) 2.0 50 2.2 11.5 18 13.7 0.16 0.13
Ac. rejection

12 HBV+HCC Post-OLT (367) 1.3 46 3.4 6.4 10 11.2 0.28 0.27
Ac. renal failure

13 HBV+HCC During OLT (1) 3.6 213 3.4 8.5 5.1 5.4 0.31 0.33

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; OLT: Orthotopic liver transplantation; Ac.: Acute;
T. Bil: Total bilirubin; ALT: Alanine aminotransferase; Cr.: Creatinine; PLT: Platelet.

Table 2 The transplanted condition and laboratory data

Patients condition (n) T. Bil ICGisp 1CGse ICG(K)p ICG(K)e
ESLD (2) 1.50+0.10 29.6+4.4 34.4+4.9 0.04+0.01 0.07+0.01
During-OLT (3) 1.35+0.25 2.0+1.0 3.2+0.7 0.26+0.02 0.25+0.04
Post-OLT (6) 0.86+0.30 3.6+2.1 3.9+0.8 0.26+0.08 0.24+0.03
Acute rejection (2) 5.60+3.60 22.0+4.0 18.9+5.2 0.13+0.03 0.12+0.02

ESLD: End-stage liver disease on waiting list; During-OLT: immediately after liver transplantation within seven days; Post-OLT:
> one month after liver transplantation in stable condition; Acute rejection: proved by liver biopsy; the number in brackets means

the case number.

|CG wasinjected, blood | CG concentrations were monitored at
every pulse interval via pulse spectrophotometry. The
elimination rate constant | CG(K)g was cal cul ated automatically
by the time course of blood |CG concentration. The estimated
ICGy5 retention rate (ICGisg) was obtained via pulse
spectrophotometry computer analysis during thefirst 5-10 min.
Asthe usual measurement time of the Limon is between 5 and
10 min, the (ICGse) issimply calculated from the ICG plasma
disappearance ratel**,

Statistical analysis

Linear regression analysis was used to test the correlation.
Statistical significance was considered at P<0.05. The statistic
software was S-Plus®2000 for Windows (CANdiensten,
Amsterdam, The Netherlands).

40 Pvalue<0.00001 .
r2=0.977
30
Ll
4]
& 204
9
10+
0,
T T T T T T I I
0 5 10 15 20 25 30 35
ICG15D

Figure 1 Correlation between the ICG;s: and ICG;sp. The cor-
relation is excellent, r?=0.977.

RESULTS

The correlation between 1CGisp, ICGysg, ICG(K) b, ICG(K) &
vauesfor ICGisand | CG(K) by thesetwo methodswasexcellent
(r2=0.977, 0.855) (Figures 1, 2). Two patients had poor liver
function, elevated T. Bil, and higher |CG;; retention rates, and
were on the waiting list for transplantation. Three patientswho
had good liver function immediately post-liver transplantation
showed elevated T. Bil. and lower 1CG;s retention rates. Two
patients who were in acute rejection had poor liver function
with elevated ALT and higher ICG;s retention rates. Five patients,
who werein astable condition with good liver function post-liver
transplantation, had low T. Bil. and better ICG; retention rates.

P-value<0.000006 o
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Figure 2 Correlation between ICG (K)e and ICG (K) . The
correlation is excellent, r>=0.855.

DISCUSSION
|CG isawater-soluble tricarbocyanine dye that is extracted by
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hepatic parenchyma cellsand excreted almost entirely into bile.
Hepatic clearance of ICG occurs by two major processes: by
uptake across the sinusoidal plasma membrane with a high
extraction ratio; and by removal from the hepatocytes via
cytoplasmic transport and exclusive biliary excretion with
neither intrahepatic conjugation nor enterchepatic circul ation™®,
The concentration in the plasma can be measured by
spectrophotometry and its rate of elimination has been widely
used as ameasure of liver blood flow and liver function®. Most
of the studies assessing liver function before hepatectomy and
the postoperative outcome were carried out using the ICG
clearance test!*”.

Pul se spectrophotometry has been devel oped in recent years
to enable the blood ICG concentration to be measured easily,
less invasively, and continuously. The previous method for
measuring the |CG concentration by spectrophotometry did
not show sufficient accuracy. The new approach, based on
pulse spectrophotometry, is able to continuously measure the
arterial 1CG concentration because of its ability to detect the
pulse wave, greatly improving its accuracy.

Pul se spectrophotometry measurements of 1CG concentration
with each pulse could provide information on ICG liver uptake
and excretion. From the concentration, atime curve of the ICG
uptake and excretion rates were calculated under different
experimental conditions. The experimental study by El-Desoky
et al.® showed the sensitivity of measurement of 1CG uptake
and excretion rates in hepatic artery occlusion, portal vein
occlusion, ischemia-reperfusioninjury, hepatic microcirculation,
colchicines treatment, and bile duct ligation.

Assessment of liver function remains difficult in transplanted
patients because of etiological complexity. The differential
diagnosisincludes primary non-function of the graft, rejection,
virusre-infection, drug intoxication, and thrombosis of hepatic
blood vessels. After liver transplantation, liver function tests
are often difficult to interpret and non-specific. The diagnosis
at present relieson acombination of biochemical, hemodynamic,
clinical markers, and occasionally liver biopsy. However, serial
observations up to 72 h are required. Measurement of ICG
clearance appears to be a simple and safe test to assess early
liver graft function. The development of non-invasive pulse
spectrophotometry has enabled bedside assessment of the
elimination of 1CG with immediate results, thereforeincreasing
its clinical usefulness.

A study by Jalan et al. showed the |CG measured at 24 h after
liver transplantation accurately reflected graft function and
predicted graft survival and outcome. In other studies, ICG
excretion was a sensitive index of ischemialreperfusion injury
during the early stages post-liver transplantation”.

The traditional 1CG clearancetest is invasive and labor-
dependent. The whole procedure requires more than 30 min at
the bedside for loading dosage and venous puncture. Failure
may occur as aresult of the patient’s underlying disease and
medication such as gout, arthritis, and anti-TB drugs. Technical
failure may be dueto blood hemolysis or |aboratory errors. The
real-time pulse spectrophotometry ICG clearance test is non-
invasive and machine-dependent. Technical failure may be due
to detecting probe malpositioning, and patient movement.

Inthisstudy, we have chosen two ICG clearancetest methods
to measure end-stage liver disease, immediately post-liver
transplantation or in acute rejection patients. In patients with
hyperbilirubinemia, before and after successful liver
transplantation, the ICG;s clearance test may be very useful in

evauating thenew liver’ sfunction. 1CG pul se spectrophotometry
appears to be a sensitive and specific test to predict graft
function in ischemia/reperfusion and acute rejection patients.
The correlations between ICG(K) and ICGy5 using these two
methods were excellent.

Incondusion, inthisstudy, the correlation between conventiona
and pul se spectrophotometry |CG clearance tests is excellent
in transplanted patients. The ICG pulse spectrophotometry
clearancetest isaquick, non-invasive, easy, inexpensive, and
reliable liver function test in transplantation patients.
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Abstract

AIM: Subclinical hepatic encephalopathy (SHE) is a common
complication of liver diseases. The aim of this study was
to find out the normal value of psychometric test and to
investigate the prevalence of SHE in Chinese patients with
stabilized hepatic cirrhosis.

METHODS: Four hundred and nine consecutive cirrhotic
patients without overt clinical encephalopathy were
screened for SHE by using number connection test part A
(NCT-A) and symbol digit test (SDT). SHE was defined as
presence of at least one abnormal psychometric test. The
age-corrected normal values were defined as the meant2
times standard deviation (2SD), and developed in 356 healthy
persons as normal controls. Four hundred and sixteen
patients with chronic viral hepatitis were tested as negative
controls to assess the diagnostic validity of this test battery.

RESULTS: There was no significant difference in NCT
scores and SDT quotients between healthy controls and
chronic hepatitis group (~>0.05). In all age subgroups,
the NCT and SDT measurements of cirrhotic patients
differed significantly from those of the controls (P<0.05).
When mean+2SD of SDT and NCT measurements from
healthy control group was set as the normal range, 119
cirrhotic patients (29.1%) were found to have abnormal
NCT-A and SDT tests, 53 (13.0%) were abnormal only in
SDT and 36 (8.8%) only in NCT-A. Taken together, SHE
was diagnosed in 208 (50.9%) cirrhotic patients by this
test battery. The prevalence of SHE increased from 39.9%
and 55.2% in Child-Pugh’s grade A and B groups to 71.8%
in Child-Pugh’s grade C group (P<0.05). After the
adjustment of age and residential areas required from the
tests, no correlation was found in the rate of SHE and
causes of cirrhosis, education level and smoking habit.

CONCLUSION: Psychometric tests are simple and reliable
indicators for screening SHE among Chinese cirrhotic
patients. By using a NCT and SDT battery, SHE could be
found in 50.9% of cirrhotic patients without overt clinical
encephalopathy. The prevalence of SHE is significantly
correlated with the severity of liver functions.

Li YY, Nie YQ, Sha WH, Zeng Z, Yang FY, Ping L, Jia L.

Prevalence of subclinical hepatic encephalopathy in cirrhotic
patients in China. World J Gastroentero/ 2004; 10(16):
2397-2401
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INTRODUCTION

Subclinical hepatic encephalopathy (SHE) has been defined as
acondition in which patients with cirrhosis regardless of its
etiology, demonstrates neuro-psychiatric and neuro-physiological
defects, yet, having anormal mental and neurological status
through global clinical examination'-¥. SHE could have some
disadvantageous influence on patients' daily life, and could be
a preceding stage of manifested hepatic encephal opathy (HE)
clinically. The prevalence of SHE was reported to vary from
10% to 84%, depending on the diagnostic techniques used
and patients selected for the studies*%. Many diagnostic
techniquesincluding psychometric test, e ectro- encephal ogram,
evoked potentials (EP), have been used to detect SHE. Among
these tests, only psychometric test can be administered easily
in epidemiological studies. In avariety of psychometric tests
listed in the medical literature, SDT and NCT part A (NCT-A)
were reported to have the advantages of simplicity and
reliability™-%%, The combination of these two tests was
commonly applied in epidemiological studies. We evaluated a
battery of SDT and NCT testsin apilot study in Chinese patients
with good resultd*®. Therefore, it was selected in thisbig sample
size study. By definition, SHE can only be found in cirrhotic
patients. In this study, besides the healthy control group for
the establishment of normal values of SDT and NCT, we also
set up a chronic hepatitis group as negative control to assess
the reliability of SDT and NCT test battery. In recent years,
studies on the prevalence of SHE have been gregtly increased
in Western literature, but those from Chinese patients have not
been fully documented. The aim of the present study was to
establish the normal value of psychometric tests for Chinese
people, to determine the prevalence of SHE in stable cirrhotic
patients in China by using this test battery, and to explore the
features of SHE in these patients.

MATERIALS AND METHODS

Subjects

Four hundred and nine consecutive cirrhotic patients attending
the Department of Gastroenterology of Guangzhou Municipal
First People's Hospital for screening of SHE from June 1, 1998
to March 31, 2002 wereincluded in the study. Inclusion criteria
were: no neurologica or mental diseases, no attack of HE inthe
past or present, no use of sedative or other psychotropic drugs
two wk prior to thetests. Thefollowing patients were excluded.
Those who had portosystemic shunt operation, those who
had a cohol consuming more than 150 g daily within 1 wk prior
to the study, those who had gastrointestinal bleeding 4 wk
previously, those whose hemoglobin level waslessthan 90 g/L,
those who had dehydration or electrolyte imbalance, those
whose body temperature was higher than 37.5 , those who
had severe cardiac or pulmonary or renal or cerebrovascular
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diseases or diabetes mellitus, and those who were illiterates.

Diagnosis of cirrhosis was made according to the criteria
revised in 1990 National Symposium on Cirrhosisin Ching”.
In this study, 10 patients had liver biopsy. The Child-Pugh’s
scores were used to assess the severity of liver disease. Special
attention was paid totheexclusion of stage 1 HE. The symptoms
in this stage included abnormal behavior (exaggeration of
normal behavior, euphoria or depression), sleeping disorders
(hypersomnia, insomnia or inversion of sleeping pattern),
neuromuscular activity (muscular incoordination, impaired
handwriting) and changesin mental function (declined alertness
or memory, subtle disorientation or impaired calculation). The
etiology of the 409 cirrhotic patients consisted of chronic
hepatitis B in 322 (78.7%), chronic hepatitisCin 28 (6.9%), and
chronic a coholicsin 59 (14.4%). According to the Child-Pugh's
grading of liver function, 188 (46.0%) weregrade A, 143 (35.0%)
grade B and 78 (19.0%) grade C. Two hundred and fourteen
patients (52.3%) had no ascites, 72 (17.6%) had mild ascities
and 123 (30.1%) had severe ascities. One hundred and sixty-nine
patients (41.3%) had normal levelsof serumabumin, 102 (24.9%)
had mild hypoa buminemia(30-35g/L) and 138(38.8%) had savere
hypoa buminemia (<30 g/L). One hundred and twenty-three
patients (30.1%) had normd prothrombintime (PT), 152 (37.2%)
had mildly prolonged PT (14-18 s) and 134 (32.7%) severely
prolonged PT (>18 seconds). Under endoscopic examination,
28 patients (6.8%) had severe esophageal varices, 152 (37.2%)
had mild varices and 229 (56.0%) had no varices.

Normal vaues of the psychometric tests were obtained from
356 consecutive healthy subjects undergoing routine physical
check-up inthe hospital between June 1 and July 1, 1998. All of
them had no physical and psychological disorders, no
neurological or mental diseases and no history of sedatives or
alcohol consumption. The negative control group consisted of
416 consecutive outpatients with chronic viral hepatitisin
Division of Infectious Diseases of our hospital in the same
period. The diagnostic criteria were in accordance with the
Chinese National Standards of Viral Hepatitis'®. Among the
416 cases, 384 (92.3%) had hepatitis B, 32 (7.7%) hepatitis C.

The study was approved by the Ethics Committee of the
First Municipa People's Hospital of Guangzhou, Guangzhou
Medical College, with written consent from each patient and
subject.

Questionnaire

Questionnaire was given to each subject. It included the
following items, namely age, sex, smoking habit (smoking
cigarette daily, yes/no), acohal (drinking a cohol daily, yes/no),
education (<6 years, 6-12 years, >12 years), residential area
(urban/rural), occupation, history of liver diseases, concomitant
illness.

Psychometric assessment
Symbol digit test (SDT) was in Chinese version of Wechsler
adult intelligence scale revised (WAIS-RC) by Gong*¥. The
individuals were given alist of digits from 1 to 9 associated
with symbols and asked to fill in blanks with symbols that
corresponded to each number. An initial demonstration was
performed to familiarize the subjects with the test. The test
scores were the total number of correctly sequential matched
symbols to the number within a 90-seconds interval. The score
wasonly 0.5, if the symbol was placed upside down. According
to age, the total score of each subject was transformed to a
guotient from an equivalent form, the subjects were divided
into two groups according to their residential areas, either rural
or urban area.

In the number connection test (NCT) part A, the subjects
were asked to connect the numbers printed on the paper

consecutively from 1 to 25 as quickly as possible®!. After
explaination to the subjects, demonstrative tests were given to
ensure a correct understanding and then the test was carried
on. The test scores included the time required for the test and
for correcting the errors.

These two psychometric testswere performed by the patients
and subjects with help from medical staffswithout awareness
of the diagnosis.

Statistical analysis

Student's t test and Chi-sgquaretest were used to assess the
differences among the groups. Multivariate logistic analysis
was used to evaluate the influence of the variables in the
prevalence. P<0.05 was considered statistically significant.
Normal cut-off valuesof SDT and NCT were st at themeant+2SD
from the normal control arm, with alow valueindicating a poor
performancein SDT test and a higher score indicating a poor
performancein NCT test. Thediagnosis of SHE was madewhen
one or both SDT and NCT appeared abnormal.

RESULTS

The demographic data of three arms are shown in Table 1.
Therewasno significant difference (P>0.05) anong all variables
from the three arms. Theresults of SDT and NCT in different
age subgroups from the three arms are shown in Table 2 and
Table 3. In both tests, no significant difference was found
between healthy controls and chronic hepatitis arms (P>0.05).
However, the resultsin the cirrhotic arm differed significantly
from those of the two control arms (P<0.05). This finding
supported that the Chinese version of SDT and NCT tests
could clearly distinguish the neuro-psychiatric defectsin SHE.
Thevauesof SDT and NCT tests from the healthy control arm
could be good parameters for the establishment of normal
values of these two tests.

Table 1 Demography in 3 groups

Control Hepatitis Cirrhosis
n = 356 n =416 n =409
Age (yr) 44.4%12.7 36.8+18.6 53.4+11.9
Male/female 207/149 330/86 248/161
Education (yr)
>6 69 (19.4) 69 (16.9) 82 (20.0)
6-12 168 (47.2) 215 (51.7) 190 (46.5)
> 12 119 (33.4) 132 (31.7) 137 (33.5)
Smoking 65 (18.3) 99 (23.8) 88 (21.5)
Alcohol 39 (10.9) 48 (11.5) 123 (30.1)

The influence of the variables on the results of SDT and
NCT is shownin Table 4. No significant difference was found
in sex, smoking and a cohal drinking habits, and the etiology of
cirrhosis (P>0.05), but the difference was related to age,
education and Child-Pugh’s grade (P<0.05). However, after
adjustment of age and residential areasrequired for SDT and
NCT tests, Child-Pugh’s grade was the only risk factor of SHE
(P<0.05).

The relationships between Child-Pugh’s grade and
SDT/NCT are shown in Table 5. Although the rate of SHE
between Child’'s grades A and B of liver disease was not
significantly different (P>0.05), significance wasfound between
grades A and C, and grades B and C (P<0.05). One hundred
and nineteen patients (29.1%) were abnormal in both NCT
and SDT, 53 (13.0%) abnormal in SDT only and 36 (8.8%) in
NCT-A only. Taken together, the two-test battery gave the
diagnostic rate of SHE in 50.9% of 208 patients.
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Table 2 Results of SDT in 3 groups
Control Hepatitis Cirrhosis
Age (yr)
n mean£SD n meantSD n meantSD
/=34 82 12.5%2.2 176 12.7+3. 1 52 10. 8+2. 82
35-44 76 11.9£1.7 114 12.3+3.5 73 9.4£2.72
45-54 74 12.8+2.3 71 12.3x2.2 107 8.9£2.5%
55-64 69 11.9+2.1 35 11.5+£1.6 87 7.8+2.52
>/=65 54 12.7£2. 4 20 9.0+2. 2 90 6. 7£2. 3%
Tota 356 12.2+2.3 416 12.2+3.1 409 8.5+2.8%
#P<0.05 vs normal control and chronic hepatitis.
Table 3 Results of NCT in 3 groups
Control Hepatitis Cirrhosis?
Age (yr)
n meanxSD n meanxSD n meanxSD
</=34 82 26.7+8.8 176 27.0£6.9 52 46.1+19.2
35-44 76 34.2+£12.7 114 35.8+20.3 73 51.4+26.5
45-54 74 39.8+13.8 71 41.9+12.7 107 59.3+30.8
55-64 69 52.7£13.5 35 54.3+7.3 87 71.1+41.8
>/=65 55 69.9+14.8 20 80.1+12.1 90 102.3+48.8
Total 356 47.8+13.2 416 36.8+18.6 409 68.2+41.2
?P<0.05 vs cirrhosis versus normal control and chronic hepatitis.
Table 4 Multivariate logistic analysis for risk factors in cirrhotic group
n NCT DST SHE(%) p2 OR
Sex 0.494 0.9
Male 344 67.4+42.1 8.6x2.8 51.2
Female 65 72.4+36.0 8.7+2.6 52.3
pl 0.367 0.266 0.866
Smoking 0.903 1.0
Yes 288 6.2+38.7 8.6+2.6 51.0
No 121 672.8+46.4 8.3¥2.9 52.1
pl 0.145 0.358 0.850
Etiology 0.430 0.8
Alcohol 59 71.3+40.1 8.0+2.6 54.2
Non-alcohol 350 67.7+41.4 8.6+2.9 51.0
pl 0.541 0.153 0.646
Education (yr) 0.390 0.9
<6 72 92.8+50.0 6.9+2.4 51.4
6-12 199 69.6+41.1 8.2+2.6 55.3
> 12 138 53.3+27.6 9.7£2.9 45.3
pl 0.001 0.001 0.221
Age (yr) 0.779 1.0
<35 52 46.1£19.2 10.8+2.8 51.9
35-44 73 51.4+26.5 9.4%2.7 52.1
45-54 107 59.3+30.8 8.9%2.5 49.5
55-64 87 71.1+41.8 7.8£2.5 50.0
> 65 90 102.3+48.8 6.7£2.3 57.8
pl 0.001 0.001 0.617
Child-Pugh 0.001 2.0
A 188 58.5+34.9 9.3+x2.8 39.9%
B 143 72.8+41.2 8.1+2.8 55.2%
C 78 83.1+49.1 7.4%+2.6 71.8%
pl 0.001 0.001 0.001

pl: P value within groups. p2: P value among groups in logistic analysis.
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Table 5 Relationships between psychometric tests and Child-Pugh’s grade

Child’s A Child’s B Child’s C Total (n,%)
n 188 143 78 409
Abnormal in SDT 23 20 10 53 (13.0)
Abnormal in NCT 16 10 10 36 (8.8)
Abnormal in SDT and NCT 35 48 36 119 (29.1)
Total (%) 74 (39.4) 78 (54.5) 56 (71.9)? 208 (50.9)
2P<0.05.
DISCUSSION motor activities as operating a heavy machinery or driveing an

The reasons why we selected SDT and NCT part A out of a
variety of psychometric testsfrom the medicd literaturein this
study areasfollows. (1) NCT and SDT weresimple, inexpensive
and sensitive tests and have been well used in many SHE
studies on its prevalence, prognosis and treatment>, NCT
part A alone has been shown to be sufficient in detection of
SHE in the majority of patientd2. (2) The patients with SHE
exhibited selective deficits in reactivity and fine motor skills,
with preservation of general intelligence, memory and language
pesking. Therefore, it was reasonableto seect WAISperformance
subtests such as SDT**2, (3) Both SDT and NCT were easy
to perform and reproduce in minutes at the outpatient clinics.
Moreover more complicated testswould increase the patients
fatigue and mental burden and affect their performance
efficiency®¥. In order to evaluate the reliability of SDT/NCT
test battery, two control groups were set up. Normal data of
each age subgroup in the two tests were obtained from healthy
subjects and then assessed with the data from chronic hepatitis
negative control and cirrhosispositive control. The corresponding
scores of the tests from healthy and chronic hepatitis control
groupswere very close. By using the normal range drawn from
healthy subjects, the total abnormal rate of SDT and NCT in
chronic hepatitis group was 5.5% and 7.2% respectively, near
marginally statistical range. The results supported that SDT
and NCT test battery was a sensitive and specific method for
detection of SHE.

Whether or not the patients with alcoholic cirrhosis have a
higher prevalence of SHE is still controversial. The higher
prevalenceof SHE in patientswith a coholic cirrhosiswas mostly
reported from the studies using EP or el ectroencephal ogram!?Y,
suggesting a diffuse neurological disturbance in alcoholic
cirrhotic patients. In China, most cirrhotic patients were caused
by chronic hepatitis B. No significant difference in various
etiologieswas found among the subgroupsin thisinvestigation,
probably dueto the application of psychometric measuresonly.
Some reports supposed that the elder and educational levels
might influence the results of psychometric tests'???%, No
significant correlation was found between the different
subgroups in age and education in the present study, since we
used age-related normal values to correct the findings.

The selected subjectsin this study reflected the red spectrum
of cirrhotic patientsin Guangzhou. Thedetected SHE prevalence
was 50.9%, with itsrateincreased from 39.4%in Child-Pugh’s
grade A to 54.5% and 71.9% in grades B and C. These results
agreed well with the data reported from Western literature. The
patients with worse liver functions assessed by Child-Pugh’s
grade had ahigher rate of SHE. Child-Pugh’s scores were based
on patients' symptoms (HE and ascites) and |aboratory tests
(serumlevelsof abumin, billirubin, prothrombin). Patientswith
HE were excluded from this study. We also observed that the
patients who had more or severer symptoms and poorer
laboratory parameters of cirrhosis whether or not including in
Child-Pugh’s grade might tend to develop SHE.

Patients with SHE appeared to have no clinical symptoms.
However, they might be at risk when they performed complex

automobile?!, They might have abnormal behaviors such as
altered sleeping pattern and impaired cognitive functionf?>2,
Patientswith SHE werevulnerableto HE??. However, medical
treatment and dietary management in these patients could
improve the psychometric tests’?%, Early diagnosis and
treatment of SHE seem extremely important in China, because
of the big population and high prevalence of liver diseasesin
this country. A high prevalence of SHE in cirrhotic patients
should lead us to pay attention to these important findings
frequently encountered in our medical practice.
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Abstract

AIM: To establish nested-PCR methods for the detection
of SENV-D and SENV-H and to investigate the epidemiology
of SEN virus in China.

METHODS: According to published gene sequences,
primers from the conserved region were designed. Then,
135 samples from healthy voluntary blood donors and 242
samples from patients with various forms of liver disease
were detected by nested-PCR of SENV-D/H. Some PCR
products were cloned and sequenced.

RESULTS: By sequencing, the specificity of genotype-
specific PCR was confirmed. SENV-D/H DNA was detected
in 31% of the blood donors, which was higher than those
in America and Italy (2%), and in Japan and Taiwan (15-20%).
The prevalence of SENV-D/H viremia was significantly
higher in patients with hepatitis B and hepatitis C than in
blood donors (59-85% vs 31%, P<0.05). The prevalence
among patients with non-A-E hepatitis was significantly
higher than among blood donors (68% vs 31%, P<0.01),
and equivalent to that among patients with hepatitis B and C.

CONCLUSION: Nested-PCR with genotype-specific primers
could serve as a useful SENV screening assay. SENV has
the same transmission modes as HBV and HCV. The high
prevalence in patients with non-A-E hepatitis may attribute
to the transmission modes, and SENV may not serve as
the causative agents.

Mu SJ, Du J, Zhan LS, Wang HP, Chen R, Wang QL, Zhao
WM. Prevalence of a newly identified SEN virus in China. World
J Gastroentero/ 2004; 10(16): 2402-2405

http://www.wjgnet.com/1007-9327/10/2402.asp

INTRODUCTION

Recently, anovel DNA virus designated SEN virus (SENV)
was discovered in the serum of a human immunodeficiency
virustype 1 (HIV-1)-infected patient’tl. Phylogenetic analysis?
showed 8 strains (A-H) of SENV. To date, the ninth genotype
(SENV-I) has been identified®. Among them, 2 SENV strains

(SENV-D and SENV-H) were significantly associated with
transfusion-associated non-A-E hepatitis. SENV-D and
SENV-H were also detected more frequently in patients with
chronic liver disease and hepatocel lular carcinoma (HCC) than
in healthy adults>®. However, the association of SENV
infection with liver cell damage isfar from clear, and further
studies are needed to investigate the clinical relevance of
SENV infectionworldwide.

The purpose of this study was to develop a nested
polymerase chain reaction (NPCR) method for the detection of
SENV-D and SENV-H DNA inserumand e ucidateitsspecificity.
The presence of SENV-D and SENV-H viremiain patientswith
various forms of liver diseases and the possible role of SENV
infection in non-A-E hepatitis were investigated.

MATERIALS AND METHODS

Patients

A total of 377 serum samples from March 1999 to April 2003
were studied in Xijing Hospital. They weredivided into 5 groups
asfollows: 135 blood donors; 55 patients with acute hepatitis A
virus (HAV); 126 with chronic hepatitis B; 20 with chronic
hepatitis C; 41 with non-A-E hepatitis defined as negative
control for known serologic markers, including | gM anti-HAV,
| gM antibody to hepatitis B core antigen (anti-HBc), hepatitis
B surface antigen (HBsAg), and antibodies to HCV, HDV
andHEV.

Detection of SENV DNA

Viral DNA was extracted from 100 pL serum with the QIlAamp
blood kit (Qiagen) and resuspended in 20 pL elution buffer.
PCR mixtureof 20 pL contained 0.4 umol/L senseprimer SENV-
P2(5 -CC[C/IG]AAACTGTTT GAA GAC[C/A]A-3) (designed
by ourselves), 0.4 umol/L antisense primer Lucky2AS(5' -CCT
CGG TT[G/T] [C/IG]AA A[GIT]|G T[CIT]T GAT AGT-3")14,
200 pmol/L of eschdNTR 2 UL DNA sample, and 1 U Tag DNA
polymerase. The reactions consisted of preheating at 94 °C for
3min, 30 cyclesof denaturation at 94 °C for 1 min, annealing at
50°Cfor 1 min, extensionat 72 °Cfor 40 s, and final incubation
a 72 °Cfor 5min. The second PCR step was carried out with a
20 uL PCR reaction mixture containing 2 pL of the first-step
amplification product, the same PCR buffer used for the first
PCR step, 0.4 umol/L sense primer D10s (5" -GTA ACT TTG
CGG TCA ACT GCC-3')¥and antisense primer Lucky2ASfor
SENV-D; 0.4 pmol/L senseprimer C5s(5' -GGT GCCCCT [A/T]
GT [CITIAGTTG GCG GTT-3') (designed by ourselves) and
antisense primer Lucky2ASfor SENV-H, 200 umol/L of each
dNTP, and 1 U Taq DNA polymerase, PCR consisted of
preheating at 94 °C for 1 min, annealing at 58 °C for 1 min,
extensonat 72°Cfor 40 s, andfinal incubation at 72 °C for 5min.

Determination of SENV genotypes

Amplicons containing polyA tails and producing visible bands
on agarose gel were excised from the gel and ligated to the
pPGEM vector. DNA extracted from transformed Escherichia
Coli was sequenced. The sequences excluding primer
sequenceswere aligned with Cluster W to all SENV genotypes,
representative of TTV (TA278) and TLMYV isolates. The
genotype of SENV was determined by the phylogenetic trees.
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Table 1 Prevalence of SENV infection in different hepatitis groups in China

Disease n Single SENV-D Single SENV-H Combined SENV-D/-H Total n (%)
Acute hepatitis A 55 2 (3.6) 12 (21) 6 (11) 20 (36)
Chronic hepatitis B 126 17 (13) 16 (12) 41 (32) 74 (59)°
Chronic hepatitis C 20 4 (20) 4 (20) 9 (45) 17 (85)°
Acute+chronic non-A-E 41 10 (24) 7(17) 11 (27) 28 (68)°
Blood donors 135 9 (6.7) 7 (5) 26 (19) 42 (31)

®P<0.01 vs Blood donors.

Statistical analysis
Datawere analyzed by x?test with Yates' correction or Fisher’'s
exact test; P<0.05 was considered to be statistically significant.

RESULTS

Genotype-specific PCR with specific primers

PCR products were detected by 20 g/L agarose gel. Theresults
showed that there was a 230-bp band in the gel (Figure 1). The
PCR products were inserted into pPGEM-T vectors and
sequenced. A phylogenetic tree of the SENV-D sequences
(Figure2A) from 8 blood donors(B7, B11, B13, B14, B28, B29,
B31 and B33) and 7 patients with non-A-E hepatitis (N4, N9,
N10, NC, NF, NG and NK) was constructed. To determinearoot
of the phylogenetic tree, TLMV was used as an out-group.
SENV-D DNA sequences from study subjects clustered in a
monophyletic group with the SENV-D prototype sequences. A
phylogenetic tree of the SENV-H sequences (Figure 2B) from
7 blood donors (B1, B4, B11, B12, B28, B29 and B30) and 5
patients with non-A-E hepatitis (N4, N8, N10, NA and NF) was
constructed. SENV-H DNA sequences from study subjects
clustered in amonophyletic group with the SENV-H prototype
sequences with the exception of 2 outliers (B1 and B28), which
had closer homology to SENV-C.

The specificity of genotype-specific PCR was confirmed by
sequencing. Here, all 15 patients diagnosed as SENV-D by the
genotype-specific PCR had homology to SENV-D (Figure 2A),
while 10 of 12 patients (83%) diagnosed as SENV-H by the
genotype-specific PCR had homology to SENV-H, the other
2 had homology to SENV-C which was of the same genotype
asSENV-H (Figure2B).

1 2 3 4 M 6 7

2 000
1 000
750
500
250
100

Figure 1 Electrophoresis of PCR products. Lane 1: Negative
control; lane 2: Positive control; lanes 3, 4: SENV-D; lane 5:
Marker DL2000; lanes 6, 7: SENV-H.

SENV prevalence in patients with liver diseases and in blood
donors

SENV-D and/or SENV-H (SENV-D/H) DNAswere positivein
31% of healthy Chinese adults. SENV viremiawasidentifiedin
20 (36%) of 55 patients with acute or chronic hepatitis A, in
74 (59%) of 126 patientswith chronic hepatitisB, in 17 (85%) of
20 patients with chronic hepatitis C, in 28 (68%) of 41 patients
with acute or chronic non-A-E hepatitis. Compared with healthy
blood donors, SENV infection was found more frequently in
patients with hepatitis B, hepatitis C and non-A-E hepatitis

(59-85% Vs 31%, P<0.01, Table 1). However, the prevalence was
comparable among patients with acute hepatitis A and healthy
adults (31% vs 36%). The prevalence of SENV-H was 2-fold
higher than that of SENV-D in patients with acute hepatitis A.
Mixed SENV-D/H infection was common (Table 1).

DISCUSSION

Vira hepatitis is a worldwide disease” and imperils human
hedlth gravely. To date, 5 hepatitis viruses from HAV to HEV'®,
which account for 8% to 90% hepatitis cases, have been
discovered. But we could not find any hepatitis virusesin the
left 10% to 20% cases that have typical viral hepatitis
manifestations. Scientists speculated that the virus TTV was
correlated with non-A-E hepatitis. Chinese scholars studied
infection rate of TTV in different populations and its
pathogenicity in liver®*d, and found that TTV had no
pathogenicity™1, Afterwards, Primi et al.l¥ found that SENV
and TTV had smilar structure. SENV has homogeneity of 55%
at nucleotide level with TTV, but they only have homogeneity
of 37% at amino acid level?. SENV appears to belong to a
family of small, circular, non-enveloped, single-stranded DNA
viruses that have been designated as circovirusest67,
Phylogenetic analysis of SENV has shown the existence of 8
different variants (A-H). Among them, only SENV-D and SENV-
H have higher prevalence ratios, and they are found in 2% of
blood donors and >50% of persons with transfusion-associated
non-A-E hepatitisin Italy and the United States. Although a
strong association of SENV-D/H with transfusion-associated
non-A-E hepatitis has been reported, whether SENV-D/H serves
as a causative agent of post-transfusion hepatitis remains
unknownf&-20,

Theresults of our present study indicate that NPCR amplified
with genotype-specific primers could serve as a useful SENV
screening assay. Moreover, because all components of the
assay arereadily available (specific antibodies are not required),
viral testing can be performed in most laboratoriesthat perform
PCR. Our recent study indicated that 31% of healthy Chinese
adultswere positivefor SENV-D/H DNA, arate comparableto
that of blood donorsin Japan (10-20%)">2 and Taiwan (14-20%)!®
(age-specific prevalence), but higher than that of blood donors
inthe United Statesand Italy (2%)!%%¥, Co-infection with SENV
has been frequently observed in 22-67% of patientswith chronic
hepatitis B¢ and 20-76% of patients with chronic hepatitis
C#62425 Qur study showed that the prevalence of SENV-D/H
infection in patients with chronic hepatitis B and C were 59%
and 85% respectively, implying that HCV, HBV and SENV may
share common modes of transmission. Our study also indicated
that compared with blood donors (31%), SENV-D/H infection
was more frequent in patients with non-A-E hepatitis (68%),
but comparable to those in patients with chronic hepatitis C
and B (85% and 59%, respectively). These results can not
support acausal rolefor SENV-D/H in the development of non-
A-E hepatitis. Otherwise, we also documented that the
prevalence of SENV-H was comparable to that of SENV-D in
different subjects, such as blood donors, patients with chronic
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Figure 2 Phylogenetic tree of SENV by neighbor-joining method. A: The tree constructed on basis of 1 prototype TTV isolate
(TA278), 1 TTV variant, 8 SEN virus isolates (A-H) and 15 SENV-D Chinese isolates. B: The tree constructed on basis of 1 prototype

TTV isolate (TA278), 1 TTV variant, 8 SEN virus isolates (A-H) and 12 SENV-H Chinese isolates.

hepatitis B or C, and patientswith non-A-E hepatitis, but among
patients with acute hepatitis A, SENV-H was more prevalent
than SENV-D (P<0.05). This phenomenon awaits further
prospective studies.

In summary, the results of this study suggest that SENV
has the same transmission modes as HBV and HCV?®. The
high prevalencein patientswith non-A-E hepatitis may attribute
to the transmission modes, and SENV may not serve as the
causative agents. At present, SENV and the larger group of
human circoviruses have no established pathogenicity, but

they may have disease associations that have not been
identified, or they may serve as commensal organisms that
have some beneficial role in maintaining homeostasisin the
host. They are worthy of more attention, even in the absence
of confirmed disease associations.
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Abstract

AIM: To investigate the expressions of E-cadherin and calretinin
in exfoliated cells of serous effusions and evaluate their values
in distinguishing malignant effusions from benign ones.

METHODS: Fresh serous effusion specimens were
centrifuged and exfoliated cells were collected. Cells were
then processed with a standardized procedure, including
paraformaldehyde fixation, BSA-PBS solution washing and
smears preparation. E-cadherin and calretinin were detected
by immunocytochemistry (ICC).

RESULTS: In the exfoliated cells of serous effusions, most
of carcinoma cells only expressed E-cadherin, and most of
mesothelial cells only expressed calretinin, and benign cells
(lymphocytes and granulocytes) did not express either of
them. For E-cadherin, 85.7% (30/35) of malignant effusions
and 8.1% (3/37) of benign fluids were ICC-positive (£<0.001).
The sensitivity of E-cadherin ICC in the diagnosis of
malignant effusions was 85.7%, specificity 91.9%, and
diagnostic rate 88.9%. For calretinin, 94.6% (35/37) of
benign effusions and 11.4% (4/35) of malignant effusions
were ICC-positive (P<0.001). The sensitivity of calretinin
ICC in the diagnosis of benign effusions was 94.6%,
specificity 88.6%, and diagnostic rate 91.7%. For diagnosis
of benign and malignant effusions by combining E-cadherin
ICC and calretinin ICC, the specificities were up to 100%
and 97.1%, respectively.

CONCLUSION: E-cadherin ICC and calretinin ICC are
sensitive and specific in differential diagnosis of benign
and malignant serous effusion specimens and specificities
are evidently improved when both markers are combined.

He DN, Zhu HS, Zhang KH, Jin W], Zhu WM, Li N, Li JS. E-
cadherin and calretinin as immunocytochemical markers to
differentiate malignant from benign serous effusions. World J
Gastroentero/ 2004; 10(16): 2406-2408

http://www.wjgnet.com/1007-9327/10/2406.asp

INTRODUCTION
Serouseffusionsarecommonin clinical practiceand some cases

are caused by metastasis of malignant tumors (malignant
effusions). Distinguishing malignant from benign tumorsisvery
important, but sometimes very difficult. Some studies have
shownthatimmunocytochemidry (ICC) of exfoliated cellsisvauable
in differentiating malignant effusions from benign ones*,
However, the diagnostic value of asingle marker was limited,
and apanel of markers were more useful 8. Recently, several
studies have shown that E-cadherin, an epithelial adhesion
molecule, was a useful marker for identifying the carcinoma
cdlsin effusiong®t?, and calretinin, acalcium-binding protein,
was auseful marker for identifying the mesothelial cell§112. It
iswell known that the differentiation between cancer cellsand
reactive mesothelial cellsisthe main problem in cytological
diagnosis of effusions. In the present study, both E-cadherin
and calretinin were used as markers in immunocytochemical
staining of exfoliated cells in serous effusions, and their
diagnostic values were eval uated.

MATERIALS AND METHODS

Patients and specimens

Seventy-two patients with serous effusions were enrolled in
thisstudy (35 male, 37 female, age 14-77 yearswith an average
of 51.8years). All patientswerefrom the First Affiliated Hospital
of Jangxi Medicd Collegefrom 2001 to 2002. Effusion specimens
were collected and divided into two groups, benign and
malignant, according to cytological results. Of these specimens,
there were 45 pleural effusions, 24 peritoneal effusions, and
3 malignant pericardia effusions. In the 23 cases of benign
pleural effusions, there were 13 cases of tuberculous pleuritis,
2 cases of liver cirrhosis, 1 pulmonary tuberculosis, 1 chyle
pleural effusion, and 6 unknown causes. In the 22 cases of
malignant pleural effusion, there were 11 cases of lung cancer,
1 submaxillary gland cancer, 1 gastric cancer, 1 primary liver
cancer, and 8 cases of unknown origin. In the 14 cases of benign
peritoneal effusions, there were 8 cases of liver cirrhosis,
3 tuberculous peritonitis, 1 hepatitis B, 1 Budd-Chiari syndrome,
1 unknown cause. In the 10 cases of malignant peritoneal
effusions, there were 4 cases of ovarian cancer, 2 primary liver
cancers, 1 gastric cancer, 1 colonic cancer, 1 duodenal papilla
cancer, and 1 unknown origin. Three cases of malignant
pericardial effusionsincluded 1 case of lung cancer, 1 metastatic
sguamous cancer and 1 unknown origin.

Specimen processing

About 100 mL fresh effusion was centrifuged at 2 000 r/min for
10 min, and cell pelletswere collected. When the effusion was
bloody, erythrocytes were destroyed with isotonic ammonium
chloride solution (NH,Cl 4.5 g, KHCO; 0.5 g, EDTA 0.0186 g,
solved in 400 mL distilled water, then distilled water add to a
total volumeof 500 mL ). Samevolume of the solution was added
to dissolvethe cell pellets, which were stirred for 5 min at room
temperature, centrifuged at 2 000 r/min for 10 min, and the
supernatants removed. Two cell smears were prepared for
cytological diagnosis. The remaining cells were processed with
a“sandardized” procedure®: fixedin40g/L paraformal dehyde-
PBS solution, washed in 10 g/L BSA-PBS solution, the cell
concentration was adjusted to 2x10%mL., and finally several



He DN et al. Detection of E-cadherin and calretinin in serous effusion 2407

cell smearswere prepared. The smearswereair-dried and stored
inafreezer (-85°C).

Immunocytochemistry and evaluation

Reagents for immunocytochemical staining were provided by
Beijing Zhongshan Biotechnology Co. Ltd. Mouse anti-human
E-cadherin monoclonal antibody (1:100 dilution) or rabbit anti-
human calretinin polyclonal antibody (1:50 dilution) was used
as the primary antibody. Biotinylated goat anti-mouse/rabbit
IgG was used as the second antibody. The reaction products
were visuaized by using the streptavidin-horseradish peroxidase
and diaminobenzidine. The smears were counterstained with
hematoxylin. PBS was used instead of the primary antibodies
as negative control.

InE-cadherinICC, positive cdlswerestained a cytomembrane,
especialy in the areas surrounding the cells. In calretinin ICC,
whole cells were stained with a“fried eggs’ staining pattern.
One hundred cells (carcinoma and/or non-carcinoma) were
counted under a high power microscope, and the percentage
of positive cells was calculated. |CC-positive cells >/= 80%
were defined as strong expression (+++), 20-79% as moderate
expression (++), 6-19% as weak expression (+), 0-5% as
negative expression (-). Specimenswith expressions (+)-(+++)
were regarded as | CC-positive, and expression (-) as ICC-
negative.

Statistical analysis

Qualitative data were analysed with chi-square test, and rank
data were tested with rank sum test. Diagnostic values of ICC
results were calculated in contrast to that of the cytological
results. Diagnostic values of the combination of E-cadherin
and calretinin ICC results were calculated in series ways.

RESULTS

E-cadherin expression of exfoliated cells in serous effusions
E-cadherin expression in carcinoma cells was usually strong,
with obvious staining at cytomembrane and sometimes in
cytoplasm (Figure 1). The areas surrounding the cells had
densely stained lines in the clusters of carcinoma cells, but
single carcinoma cell was weakly stained. Mesothelial cells
were stained occasionally, and no lymphocytes and
granulocytes were stained. Thirty of 35 malignant effusion
specimenswere | CC-positive for E-cadherin (85.7%), and most
of them were strong (93.3% was ++-+++). Only 3 of 37 benign
effusions were | CC-positive for E-cadherin (8.1%), inwhich a
few mesothelial cells were weakly stained in cytoplasm. The
differencesin positivity ratesand expression intensities between
two groupswere significant (P<0.001-0.0001) (Table 1).

Figure 1 Immunocytochemistry of E-cadherin in the cells from
a malignant ascites specimen. Carcinoma cells were mainly
stained at cell membranes. Inflammatory cells without stain-
ing were as control (Original magnification, x400).

Table 1 E-cadherin expression in exfoliated cells of serous
effusions

Expression intensity

Effusion group n Positivity (%)

- + ++ 4
Malignant 35 30 (85.7) 5 2 21
Benign 37 3(8.1) 34 1

X2=43.633, P<0.001 between the two groups, H = 42.744, P<0.0001
between the two groups.

Calretinin expression of exfoliated cells in serous effusions
Calretinin expression in mesothelial cells was usually high,
stained in whole cells (Figure 2). The typical cellslooked like
“fried eggs’. Carcinomacellswere occasionaly stained weakly,
and no lymphocytes and granulocytes were stained. Thirty-
five of 37 benign effusions were |CC-positive for calretinin
(94.6%), and all of them were strong positive (+++). Only 4 of
35 malignant effusion specimenswerel CC-positivefor caretinin
(11.4%), with afew carcinomacells stained weakly. Differences
of positivity rates and expression intensities between the two
groupswere significant (P<0.001-0.0001) (Table 2).

Figure 2 Immunocytochemistry of calretinin in the cells from
a malignant ascites specimen. Mesothelial cells were stained
strongly and some of them like “fried eggs”. Carcinoma cells
and inflammatory cells without staining were as control
(Original magnification, x400).

Table 2 Calretinin expression in exfoliated cells of serous
effusions

Expression intensity

Effusion group n  Positivity (%)

- + ++ +++
Malignant 35 4 (11.4) 31 1 3 0
Benign 37 35 (94.6) 2 0 0 35

X2=50.109, P<0.001 between the two groups, H = 59.576, P<0.0001
between the two groups.

Table 3 Diagnostic values of E-cadherin or/and calretinin ICC
for serous effusions

Malignant effusion (%) Benign effusion (%)

Index

E-cadherin  E(+) + C(-) Calretinin  E(-) + C(+)
Sensitivity 85.7 77.1 94.6 86.5
Specificity 91.9 100 88.6 97.1
PV+ 90.9 100 89.7 97.0
PV- 87.2 82.2 93.9 87.2
DAR 88.9 88.9 91.7 91.7

E (+)/E (-): E-cadherin (+)/(-); C (+)/C (-): Calretinin (+)/(-);
PV+: ICC-positive predictive value; PV-: ICC-negative predic-
tive value; DAR: Accordance rate.
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Diagnostic values of E-cadherin ICC or/and calretinin ICC for
serous effusions

Thediagnostic values (sengtivity, specificity) of both E-cadherin
ICC and calretinin ICC for malignant effusions were >/= 90%.
Combination analysisof E-cadherin| CC and calretinin | CC could
improve the specificities (up to 97.1-100%), while the
senditivities maintained at an acceptable level (Table 3).

DISCUSSION

Serous effusions are common clinical syndromes and can be
simply divided into benign and malignant. Differentiation
between two kinds of effusionsisvery important for diagnosis,
treatment and prognostic evaluation. The cytological
examination isasimple and reliable method for the diagnosis of
malignant effusions, but its sensitivity is only 40-60%'4, even
lower in clinical practice. Cytological examinations are based
on the cellular morphology, which may raise difficultiesin
distinguishing carcinoma cells from reactive mesothelial cells.
Sometimes, carcinoma cells without typical morphological
changes or enough number could not be diagnosed
cytologically. How to identify the metastatic carcinoma cells
and differentiate them from reactive mesothelial cellsiskey to
diagnosing malignant effusions®®. In the past decade,
immunocytochemistry seemed to be avaluable tool in solving
the problem, with a complementary value for cytological
diagnosis of malignant effusiong®.

The cadherin family consists of more than 16 kinds of
molecules that make up a group of phylogenetically and
structurally related molecules, with M, 120 0007, E-cadherin,
one member of afamily of intracellular calcium-dependent
adhesion molecules, is atransmembrane protein expressed in
epithelia cells. Itsextracd lular amino termina bindsto the same
structure of neighboring homotypic cells when calcium ion
exists, mediating the epithelial cell-cell adhesion. Theoretically,
only the exfoliated cells originating from epithelial tissues can
express E-cadherin, so detection of E-cadherin expression is
helpful for determining cells from epithelia. Because no
epithelial cells were in benign effusions, the appearance of
epithelia cellsin effusions means a metastasis of carcinoma
developed from epithelia. Our results showed that E-cadherin
ICC of the exfoliated cells were valuable for the diagnosis of
malignant effusions, with a sensitivity, specificity, positive
predictive value, negative predictive value, and diagnostic rate
near or over 90% respectively, similar to other studieg**l,
However, when epithelial cellstransformed into maignant cells,
E-cadherin expression might decrease to some extent™*?, That
is the reason why a few carcinoma cells showed weak or
negative E-cadherin expression in effusions.

Cdlretininisacalcium adhesion protein with M, 29 000 and
mainly expresses in nerve system. Lately, it was found that
calretinin selectively expressed in mesotheliomad?-?, with
powerful ability to differentiate mesothelial cells from other
cellsin effusiongd>22, Our results showed that calretinin
expression in mesothelial cells was evident, but not in non-
mesothelial cells, thereforeit isuseful in determining the cells
from mesothelium, with a sensitivity, specificity, positive
predictive value, negative predictive value, and diagnostic
rate all near or over 90%. The “fried eggs’ staining pattern
made calretinin | CC morevaluablein differentiating mesothelial
cellsfrom carcinomacellgY.

E-cadherin is an epithelial cell marker, and calretininisa
mesothelial cell marker. Our results showed that the combination
of both markers significantly increased their differential
diagnogtic valuewith specificitiesup to 97.1%in serouseffusions
and 100% in benign and malignant effusions.
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Abstract

AIM: The significance of hepatitis C virus (HCV) serum
titers has been examined in several clinical situations.
There is much evidence that patients with a lower viral
load have better response rates to anti-viral therapy
compared to those with higher levels. Moreover, a direct
association has been observed between serum titers of
HCV and transmission rates of the virus. The aim of the
present study was to determine if there was any correlation
between HCV viral load and the severity of liver disease.

METHODS: Fifty patients with HCV infection were included
in the study. These comprised of 34 subjects with a history
of alcohol use and 16 non-alcoholics. Quantitative serum
HCV RNA assay was carried out using the branched DNA
(bDNA) technique. Linear regression analysis was performed
between serum viral titers and liver tests. In addition, for
the purpose of comparison, the subjects were divided into
two groups: those with low viral titers (</=50 genome mEqg/
mL) and high titers (>50 mEqg/mL).

RESULTS: All subjects were men, with a mean+SD age
of 47+7.8 years. The mean HCV RNA level in the blood was
76.3x10° £109.1 genome equivalents/mL. There was no
correlation between HCV RNA levels and age of the patients
(r=0.181), and the history or amount (g/d) of alcohol
consumption (= 0.07). Furthermore, no correlation was
observed between serum HCV RNA levels and the severity
of liver disease as judged by the values of serum albumin
(r=0.175), bilirubin (r= 0.217), ALT (r= 0.06) and AST
(r=0.004) levels. Similarly, no significant difference was
observed between patients with low viral titers and high
titers with respect to any of the parameters.

CONCLUSION: Our results indicate that the severity of
liver disease is independent of serum levels of hepatitis C
virus. These findings are important since they have a direct
impact on the current debate regarding the role of direct
cytopathic effect of hepatitis C virus versus immune-mediated
injury in the pathogenesis of HCV-related liver damage.

Anand BS, Velez M. Assessment of correlation between serum
titers of hepatitis c virus and severity of liver disease. World J
Gastroentero/ 2004; 10(16): 2409-2411

http://www.wjgnet.com/1007-9327/10/2409.asp

INTRODUCTION
Hepatitis C virus (HCV) is a bloodborne pathogen that is

endemic in most parts of the world, with an estimated overall
prevalence of nearly 3%™. Approximately 80% patients with
hepatitis C virus devel op chronic infection, and progression to
cirrhosis occursin nearly 20% of these subjectd?. Moreover,
patients with HCV -related cirrhosis are at an increased risk of
developing hepatocellular carcinoma, which is estimated to
occur at therate of 1.5% to 4% per year'?. In most individuals,
liver disease progresses slowly over several decades, but the
rate of progressionishighly variable®®. Whereas some patients
develop cirrhosis and end-stage liver disease within one to
two years of exposure, others may die of old age or an entirely
unrelated cause’®. Although it is mostly unclear why some
patients progress more rapidly than others, several factorshave
been identified ashaving arolein disease severity. HCV patients
co-infected with hepatitis B virus (HBV) have an increased risk
of developing cirrhosis and ecompensated liver disease” as
well as hepatocellular carcinomal®. Several researches have
noted more severe clinical and histological abnormalitiesin
HCV infected chronic alcoholics compared to non-alcoholics
with HCV infection'®*3. Other factors associated with amore
rapid course of liver diseaseinclude age at acquisition of HCV
infection, gender of the patient and presence of immunodeficiency
states>fl,

Severa studies have assessed the correlation between serum
HCV vira titersand different clinical and laboratory parameters.
Perinatal transmission of HCV from mothersto infants has been
found to be related to maternal HCV titers. The risk of HCV
transmission was found to be significantly higher (36%) among
infantsborntowomenwith HCV RNA titersof at least 10° per mL
compared to noneif the titerswere <10° per mL3. HCV titers
have been found to be associated with responses to anti-viral
treatment. Patientswith abaseline HCV viral load of </=2x10°
copies per mL have significantly better responsesto anti-viral
therapy compared to those with higher viral titerd4. Patients
with HCV genotype 1 have been found in some studies to
have higher viral loads than those with HCV genotype 211511,
although other studies have failed to observe such an
association!*”%%, Previous attempts to assess the effect of viral
titers on the severity of liver disease have produced conflicting
results and the present study was designed to examine this
issue in more detail.

MATERIALS AND METHODS

Patients with chronic hepatitis C virusinfection diagnosed on
the basis of a positive recombinant immunoblot assay (Riba)
wereincluded in the study. All patients were negative for other
causes of chronic liver disease including hepatitis B virus
infection. Patients were interviewed with respect to alcohol
use, and in those with a positive history an assessment was
made of the duration of alcohol abuse and amount of daily
consumption. Physical findings and results of laboratory tests
wererecorded. All patientsweretrestment-naive and weretested
before the administration of anti-viral therapy.

Quantitative HCV analysis
Quantitative assay of hepatitis C virus levels was performed
by the branched-chain DNA (bDNA) technique (Quantiplex
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HCV-RNA; Chiron Corporation, Emeryville, USA). ThebDNA
assay incorporates a series of steps involving viral nucleic
acid hybridizationsto obtain signal amplification. Thistechnique
is unlike the polymerase chain reaction (PCR)-based assaysin
which the viral genomeisamplified. The results of viral RNA
titers in clinical samples are expressed as viral or genome
milliequivalents per mL (mEg/mL). When the study was first
initiated, only theinitial version of the bDNA assay (Quantiplex
1.0), whichhad alower limit of detection of 350 000 viral mEg/mL,
wasavallablecommercidly. Subsequently, the Chiron Corporation
upgraded the technique and the latest version of the assay
(Quantiplex 2.0) was employed which has a lower limit of
detection of 200 000 viral mEg/mL.

Statistical analysis

Descriptive statistical analyses were performed, and the results
are presented as mean+SD. Comparison of quantitative
measurements between groups was performed using Wilcoxon
Rank Sum Test. The Students’ t-test was used to assess changes
in HCV RNA levelsin the sameindividual. Linear regression
analysis was employed to examine the presence of any
correlation between serum HCV RNA levels and different
laboratory and clinical parametersincluding the amount of daily
alcohol consumption.

RESULTS

A total of 50 patients were included in the study. These
comprised of 34 patientswith ahistory of acohol useand 16 non-
alcoholics. All subjects were men, with a meant+SD age of
47+7.8 years. The mean HCV-RNA level in the blood was
76.3x10°+109.1 genome equivalents/mL. There was no
correlation between HCV RNA levelsand the age of the patients
(r =0.181), a history of alcohol use or the amount (g/day) of
alcohol consumption (r = 0.07). Furthermore, no correlation
was observed between HCV RNA levels and the severity of
liver disease asjudged by thevaues of serumabumin (r =0.175),
bilirubin (r =0.217), ALT (r =0.06) and AST (r =0.004) levels.
To further assess the effects of vird titers on the severity of
liver disease, the study subjects were arbitrarily divided into
two groups: patientswith low viral titers (</=50 genome mEg/
mL) and those with high titers (>50 mEg/mL). The results are
shown in Table 1. Again, no difference was observed between
the two groups with respect to any of the parameters examined.

Table 1 Comparison of patients with low and high hepatitis C
virus serum titers

Parameter Low HCV RNA level High HCV RNA level P value
(</=50 genome mEg/L) (>50 genome mEq/L)
n=28 n=22
Age (yr) 48+8.8 456 0.35
Alcohol use (g/d) 221+110 274170 0.27
ALT (U/mL) 7756 7541 0.76
AST (U/L) 79+58 93+100 0.96
Albumin (g %) 3.70+0.76 3.90+0.43 0.44
Bilirubin (mg %) 1.35%1.2 0.88+0.32 0.55

Results are expressed as mean+SD.

DISCUSSION

Several factors have been incriminated in predicting the rate of
progression of HCV -related chronic liver disease. Theseinclude
age at acquisition of HCV infection, gender of the patient,
acohol abuse and co-infection with HBV and HIV infectiong>*2,
Studies assessing the relationship between serum viral titers
and the severity of biochemical and histological abnormalities

have produced conflicting results. Some found no correlation
between HCV vira loads, and serum ALT values and the extent
of histological damage61”1%21, On the other hand, Kato et al.
observed significantly higher HCV RNA titersin patientswith
chronic active hepatitis and cirrhosis compared to those with
milder histological abnormalities such as chronic persistent
hepatitig?. Similarly, Fanning et al. in astudy on Irish women
who acquired their HCV infection through the administration
of contaminated anti-D immunoglobulin, obtained asignificant
correlation between serum HCV vira loads and the degree of
hepatic inflammation in liver biopsy specimeng?.

In the present study, we further assessed the association
between serum HCV RNA titers and several clinical and
laboratory factors. Linear regression analysisshowed acomplete
lack of correlation between thevird |oadsand age a presentation
of the patientsand the extent of acohol consumption. Moreover,
none of the laboratory tests showed any correlation with HCV
vira count. For the purposes of gatistica analysis, we subdivided
the patients into those with low (</=50 genome mEg/L) and
high (>50 genome mEg/L) viral loads. Again, there was no
correlation between any of the clinical and laboratory
parametersand HCV vira loads (Table 1).

Our results indicate that the severity of liver disease is
independent of serum levels of hepatitis C virus. The precise
mechanism by which hepatitis C virusdamagesthe liver remains
poorly understood. Until recently, adirect cytopathic effect of
the virus was considered as the primary form of liver injury
caused by the virus. It has been suggested that the degree of
liver damageisthe result of acomplicated interaction between
the virus and immune response of the host'?. Immune mediated
liver damageisbelieved to beinitiated by HCV-specific T cells
and is enhanced by HCV-induced HLA-A, B and C and
intracellular adhesion molecules®2, The results of the present
study areimportant since they argue against adirect cytopathic
effect of HCV and support the hypothesis that the pathogenesis
of HCV-related liver damage isimmune-mediated.
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Abstract

AIM: Hypertrophied anal papillae and fibrous anal polyps
are not given due importance in the proctology practice.
They are mostly ignored being considered as normal
structures. The present study was aimed to demonstrate
that hypertrophied anal papillae and fibrous anal polyps
could cause symptoms to the patients and that they should
be removed in treatment of patients with chronic fissure
in anus.

METHODS: Two groups of patients were studied. A
hundred patients were studied in group A in which the
associated fibrous polyp or papillae were removed by radio
frequency surgical device after a lateral subcutaneous
sphincterotomy for relieving the sphincter spasm. Another
group of a hundred patients who also had papillae or fibrous
polyps, were treated by lateral sphincterotomy alone. They
were followed up for one year.

RESULTS: Eighty-nine percent patients from group A
expressed their satisfaction with the treatment in
comparison to only 64% from group B who underwent
sphincterotomy alone with the papillae or anal polyps left
untreated. Group A patients showed a marked reduction
with regard to pain and irritation during defecation (P= 0.0011),
pricking or foreign body sensation in the anus (P = 0.0006)
and pruritus or wetness around the anal verge (P= 0.0008).

CONCLUSION: Hypertrophied anal papillae and fibrous
anal polyps should be removed during treatment of chronic
anal fissure. This would add to effectiveness and completeness
of the procedure.

Gupta PJ. Hypertrophied anal papillae and fibrous anal polyps,
should they be removed during anal fissure surgery? World J
Gastroentero/ 2004; 10(16): 2412-2414
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INTRODUCTION

Hypertrophied anal papillae are essentially skintagsthat project
up from the dentate line, or the junction between the skin and
the epithelial lining of the anus¥. They are often found as part
of the classic triad of achronic fissure, namely thefissureitself,
hypertrophied papilla above and a skin tag below!?3. They are
also found in isolation, maybe firm and palpable on a digital
examination of the anus. In this situation, they must be
differentiated from polyps, hemorrhoids, or other growths.
Endoscopicaly they could be differentiated from an adenomatous

polyp by their white appearance and their origin from the lower
(squamous) aspect of the dentate line in the anal canal. They
are usually asymptomatic but occasionally grow large enough
to befelt by the patient or arelikely to prolapse. Hypertrophied
anal papillashould beincluded in the differential diagnosis of
a smooth mass located near the anal verge, especially in a
patient with a history of chronic anal irritation or infection2.

With passage of time, papillae continue to grow in size. A
papillaisliableto acquire considerable fibrous thickening over
aperiod of time when it gets arounded expanded tip, which
is known as a fibrous polyp. This is due to piling up and
consolidation of chronic inflammatory tissues at the proximal
part of the fissure at the dentate line. As many as 16% of the
patients having chronic fissure in anus recorded the presence
of papillae that turned into fibrous polyps™. These papillag are
presumed to be caused by edema and low-grade infection.

A fibrosed-hypertrophied papillais also frequently found
a the upper part of achronic ana fissure or guarding theinternal
opening of fistulain anus. In the later case however, the
symptoms may completely dominate and distort the clinical
findings. Dilated veins, white areas, and alarge hypertrophied
ana papillaare often found in prolapsing types of hemorrhoidg®.

In the past, these structures were not given any importance
and were left untreated. Those patients, in whom, thefissurein
anus was treated but the concomitant papillae or polyps were
left untouched, continued to complain of pruritus, wetness, or
anintermittent pricking sensation intheanus. Thosewith fibrous
polyps felt incompletely treated due to afeeling of something
projecting from the anus. Even a case of giant hypertrophied
anal papilla complicated with a massive anal bleeding and
prolapse was reported®.

This study was aimed to assess the impact and utility of
attending to these two conditions concurrently while dealing
with cases of fissurein ano.

MATERIALS AND METHODS

This study was carried out at Gupta Nursing Home, Nagpur,
India, between July 2000 and December 2001.

Two hundred patients suffering from chronic fissurein ano
associated with hypertrophied anal papillae or fibrous polyps
were selected for the study. All these patients had primarily
reported symptoms and complaints of chronic anal fissure. The
papillae and polyps were diagnosed preoperatively by using a
pediatric anoscope to avoid discomfort during examination.
The number of papillae ranged from two to four. However, the
fibrous polyp was found to be singlein all those patients who
were having this pathology.

Only those patientswho came for afollow-up after 12 mo of
the procedure were included in the study.

Exclusion criteria
Patients having fissurein ano with sentinel tags or hemorrhoids
and those who had not signed the informed consent were not
included in the study.
The patientswere divided into two groupsviz: group A and B.
Group A consisted of one hundred patients in whom the
anal papillae, and polyp, or both weretreated by radio frequency



Gupta PJ. Hypertrophied anal papillae and fibrous anal polyps

2413

procedure along with the fissure. Another hundred patients
(group B) were treated only for the fissure and the papillae or
polyps were left untreated. The randomization was done by a
sealed envelope, which was opened by the operation room
nurse upon patient’s arrival for the procedure.

An informed consent was obtained from all patients under
study. The study was approved by the local ethical committee
and was done in accordance with the Declaration of Helsinki.
No special pre-operative preparation was carried out. All the
patients received a dose of laxative on the prior night. The
patient description isgivenin Table 1.

Table 1 Patient demographic data

Patient characteristics Group A Group B
No. of patients 100 100
Mean age yr 37 39
Male: Female 64:36 66:34
Hypertrophied papillae 100 100
(No. of patients)

Fibrous anal polyp 11 8

(No. of patients)

Statistical analysis

Unpaired Student’st test was used to measure postoperative
parameters. Theleve of statistical significance between groups
was set at 5 per cent.

Procedures

The procedure was carried out under ashort general anesthesia
with amusclerelaxant. A lateral subcutaneous sphincterotomy
was performed to relieve the sphincter spasm. Thiswasfollowed
by insertion of the anoscope with aproximal illumination. The
anal cana was cleaned off the collection. The papillae or polyps
were located and were dealt with through a radio frequency
surgical technique.

Radio frequency surgery aims at cutting or coagulation of
tissues by using a high frequency alternate current. The
radiofrequency device performs a simultaneous function of
cutting and coagulating of the tissues. The effect of cutting,
known as high frequency section, is executed without
pressuring or crushing thetissue cells. Thisis dueto the result
of heat produced by the tissues' resistance to the passage of
the high frequency wave set to motion by the equipment. The
heat makes the intracellular water boil, thereby increasing the
inner pressure of the cell to the point of breaking it from inside
to outside (explosion). This phenomenon is called cellular
volatilization!”.

In this procedure, we used the radio frequency generator
known asEllman Dua Frequency 4MHz by EllmanInternational,
Hewlett, N.Y. Thisinstrument produces an electromagnetic
wave of avery high frequency that reaches 4 megahertz. The
unit is supplied with a handle to which different inter-
changeable electrodes could be attached to suit the exact
requirement!®. In our study, we used the ball electrode for
coagulation and a round loop electrode for shaving off the
desired tissues.

The papillae were directly coagulated with aball electrode
with the radio frequency unit kept on coagulation mode, which
resulted in shrinkage and disappearance of the papillaein notime.

For the fibrous anal polyp, we initially coagulated its base
circumferentially by a ball electrode and then shaved off the
mass by using the round loop electrode. The minor bleeding
encountered in some cases was coagulated by touching the
bleeding points with the ball electrode. The whole procedure
took around 7-10 min to compl ete.

The patients were prescribed analgesicsfor onewk and astool
softener for a period of 1 mo.

The first follow up was made after 30 d. The fissures were
healed and there was no sphincter spasm in any of the patients
from either group. During examination of patients from group
A, anoscopies showed total absence of the papillae. Patients
who were treated for fibrous polyps did have some amount of
edemaand mild elevation at the site of destruction. However,
patients had fewer complaints of pruritus, pricking, heaviness
and a sense of incomplete evacuation as compared to patients
from group B.

Follow up on completion of 12 mo of treatment

An independent observer blinded to the procedures made the
observations during the follow up. He noted down all the
symptoms in a prescribed format specially prepared for the
study. The findings are givenin Table 2.

RESULTS

The patientsfrom group A who weretreated by sphincterotomy
followed by radio frequency surgical procedures for removal
of hypertrophied anal papillae or fibrous polyps felt far more
comfortable as compared to patients in group B who were
subjected only to sphincterotomy for treatment of fissure and
in whom, as per the prevailing practice, the papillae or anal
polyps were left untouched. The other visible advantages
experienced by the patientsin group A were: arelief of pain
and irritation during defecation, absence of pricking or foreign
body sensation in the anus and disappearance of pruritus or
wetness around the anal verge.

Table 2 One-yr follow-up findings of patients with removal or no removal of hypertrophied anal papillae and fibrous anal polyps

(Student’s unpaired t test)

Findings based on complaints of Group A Group B P
Pruritus ani 7 (7%) 32 (32%) 0.0008
Anal pain and irritation 5 (5%) 26 (26%) 0.0011
Discharge per anus 2 (2%) 34 (36%) 0.0005
Sense of incomplete evacuation 5 (5%) 22 (22%) 0.0008
Crawling sensation in anus 8 (8%) 48 (48%) 0.0002
Pricking or foreign body sensation in anus 3 (3%) 32 (32%) 0.0006
Prolapsed per rectum Nil 4 (4%) N
Sepsis in the wound 1 (1%) 8 (8%) 0.0044
Recurrence of papillae or polyps Nil Not applicable N
Recurrence of fissure Nil Nil N
Overall satisfaction from the procedures 89% 64% 0.0004

N, not studied.



2414 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

August 15, 2004 Volume 10 Number 16

DISCUSSION

Anal papillae were found in almost 50-60% patients examined
by usin regular practice. Usually, they were small, caused no
symptoms, and could be regarded as normal structures®.
However, if it isa case of hypertrophy and the papillae start
projecting in the anal canal, it not only requires attention but
calls for a suitable treatment also. In such cases, there are
chances of increase in the mucus leak resulting in increased
anal moisture. These areliable to get traumatized and inflamed
during the passage of stool. In addition, on being converted
into a fibrous polyp, they tend to project at the anal orifice
during defecation, often requiring to bedigitally replaced. These
polyps are considered as one of the differential diagnoses of
rectal prolapse®®. The patients also reported symptoms like
pruritus®¥, aforeign body sensation, pricking, a nagging sense
of incomplete evacuation and heaviness in the anal region.

Asaroutine practice, these pathol ogies were not given any
importance®?. Thereisvery brief reference to this entity in the
standard textbooks and other references. Secondary goal's of
fissure surgery sometimesrequired theremoval of hypertrophied
papillaand skin tag aswell asthe removal of inflammatory and
fibrotic tissues surrounding the fissuré®®. Customarily, in the
symptomatic papillae or polyps, their removal by crushing of
the bases, excision after ligation or electrocautrization has been
suggested. All these procedures are time consuming and are
associated with complications at times. The use of radio
frequency devices to deal with these pathologies has been
found to be a quick, easy and significant complication free
procedurd®. The device can ablate the papillaeinstantly, while
thefibrous polyps can be excised after coagulation of the bases
and thereafter the pedicles. In the present study, we have
specifically excluded those patients of chronic fissure in ano
who had sentinel tags or piles, as they were known to cause
few of the similar symptoms that were associated with
hypertrophied papillae or fibrous anal polyps.

Hypertrophied anal papillae and fibrous anal polyps are
important anal pathol ogies associated with chronic anal fissure
and are responsible for symptoms like pruritus, a pricking
sensation, heaviness, etc. Their removal should be made an
essential part of treatment of chronic fissuresin ano. Persistence
of these structures leaves behind a sense of incomplete
treatment and thereby reducing the overall satisfaction on the

part of the patient. radio frequency procedures have been found
useful in successfully eradicating these concomitant
pathologies of chronic fissure in ano. This procedure should
be given afair chanceto proveitsutility and long-term efficacy.
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Abstract

AIM: It is reasonable to assume that microchimerism
could also be involved in the induction of primary biliary
cirrhosis (PBC). However, previous reports investigated
only fetus-microchimerism in women patients. Maternal
microchimerism has not been investigated until now.
The current study aimed to clear either maternal
microchimerism was involved in the pathogenesis of PBC
or not.

METHODS: We used fluorescence /n situ hybridization on
paraffin-embedded tissue (We called “Tissue-FISH".) to
determine whether maternal cells infiltrated in male
patients who were diagnosed as having PBC. Tissue-FISH
was performed by using both X and Y specific probes on
the biopsy liver sample of 3 male PBC patients.

RESULTS: Infiltrating lymphocytes demonstrated both X
and Y signals in all 3 male patients.

CONCLUSION: Maternal microchimerism dose not play a
significant role in PBC. PBC may not relate to fetus and
maternal microchimerism.

Nomura K, Sumida Y, Yoh T, Morita A, Matsumoto Y, Taji S,
Yoshida N, Minami M, Itoh Y, Horiike S, Kataoka K, Taniwaki
M, Okanoue T. Lack of evidence for leukocyte maternal
microchimerism in primary biliary cirrhosis. World J Gastroentero/
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INTRODUCTION

Molecular biological techniques have shown that fetal cells can
be detected in maternal peripheral blood in most pregnancies®.
On this observation, the radical hypothesis of autoimmune
disease, proposed in 1996, may be caused by fetd cellsthat are
retained after pregnancies?. In systemic sclerosis, it was reported
that fetal antimaternal graft-versus-host reactions might be
involved in the pathogenesis of systemic sclerosisin some
womenl>®, Thus, the hypothesis that microchimerism might
cause the primary hiliary cirrhosis (PBC) isvery fascinating'”,
because it may explain clinical similarities between PBC and
chronic graft-versus-host disease (GVHD) in liver after bone
marrow transplantation. Some previous reports hypothesized
that fetal microchimerismmay a so play aroleinthe pathogenesis
of PBC®U, However, they concluded that fetal microchimerism
was not important in the development of PBC.

Although there is a possibility that PBC may be devel oped
by maternal microchimerism, not fetal microchimerisninfemae
patients, maternal microchimerism has not been considered
until now. Thus, we produced one hypothesis that maternal
microchimerism might cause PBC.

To test the hypothesis, we investigated 3 male PBC patients
by fluorescence in situ hybridization (FISH) on paraffin-
embedded tissues.

MATERIALS AND METHODS

Patients

Threemal e patientswith PBC were studied after giving informed
consent. They were diagnosed at Kyoto Prefectural University
of Medicine by liver biopsy and the positivity of serum
antimitochondrial antibody (AMA). All patientswerecompatible
with thefeature of PBC. None of these patients had scleroderma.
They had no experience of blood transfusion.

Methods

We reported tissue-FI SH method previously'>*4, Sectionsfrom
paraffin-embedded tissues were placed on silane-coated glass
dides. The dideswere deparaffinized immediately in 2 rinses of
1000 g/L xylenefor 10 min each. Each didewasrehydrated in
an ethanol seriesfor 5 min. The slides were then treated with
0.2mol/L HCl for 20 min, followed by 2xSSC (0.3 mol/L sodium
chloride and 0.03 mol/L sodium citrate) for 20 min at 80 °C,
treated with 0.05 mg/mL proteinaseK in TEN (0.05 mol/L Tris-
HCI, pH 7.8,0.01 mol/L EDTA, and 0.01 mol/L sodium chloride)
for 10 min at 37 °C, and placed in 40 g/L formaldehydein PBS
for 10 min. Both FISH probes and target DNA were denatured
simultaneoudy for 10 minat 90 °C, and the dlideswereincubated
overnight at 42 °C, placed in 2xSSC for 10 min at 42 °C, washed
twicein 2xSSC/500 g/L formaldehydeformamidefor 5 mineach
at 42 °C, washed 2xSSC for 5 min at 42 °C, and counterstained
in2xSSC/0.03 ug/mL DAPI.

RESULTS
It was easy to recognize the architecture of liver tissues by
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fluorescence microscope BX40-RF (Olympus, Tokyo, Japan).
The lymphocytes aggregated at the portal zone (Figure 1). We
assessed only non-overlapping nuclei having XY or XX signals.
Almost infiltrating lymphocytes at septa revealed the XY
chromosome pattern (Figure 2). The frequency of nuclei having
XY in 3 patientsis 96%, 98%, and 97%, respectively. (P<0.01).

il

Figure 1 Aggregated lymphocytes at the portal zone.

Figure 2 Infiltrating lymphocytes revealed XY chromosome
pattern (X; Green, Y; Orange).

DISCUSSION

The hypothesis that fetal microchimerism causing PBC is
fascinating. However, this hypothesis does not explain why
some cases with PBC were fetal microchimerism negative and
why even males and nulliparous women were suffering from
PBC. On the other hand, the hypothesis that maternal
microchimerism causes PBC is more fascinating, because it
resolvesthe above questions. Every one hastherisk of maternal
microchimerism, because it has been already established that
maternal cells persist for a long-term in immunocompetent
offsprings®®. However, this hypothesis could not be resolved
by polymerase chain reaction (PCR), because PCR can only
detect the Y -chromosome specific DNA.

To clear whether infiltrating lymphocytes derived from either
maternal or fetal cellsinmale PBC patients, we performed tissue-
FISH. Tissue-FI SH isableto distinguishinfiltrating lymphocytes
from hepatocytes, because thismethod preservesthe architecture
of liver tissues and the shapes of cells. Tissue-FISH revealed
that almost infiltrating lymphocyteswere male cellsin theliver
sample of male patients. These results showed that maternal

microchimerism did not play an important role in introducing
and maintaining primary biliary cirrhosis.

In conclusion, we were unable to provide the evidence of
maternal microchimerism in PBC patients. Although PBC
showsthe similar histological featureswith GVHD, PBC may
bedifferent from GVHD in etiology.
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Abstract

AIM: Gastrointestinal stromal tumor (GIST) is a rare type
of cancer. Computed tomography (CT) is an imaging
modality of choice for diagnosing GIST. The aim of this
retrospective study was to review the CT imaging features
of 17 GIST patients.

METHODS: From 1995 to 2003, there were 47 patients
with pathologically proven GISTs at our hospital. Of these,
17 patients underwent preoperative CT. We collected and
analyzed these CT images. The CT imaging features included
tumor diameter, number and location, tumor margin,
location of metastasis, hounsfield units of tumor and effect
of contrasts. In addition, we also recorded the surgical
findings, including complications, tumor size and location
for comparative analysis.

RESULTS: The results showed that 12 (70%) tumors were
located in the stomach and five (30%) were located in the
jejunum mesentery. GISTs were extraluminal in 12 (70%)
patients. The tumor margins of 13 (76%) tumors were
well defined and irregular in four (24%). The effect of
contrast enhancement on GIST CT imaging was homogenous
enhancement in 13 (76%) and heterogeneous enhancement
in four (24%). The hounsfield units (HU) were 30.41+5.01
for precontrast images and postcontrast hounsfield units
were 51.80+9.24.

CONCLUSION: The stomach was the commonest site of
GIST occurrence among our patients. The CT features of
GIST were well-defined tumor margins, homogenous
enhancement on postcontrast CT images.

Lee CM, Chen HC, Leung TK, Chen YY. Gastrointestinal
stromal tumor: Computed tomographic features. World J
Gastroentero/ 2004; 10(16): 2417-2418

http://www.wjgnet.com/1007-9327/10/2417.asp

INTRODUCTION

Theterm gastrointestinal stromd tumor (GIST) hastraditionally
been used as a descriptive term for soft tissue tumors of the
gastrointestinal tract. Although their exact incidence is still
somewhat unclear, it is now estimated that between 5 000 and
10 000 people each year develop GISTsin the world; men and
women are equally affected®. GISTs were previously thought
to be smooth muscle neoplasms, and most were classified as
leiomyosarcoma. With the advent of immunohistochemistry
and electron microscopy, it has become apparent that GIST
may have myogenic features (smooth muscle GIST), neural

atributes (gastrointestinal autonomic nervetumor), characteristics
of both muscleand nerve (mixed GIST) or may lack differentiation
(GIST not otherwise specified)?. GISTs are often discovered
incidentally at surgery and should be completely excised. The
increasing use of computed tomography (CT) and endoscopy
of the upper gastrointestinal tract isanon-or minimaly invasive
means for the detection of asymptomatic GISTS3.

In this retrospective study, we analyzed our experience with
17 patientswith GI STswho were presurgically investigated by
using CT and described the anatomic distribution and imaging
featuresof GIST.

MATERIALS AND METHODS

Patients’ data

From 1995 to 2003, there were 47 patients with pathologically
proven GISTs at Taipel Medical University Hospital (TMUH)
and Wan Fang Hospital (WFH). Of these, 17 (8 males, 9females,
with ages ranging from 33 to 91 years, mean age: 64 years)
underwent preoperative CT. We collected and analyzed these
CT images.

The abdominopelvic CT scans (HiSpeed CT/I; GE Medica
Systems, Milwaukee, W1, USA) were typically obtained after
oral administration of 1 000 mL 40 g/L iothalamate meglumine
(Mdlinckrodt, USA) and intravenous administration of 200 mL
(350 mg/mL) iohexol (Nycoveien, Norway) at aflow rate of
2 mL/s, with a section thickness of 10 mm and a pitch of 1.5.
The CT imaging featuresincluded tumor diameter, number and
location, tumor margin (well defined, irregular or clearly
invasive), location of metastasis, hounsfield units of tumor
and effect of contrast. These characteristics were reviewed
blindly by three radiology diplomates. In addition, we also
recorded the surgical findings, including complications, tumor
size and location for comparison.

RESULTS

The CT imaging findings showed that 14 (82%) patients had
one tumor and 3 (18%) patients had two tumors. GIST size
ranged from 2to 19 cm (5.4+1.8 cm). Tumorswerelocatedinthe
stomach in 12 (70%) patients and 5 (30%) patients had tumor
located in the jejunal mesentery. GISTs were extraluminal in
12 (70%) patients and intraluminal in 5 (30%). GISTs caused
intraluminal bowel obstruction in two patients.

The mean precontrast hounsfield units were 30.41+5.01 and
the mean postcontrast hounsfield units were 51.80+9.24. The
effect of contrast enhancement on GIST CT imaging was dight
enhancement (Figure 1). Thirteen (76%) showed homogenous
enhancement and 4 (24%) showed heterogeneous enhancement.

Tumorswerewell defined in 13 (76%) patientsand irregular
in 4 (24%) patients. There was no clearly invasive or vascular
encasement of tumorsamong our patients. Three (18%) patients
had metastasis, two to the liver and one to the lung. Twelve
patients underwent follow-up CT (range of follow-up period
fromdateof diagnoss, 2-40 mo, mean, 22 ma). No petientsrel apsed.

Operative findings showed that 14 (82%) patients had one
tumor and 3 (18%) patients had two tumors. Thesmallest GIST
was2 cmx2 cmx1.8 cmand thelargest was 19 cmx 16 cmx8.5cm
in size. The commonest complications among our patientswere
gastrointestinal tract chronicinflammation, diarrheaand wound
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infection. Inaddition, 17 patientsall underwent |ymphadenectomies
but no metastasis to the lymph nodes was found.

Figure 1 Precontrast and postcontrast CT scans of tumor. A: A
precontrast CT scan shows a well-defined intragastric tumor
with slightly lower density than the liver. The hounsfield units
are 38.77. B: A postcontrast CT scan shows homogenous en-
hancement of the tumor, with a hounsfield unit of 57.58.

DISCUSSION

Thedistribution of 725 malignant smooth muscle tumors of the
gastrointestinal tract was 47.3% in the stomach, 35.4% in the
small intestine, 4.6% in the colon and 7.4% in the rectum,
according to Skandalak and Gray!. In the report by Akwari
et al.l, 68.3% of GISTswerein the stomach, 25.4% werein the
small intestine, 2.6% werein the colon and 3.7% were in the
rectum. According to aprevious study!®, GIST can also occur
in the omental and mesenteric tissues, the duodenum and other
sites of the gastrointestinal tract. In our study, 12 (70%) patients
had tumors located in stomach and five (30%) patients had
tumors located in the jejunal mesentery, a distribution more
similar to that reported by Akwari et al .

According to our results, the precontrast hounsfield units
of the tumors were 30.41+5.01 and the postcontrast hounsfield
unitswere 51.80+9.24. The postcontrast hounsfield units were
70% higher than the precontrast hounsfield units. Suster!”
reported hounsfield units of 33.2+1.25 on precontrast imaging
and 55.32+5.22 on postcontrast imaging, with 68% enhancement.
Ludwig® reported hounsfield units of 34.21+1.33 on precontrast
imaging and 56.29+3.12 on postcontrast imaging, with 67%
enhancement. We believe that precontrast hounsfield units of
30 to 35 and postcontrast hounsfield units of 50 to 60 are
indicative of GISTson CT.

We analyzed the correlation of contrast type and tumor
size. Of the 17 patients, 4 (24%) had heterogeneous contrast
enhancement and 13 (76%) had homogenous contrast
enhancement. The mean tumor diameter of the heterogeneous
tumors was 11.6+2.1 cm and that of the homogenous tumors
was 3.8+1.3 cm. Wefound that large tumor sizes appeared to be
related to heterogeneous enhancement. Our result issimilar to
that of Conlon et al.1¥. In addition, we found tumorsin 13 (76%)

of our patients were well-defined, and in Le€’s study!*®, more
than two-thirds of patients also had well-defined GISTs. Thus,
wdl-defined tumorsgppear to beafeature of GISTson CT imaging.

Licht et al.™ proposed that the rel ationship between multiple
tumors and metastasis needed further investigation. In our
study, we had three patients with multiple tumors and al so had
three patients with metastases. Only one patient with liver
metastasis had multiple tumors; the other two patients with
metastasis had only single tumor. Our data appear to indicate
that there is no evident correlation between multiple tumors
and metastasis. Additionally, 3 (18%) of our patients had
metastasis compared to other studies®?*® in which 20% to
35% of patients had metastasis, but this difference was not
statistically significant. Fong et al.[*¥ reported that the
metastasis percentage was rel ated to the degree of lymph node
involvement. Based on our surgical findings, all the patients
who had metastasis had no lymph node involvement. Thus,
our results differed from those reported by Fong.

In conclusion, the stomach was the commonest site of GIST
tumor location among our patients, with amean tumor diameter
of 54+1.8 cm. The CT features of GI STsincluded well-defined
tumor margins and predominantly homogenous contrast
enhancement, with precontrast hounsfield units of 30 to 35 and
postcontrast hounsfield units of 50 to 60. According to the
percentage presented above, we also found a*“4 seventy rule’
in our GIST images review: 70% tumors were located in the
stomach, 70% tumors were extraluminal, 76 % tumor margins
werewel| defined, 76% GIST CT imagings were homogenous
enhancement. In addition, metastasiswas hot related to the degree
of lymph node involvement or tumor number in our study.
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Abstract

AIM: To evaluate the effect of parenteral and enteral
nutrition combined with octreotide on pancreatic exocrine
secretion of the patients with pancreatic fistula.

METHODS: Pancreatic juice, drained directly from the
pancreatic fistula, was collected, and the volume, protein,
amylase, HCO;, K*, Na*and CI were determinedond 1, 4
and 7 before and after 7-d treatment with octreotide,
respectively.

RESULTS: No differences in exocrine pancreatic secretion
were observed during the enteral and parenteral nutrition
period (¢ = 2.03, P>0.05); there were significant decreases
in pancreatic juice secretion volume, protein, amylase,
HCO;5, K*, Na* and CI- after parenteral and enteral nutrition
combined with octreotide compared with octreotide
pretreatment (¢ = 4.14, P<0.05).

CONCLUSION: There is no stimulatory effect on the
pancreatic secretion by intrajejunal nutrition and parenteral
nutrition. Octreotide is effective on the reduction of pancreatic
fistula output.

Qin HL, Su ZD, Zou Y, Fan YB. Effect of parenteral and enteral
nutrition combined with octreotide on pancreatic exocrine
secretion of patients with pancreatic fistula. World J
Gastroenterol/ 2004; 10(16): 2419-2422
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INTRODUCTION

Sincethe 1960 s, parenteral nutrition (PN) has been the dominant
mode for administering postoperative nutritional support. PN
and enteral nutrition (EN) have been successfully used to treat
varied severe diseases??. But in patients who are recovering
from pancreatitis or who have apancrestic fistula, efforts should
be made to avoid stimulation of pancreatic secretion. More
recent experimental studies and clinical findings about small
intestinal motility and absorption, the development of needle-
catheter jejunostomy, and the appearance of new diets have
givenimpetusto the use of enteral feeding for early postoperative
nutritional support and the use of octreotideto inhibit pancreatic
fistula®®, During application of enteral feeding, the question
arises. How the pancreatic secretion was influenced by EN

administered into the second jejunal 1oop? Can the more
expensiveand less physiologica PN be replaced by thismethod??
Since the exocrine function of the pancreasis stimulated by the
vagus nerve and the release of gastrointestinal hormonesin
response to food, there might be no significant increasein the
exocrineactivity of the pancreas. Animal experiments supported
this supposition’®”; however, perfusion of distal jejunum with
essential amino acids in human and infusion of carbohydrate
into the ileum in human and dog enhanced pancreatic enzyme
secretion. The present study was to evaluate the effect of
parenteral and EN combined with octreotide on pancreatic
secretion of the patients with pancreatic fistula by determining
the levels of pancreatic secretion, amylase and electrolytes.

MATERIALS AND METHODS

Patients and groups

Seventeen patients (12 male and 5 female; mean age 43 years,
range 27 to 71 years) with pancreatic fistula after abdominal
injury or operation from July1997 to March 2003 were recruited
and randomly divided into PN group (n=9) and EN group (n=8).
It included pancreatic fistula after pancreasinjury in 8 cases,
pancreatic body and tail tumor resection in 5 cases,
pancreatoduodenectomy in 4 cases.

Parenteral nutritional support

Nine cases with pancreatic fistula 3-5 d postoperatively were
supported by PN for 2 wk. In the first wk, they received only
PN. In the second week they received PN and octrectide. The
target of nutritional therapy was to provide 20-25 kcal/(kg-d)
non-protein diet and 0.12-0.15 g protein/(kg-d), the ratio of
calories to nitrogen was (100-120):1.PN was given through
continuousinfusion (14 h/d) of amixture of 200 mL/L Intralipid
or 200 mL/L Lipofundin (B.Braun), 500 g/L glucoseand 70 g/L
Vamin and branched-chain amino acid. Seizure energy index of
glucoseto fat emulsionwas 1:1. Multivitamins and el ectrolytes
were also administered into total PN (TPN) solutions. Insulin
was supplemented into PN at aratio of glucose vsinsulin 6:1.
Six patientsreceived TPN through right subclavian vein, 3 cases
through right jugular vein. TPN wasinfused initially at arate of
40 mL/h and was increased by 20 mL/h every 4 h. Antibiotics
were infused by another peripheral vein. Theliver and renal
function, bicarbonate, serum glucose, fat metabolism were
measured every other day. Human albumin, plasmaand fresh
blood were infused according to the patient’s condition.
Octreotide 0.3 mg/500 mL saline wasinfused continuously for
8 h in the second wk and 0.1 mg octreotide was injected
subcutaneously at 8:00 pm per day for 7 d.

EN

Eight cases with pancreatic fistulawere administered EN 3-5d
postoperatively. Nutrison (Nutricia) was used. Enteral feeding
included 2 cases of nasoduodenal tube feeding, 4 cases of
jejunectomy, and 2 cases of endoscopically placed nasojejunal
tube. The jgjunum through jejunostomy catheter was infused
250 mL Nutrison and 500 mL 9 g/L saline during days 1-3;
Nutrison 500-1 000 mL and 500 mL milk or vegetable soup were
infused for 10-14 d. The infusion rate was controlled by a
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microcomputer-pump (Nutricia). During EN, inadequate cal ories
and nitrogen were supplemented by partial PN. Octreotide
0.3 mg/500 mL saline was continuously infused for 8 hin the
second week, 0.1 mg octreotide was injected subcutaneously
at 8:00 pm per day for 7 d.

Observation samples

Pancreatic juice was collected on ice from thefistuladuring PN
or EN and on d 1, 4, 7 before and after using octreotide,
respectively. Sampleswere stored at -20  until amylase and
protein content of the fractions were measured by established
methods. Experimental procedures are shown as below.

‘PN group‘ PN | PN +Octreotide |
\ \ \ \
Postoperative 7d 7d
\ = N
3-5d < 2 1
EN group EN EN +Octreotide
\ | | \
\ \ \ \
Postoperative 7d 7d
\ = ~)
3-5d< 20 A1

Statistical analysis

Datawere collected by two persons blinded to the patients and
presented as mean+SD. Statistical significance was evaluated
using t test by SPSS 10.0 statistical-software, and a P value
less than 0.05 was considered significant.

RESULTS

Effect of PN and/or EN on pancreatic juice, protein and amylase
secretion

Though pancrestic juice, protein and amylasein EN group were
slightly increased as compared with PN group, there were no
significant changes between the two groups at the first wk
(P>0.05). During the second wk, the pancreatic juice, protein,
amylase decreased markedly from 79.6 mL/d to 60.8 mL/d,
31mg/L to22.8mg/L and4 220 U/L to 3270 U/L, respectively, and
therewas a significant statistical difference as compared with

that of pre-using octreotide in PN group (P<0.05). During EN
combined with octreotide, the pancrestic juice, protein, amylase
secretion decreased significantly from 87.9 mL/d to 65.3 mL/d,
36 mg/L t029.1 mg/L, and 4 440 U/L to 3670 U/L, respectively,
and there is a statistical difference as compared with that of
pre-using octreotide (P<0.05); but there was no statistical
difference between two groups after using octreotide (P>0.05).

Effect of PN and/or EN combined with octreotide on HCOs, K*,
Na*, Cl - secretion in pancreatic juice

During thefirst wk, there were no differencesin HCOz, K*, Na
and Cl- secretion in pancreatic juice between the two groups.
After PN combined with octreotide, HCO3, K*, Na', and CI-
secretion decreased markedly, from 71 mmol/d to 45 mmol/d,
30mmoal/L to21 mmoal/L, 130mmol/L to87 mmol/L, and 60mmol/L
to 45 mmol/L, respectively, and therewasadtatistical difference
as compared with that of pre-using octreotide, respectively
(P<0.05). During EN supporting, there were no differencesin
HCOs, K*, Na"and Cl- secretion in pancregtic juice as compared
with PN. During the secondwk, HCOs', K*, Na, and Cl” secretion
inEN group decreased Significantly, from 79 mmol/d to 52 mmol/d,
35mmoal/L to25mmoal/L, 135mmol/L to94 mmol/L, and 74 mmol/L
to 54 mmol/L, respectively, there was a statistical differenceas
compared with that of pre-using octrectide (P<0.05); but there
was no statistical difference between two groups after using
octreotide (P>0.05).

DISCUSSION

As many as 50-70% of patients underwent enterocutaneous
pancreatic fistulas after operation®®. High-out fistulas (more
than 200 mL daily) resultin significant loss of fluid, aterationin
acid-base status and malnutrition. In addition, digestive
enzymes, often of extreme pH, can cause inflammation and soft
tissue or skin destruction along the fistulatract. Theseincrease
therisk of infection and hemorrhage, prolong the time required
for spontaneous fistula closure and increase postoperative
mortality rates. Conservative management of enterocutaneous
pancresticfistula, including TPN, skin careand infection control,
succeedsin aspontaneous closurerate of 24-73%>1%, However,
such treatment is often of long duration (2-3 mo) and high cost,
and isassociated with considerable morbidity. In casesin which
maximal medical treatment has failed, re-operation for fistula
closureisrequired.

Table 1 Effect of PN and/or EN combined with octreotide on pancreatic juice, protein and amylase secretion

Pancreatic juice (mL/d)

Protein (mg/L)

Amylase (U/L)

Group n

d1l d4 d7 dil d4 d7 d1l d4 d7
PN 9 86+35 77+49 81+31 3417 30+17 29+17 4 268+1 361 4 026+1 131 4 468x1 487
PN+Oc- treotide 9 64+21*  58+19°  60+23° 25172 2117 23+17*  3268+1 031* 3 342+1 116* 3 081+1 213
EN 8 9173 81+73 9373 36+24 37+24 35+24 4 761+987 4 361+1 023 4 276+912
EN+Oc- treotide 8 67+29¢ 61+£392 66+342 27x12*  31%17 30£10 39631 1042 3566+1 001* 3 363%1 221°

Oct: Octreotide; ®P<0.05 vs PN group ; °P<0.05 vs EN group.

Table 2 Effect of PN and/or EN combined with octreotide on HCOj, K*, Na*and CI- secretion in pancreatic juice (mmol/L)

HCOy K* Na* CI-
Group n
d1l d4 d7 dil d4 d7 d1l d4 d7 d1l d4 d7
PN 9 7337 69431 7132  32+19 28+12 31+17 123+33 133+31 126+43 61+34 63+31 58+24
PN+Oct 9 54+34* 57+24* 59+31* 22+11*  19+9° 21+17? 874532 78+672 93455  49+13*  42+421°  49+17°
EN 8 79+44 81435 83%+47 37417 36%13 34+19 131+44 129+£33 139+28 73+37 71+43 68+31
EN+Oct 8  65%23° 61+33° 57+37¢ 25+15° 28+11° 28+13 101+63¢ 95+79° 91+73°  51+15°  49+21°¢  53+£35°

Oct: Octreotide; *P<0.05 vs PN group; °P<0.05 vs EN group.
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In theory, reduction of fistula output should promote the
chances of spontaneous closure. Thisis usually achieved by
restriction of oral intake, sometimes supplemented with
nasogastric suction in order to relieve the burden of gut and
pancreas. Pharmacological attempts to decrease intestinal
secretions involve using drugs such as somatostatin,
loperamide, atropine or pirenzepine, and H, blockers such as
omeprazole. Although the effectiveness of such treatments
has yet to be confirmed™. In clinics, PN or EN is usually
considered, and they may play an important role in the
spontaneous closure of pancreatic fistula, but there is some
controversy over their effectiveness and safety.

Effect of PN on pancreatic exocrine secretion

TPN with complete gut rest has been proposed as adjuvant
therapy in the treatment of severe acute pancreatitis, to meet
metabolic demands and relieve pancreas. A decreasein volume
of pancreatic secretion and, in particular, its enzymatic content
would likely have abeneficial effect on patient’sclinical course.
That TPN decreases pancreatic activity is supported by severa
animal studies. Hamilton et al. documented a marked decrease
in pancreatic secretions of the normal dog pancreas stimulated
maximally by secretion and pancreozymin with the institution
of TPN. The volume of pancreatic secretion decreased by 50%
and amylase secretion decreased by 71%, but there was adight
increasein bicarbonate excretion. Adler, in 1975, demonstrated
that intravenous administration of hypertonic solutions
including 50% dextrose resulted in a24% decreasein pancreatic
secretion and a69% decreasein biliary secretioninamaximally
secretin- and pancreozymin-stimulated dog model. PN for
patients with pancreatitis has, in general, shown no adverse or
beneficia effects on the course of pancreatitis but has provided
adequate nutritional support.

The use of intravenous lipid formulations in patients with
pancreatic fistula remains controversial despite the evidence
that they are not harmful. Kelly and Nahrwol d™ compared the
exocrine pancreatic secretory response to intravenous saline
and PN in dogs with chronic gastric fistula and found that the
latter produced a small but significant increase in the mean
volume of pancrestic juice (2.4 vs 1.8 mL per 15 min; P<0.05)
with adlight increasein mean protein and bicarbonate secretions.
Thesedifferencesare minimal compared with the changesfound
in dogs receiving an intraduodenal infusion of an enteral diet.
Hamiloon reported that PN could ameliorate stimulation to the
pancreas. The output of the pancreatic juice decreased by 50%,
that of amylase by 71% and that of glucose slightly increased.
Another canine with chronic pancreatic fistula and stomach
ectomy received fat emulsion infusion. Meanwhile, the canine
received stimulation of secretin. The results showed that
pancreatic juice, protein enzyme, total protein and HCOs did
not change during infusion of fat emulsion*2. Patients with
pancreatic fistula postoperative of gastrectomy received PN
by administration of 640 mL or 840 mL 100 g/L Liposymfor 84,
the pancreatic juice, protein and HCO5 did not increase*3.
Kleinet al.™ believed that the effects of different PN contentson
the pancreaticjuice, HCOs and amylase secretion were different.
Intraipid could increase pancrestic juicefrom 33 mL/hto 39 mL/h,
HCO; from44.5mmoal/L to54.5mmoal/L, amylasefrom 25000 U/L
to 32 000 U/L. They held that fat emulsion should be used to
supplement essential fatty acid. In the present study, 250 mL
200 mL/L Intraipid or 200 mL/L Lipofundin per day wasused as
fat energy sourcesfor 2 wk. The results showed that pancreatic
juice, protein, amylase, HCOy, K*, Na and CI- secretion did not
change. It suggested that PN could not stimulate pancreatic
secretion, and supplemental fat emulsion was safety.

Effect of EN on pancreatic secretion
The presence of food in the stomach and duodenum €licits

gastropancreatic and duodenopancreatic reflexes that result in
stimulation of pancreatic exocrine secretion. However, these
effectsare not pronounced when nutrients are delivered directly
into jejunum.

A study™® in dogs showed that intragastric delivery of
nutrients caused an increase in the volume, and protein and
bicarbonate content of pancreatic secretions compared with
those in saline-infused controls. Intraduodenal feeding
increased the volume of pancreatic secretions but did not affect
protein or bicarbonate secretion. Other studies®® in dogs also
showed that the intraduodenal administration of elemental diets
or pure amino acid solutions significantly increased pancrestic
secretions, suggesting that the amino acid content of elemental
dietsis responsible for the stimulatory effects. In contrast,
intrajejunal delivery of nutrients was not associated with a
significant change in the volume, or protein or bicarbonate
content of pancrestic secretions compared with controls. These
authors also found in one human subject that avoidance of
cephalic, gastric, and duodenal stimuli by jejunal tube feeding
of acids did not result in pancreatic stimulation. Another canine
study™®”, in which an elemental diet was fed into the proximal
jelunum, demonstrated a brisk pancreatic secretory response.
However, the pancreatic juice collected was watery and low in
enzyme. They concluded that bypassing the sscomach minimized
acid secretion, which played an important role in keeping the
pancreas at rest. Bodoky et al.[*®¥ randomized 12 patients
undergoing pylorus-preserving pancreati coduodenectomy for
chronic pancreatitisto receive EN viaaneedle catheter feeding
jelunostomy (7 patients) or PN (5 patients). A catheter placed
during operation in the pancreatic duct was used to collect
pancreatic secretions. The authors believed that the disease
was mainly in the pancreatic head and that the function of the
pancreatic remnant was nearly normal. They did not find any
difference in the volume of pancrestic secretions or the content
of bicarbonate, protein, chymotrypsin or amylase between the
two groups.

In the present study, 8 patientsreceived EN for 2 wk, during
which the volume of pancreatic juice, protein, amylase and
bicarbonatein EN group had asmall but not significant increase
as compared with PN group. Although there is a paucity of
human studies on the effects of oral feeding and EN on
pancreatic secretion, one might reasonably conclude from
available evidence from human and canine studies that oral,
intragastric and intraduodenal feeding produce a significant
stimulation of pancreatic secretions. In contrast, intrajejunal
feeding has much fewer stimulatory effects and istherefore the
route of choice for enteral feeding in pancreatic diseases.

Effect of octreotide on pancreatic juice exocrine secretion

Discovered in 1972, somatostatin is a naturally occurring
tetradecapeptide with awide spectrum of inhibitory biological
actions. Within the gastrointestinal tract, somatostatin has been
found in the pancreas, stomach, intestinal mucosa and
mesenteric neurons. Because of its inhibitory actions, it has
been used in the management of upper gastrointestinal
haemorrhage, secretory diarrhoea, dumping syndrome and
peptide-secreting tumors. Since the mid-1980 s, somatostatin
has been advocated as an adjuvant therapy in the conservative
trestment of patients with enterocutaneous pancrestic fistula%?,
However, its short half-life (1.1-3.0 min) mandates continuous
administration. Long-acting somatostatin analogues, such as
octreotide acetate and lanreotide, have been developed.
Octreotide has abiological half-life of 90-120 min and can be
administered subcutaneously two or three times per day.
Compared with somatostatin, it not only significantly reduces
the secretions of the pancreas and stomach, but also has a
more selective range of targets. Both somatostatin and
octreotide have been described as effective treatments for
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entericfistulasin adults, with few severe short-term side-effects
(mostly diarrhoea, flushing and abdominal pain). These
preparations have, therefore, the potential benefit of cutting
the cost of treatment and reducing the discomfort of patients by
shortening the length of hospital stay. Since 1990, severa groups
have described favourable results using somatostatin or octreotide
for the “conservative” management of enterocutaneous
pancreatic fistula. Administration of such drugs has been
reported to result in rapid and significant reduction of fistula
output (often within 24 h of treatment) and acceleration of fistula
closure (from as early as day 2)?-2,

Martineau et al.[ reviewed the role of octreotide for the
management of established enterocutaneous pancreatic fistulas
by summarizing the results of 4 randomized trials and 8 case
series. They concluded that octreotide significantly decreased
enterocutaneous pancreatic fistula output, but did not
significantly improve the rate of spontaneous fistula closure.
Furthermore, octreotide did not seem to reduce the output, or
hasten thetime or rate of closure, in fistulaof recent onset (less
than 8 d). Recently, Berberat et al.® reviewed six randomized
controlled trials and one open randomized trial, and assessed
the efficacy of octreotide on preventing postoperative
complications in patients underwent major pancreatic
operations. They concluded that prophylactic use of octreotide
could significantly reduce the complication rate. Sitges-Serrd®
reported that 20 caseswith pancrestic fistulareceived octreotide
10 pg/8 h for 20 d (n = 13). The output of pancreatic juice
decreased from 725 mL/24 h to 151 mL/24 h, the rate of
spontaneous fistula closure was 78%. Another group (n =7)
used octreotide 100 pg/8 h for 7 d. The output of pancreatic
juiceincreased from 218 mL/24 h to 436 mL/24 h. Torres®!
reported 33 patients with pancreatic fistulareceived octreotide
75-100 pg/8 h for 10 d, and then stopped. It resulted inincrease
of pancreatic juice secretion from 228 mL/24 hto 498 mL/24 h.
After 6 h, octreotide was used again. Output of pancreatic juice
decreased from 828 mL/24 h to 247 mL/24 h, the rate of
spontaneous fistula closure was 79%. The time of spontaneous
fistula closure of octreotide group was 2-10 d shorter than that
of contral group. Inthe present study, the patientswith pancrestic
fistulareceived octreotide combined with PN and EN, the secretion
of pancreatic juice, protein and amylase was decreased, and
secretion of HCOs, K*, Na+ and Cl- wasinhibited. Theseresults
showed that octreotide can inhibit pancreatic juice, amylase
secrete, and maybe beneficial to pancreatic fistula self-repair.

We conclude that administration of nutrient solutions into
second jejunal loop does not overstimul ate the exocrine function
of pancreas, while it produces equivalent results to parenteral
administration of nutrients. The enteral feeding combined with
octreotide could be effective and safe to reduce pancreatic
fistula output.
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Abstract

AIM: To examine the association of daily alcohol intake,
types of alcoholic beverage consumed, drinking patterns
and obesity with alcoholic liver disease in China.

METHODS: By random cluster sampling and a 3-year
follow-up study, 1 270 alcohol drinkers were recruited from
different occupations in the urban and suburban areas of
Xi'an City. They were examined by specialists and inquired
for information on: Medical history and family medical
history, alcohol intake, types of alcoholic beverage
consumed, drinking patterns by detailed dietary
questionnaires. Routine blood tests and ultrasonography
were done.

RESULTS: Multivariate analysis showed that: (1) The risk
threshold for developing alcoholic liver disease was
ingestion of more than 20 g alcohol per day, keeping on
drinking for over 5 years in men. The highest OR was at
the daily alcohol consumption >/=160 g, the occurrence
rate of ALD amounted to 18.7% (P<0.01). No ALD
occurred when ingestion of alcohol was less than 20 g
per day. (2) 87.9% of all drank only at mealtimes. The
cumulative risk of developing ALD was significantly higher
in those individuals who regularly drank alcohol without
food than in those who drank only at mealtimes, especially
for those who regularly drank hard liquors only and
multiple drinks (P<0.05). (3) The alcohol consumption in
those with BMI >/=25 was lower than in those with BMI
<25, but the risk increased to 11.5%, significantly higher
than that of general population, 6.5% (P<0.01). (4)
Abstinence and weight reduction could benefit the liver
function recovery.

CONCLUSION: In the Chinese population the ethanol risk
threshold for developing ALD is 20 g per day, and this risk
increases with increased daily intake. Drinking 20 g of
ethanol per day and for less than 5 years are safe from
ALD. Drinking alcohol outside mealtimes and drinking hard
liquors only and multiple different alcohol beverages both
increase the risk of developing ALD. Obesity also increases
the risk. Abstinence and weight reduction will directly affect
the prognosis of ALD. Doctor’s strong advice might influence
the prognosis indirectly.

Lu XL, Luo JY, Tao M, Gen Y, Zhao P, Zhao HL, Zhang XD,
Dong N. Risk factors for alcoholic liver disease in China. World
J Gastroenterol 2004; 10(16): 2423-2426

http://www.wjgnet.com/1007-9327/10/2423.asp

INTRODUCTION

Alcoholic liver disease (ALD) isamajor health and economic
problem in the Western world™**. Over 14 million Americans
area cohol abusersor alcohol dependent. The problemin China
isnot as serious as that in Western world. But in recent years,
along with the improved living standard and increased alcohol
consumption, the morbidity of ALD hasrisen quickly. Among
drinkers, the morbidity has reached 6.1%'°. Therefore, ALD
has become an increasingly serious disease risk in health care.
However, not all drinkers are ALD patients, and there is
different susceptibility to damage by acohol in individuas°.
As a common problem, some of its risk factors have been
reported in Western countries, but recent analyses have
confirmed that geographic and racial variations are evident. In
China, however, thereis no such study to confirm the main risk
factors of ALD, such as cumulative alcohol intake, drinking
patterns, types of acoholic beverage ingested and obesity. In
the present study, we aimed to analyze these factors according
to random cluster sampling data and a 3-year follow-up study.

MATERIALS AND METHODS

Subjects

We recruited 1 270 drinkers from different occupationsin the
urban and suburban areas of Xi'an City by random cluster
sampling. Every participant was examined by medical staff and
received detailed inquiry at his or her home. The medical staff
members were trained before the beginning of the study in order
to be ableto administer the questionnaireuniformly. Thequestions
included: (1) An extensive medical history, including previous
diagnosisof chronicliver disease and family medicd history. (2)
Evaluation of acohol intake, including detailed questions on the
use of alcoholic beverages, types of alcoholic beverage
consumed, drinking patterns, the duration of use and the time of
drinking (at mealtimes or without food). All the questions were
also validated by cross-checking with family members. (3) A
detailed physical examination, the body massindex (BMI) and
ultrasonography were also performed and recorded. (4) Blood
samples were taken to check serum alanine aminotransferase
(ALT), serum aspartate aminotransferase (AST), y-glutamy!|
transferase (GGT), hepatitisB (HBsSAg) and anti-hepatitis C virus
(anti-HCV). (5) Threeyearslater, dl the patientswereinvestigated
again, including detailed inquiry about their relevant diseases
and alcohol intake in the past 3 years. Meanwhile, the BMI,
ultrasonography and blood samples were taken again.

Diagnosis
The diagnosis of ALD was confirmed according to the
published datal®.

Statistical analysis
Statistical analysis was performed with SPSS 10.0 statistical
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package. A logistic-regression model was used in the
multivariate modeling of associations. All the factorsfor which
the P value of univariate and discriminant analysis was less
than 0.05 were entered in the model. Odds ratios (ORs) and
95% confidence intervals (Cl) were also calcul ated.

RESULTS

Study population

Of the 1 270 drinkers, 83 were ALD patientsincluding 72 cases
of alcoholic fatty liver, 6 cases of acoholic hepatitis, and 4
cases of alcoholic cirrhosis. Only one woman was excluded
from the study. None of the patients took any medicine in
latest 3 mo. Anti-HCV and HBsAg were all negative. Three
years later, 66 of 82 ALD subjects were reinvestigated,
constituting 80.5% of all. Of the 66 ALD, 19 subjects had
BMI >/= 25 and 47 subjects had BMI lessthan 25.

Daily alcohol consumption and ALD

Analysis of the data showed that the risk of having ALD was
significant with adaily alcohol intake higher than 20 g (Table 1)
and the mean duration of drinking longer than 5 years. Above
this threshold, the OR for ALD increased proportionally with
daily acohol consumption. The highest OR (10.7, P<0.01)
occurred when daily consumption exceeded 160 g. At thishighest
leve of dcohal intake, the percentage of subjectswith ALD was
18.7%, significantly higher than that of thelowest level of acohol
intake of less than 20 g/d. Among these subjects whose daily
alcohol consumption was less than 20 g and the duration of
drinking was less than 5 years, no ALD occurred. So we can
assume that daily intake of 20 g acohol for 5 yearsisthe risk
threshold. With longer duration of drinking (more than 10-15
years), afew cases occurred even though the daily intake was
lessthan 20 g, but the morbidity was very low, only 2.2%.

Table 1 Average daily alcohol intake and duration of drinking

Drinking habits and ALD

In our population, beer or wine drinkerswere 41.1%, and their
acohol daily intake was less than others. Rural people tended
to drink hard liquors. Multiple drinkers were 20.2%, 87.9% of
the drinkers consumed alcohol only at mealtimes, the daily
alcohol intake was significantly lower than that of alcohol
consumed at any time (with and without food) (P<0.05). Daily
alcohol intake of only hard liquors, aso without food was
significantly higher than that of all other categories of drinkers,
the morbidity of ALD was aso the highest, 2.7 times that of
drinkerswho drank only wine or beer at mealtimes (Table 2).

Obesity and ALD

Among the 1 270 drinkers, 203 had BM| morethan 25. Although
their average daily alcohol intake was lower than those with
BMI lessthan 25, the ALD morbidity was 11.5%, more than
twice that of normal body mass, significantly higher than the
average 6.5%. Therewereno significant differencesin drinking
habits between the two groups. Multivariate analysis of the
data showed that obesity was arisk factor for ALD, (OR: 5.6,
P<0.01). The difference was significant (Table 3).

Retrospective results

A 3-year follow-upindicated that among 19 caseswith BM|>/=25,
only 3 cases had a body mass of 20% higher than before, and
anincreased BMI. Their serum ALT and AST were more than
twice the upper normal level. The ultrasonography of theliver
asoindicated typical alcoholic fatty liver. In 9 of the 19 cases
with a significant loss of body weight, their BMI & so reduced
to below 25. The ultrasonography of liver in severa casesaso
becamenearly normal. ALT and AST level wasbelow the upper
normal level. Of the remaining 7 subjects, their BMI was the
same as before, the “liver function” became nearly normal.
Ultrasonography findings became normal in 2 of 7 cases, and

Alcohol intake n <5yr >/=5-9yr >/=10-14yr >/=15-19yr >/=20yr Total OR (95% CI)
(g/d) 263 293 233 142 339 1270
<20 780 0 1 3 5 8 17 (2.2%) —_
>/=20-39 217 1 2 6 6 10 25 (11.4%) 5.5 (2.9-12.3)
>/=40-79 149 1 6 4 3 6 20 (13.5%) 7.1 (3.5-13.6)
>/=80-159 76 1 3 2 1 4 11 (14.6%) 8.4 (4.1-17.3)
>/=160 48 1 1 2 1 4 9 (18.7%) 10.7 (5.2-23.4)
Total 1270 4 (1.5%) 13 (4.4%) 17 (6.9%) 16 (11.3%) 32 (9 .4%) 82 (6.5%)
P<0.01, vs group of alcohol intake <20 g/d.
Table 2 Different drinking habits and types of alcoholic beverage

With meals only At any time
Type of n 2
beverage Daily intake (g) n (%) Patients (%) Daily intake (g) n (%) Patients (%)
Beer 390 6.1+3.7 351 (90.0) 2 (0.57) 8.9+4.3 39 (10.0) 0 (0.00)
Wine 132 10.845.3 118 (89.4) 1 (0.84) 19.2+9.6 14 (10.6) 1(7.1) 3.32
Hard liquor 491 45.2+15.9 417 (84.9) 46 (11.0) 67.7421.1 74 (15.1) 14 (18.9) 3.65
Multiple 257 29.4+11.5 231 (89.9) 14 (6.1) 42.8+13.2 26 (10.9) 4 (15.4) 3.12
Total 1270 1117 (87.9) 63 (5.6) 153 (12.1) 19 (12.4)
P<0.05, vs Beer.
Table 3 Relationship between BMI and ALD
BMI n ALD Years Daily intake (g) OR P
>/=25 203 24 13.5+6.2 26.4+£13.7 5.6 (3.02-6.21) <0.01
<25 1 067 58 16.3+5.8 35.7+£18.1
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remained the samein the other 5. All these 19 subjects except 3
who drank alittle occasionally have already abstained.
Among 47 cases with BMI<25, their body mass did not
change significantly. Eleven of them who kept on drinking had
ALT and AST more than twice the upper normal level. The
ultrasonography of liver revealed no improvement. Of the
remai ning who abstained from drinking, more than 85% of them
had nearly normal “liver function”, and better ultrasonographic
findings. The percentage of “liver function” recovery was
significantly higher than those who went on drinking (P<0.01).

DISCUSSION

Alcohol abuse has been claimed as oneimportant factor leading
to chronic liver diseases, as known in other diseases”. The
neturd history of dcohalicliver dissaserangesfrom asymptomatic
indolent to end stage liver disease. Most patients lack specific
clinical featureg®®4, Diagnosis of alcoholic fatty liver and
alcoholic steatohepatitis, like non-alcoholic fatty liver, without
confirmatory laboratory tests, may involve the history of
drinking, ultrasonography and liver biopsy!*>1,

ALD isnot only associated with genetic factors, but also
involves other factors such as sex, body weight, BMI, the type
and pattern of alcoholic beverage consumed, the habit of
drinking hard liquors and of consuming a cohol without food,
the duration of drinking!**2Y, Yet, as to the risk threshold, in
terms of daily alcohol intake and years of duration that can
induce a cohal liver damage, thereis no uniformed conclusion:
with the wide range between 30 g/d and 80 g/di**!. Great
differences between Western and Eastern countries exist:
geographic variations must be present!?22¥, especially in China.

Our data suggested that the risk threshold of daily alcohol
intake was 20 g; the duration was 5 years for Chinese men.
Below the threshold, drinking seldom induced liver damage. If
thedaily intake exceeded 40 g and the duration was longer than
5 years, the liver damage occurred more frequently. However,
with a daily intake higher than 160 g, in some cases the
prevalence of alcoholic liver disease was only 18.7%. It means
there is significantly different susceptibility among different
individual §?4. It iscommonly believed that prevalence of ALD
in general population is up to about 15%, and rises with
increased alcoholic intake. Our result was alittle higher than
that, maybe because our subjectswereall men. In China, women
drinkers are few, and their alcohol consumption islow, so few
women develop ALD. There was only one woman case in our
data. In spite of that, we believe that there is a great hepatic
susceptibility to damage by alcohol in women.

Thetypes of alcoholic beverage and the different drinking
and dietary habits are closely related with ALD. Yet, a dose-
effect relation between alcohol intake and alcohol-induced
hepatic and other organ functional impairment has been
demonstrated.

We were able to demonstrate for the first time in China that
the habit of drinking hard liquors without food and the
consumption of multiple types of drinks were risk factors of
alcohol-induced liver damage. Those who drank only wine and
beer wereat lower risk for ALD. Fortunately, 90% of the Chinese
drink wine or acohol at medtimeswith food. Drinking without
food might differentially affect the intragastric metabolism of
ethanol by decreasing gastric alcohol dehydrogenase and
hepatic glutathione and by accel erating gastric emptying, as it
occursin rats.

Recent studies confirm that the prevalence of alcohol-
induced liver disease in obesity is high and serious. Obesity
may beaco-risk factor for ALD and accelerateliver damage®2!,
Itisreported that if the body weight is 20% above normal, the
risk for ALD will betwiceasgreat asin normal weight one. This
is similar to our result. Among those obese patients whose

weight was above normal for more than 10 years, the risk for
ALD was2.5-3timeshigher. At the sametime, theliver damage
increaseswith theincreased BMI2"2, However, the mechanism
isnot clear.

All of the patientsin this study whose Anti-HCV and HBsAg
were negative and with no recent medication history were
“pure” ALD. Multivariate analysis showed that each factor
was independent of the other variables.

Besides abstaining, which directly affects the prognosis of
ALD™ BMI can also affect the progress of ALD®, For the
overweight cases, weight loss is an important treatment!s4.
Our data have another indication that “ education” is also very
important for changing patients’ lifestylel®?, Because all the
subjects with BM1>/=25 had been told that alcohol and
overweight would cause bad prognosis of ALD and strongly
recommended complete alcohol abstinence and weight
reduction, none of these cases went on drinking heavily. On
the other hand, among the men with BM1<25, some did not take
the risk of drinking seriously, nearly 15% of them went on
drinking during the 3 years, resulting in progress of their ALD.

From the present data we can conclude that the minimum
alcohol intake and the duration of years associated with a
significant increase in the prevalence of acohol-related liver
disease was 20 g per day and 5 yearsfor men. Thisrisk increases
in a dose-related pattern. However, the most striking result is
that not only the quantity of alcohol consumed, but also the
patterns of drinking are an important determinant of the risk of
having ALD. Drinking only hard liquors or multiple types of
acoholic beverages without food, independent of the amount,
is associated with an increased prevalence of acohol-related
liver disease. Obesity is also an independent risk factor for
ALD. Abstinence and weight loss directly affect the prognosis
of ALD. Therefore, we suggest reducing alcohol intake,
avoiding drinking outside of mealtimes and consuming only
wine or beer, especially for obese people.
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Abstract

AIM: To characterize the receptor binding affinity and
cytotoxicity of insulin-methotrexate (MTX) for the potential
utilization of insulin as carriers for carcinoma target drugs.

METHODS: MTX was covalently linked to insulin. Insulin-
MTX conjugate was purified by Sephadex G-25 column
and analyzed by high performance liquid chromatography.
Hepatocellular carcinoma cell membrane fractions were
isolated by sucrose density gradient centrifugation.
Competitive displacement of '%’I-insulin with insulin and
insulin-MTX binding to insulin receptors were carried out.
Cytoreductive effect of insulin-MTX on human hepatoma
BEL7402 cells and human hepatocyte cell line HL7702 was
evaluated using the MTT assay.

RESULTS: Insulin-MTX competed as effectively as insulin
with 2°I-insulin for insulin receptors. The values of Kd for
insulin-MTX and insulin were 93.82+19.32 nmol/L and
5.01+1.24 nmol/L, respectively. The value of Kd for insulin-
MTX was significantly increased in comparison with insulin
(£=7.2532, n=4, P<0.005). Insulin-MTX inhibited the growth
of human hepatoma cells (BEL7402) almost as potently as
MTX. The inhibitory effect reached a peak on the 5 th day
when the growth of cells was inhibited by 79% at a
concentration of 5.0 pg/mL insulin-MTX. Treatment with
5.0 pg/mL of MTX and 5.0 pg/mL of insulin-MTX merely
resulted in inhibition of HL7702 cells by 31.5% and 7.8%
on the 5 th day.

CONCLUSION: Insulin-MTX specifically recognizes insulin
receptors and inhibits the growth of BEL7402 cells. These
results suggest that insulin can be used as a carrier in
receptor mediated carcinoma-targeting therapy.

Ou XH, Kuang AR, Liang ZL, Peng X, Zhong YG. Receptor
binding characteristics and cytotoxicity of insulin-methotrexate.
World J Gastroentero/ 2004; 10(16): 2430-2433
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INTRODUCTION
Methotrexate(MTX), a folic acid analog, is a widely used

antimetabolitein cancer chemotherapy. It inhibitsdihydrofolate
reductase, an enzyme necessary for purine and pyrimidine
synthesis. However, MTX also acts on other rapidly dividing
cellssuch astrophoblast cells, which comprise theimplantation
site of early gestation. Other toxic effects include depression
of the bone marrow and damage to the epithelium of the
gastrointestinal tract. Selective targeting of therapeutic and
diagnostic agents may improve MTX'’s efficacy and reduce its
adverse effects. Existing methods for selective targeting are
usually based upon chemical conjugation of agents to cell-
specific targeting molecules (e.g. ligands, antibodies).

Receptor mediated endocytosis may provide a pathway by
which exogenous mol ecules are transported into the interior of
target cells. In recent years a number of receptors have been
used for DNA delivery via receptor-mediated endocytosis,
including asialoglycoprotein*4, transferrin'>", epidermal
growth factor (EGF) peptides®'?, aswell asinsulin receptor™3,
It has been shown that expression of insulin receptor is
increased on avariety of malignant tumor cdllg+%, Insulin can be
internalized into nuclel of cells possessing insulin receptorg®2Y,
These factsindicate that insulin may be an attractive candidate
carrier for anticancer drugs in target therapy of carcinomas.

To reduce side effects and increase safety, we planned to
delivery MTX viainsulin receptor-mediated endocytosis. In
the present study, we conjugated MTX to insulin and
characterized the binding activity and cytotoxicity of insulin-
MTX complex. Our results suggest that insulin is a suitable
candidate carrier for anticancer drugs.

MATERIALS AND METHODS

Radioiodination of insulin
Porcine insulin was radioiodinated using the Ch-T method and
purified by polyacrylamide gel el ectrophoresis. Radiochemical
purity of the'®|-insulinwas measured by thin layer chromatogram
(TLC).

Theradiochemica purity of *#I-insulin was 98% and remained
over 95% 14 d after stored at -20 °C.

Preparation of insulin-MTX

Insulin-MTX was synthesi zed by the Department of Pharmacy,
Sichuan University. Briefly, MTX (50 mg), EDC (100 mg) and
HOBt (50 mg) were dissolved in 3 mL of phosphate-buffered
saline (pH = 8.9) and mixed with 1 mL of phosphate-buffered
saline (pH = 8.9) containing 25 mg of insulin. The mixture was
stirred at 4 °C for 48 h. The precipitation was removed by
filtration and pH of the solvent was adjusted to 5.5 with 0.5
mol/L HCL. The reaction mixture was kept at 4 °C overnight.
Theregfter, the solution wasfiltered through a0.25 pm membrane
(Millipore, Germany) and the filtrate was evaporated under
vacuum. The products were purified over a 3 cmx45 cm
Sephadex G-25 column eluted with 2% ammonium carbonate,
and fractions which had the maximal absorbance at 276 nm
were collected.

Isolated insulin-MTX was analyzed by analytical HPLC
(Beckman) witha4 mmx200 mm ODS column. Themobilephase
was270 mL/L acetonitrileand 730 mL/L 0.1 mol/L NaH,PO,
(pH =0.3) at aflow rate of 0.5 mL/min.
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SDS-polyacrylamine gel electrophoresis (SDS-PAGE) was
performed in 150 g/L polyacrylamine gel to calculate the
molecular weight of insulin-MTX.

Preparation of cell membrane

Hepatocellular carcinoma specimens were obtained from six
patients during surgery whose diagnoses were confirmed by
histopathology and immediately frozenat -70 °C. Cell membrane
fractions were prepared according to established techniques.
Tissueswere cut into pieces, put into Tris-HCL buffer (pH 7.5)
and homogenized. The cell membrane fractions purified by
centrifugation in a discontinuity sucrose density gradient were
stored at -70 °C. The protein concentration was determined
according to Lowrry method.

Receptor binding assay

The conditions of the assay system were modified according
to the method reported earlier. In saturation experiments, the
cell membrane fractions (80 pg protein) were incubated with
increasing concentrati ons(5x10°%-5x10°cpm) of #l-insulinin the
absence (total binding) or presence of the same unlabeled
insulin (4.3 nmol/L, nonspecific binding). In competition
experiment, the cell membrane fractions (80 pg protein) were
incubated with 5 nmol/L *1-insulinin the absence (tota binding)
and presence of increasing concentrations (10'2-107 mol/L) of
the unlabeled insulin or insulin-MTX. After incubation for 20 h
at 4 °C, freeligandswere removed by centrifugationat 2 000 r/min
for 10 min after addition of 0.1 mL of 3 g/L bovine y-globulin
and 0.8 mL of 15.8% PEG. Radioactivity of themembranepellets
wasdetermined inagammacounter for 1 minasthetotal binding.
Specific bindings were obtained by subtracting nonspecific
bindings from total bindings.

Cell culture

Human hepatomaBEL 7402 cellsand human hepatocyte HL 7702
cellsweregrown at 37 °Cinahumidified incubator with 50 mL/L
CO, atmospherein RPM11640 (GIBCO BRL) medium containing
100 mL/L of decomplemented FBS, penicillin(100 U/mL) and
streptomycin (100 U/mL).

Cell treatment and MTT assay

BEL 7402 cellsand HL 7702 cellswere seeded at adensity of 10*
cells per well into 96-well plates. After overnight growth, the
medium was removed and RPMI containing different
concentrations of insulin-MTX or MTX was added .At given
timepoints, 20 uL of MTT (50 mg/mL ) was added to each well.
After incubation for 4 h at 37 °C in ahumidified 50 mL/L CO,
atmosphere, the medium was removed and 0.2 mL of DMSO
was added. Then, the absorbency at 570 nm was read.

Data calculation and statistical analysis
Binding data were calculated with receptor binding analysis
software. Values were presented as mean+SD. Statistical
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comparisons between the means were made with paired t-test
at aconfidence level of 95%.

RESULTS

Analysis of insulin-MTX
Therecovery of insulin-MTX was around 71.5%. HPL C assay
indicated that isolated insulin-MTX (retention time 12.08 min)
yield was approximately 94% (Figure 1). The rest contained
insulin (8.81 min) and MTX (4.16 min).

The calculated molecular weight of insulinnMTX was6 779 u
according to its relative position to the molecular mass marker
in SDS-PAGE pattern.

Receptor binding

The binding of insulin receptors to unlabelled insulin and the
insulin-MTX conjugate derivative were determined by their
ability to compete with free radioactively labelled insulin for
receptor sites on cell membranes of hepatocellular carcinoma.
We first established the normal binding characteristics of I-
insulin to cell membranes. Binding took place rapidly in the
first 2 h, then slowed down and reached its maximum at
approximately 18 h. For all subsequent binding experiments, the
incubation time was 20 h at 4 °C. As the concentration of
125 -insulin increased, the binding mounted up and plateaued
repidly.

Similar to insulin, the conjugate competed for the binding
siteswith *#]-insulin on theinsulin receptor in adose-dependent
manner (Figure2). Binding of I-insulin (5 nmol/L) wasreduced
to 50% inthe presenceof 5.01+1.24 nmol/L of unlabelled insulin
or 93.82+19.32 nmoal/L of insulin-MTX, respectively. In contrast,

MTX digdgiot compete for binding (data not shownl).
—&—Insulin
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Figure 2 Competitive binding curves of **I-insulin against
insulin-MTX or insulin. The concentration of *®l-insulin was
5 nmol/L. The binding assay was described in the MATERI-
ALS AND METHODS.

Inhibition of insulin-MTX complex on cell proliferation

Dose-response curves of insulin-MTX and MTX on BEL 7402
and HL 7702 cellsare shownin Figure 3. Viability wasexpressed
as a percentage of control by dividing the absorbance of each
treated well by the average of untreated control. BEL 7402 cells
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Figure 1 HPLC analysis of insulin and insulin-MTX. The condition was described in MATERIALS AND METHODS. Retention time
of insulin was 8.81 min. Retention time of insulin-MTX was 12.16 min. A: HPLC analysis of insulin. B: HPLC analysis of insulin-MTX.
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Figure 3 Concentrations of MTX and insulin-MTX in BEL7402 and HL7702 cells. BEL7402 cells and HL7702 cells having cultured
overnight were exposed to insulin-MTX or MTX at the indicated concentration for 24 h, 48 h, 72 h, 96 h, 120 h and 144 h respectively.
Cell viability was assessed using MTT assay. Viability was expressed as a percentage of control by dividing the absorbance of each
treated well by the average of the untreated control. A: Viability of BEL7402 cells treated with insulin-MTX (mean+SD, n = 3), B:
Viability of BEL7402 cells treated with MTX (meanzSD, n = 3), C: Viability of HL7702 cells treated with insulin-MTX (mean+SD, n = 3),

D: Viability of HL7702 cells treated with MTX (mean£SD, n = 3).

were sensitive to both insulin-MTX and MTX. Cytoreductive
effect of MTX and insulin-MTX on BEL7402 cells was
concentration-dependent. Asearly as24 h, 5.0 ug/mL of insulin-
MTX inhibited BEL 7402 cell growth by 34.3%, which was
relatively lower as compared with 40.6% by 5.0 pg/mL of MTX.
The effect reached its peak on the 5 th d, and BEL 7402 cells
wereinhibited by 79% at aconcentration of 5.0 pg/mL insulin-
MTX and 82.1% at 5.0 pg/mL MTX, respectively. In contrast,
treatment with 5.0 pg/mL of MTX and 5.0 pg/mL of insulin-
MTX merely resulted in theinhibition of HL 7702 cellsby 31.5%
and 7.8% on the 5th d.

DISCUSSION

The molecule of insulin has sufficient hydroxys and carboxyls
that can be used for conjugation with other small molecules.
Exploration of the efficiency and specificity of cell entry offered
by insulin receptor mediated endocytosis has been proposed
previoudy'?#, Here we demonstrated that cross-linking MTX
toinsulin produced a soluble molecul e capable of both specific
recognition of the insulin receptors and inhibition of growth of
tumor cells, thereby providing a possible tool for target
transporting anticancer drugs. The use of insulin as a carrier
might offer two advantages. First, most of insulin-MTX could
go to tumor cells which overexpress insulin receptors, thus
rapidly dividing normal tissues would not be damaged by the
drug. Second, tumor cells could develop MTX-resistance
frequently via various mechanisms. One of them was due to
decreased membrane transport?2!, The use of insulin as a
carrier might offer an increased MTX transportation into drug-
resistant tumor cells.

Since laboratory iodination of insulin with *I could incur
oxidation damage and brings about indiscriminate labelling of
tyrosine residues leading to decreased biological activity
including aberrant receptor binding, polyacrylamide gel
electrophoresiswas used to purify monoiodo [*21-Tyr?%] insulin,
which was fully active in receptor binding assays?®.Receptor
binding analysis showed that insulin-MTX could specifically
bind to insulin receptors on human hepatocellular carcinoma.

Theincreased Kd indicated a decreased affinity for receptors,
indicating that linking MTX to insulin molecule did interfere
with the affinity of insulin-receptor binding. High affinity is
one of the most important criteria of tumor-target agents.
Decrease in affinity of insulin-MTX for insulin receptors may
result from conjugation of MTX with A13 and B17 positions of
insulin molecules. These positions are located in the hexamer-
forming surface and on the opposite side of the classical binding
site, and congtitute a second domain of the molecule important
for receptor binding®. Further studiesto improve the affinity
of insulin-MTX by modifying the method of conjugationwould
be needed.

Insulin receptor was considered to play aroleintheregulation
of hepatocellular carcinoma®! and there have been reports
showing increased insulin receptors expressed on these cell§2°%2,
Therefore human hepatoma BEL 7402 cell line was selected to
measure the cytoreductive effect of insulin-MTX. Our studies
showed that BEL 7402 cellswere sensitiveto both insulin-M TX
and MTX. However, the molecular weight of insulin-MTX
complex was far greater than that of MTX. It was obsered that
0.375 nmoL (1.5x10° mol/Lx0.25 mL) of MTX conjugated to
insulin inhibited the growth of BEL 7402 cells as effectively as
2.5 nmoL (1x10°moL /Lx0.25 mL) of MTX. HL7702 cells
appeared to be less sensitive to both insulin-MTX and MTX,
especidly toinsulin-MTX, when compared with BEL 7402 cells.
Treatment with 5.0 pg/mL of insulin-MTX resulted in about
10-fold higher toxicity on BEL 7402 cellsthan on HL7702 cells.
Thismay result from the elevated proliferation and theincreased
expression of insulin receptors of BEL 7402 cells. Theseresults
indicated that conjugation of insulin could enhance the
cytotoxicity of MTX to hepatocarcinoma cells.

Our results showed that the new construct could bind
specifically to insulin receptors, but its effect on glucose
metabolism depended on theresidueswithwhich MTX molecule
interacted. An unparalleled relationship of receptor binding
and glucose uptake was observed in other insulin analogues
and mutants®34, Therefore, it is necessary to test the biological
activity of insulin-MTX in glucose metabolism in order to
understand its effects on plasma glucose levels. In our study,
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SDS-polyacrylamine agarose gel electrophoresis showed the
molecular weight of insulin-MTX was 6 779 u, which equaled
the mass of one molecule of insulin (M, = 5 800) and two
moleculesof MTX (M, =454.5). Theratio of insulin molarity to
the MTX was estimated to be 1:2. On the basis of this molar
ratio, only 20-200 pmoL insulin is required to obtain a high
plasma concentration(10-100 pmol/L). Besides, the dose may
be reduced because of the targeting ability of insulin-MTX.
Evenif the conjugates have partia bioactivity in glucose uptake,
thereislittle probability that administration of such alow dose
in therapy would result in adverse effects of glucopenia.

In the present study, we demonstrated that insulin-MTX
complex could specifically bind to insulin receptors and
efficiently inhibit the growth of human hepatomaBEL 7402 cells,
although the affinity needs to beimproved. Receptor-mediated
endocytosis has a tremendous potential for delivery of
carcinomatarget drugs because of the overexpression of insulin
receptors on carcinoma tissues.
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Abstract

AIM: To explore the etiology, pathogenesis, diagnosis, and
treatment of postsurgical gastroparesis syndrome (PGS)
after pancreatic cancer cryotherapy (PCC) or pancreatico-
duodenectomy (PD), and to analyze the correlation between
the multiple factors and PGS caused by the operations.

METHODS: Clinical data of 210 patients undergoing PD
and 46 undergoing PCC were analyzed retrospectively.

RESULTS: There were 31 (67%, 31/46) patients suffering
PGS in PCC group, including 29 with pancreatic head and
uncinate tumors and 2 with pancreatic body and tail tumors.
Ten patients (4.8%, 10/210) developed PGS in PD group,
which had a significantly lower incidence of PGS than PCC
group (x = 145, P<0.001). In PCC group, 9 patients with
PGS were managed with non-operative treatment (drugs,
diet, nasogastric suction, etfc.), and one received
reoperation at the 16th day, but the symptoms were not
relieved. In PD group, all the patients with PGS were
managed with non-operative treatment. The PGS in
patients undergoing PCC had close association with PCC,
tumor location, but not with age, gender, obstructive
jaundice, hypoproteinemia, preoperative gastric outlet
obstruction and the type and number of gastric biliary tract
operations. The mechanisms of PGS caused by PD were
similar to those of PGS following gastrectomy. The damage
to interstitial cells of Cajal might play a role in the
pathogenesis of PGS after PCC, for which multiple factors
were possibly responsible, including ischemic and neural
injury to the antropyloric muscle and the duodenum after
freezing of the pancreatico-duodenal regions or reduced
circulating levels of motilin.

CONCLUSION: PGS after PCC or PD is induced by multiple
factors and the exact mechanisms, which might differ between
these two operations, remain unknown. Radiography of
the upper gastrointestinal tract and gastroscopy are main
diagnostic modalities for PGS. Non-operative treatments
are effective for PGS, and reoperation should be avoided
in patients with PGS caused by PCC.
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of postsurgical gastroparesis syndrome after pancreaticodu-
odenectomy and cryotherapy for pancreatic cancer. World 7
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INTRODUCTION

Postsurgical gastroparesis syndrome (PGS) is a complex
disorder characterized by postprandial nausea, vomiting, and
gastric atony in the absence of mechanical gastric outlet
obstruction. Patients frequently suffer marked weight loss and
malnutrition that require hospitalization and prolonged
parenteral nutrition (PN). These symptoms can be disabling
and oftenfail to be alleviated by drug therapy, for which gastric
reoperations usually prove unsuccessful. An identified cause
for PGS has not been available, nor is its mechanism quite
clarified. PGS after gastrectomy or pancreatoduodenectomy
(PD) has been reported in anumber of literatures*®. Based on
the results of clinical investigationg®?, cryosurgery targeting
at the pancreaticoduodenal region was considered safe and
effective for unresectable pancreatic cancer. However, PGS
caused by cryotherapy for pancreatic cancer (PCC), to our
knowledge, has not been reported. As a unique complication
of PCC, gastric stasis occursin the early postoperative period
in most of cases receiving PCC (67%), resulting in long-term
loss of alarge amount of gastric juice and delayed recovery of
oral food intake, and occasionally, excessive gastric juice |oss
leads to body fluid deficit and metabolic alkaosis. To define
the factors contributing to the devel opment of PGS following
PD or PCC, we performed this study to retrospectively examine
the clinical data of 210 patients undergoing PD and 46
undergoing PCC.

MATERIALS AND METHODS

Subjects

From January 1990 to June 2003, 210 patients (147 maleand 63
female patients, aged 35 to 75 years with amean of 53.6 years)
received PD in our hospital for pancreatic cancer or
periampullary adenocarcinoma. None of the patients were
preoperatively identified to have mechanical gastric outlet
obstruction, but 95 had obstructive jaundice and 15 had
hypoproteinemia.

During the period between January 1995 to March 2003,
another 46 patients (including 31 male and 15 female patients,
aged between 39 and 78 years with a mean of 54 years)
underwent PCC for unresectable advanced pancreatic cancer,
located in the pancreatic head in 21 cases, in the uncinate process
in 15 cases, and in the pancreatic body and tail in 10 cases. All
the tumors were identified by preoperative helical computed
tomography (CT) scan and by intraoperative exploration,
including 31 tumors with local involvement and 15 metastatic
tumors. Preoperatively, 34 patients were identified to have
obstructive jaundice and 6 had hypoproteinemia. All the
patients, excluding the 8 with preoperative duodenal
obstruction, werefree of preoperative mechanical gastric outlet
obstruction. Gastrojejunostomy was performed in 37 cases,
and cholecystojejunostomy or choledochojejunostomy done
in 32 cases during PCC for relief or prevention of the common
bile duct and gastric outlet obstruction. Four patients also had
concurrent splanchnicectomy with ethanol.

Endoscopy or radiography was employed to identify and
exclude cases of mechanical gastric outlet obstruction, and
aso to detect such problems of anastomotic stricture, efferent
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limb obstruction, and jejunogastric intussusception etc., as
well asfood retention after a 4- to 8-h fast, for validating the
diagnosis of gastroparesis.

Diagnostic criteria for PGS

At present, consensus has not been reached on the criteriafor
diagnosisof PGS. Stanciu™ suggested using gastric scintigraphy
with ®Tc-labeled low-fat meal as the gold standard for
diagnosing delayed gastric emptying, which utilized gamma
cameraimaging of the abdomen following the ingestion of a
radiolabeled meal, performed at regular intervalsof 2to4 hto
guantify the meal emptying interms of percentages. Typically,
meal emptying of over 50% within 2 h was considered normal,
whereas delayed gastric emptying was indicated if gastric
retention greater than 10% at 4 h. In this study, we formulated
practical diagnostic criteriafor PGS after consultation of the
previous documentationsin the literature?>"1%, asthefollowing:
(1) Absence of mechanical gastric outlet obstruction identified
by one or moremedical examination moddlities; (2) A volume of
gastric juice aspirate exceeding 800 mL/d that sustained for
more than 10 d; (3) No abnormalitiesin water, electrolytes, or
acid-alkali balance. (4) Absence of underlying diseases causing
gastroparesis, such as diabetes, chorionitis, hypothyrosis, etc.
(5) No history of using such agents as morphine, atropine, etc.
that affected contraction function of the smooth muscle.

Surgical procedures
In PD group, the organs resected during PD included the
gallbladder, common bile duct, head of the pancreas, the entire
duodenum, with also subtotal gastrectomy. Proximal jejunum
of 10 to 15 cm was also resected. The alimentary and biliary
tracts were reconstructed with methods of Child or Whipple.
In patients of PCC group that defied surgical resection of
the tumor, cryoprobes were deployed directly into the tumor
for freezing to -196 °C twice, lasting for 10-15 min (using LCS
2000 cryogenic surgical system), with the common bile duct,
stomach, and jejunum protected by dry cotton pads. Subsequent
gastroenteroanastomosis, cholecystojejunostomy, or
choledochojejunostomy were performed to reconstruct the
alimentary and biliary tracts, according to the findings by
intraoperative exploration. Care was taken to avoid freezing of
the duodenal wall or causing other iatrogenic injuries such as
damage to the biliary system or gastroduodenal artery.
Jejunostomy was performed in some cases highly suspected
of gastroparesis after PCC for postoperative enteral nutrition
(EN) support.

Statistical analysis

The incidence of PGS in the two groups was compared and
multiple factors were analyzed using x2test. A P value less
then 0.05 was considered statistically significant.

RESULTS

No serious complications took place in the PCC group, nor did
operativedegth or complicationsoccur inrdation totheanastomosis
None of the patients devel oped fistulaor pancredtitis. There was
only transient elevation of amylase following the operation
and theliver function and blood sugar remained normal. In PD
group, in contrast, 4 patients devel oped serious complications
after PD, including leakage at the pancreatojejunostomy in 2,
bleeding at theanastomosisin 2 cases, stenosisof the anastomosis
in 1 and stress peptic ulcer in 1 case. The mortality rate of PD in
the perioperative period was 1.5%.

Ten of the 210 patientsin PD group presented PGS within
5-10d postoperatively. PGS developed in 31 of the 46 patients
in PCC group, occurring within 5-7 d after the operation,
including 29 patients with pancreatic head and uncinate tumors

and 2 with pancreatic body and tail tumors. In PD group, 14
patients with PGS received non-operative treatment such as
medication, diet thergpy, and nasogastric suction etc, and 1 patient
underwent reoperation on postoperative day 16, which,
however, failed to relieve the symptoms. All patientswith PGS
in PCC group received non-operative treatment. Altogether 41
patients developed PGS in the two groups according to our
diagnostic criteria, 15 of these cases were identified 4-7 d after
withdrawal of the nasogastric tube and 10 were found to have
agradualy increasing volume of gastric juice aspirateto 800 mL/d
till 3-7 d after operation. Twenty of the 40 patients devel oped
PGS 2-3d after intake of liquid or semiliquid diet. Furthermore,
the volume of gastric juice suction exceeded 2 000 mL/d in
4 casesfollowing PCC and persisted for ten or moredays(Table ).

PGSfollowing cryosurgery was closdly associated with PCC,
tumor location, but not with age, gender, obstructive jaundice,
hypoproteinemia, preoperative gastric outlet obstruction or the
type and number of gastric biliary tract operations (Table 2).
PGS following PD was related with age, hypoproteinemia,
preoperative gastric outlet obstruction and the type and number
of gastric operations performed. Patients undergoing PCC were
more likely to devel op PGS than those undergoing PD (67% vs
4.8%, X =145, P<0.001).

DISCUSSION

Many debates over the etiology and pathophysiology of PGS
remain unresdved. Clinically, thefrequency of thiscomplication
variesin close association with the type and number of gastric
operations performed. Donahueet al 1Y reported a26% incidence
of chronic morbidity in patients after truncal vagotomy and
antrectomy compared with a5% incidence after highly sdlective
vagotomy. There al so appearsto be agreater incidence of PGS
associated with antrectomy and Roux-en-Y reconstruction
compared with more conventional Billroth | and Billroth 11
reconstructions. Therefore, the main factor contributing to
PGS is denervation and the consequent atony of the gastric
remnant rather than disruption of the pacemaker activity inthe
Rouxlimb.

The exact mechanisms responsible for PGS after gastric
surgery remain unclear but are likely to be multifactorial. The
loss of gastric parasympathetic control resulted from vagotomy
contributes to PGS via several mechanisms. In the proximal
stomach, loss of vagal control leadsto accelerated emptying of
liquids by disrupting the late-stage tonic contractions
responsible for relaxation and accommodation of the gastric
fundus. In the distal stomach, vagotomy weakens antral
peristaltic contraction responsible for breakdown of chyme.
When coupled with the observed decreasein intestinal secretion
of prokinetic hormones seen after truncal vagotomy, thisleads
to delayed emptying of solid substances. Also, the loss of
vagal suppression of the ectopic intestinal pacemakers may
cause dissociation of the antral pressure waves from the
duodenal waves. The consequent disruption of wave sequence
prolongs the lag phase of solid food digestion during which
food is broken down into small particles by retropulsion and
further delays the digestive process!?*,

Recently, it has been recognized that interstitial cells of
Cajal generate electrical pacemaker activity and mediate motor
neurotransmission in the ssomach. Theinterstitial cellsof Caja
arelocated inthe muscular wall of the gastric corpus and antrum.
Gastric dysrhythmias (tachygastrias and bradygastrias) are
disturbances of the normal gastric pacesetter potentials and
are associated with such symptoms as nausea, epigastric
fullness, bloating and delayed gastric emptying. Ordog et al.**
suggest that damage to interdtitial cells of Cajal may play akey
role in the pathogenesis of diabetic gastropathy. Meanwhile,
Zarateet al ™ reported that histologica and immunohistochemical
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Table 1 Clinical data of the PGS cases

Mean volume of Period of Period of recovery
Patient No Gender Age (yr) Operation type gastric juice  nasogastric tube (d) Outcome
aspirate/d (mL) aspirate(d)

1 M 53 PCC+A+B
2 F 39 PCC+B
3 F 62 PCC+A+C
4 M 60 PCC+A+C
5 M 51 PCC+A
6 M 61 PCC+A+B
7 M 62 PCC+A+C
8 F 60 PCC+C
9 F 40 PCC+A+B
10 F 61 PCC +C
11 M 64 PCC+A+B
12 F 78 PCC
13 M 50 PCC+A+C
14 M 50 PCC+A+C
15 M 42 PCC
16 M 46 PCC+A+C
17 M 43 PCC+A+B
18 M 73 PCC +B
19 M 46 PCC
20 M 62 PCC+A+B+D
21 M 40 PCC+A+C
22 F 50 PCC +C
23 F 61 PCC+A+C
24 M 39 PCC+A+B
25 M 53 PCC+A
26 F 42 PCC+A+B
27 M 60 PCC+A+C
28 M 62 PCC
29 M 60 PCC+A+C
30 M 40 PCC+A+C
31 F 64 PCC+A+B
32 M 75 PD
33 F 42 PD
34 F 35 PD
35 M 45 PD
36 F 48 PD
37 M 56 PD
38 M 60 PD
39 F 65 PD
40 M 47 PD
41 M 63 PD
mean+SD 53.8+13

2 200 56 70 Recovery
1200 13 28 Recovery
1 000 10 14 Recovery
1 000 21 21 Recovery
850 10 30 Recovery
1 250 15 26 Recovery
1200 13 35 Recovery
1 300 11 43 Recovery
2 000 25 25 Recovery
1200 19 14 Recovery
1200 18 Death on d Death

13 for diabetes
complication

1500 19 Discharged Recovery
ond 24!
1 050 12 49 Recovery
1400 15 Transferred to Recovery
another hospital
ond 16
1450 17 14 Recovery
2 000 18 21 Recovery
1200 13 20 Recovery
800 10 19 Recovery
1 350 14 18 Recovery
900 11 19 Recovery
1 300 15 20 Recovery
2 050 24 32 Recovery
1 200 15 20 Recovery
1 000 12 Discharged Recovery
ond 16!
1 050 13 17 Recovery
900 11 18 Recovery
1 800 19 25 Recovery
1700 20 30 Recovery
1 050 12 20 Recovery
1250 12 17 Recovery
1 300 13 31 Recovery
1 200 12 16 Recovery
850 10 15 Recovery
1 050 10 19 Recovery
1250 11 Death on d 16 Death
for complications
1 050 11 17 Recovery
1 450 16 21 Recovery
1400 14 20 Recovery
1500 15 20 Reoperation
at 16" d
1250 13 18 Recovery
1 600 16 21 Recovery
1 180+310 15.5+6 23.1+9

A: Gastroenteroanastomosis; B: Cholecystojejunostomy; C: Choledochojejunostomy; D: Chemical splanchnicectomies. 'Dis-

charged on request by the patient.

study of the resected specimen showed hypoganglionosis,
neuronal dysplasia, and marked reduction in both myenteric
and intramuscular interstitial cells of Cajal in patients with
idiopathic gastroparesis.

Certainly, PGS after gastric surgery also can be due to

muscular, neural, or humoral abnormalities. Hypothyroidism
and diabetes have been identified as contributing factors to
gastroparesisin some patients. In patients without an identified
cause, the gastroparesisis|label ed asidiopathic. Themechanisms
of PGSfollowing PD issimilar to that after gastrectomy.
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Table 2 Correlation between multiple factors and PGS after PCC

Age (yr) Gender Hypoproteinemia Jaundice  Surgical procedure Tumor location Outlet obstruction
Group
60 <60 M F Y N Y N PCC+A PCC Head and Bodyand Y N
(orB, C,D) uncinate tail
PGS 15 16 21 10 2 29 22 27 4 29 2 5 26
NO PGS 7 8 10 5 4 11 12 12 3 7 8 3 12
P NS NS NS NS NS <0.05 NS

NS: No-significant.

The results of our observations suggest no significant direct
relation of PGS following PCC with the types of gastric
operations or the loss of gastric parasympathetic control, nor
wasit related to the patients' age or presence of hypoproteinemia
or preoperative gastric outlet obstruction (Table 2), which,
however, might be the factors contributing to PGS after
gastrectomy or PDI*l, We therefore suggest that the mechanism
of PGS after PCC may differ, at least partially, from that
underlying the PGS following gastrectomy or PD.

Patients with tumors located in the pancreatic head and
uncinate process are at higher risk to develop PGS following
PCC than those with tumors in the pancreatic body and tail
(Table 2). Theinterdtitial cells of Cgjal in the muscular wall of
the gastric corpusand antrum areexposed to likely damageduring
the freezing of the pancreatico-duodenal area, which offersa
possible explanation for the pathogenesis of PGS after PCC.

Pylorus-preserving pancreatoduodenectomy (PPPD)
frequently resultsin gastric stasig'2¥, which occursin 20% to
50% of the patients during the early postoperative period. As
the duodenum has proved to be important in the initiation and
consolidation of phaselll activity of the migrating motor complex
(MMC) of the stomach, its removal severely undermines the
gastric phase |11, hence gastric stasis may occur. On the basis
of their findings that patients undergoing PPPD had slower
recovery of gastric phase Il and lower plasma motilin
concentrations than those undergoing duodenum-preserving
pancreatic head resection, Matsunaga et al.*® concluded that
PGS after PPPD might be attributed, at least in part, to delayed
recovery of gastric phase Il activity due to lowered
concentrations of plasmamotilin after resection of the duodenum.
However, resection of the pancreas does not seem to affect
gastrointestinal motility. Malfertheiner and Sarri*” reported that
even atota pancreatectomy failed to obvioudy affect the motor
activity of the entire upper gastrointestinal tract in dogs.

We found in this study that PGS developed in 67% of all
patients after PCC through multifactorial mechanisms, which
could be at least partially in common with those underlying the
PGS resulted from PPPD. The possible factors responsible for
PGS after PCC include ischemic and neural injury to the
antropyloric muscles and the duodenum after freezing of the
pancreatico-duodenal area (but not to direct freezing of the
duodenal pacemaker) and reduced circulating levels of motilin
originally produced by the enterochromaffin cells in the
duodenum and proximal jejunum. The peak plasma motilin
concentration occurs in line with phase 111 activity of the
interdigestive MMC in the stomach and duodenum. The
phase Il starts in the gastroduodenal region and migrates
downward along the small intestine, hence its nickname the
“housekeeper”. The housekeeper function of phase I11 may be
important to empty the gastric juice in the postoperative period
after PCC. Asthe duodenum plays arolein theinitiation and
consolidation of gastric phase 111, the injury of the duodenum
by freezing -and thus the interruption of gastric phase I11- may
be one of the several possible causes of PGS after PCC. But
still, the above hypotheses currently haveto remain hypothetical ,
and the exact mechanisms of PGS caused by PCC must await

further investigation.

Patients with PGS have non-specific symptoms of early
satiety, postprandial bloating, nausea, and vomiting, and the
volume of gastric juice suction in most of them can increase
gradually during early postoperative period. The diagnosis of
PGSis often difficult to confirm. In the absence of identifiable
anatomic problems such as anastomotic stricture, efferent limb
obstruction, or jejunogastric intussusception, other causes of
gastric dystonia must be carefully examined. Hypothyroidism
has been identified as a contributing factor to gastroparesisin
some patients. Gastroparesis can also occur in patients with
diabetes®®9, Several complementary diagnostic modalities
may be used to confirm the diagnosis of PGS. Fiberoptic
endoscopy or radiography of the upper gastrointestinal tract
should be performed routinely to exclude anatomical causes of
gastric outlet obstruction. Radionuclide GESs can also be
necessary, for clinica evaluation and conventional radiographic
studies are often unreliable. If endoscopy and radionuclide
scintigraphy are inconclusive, a small bowel contrast study
should be performed to rule out possible mechanical lesions
and/or generalized gut hypomotility. Although not routinely
availabl€?, electromyography of the gastrointestinal tract may
provide valuable assistance in the diagnosis of patients with
complex motility disturbances.

As the treatment of gastroparesis is far from ideal,
nonconventional approaches and nonstandard medications
might be of use. Traditional medical therapy consists of
behavioral and diet modification, nasogastric tube suction and
theuse of prokinetic drugs such as bethanecol, metoclopramide,
erythromycin and the more recent cisapride!”. Dietary
measures and prokinetic drugs may help relieve the symptoms
in most patients, while some patients with severe nausea and
vomiting require antiemetic medications. A few patients fail
medical therapy and continue to have debilitating symptoms
of gastroparesis, who may benefit from a venting gastrostomy!®
or jejunostomy performed surgically, endoscopically, or
fluoroscopically®!. Near-completion gastrectomy (NCG) has
proved useful in small series of patients?Y, but data on long-
term follow-up has been lacking. Gastric electrical stimulation
can be of value in the management of gastroparesis?24, in
which the patients with PGS received continuous high-
frequency/low-energy gastric electrical stimulation via
electrodes deposited in the muscular wall of the antrum and
connected to a neurostimulator in an abdominal wall pocket.
This method produced entrainment of the intrinsic slow wave
and promoted contractions in phase 111 with the normal slow
wave. Thisiswhy asuitable stimulation to the stomach during
gastroscopic examination is also helpful for the remission of
PGS®9., In this study, 5 patients received gastroscopic
examination and the symptoms were markedly relieved. Ten
patientswith PGS weretresated with acupuncture, and the effects
were satisfactory.

According to our experience, all patients of PGS caused by
PD or PCC need to undergo along period of hasogastric suction
till the clinical symptom relief or recovery occurs. The patients
may experience epigastric fullness, nausea, or even vomiting, if



2438 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

August 15, 2004 Volume 10 Number 16

the nasogastric tube is withdrawn too early. Therefore, almost
all of the patients with PGS in this study received the gastric
juice suction over an average period of 2.2 wk, with the longest
exceeding 8 wk. Because of long-term absence of food intake,
these patients required nutritional support with a feeding
jelunostomy tube or underwent a period of parenteral nutrition.
The jejunostomy tube, as we believe, is safe, economic and
practical for nutrition support in such patients, because their
small intestinal peristaltic contractions and absorption function
werenormal in spiteof PGS. Clinically, amost al of the patients
had a concurrent jejunostomy during cryosurgery, considering
the likeliness of these patients to develop delayed gastric
emptying and for administration of postoperative enteral
nutrition support. We consider that the non-operative treatments
are effectivefor PGS after PCC or PD, and gastric reoperations
should be avoided.
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Abstract

AIM: To design and establish a method of multiplex PCR
normalization for simultaneously detecting HBV and HCV.

METHODS: Two pairs of primers with a 20 bp joint
sequence were used to amplify the target genes of HBV
and HCV by two rounds of amplification. After the two
rounds of amplification all the products had the joint
sequence. Then the joint sequence was used as primers
to finish the last amplification. Finally multiplex PCR was
normalized to a single PCR system to eliminate multiplex
factor interference. Four kinds of nucleic acid extraction
methods were compared and screened. A multiplex PCR
normalization method was established and optimized by
orthogonal design of 6 key factors. Then twenty serum
samples were detected to evaluate the validity and
authenticity of this method.

RESULTS: The sensitivity, specificity, diagnostic index and
efficiency were 83.3%, 70%, 153.3% and 72.2%,
respectively for both HBsAg and anti-HCV positive patients,
and were 78.6%, 80%, 258.6% and 79.2%, respectively
for HBsAg positive patients, and were 75%, 90%, 165%
and 83.3%, respectively for anti-HCV positive patients.

CONCLUSION: The multiplex PCR normalization method
shows a broad prospect in simultaneous amplification of
multiple genes of different sources. It is practical, correct
and authentic, and can be used to prevent and control HBV
and HCV.

Wang N, Gao XQ, Han JX. Simultaneous detection of HBV
and HCV by multiplex PCR normalization. World J Gastroentero/
2004; 10(16): 2439-2443

http://www.wjgnet.com/1007-9327/10/2439.asp

INTRODUCTION

Multiplex PCR uses severa pairsof primersthat target different
genes to simultaneously amplify several different target
sequences at a high speed and with ahigh efficiency. As many
amplification factors may interact and produce non-specific
amplification, its clinical use is limited. According to the
characteristics of asmall fragment that did not complement to

the genes of PCR primers, we established a multiplex PCR
normalization method (This method has been patented in the
Chinese Patent Agency). By creating a primary reaction that
was appropriate to all target templates, the multiplex was
normalized to asingletarget PCR. Thismethod could overcome
the difficulties in establishing and optimizing the multiplex
reaction system. In this article the practicality and effectiveness
of multiplex PCR were validated by simultaneous detection of
HBV andHCV.

MATERIALS AND METHODS

Specimen collection

Twenty-eight serum sampleswere collected from Jinan Central
Hospital and Jinan Infectious Disease Hospital. The samples
were all validated by ELISA method, in which 14 cases were
HBSsAg (+), 8 were anti-HCV (+), and 6 were positive for both
HBsAgand anti-HCV. Ten caseswere negativefor both HBsAg
and anti -HCV and used as control.

Reagents and instruments

HBV PCRkitsand HCV PCR kitswere purchased from Ingtitutes
of Liver Diseases, Peking University Medical College. dNTPs,
AMV, proteinase K, isothiocyanate guanidine and Triton X —100
were products of TAKARA. PCR Amplification Minicycler™
wasfrom MJResearch, USA. Innotech Imager™ 2200 wasfrom
Alpha Innotech Incoporation.

Extraction of virus nucleic acids

Method 1%: Proteinase K (10 mg/mL) was added to 150 pL
serum and incubated at 50 °C for 2 h. RNA and DNA were
extracted with phenol-chloroform at pH4.0 and 8.0 respectively,
and then nucleic acids were preci pitated with | sopropyl acohal.
Thefinal pelletsweredissolved in 10 uL RNase free water and
stored at -70 °C.

Method 22 200 pL guanidineisothiocynate and 20 L glass
powder were added to 200 pL serum and incubated at ambient
temperature for 90 min and centrifuged at 12 000 g. The
supernatant was removed and the pellet was washed and
dissolved in reverse transcription buffer PCR detection.

Method 32 90 L lyticbuffer (1220g GUSCN, 100mL 0.1mal/L
Tris-HCI, pH6.4), 0.2 mol/L EDTA (20 pL, pH8.0) and glass
powder were added to 50 pL serum and incubated at room
temperature for 10 min, mixed and centrifuged at 12 000 g for
15 s, washed 2 times with washing solution (120 g GUSCN,
100 mL 0.1 mol/L Tris-HClI, pH 6.4, 2.6 g Triton x100), and
further washed with 700 mL/L ethanol and acetone. Then
acetone was removed and dried at 56 °C for 10 min and TE
buffer was added to the pelletsand incubateat 56  for 2 min
and then centrifuged for 2 min. The supernatant wastransferred
to another tube for further amplification.

Method 4: 200 uL lytic buffer[6 mol/L guanidine
hydrochloride, 10mmol/L Tris-HCI (pH 7.5), 200g/L Triton X-100
(pH 4.4)], and 10 mmol/L urea, were added to 200 pL serum,
proteinase K 40 L, glass powder 10 pg, and incubated in 72 °C
water bath for 20 min, then 100 pL Isopropyl acohol was added
and centrifuged at 8 000 r/min for 1 min. The supernatant was
removed, and washed with 100 pL washing solution [20 mmol/L
NaCl, 20mmol/L Tris-HCI (pH7.5) and 1000 mL/L ethanol] and
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centrifuged at 8000 r/min for 1 min. The supernatant wasremoved
and washed and centrifuged at 8 000 r/minfor 1 minand 130009
for 10 s, dried and dissolved in 50 pL RNase free water.

Primer design

The primersfor thefirst round of PCR: HBV reverseprimer: 5'-
GAT GAT GGG ATG GGA ATA CA-3' (position: 2566-2 586 of
Pgene),HBV RT primer: 5 -GCT GGT TCA CAT TGT GAGGGG
AGT CTA GACTCG TGG TGG A-3' withtheformer 20 bp as
the joint sequence, and the latter 20 bp in the position of the
overlap of genome P region and Pre-Sregion (position 2 921-
2 941). There was a 395 bp between R and RT primers. HCV
reverseprimer: 5'-ATC ACT CCC CTG TGA GGA A-3' which
was | ocated between 47-65 bp. RT —PCR primer: 5 -GCT GGT
TCACATTGT GAGGGCTACGAGACCTCCCGGGGCA-3.
Theformer 20 bp wasthe joint sequence, the latter 20 bp wasin
313-332 of HBV genome. Theproduct between Rand RT primers
was a 315 bp fragment. The second round primers: N primer
sequencewas5'-GCT GGT TCA CAT TGT GAGGGTAGAGG
ACA AAC GGG CAA CA3Z, the former 20 bp was the joint
sequence, and the latter 20 bp wasin 2 703-2 723 of HBV
genome. RT-PCR primer wasthe same asthat of thefirst round,
the amplification product was a 278 bp fragment between N
and RT. TheHCV N primer was5'-GCT GGT TCA CAT TGT
GAGGGGGGAGA GCCATAGT GGT CTG-3, theformer 20bp
wasthejoint sequence, and thelatter 20 bp waslocated between
132-151 of HCV. RT primerswerethe same asthefirst round of
amplification and the product was a 241 bp fragment. After two
rounds of amplification, the third round was amplified with the
commonprimersT: 5 GCT GGT TCA CAT TGT GAGGG3 . The
primers were synthesized by phosphoamidite method with 391
DNA synthesizer. The synthesized primers were purified with
OPC column’®l,

Quality evaluation parameters of designed diagnostic assay
Sensitivity indicated the percent of positive cases by the
diagnostic assay in the patient group. It was calculated
according to the following formula.

True positivity 100%
X 0

Sensitivity = — :
True positive + false negative
The sensitivity should be 100% for a perfect diagnostic assay.
Specificity indicated the percent of negative cases
determined by the diagnostic assay in control group. It was
calculated according to the following equation.

True negativity 100%
X 0

ecificity =
» b4 False positivity +true negativity

The specificity should be 100% for a perfect diagnostic assay.
Diagnostic index was acombined parameter to evaluate the

sensitivity and specificity. It was the sum of sensitivity and
specificity. The perfect diagnostic index should be 200%, and

it should not be lower than 100%.

Agreement rate indicated the ability of adiagnostic assay to
correctly discern the patients and control cases. It was
calculated by the following method. The perfect agreement
rate of a diagnostic assay should be 100%.

TP+TN

——————x100%
TP+FP+TN+FN

Agreaement rate =

(TP: true positivity; TN: true negativity; FP: false positivity;
FN: false negativity).

Positivepredictivevalue(PPV) indicated the percent of patients
in the positive results of diagnostic assay. It was calculated
according to the following equation.

TP
PPV=——— x100%
TP+FP

Negative predictivevalue (NPV) indicated the percent of non-
patients in the negative results of diagnostic assay. It was
calculated according to the following equation.

TN
PvV= x100%
FN+TN

(NPV: negative predictive value; TN: true negativity; FN: false
negativity; TN: true negativity).

RESULTS

Screening extraction methods for HBV DNA from HBsAg
positive serum
Four methods were used to extract HBV DNA from HBsAg
positive sera of patients. The results of amplification were
compared to that of ELISA (Table 1).

The positive amplification rates were 20%, 60%, 85% and
95% for methods 1 to 4 respectively.

Screening the extracting methods of HCV RNA from anti-HCV

positive serum

Fifteen anti-HCV positive sera were extracted with the four

methods and the results were compared with ELISA (Table 2).
The positive amplification rates were 6%, 6%, 30% and 95%

for methods 1 to 4, respectively compared to the ELISA.

Establishment of simultaneous extraction method of HBVDNA
and HCV RNA

Six samples positive for both HBsAg and anti-HCV were
extracted and amplified, the simultaneous extraction positive
rate was 100% for HBV and 83% for HCV, respectively.

Establishment of RT and first round of amplification method
Orthogonal method was used to select the six common factors

Table 1 Amplification results of HBV DNA from 20 HBsAg positive sera

Sample number

Method

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
ELISA + + + + + + + + + + + + + + + + + +
Method 1 + + - + + - - -
Method 2 + - - + + + + - + + + - - _
Method 3 + + + + + + +
Mrthod 4 + + + + + + + + +

Note: + represents positive amplification; - represents negative amplification.
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Table 2 Amplification results of HCV RNA from 15 anti-HCV positive sera

Sample number

Method

1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

ELISA + + + + + + +
Method 1 - - - -

Method 2 - - - + -

Method 3 - + + + - -

Method 4 + + + + + + +

+ + + + + + + +

+ + + - + + + +

Note: + represents positive amplification; - represents negative amplification.

affecting the amplification, which were the concentrations of
dNTPs, Mg*, Tag polymerase, AMV and primers (including
HBV and HCV). Fivelevelswere designed for each factor. The
pattern of orthogonal was L 25!, The PCR reaction was as
follows. HBV, 8 uL HCV template, 5L 10xbuffer, 40 U RNase
inhibitor, and other components and finally ddH,O was added
tomakethetota volume50 pL. Twenty-fivekindsof amplification
system were available. After paraffin oil was added, reactions
were performed at 50 °C for 30 min, at 95 °C for 2 min,and 30
cyclesa 95°Cfor 30s,a55°Cfor 30s, a 72°Cfor L min. Then
10 pL amplification product was identified by 15 g/L agarose
electrophoresis. The results showed under the condition of
protocol 13, that both HBV and HCV targets were successfully
amplified, therefore protocol 13 was chosen as the first round
protocol. Theamplification program wasat 50 °C for 30 min, at
95°Cfor2min,andat 95°Cfor 30, at 55 °Cfor 30sand &t 72°C
for 1 min for atotal of 30 cycles.

Screening of the second round of amplification reaction condition
According to the orthogonal method and experience, 6 protocols
were designed. The reaction condition wasat 95 °C for 30 s, at
55°Cfor30s,andat 72 °Cfor 45 sfor atotal of 10 cycles. The
results showed that the two target bands of HBV and HCV
were successfully separated in protocol 1. Thereforethe protocol
1 was chosen as the final optimal protocol.

Screening of the third round of amplification reaction
According to the results of the above two rounds of
amplification, 7 protocols were designed for the third round of
amplification. All theamplification reactionswere doneat 95 °C
for30s a55°Cfor30s,a 72 °Cfor 1 minfor atotd of 30 cycles.
The results showed that the HBV and HCV target bands were
discerned more obviously under the condition of protocol 2,
which was therefore determined as the optimal protocol.

Comparison of normalized PCR detection results with ELISA
method

Twenty-eight sampleswere detected with both normalized PCR
method and ELISA method. In the 14 samples positive for
HBsAg, the results of the six antibody-positive amplifications
are shown in Figure 1. The concordance of PCR with ELISA
was 78.8%. Eight anti-HCV positive samples detected with
multiplex PCR had a coincidence rate of 75% compared with
ELISA method. When it was used to detect samples positive
for both HBsAg and anti-HCV , the coincidence rate was 83.3%.
Ten control cases negative for both HBsAg and anti-HCV were
also detected with normalized PCR, of which 2 were positivefor
HBV and 1for HCV.

Quality evaluation of simultaneous PCR detection of HBV and
HCV

Fourteen patients with HBV infection were detected with
normalized PCR method. The results showed that the true
positivity was 11 and the fal se negativity was 3 (Table3).

315 bp
395 bp

M 1 2 3 4 5 6

Figure 1 Normalized PCR amplification for patients with both
HBsAg and anti-HCV antibodies. M represents X174-hae 111
marker. Lanes 1 to 6 represent amplification results of six pa-
tients who were positive for HBsAg and anti-HCV. Only lane 2
is negative for HCV.

Of theeight HCV patients detected with normalized method,
6 were positive and 2 were negative. Six patients with both
HBV and HCV infection were also detected, of which 5 were
positiveand 1 was negative (Figure 1 and Table 4). Ten patients
without HBsAg and anti-HCV infection were a so detected with
our method, of which 8 were negative for HBV and 2 were
positive for HBV (false positivity), 9 were negative for HCV
and 1 positivefor HCV (false positivity) (Tables 3, 4).

Evaluation of validity and diagnostic power of normalized PCR
for detecting HBV DNA

The sensitivity of this method for the detection of HBV DNA
was 78.6% (11/14). The specificity was 80% (8/10). The
diagnostic index was 158.6% (78.6% plus 80%) and the
agreement rate was 79.2%. The positive predictive value was
84.6% (11/13). The negative predictive value was 72.7% (8/11)
(Table3).

Table 3 Evaluation of validity and diagnostic power of nor-
malized PCR for detecting HBV DNA

HBYV patient Non-HBYV control Total
Positive 11 2 13
Negative 3 8 11
Total 14 10 24

Table 4 Evaluation of validity and diagnostic power of nor-
malized PCR for detecting HCV RNA

HCV patients Non-HCV control Total
Positive 6 1 7
Negative 2 9 11
Total 8 10 18

Quality evaluation of validity and diagnostic power of normalized
PCR for detecting HCV RNA
The sensitivity of this method for the detection of HCV RNA
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was 75% (6/8). The specificity was 90% (9/10). Thediagnostic
index was 165% (75% plus 90%) and the diagnostic efficiency
was 83.3%. The positive predictive valuewas 85.7% (6/7). The
negative predictive value was 81.8% (9/11) (Table 4).

Evaluation of validity and diagnostic power of normalized PCR
for detection of both HBV DNA and HCV RNA

The sengitivity of thismethod for the detection of superinfection
of HBV DNA and HCV RNA was 83.3% (5/6). The specificity
was 70% (7/10). The diagnostic index was 153.3% (83.3% plus
70%) and the diagnostic efficiency was 72.2%. The positive
predictive value was 62.5%. The negative predictive value was
87.5% (Tableb).

Table 5 Evaluation of validity and diagnostic power of nor-
malized method for detecting HBV and HCV double infection

HBV(+)and HBV(-) and Total
anti-HCV(+) anti-HCV(-)
Positive 5 8 13
Negative 1 2 3
Total 6 10 16

DISCUSSION

Virusparticlesof HBV and HCV arerareinblood and HCV RNA
is easily to degrade, therefore selecting protein denaturing
agents to quickly dissolve the membrane protein is very
important in the process of simultaneous extraction of HBV
and HCV nucleic acids. Our results showed that method 4 was
the most effective among the four extraction methods. The
effective extraction rate was 95% for both HBsAg and anti-
HCV positive serum. In method 4, hydrochloride guaninewasa
potent protein denaturant, it could dissolve the protein and
destruct its secondary structure and cell structure, and mad it
possibleto separate nucleotide protein from nucleic acids. Urea
and Triton X-100 are non-detergents and could dissolve cell
membrane and precipitate the protein. Proteinase K could further
degrade protein. Glass powder had absorptive effect on nucleic
acids and therefore could absorb nucleic acids on its surface.
I sopropy! alcohol could precipitate nucleic acids and finally
the low ion potential solution could elute nucleic acids from
the glass powder. This method was confirmed to be effective
and authentic, suitable for the separation of virus RNA and
DNA. In practice, it wasasimple, fast, stable and reproducible
method.

Theoretically, there is no limit on the number of target
sequences simultaneously amplified by multiplex PCR. But the
stringency of specific conditions restricted the number of target
sequences amplified. In order to overcome these limits, we
established amultiplex normalized amplification method. First a
nested PCR amplification was performed with 2 pairs of primers
with ajoint sequence. Then a normalized amplification was
donewith joint primers. The effects of competition of primers
were the lowest, so that the multiplex PCR became a single
target PCR. These measurements could overcomethe difficulties
in establishing and optimizing the conditions of multiplex PCR.
The success of this method has shed some lights on the
development of PCR techniques. We used the orthogonal
method for the design of experiment'®, and divided the key
factors of PCR reaction such as primer concentration, dNTPs,
Taq polymerase, AMV and magnesium chloride concentration
into different grades, and afactor tablewas set up. Thisincluded
all possible arrangements and combination of factors. The
results showed that the coordination of proportion of the
6 factors was very important. If the proportion of HBV and
HCV primers was not appropriate, and sometimes one of the
amplifications was superior to another and only one band could

be identified by electrophoresis.

ELISA isamethod to detect antibody for the purpose of
diagnosis of virusinfection. The antibody was only detected
1 to 2 wk after infection, which reflected the immune response
of the host, but could not explain the virus replication. PCR
method could directly detect the virus nucleic acids. It could
reflect the state of virus replication. When the virus was cleaned
up, only the antibody was positive, the nucleic acids could not
be detected. That iswhy the detection rate of PCR was lower
when ELISA was used as agolden standard. In this study, 1/8
of theanti-HCV patients were negativefor HCV RNA, and 1/ 6
patients were positive for both HBsAg and HCV, which were
undetectable by our method. Thisis partly because the patients
were in the state of convalescence, and the virus was already
cleaned up or wasfalse positive for ELISA dueto hyperimmu-
noglobulinemia, rheumatoid factor and superoxide dismutase.
The detection of HCV RNA in non-hepatitis patients could be
explained by the fact that the patients might be in the early
stage of acute hepatitis, and the antibody had not been
produced yet. A close follow-up is needed for the early
diagnosis and treatment after the possibility of false positiveis
excluded.

Currently, the super-infection rate of HBV and HCV was
very high, and it was 13.64% to 27.27% reported by Xul™. Itis
important to establish methods that can simultaneously detect
combined virusinfection. Konomi et al.® reported a multiplex
polymerase chain reaction (PCR) method for simultaneous
detection of hepatitis B, C, and G viral genomes. The levels of
concordance with the data obtained by conventional single
PCR method were 100% for singleinfection, 98-100% for double
infection, and 92% for triple infection. Meng Q and his
colleagues® established an automatic multiplex system for
simultaneously screening hepatitis B virus (HBV), hepatitis C
virus (HCV), and human immunodeficiency virustype 1 (HIV-1)
in blood donations. The detection limits (95% confidence
interval) were 22 to 60 copies/mL for HBV, 61t0 112 [U/mL for
HCV, and 33 to 66 copies/mL for HIV-1, using aspecimen input
volumeof 0.2 mL. The AMPLINAT MPX assay could detect a
broad range of genotypes or subtypes for all three viruses and
had aspecificity of 99.6% for al threeviruseswith sero-negative
specimens. In an evaluation of sero-conversion panels, the
AMPLINAT MPX assay detected HBV infection an average of
24 d before the detection of HBSAg by enzymeimmunoassay.
HCV RNA wasdetected an average of 31 d beforeHCV antibody
appeared. HIV-1 RNA was detected an average of 14 d before
HIV-1 antibody and an average of 9 d before p24 antigen. A
Chinese group has designed avisual gene-detecting technique
using nanoparticle-supported gene probes. With the aid of
gold nanoparticle-supported 3'-end-mercapto-derivatized
oligonucleotide serving as a detection probe, and 5'-end -
amino-derivatized oligonucleotide immobilized on glass surface
acting as a capturing probe, target DNA was detected visually
by sandwich hybridization based on highly sensitive “nano-
amplification” and silver staining. Different genotypes of
hepatitis B and C viruses in serum samples from infected
patients were detected using home made HBV, HCV, and
HBV/HCV gene chips by the gold/silver nanoparticle staining
amplification method. The present visual gene-detecting
technique might avoid limitations of the reported methods due
to for its high sensitivity, good specificity, simplicity, speed,
and cheapness?.

Multiplex PCR assay has been used for the simultaneous
detection of many different genes of pathogensincluding genes
related with antibiotic resistance genes in Staphylococcus
aureus®™, A multiplex reverse transcriptase polymerase chain
reaction (RT-PCR) was also applied for the simultaneous
detection of hepatitisA virus (HAV), poliovirus (PV) and smian
rotavirus (RV-SA11), and compared with specific primers for
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each genome sequence. Three amplified DNA products
representing HAV (192 bp), PV (394 bp) and RV (278 bp) were
identified when positive controlswere used*?. A multiplex RT-
PCR method was described for the simultaneous detection of
all four virusesin combination with a plant mRNA specific
internal control which could be used as an indicator of the
effectivenessof the extraction and RT- PCR. Theupper detection
limit for the four viruseswas at an extract dilution of /2003, A
multiplex semi-nested PCR was devel oped for the s multaneous
detection and differentiation among porcine circovirus 1
(PCV 1), PCV2, and porcine parvovirus (PPV) from boar semen.
Primersof PCV 1, PCV 2 and PPV were specific and did not react
with other viruses respectively. Twenty (20.4%) and 42 (42.9%)
out of 98 whole semen samples were found to be positive for
PCV and PPV using conventional multiplex and semi-nested
PCR respectively™™. Multiplex method for HBV/HCV/HIV-1has
been used for screening 6 805 010 unitsof serologically negative
donation and 112 HBV DNA-positives, 25 HCV RNA positives
and 4 HIV-1 RNA positives were screened out and prevented
transfusion of the positive blood!*>19,

The sensitivity of our multiplex normalized PCR method
was 78.6%, 75% and 83.3% for the detection of HBVDNA,
HCVRNA, and super-infection of HBV and HCV respectively.
The specificity was 80%, 90% and 70%, respectively. These
are good enough for a diagnostic assay. It can detect both
DNA and RNA simultaneously and can be completed in one
day. Itisnot only suitablefor clinical diagnosis, but also suitable
for the screening of HBV and HCV from blood donators to
prevent the transmission of these diseases. It can aso be used
for an epidemiological study. In these respects it needs to be
further studied in alarge-scale population.
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Abstract

AIM: To evaluate the role of miniprobe ultrasonography under
colonoscope in the diagnosis of submucosal tumor of the
large intestine, and to determine its imaging characteristics.

METHODS: Thirty-five patients with submucosal tumors
of the large intestine underwent miniprobe ultrasonography
under colonoscope. The diagnostic results of miniprobe
ultrasonography were compared with pathological findings
of specimens by biopsy and surgical resection.

RESULTS: Lipomas were visualized as hyperechoic
homogeneous masses located in the submucosa with a
distinct border. Leiomyomas were visualized as hypoechoic
homogeneous mass originated from the muscularis propria.
Leiomyosarcomas were shown with inhomogeneous echo
and irregular border. Carcinoids were presented as
submucosal hypoechoic masses with homogenous echo
and distinct border. Lymphangiomas were shown as
submocosal hypoechoic masses with cystic septal structures.
Malignant lymphomas displayed as hypoechoic masses
from mucosa to muscularis propria, while pneumatosis
cystoids intestinalis originated from submucosa with a
special sonic shadow. One large leiomyoma was misdiagnosed
as leiomyosarcoma.

CONCLUSION: Endoscopic miniprobe ultrasonography can
provide precise information about the size, layer of origin,
border of submucosal tumor of the large intestine and has
a high accuracy in the diagnosis of submucosal tumor of
the large intestine. Pre-operative miniprobe ultrasonography
under colonoscope may play an important role in the choice
of therapy for submucosal tumor of the large intestine.

Zhou PH, Yao LQ, Zhong YS, He GJ, Xu MD, Qin XY. Role of
endoscopic miniprobe ultrasonography in diagnosis of
submucosal tumor of large intestine. World J Gastroentero/
2004; 10(16): 2444-2446
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INTRODUCTION

Due to the development of colonoscope and CT, the reported
number of submucosal tumor (SMT) of the large intestine has
been increased. SMT of the large intestine includes lipoma,

lymphangioma, leiomyoma, carcinoid, metastatic tumor, etc.
Previous diagnosis depended mainly on barium enema and
colonoscope, but none of them could make clear the histological
featuresof SMT, and it was also difficult to differentiate SMT
from extramura compression. Inthe 1980 s, the devel opment of
endoscopic ultrasonography (EUS) significantly improved the
accuracy of diagnosis of the digestive tract diseases”. EUS
can provide detailed information about gastrointestinal wall
structure and adjacent organs. EUS is highly accurate in the
visualization of submucosal lesionsand their sonographic layer
of origin within gastrointestinal wall. Concerning SMT of the
digestive tract, several studies have been published mainly in
upper digestive tract>4, but there have been few studies on
SMT of the lower digestive tract. The aim of this study wasto
assess the value of EUS in the diagnosis of SMT of the large
intestine and determine their imaging characteristics.

MATERIALS AND METHODS

Patients

EUS was performed in 35 patients with elevated lesionswhich
had normal mucosal vision under colonoscope between January
2001 and November 2003. The patient group comprised 19 men
and 16 women with amean age of 54.6 years (range, 32-72 years).
The diameter of lesions ranged 0.5-4.2 cm. Of the 35 lesions,
28 were confirmed histologically by endoscopic biopsy and
surgical resection, and the histological findings were compared
with ultrasonographic imagings. The other 7 patients were
observed without resection. The lesion that caused extramural
compression of intestinal wall was excluded from this study,
which could easily be confused with SMT clinicaly.

Instruments

A ultrasonic miniprobe (Olympus UM-2R, 12MHz; UM-3R,
20 MHz, Tokyo, Japan) was introduced under electronic
colonoscope (Olympus CF-Q240, Tokyo, Japan), aswell asan
endoscopic ultrasonography system (Olympus EU-M 30, Tokyo,
Japan). The video image was recorded by ultrasonography
image recorder (Sony UP-890, Tokyo, Japan).

Operative procedures

Patients undergoing EUS were prepared with the same method
as for conventional colonoscopy. Five mg midazolam was
administered intramuscularly and 10 mg scopolamine
butylbromide was injected intravenously for sedation before
the procedure. When an elevated lesion with normal mucosa
was observed endoscopically, the tip of the colonoscope was
placed at the distal end of the lesion. The lumen wasfilled with
100-200 mL water to achieve acoustic coupling between the
transducer and the intestinal wall. Subsequently, the miniprobe
was introduced through the working channel of the
colonoscope and advanced beyond the lesion. The lesion was
assessed by real-time ultrasonography while the miniprobe was
moved over the lesion region®.

Thelayer of origin of SMT was determined according to the
continuity between thelesion and adjacent normal colonic wall.
The nature of SMT was assessed by its size, layer of origin,
border characteristic and internal echogenicity.
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Statistical analysis

Valueswere presented as mean+SD. Analysis of variance with
t test was used for statistical analysis. P</=0.05 was considered
statistically significant.

RESULTS

EUS was performed successfully in all 35 patients. The normal
wall of thelarge intestine was displayed in 5 layers (Figure 1).
Thefirst 2 layers represented the mucosa (m). The third layer
stood for the submucosa (sm). The muscularis propria (mp)
was depicted by the 4" layer. Adventitia or serosa (sa) was
sometimes displayed asthe 5" layer. Asthe lower part of rectum
below the peritoneal reflection had no serosa, the pericolic fat
and the mural outer layer constituted the hyperechoic layer.
SMT was mostly visualized as hyperechoic, hypoechoic,
anechoic lesionswithin the colorectal wall (Figure1). The EUS
characteristics of SMT are summarized in Table 1.

Lipomas, the most common SMT of the large intestine
(accounting for 1/3in our study), werevisualized ashyperechoic
homogeneous masses located in the third layer (sm) with a
distinct border. Leiomyomas were visualized as hypoechoic
homogeneous mass originated from the 4" layer(mp). Two

Figure 1 EUS imagines of normal wall and SMT of the large
intestine. A: The normal wall was displayed in 5 layers; B: Li-
poma imagine showed a hyperechoic homogeneous mass lo-
cated in the third layer; C: Leiomyoma imagine showed a
hypoechoic homogeneous mass originated from the 4" layer;
D: Rectal carcinoid imagine showed a submucosal hypoechoic
mass with a homogenous echo.

Table 1 EUS characteristics of SMT of the large intestine

|elomyosarcomaswith amean diameter of 38 mm, inhomogeneous
and irregular border were confirmed histologically by
surgical resection. One large leiomyomawas misdiagnosed as
leiomyosarcoma. Carcinoid was presented as a submucosal
hypoechoic mass with ahomogenous echo and distinct border.
All 3 carcinoids were located in rectus, of which 2 were less
than 10 mm in diameter, submucosal continuity was not
disrupted, and were resected under colonoscope. Another one
was resected by surgery because of large diameter (1.8 cm) and
disrupted submucosal continuity. Lymphangiomas were shown
with EUS as submucosal anechoic masses with cystic septal
structures. Malignant lymphomadisplayed as hypoechoic mass
from mucosa to mp depending on stage of the disease, while
pneumatosis cystoidsintestinalis, not real tumor, originated from
sm with a special sonic shadow behind mass.

DISCUSSION

Barium enema and colonoscopy are the main widely used
examinations in the diagnosis of submucosal lesions of the
large intestine. Takada et al.™® classified colonic SMT into five
types on the basis of barium enema studies. Typical endoscopic
feature of the colonic SMT is an elevated lesion with normal
mucosa, and each hasits own endoscopic morphol ogic features.
However, it is difficult to determine the real size, layer of the
origin and histologic nature of SM T with these proceduresalone.
In addition, lesions smaller than 10 mm cannot be detected.
Under these circumstances, the development of EUS has
provided a brand new dimension in the diagnosis of colorectal
lesiond>*, EUS can image the entire structure of the colonic
wall which correspondsto the histologic layer structure. Normal
colonic wall is presented as five-layered structure. By placing
high frequency miniprobe on the elevated spot, the layer of the
origin of SMT is generally determined by demonstrating
continuity between the tumor and the colonic wall. Extraluminal
compression is easily differentiated from SMT by EUS. Our
study found lipoma, lymphangiomaand carcinoid wereoriginated
from the third layer (sm). Myogenic tumors were found to be
originated from the fourth layer (mp). According to literature,
some myogenic tumors were from muscularis mucosa™?.
Thesize of SMT can be measured with EUS. The biggest
SMT wedetected in thisstudy was 4.2 cmin diameter. Because
of the high frequency employed in this study, it was difficult
for miniprobe to observe big lesions. In general, the lower the
frequency employed, the better the depth of US penetration
and the clearer the image. Therefore, 20 MHz is suitable for
clear images of superficial lesions. On the other hand, 12 MHz
and 7.5 MHz are more suitable for the evaluation of the big
lesions and contiguous tissues. The smallest SMT we detected
was 5 mm in diameter, while Sun et al.[*¥ reported that the
smallest size detectable was 2 mm in diameter histologically.
The nature of SMT can be determined by the internal
echogenicity. In this study, al lipomas were hyperechoic

EUS findings

Diagnosis (No.of patients)

Size (mm) Shape Border Layer of origin Echogenicity Internal echo
Lipoma (n = 12) 15+3.1 Round Regular Third Hyperechoic Homogeneous
Leiomyoma (n = 8) 174+4.3 Round Regular Fourth Hypoechoic Homogeneous
Lymphangioma (n = 6) 14+2.3 Round Regular Third Anechoic Multilocular
Leiomyosarcoma (n = 2) 38+2.8 Round Lobulated Regular Fourth Hypoechoic Inhomogeneous
Carcinoid (n = 3) 14+4.2 Round Regular Third Hypoechoic Homogeneous
Malignant lymphoma (n = 2) Irregular Irregular Second to fourth Hypoechoic Inhomogeneous
Pneumatosis cystoid intestinalis (n =2)  17+3.6 Irregular Irregular Third Hypoechoic Inhomogeneous

2P<0.05 vs leiomyoma.
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homogeneous and lymphangiomas were anechoic with cystic
septal structures®¥. The other SMTswere mostly visualized as
hypoechoic masses. Therefore, the former findings are strongly
suggestive of lipomas and lymphangiomas.

Leilomyosarcomaof thelargeintestineisextremely rare, only
accounting for 0.1% of colonic maignancy!*?. With regard to
differential diagnosis of leiomyomas and |eiomyosarcomas, it
issuggested to distinguish according to the size and the internal
ultrasonsic characteristics of the tumor in literature. For the
lesion which hasthe diameter <30 mm, homogenous resonance
and clear borderline, the benign is considered. In contrast, if
the lesion has a diameter >30 mm, inhomogeneous resonance
and irregular border, it may be diagnosed as malignant. But one
case in our study with a diameter of 3.2 cm was eventually
diagnosed as leiomyoma by pathology. Endoscopic
ultrasonography guided fine needle aspiration (FNA) can
further help to diagnose the submucosal masses™!.

EUS isuseful in determining the therapy for SMT of the
large intesting®!, Lipoma and lymphangioma are easy to be
diagnosed by EUS, and these lesions can be removed
endoscopically or observed without resection. Although
lelomyoma and leiomyosarcoma are difficult to differentiate,
|eiomyosarcoma should be strongly suspected, and surgery
should be considered when the tumor isover 30 mmin diameter
and has an inhomogeneous internal echo. Although myogenic
tumor diagnosed by EUS is an indication for surgery at our
department, patients are followed up by EUS according to a
strict protocol when the size of tumor issmaller than 20 mmand
the patient declines surgery.

In conclusion, EUS can provide precise information about
the size, layer of origin, and echogenicity of the SMT of the
largeintestine. It isuseful inthe diagnosisof SMT of thelarge
intestine and can have an important rolein the choice of therapy.
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Abstract

AIM: Gastrointestinal autonomic nerve tumors are
uncommon stromal tumors of the intestinal tract. Their
histological appearance is similar to that of other
gastrointestinal stromal tumors. We report two cases and
performed an analysis of the literature by comparing our
findings with the available case reports in the medical
literature.

METHODS: Two patients were admitted with abdominal
tumor masses. One occurred in the stomach with large
multiple liver metastases and the second originated in
Meckel “s diverticulum. The latter site has never been
reported previously. Both patients underwent surgery. In
one patient gastrectomy, right liver resection and colon
transversum resection were performed to achieve
aggressive tumor debulking. In the other patient the tumor
bearing diverticulum was removed.

RESULTS: Postoperative recovery of both patients was
uneventful. Histological examination, immunohistochemical
analysis and electron microscopy revealed the diagnosis
of a gastrointestinal autonomic nerve tumor. The patient
with the tumor in Meckel’s diverticulum died 6 mo after
surgery because of pneumonia. The patient with liver
metastases have been alive 13 years after initial tumor
diagnosis and 7 years after surgery with no evidence of
tumor progression. In light of our results, we performed a
thorough comparison with available literature reports.

CONCLUSION: Radical surgical resection of gastrointestinal
autonomic nerve tumors seems to be the only available
curative approach to date, and long term survival is possible
even in large metastasized tumors.

Stift A, Friedl J, Gnant M, Herbst F, Jakesz R, Wenzl| E.
Gastrointestinal autonomic nerve tumors: A surgical point of
view. World J Gastroentero/ 2004; 10(16): 2447-2451
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INTRODUCTION

Gastrointestinal autonomic nerve tumors (GANTS) were first
described by Herreraet al. in 1984. The authors used the term
plexosarcomato describethisentity!. Inthelast decade several
investigators have recognized the distinct characteristics of
thistype of tumor?9, It consists of asubgroup of gastrointestinal
stromal tumors (GISTs) with a specific ultrastructural
appearance, suggesting that it originates from neurons of the

enteric plexus. Histologically, GANTs are usually low-grade
spindle-cell neoplasms but cannot be definitely distinguished
from stroma tumors or other neurogenic tumors by histological
or immunohistochemical features. To date, the diagnosis
of GIST is strongly suggested by immunostaining for the
transmembrane tyrosine kinase receptor CD117 and c-kit gene
mutations”8. Partly based on these findings GISTs have been
defined as tumors of the interstitial cells of Cajall®. Because
GANTSs also often showed CD117 staining some authors
considered GISTs to be identical to GANTSY. Eyden et al.
haverecently studied 82 gastrointestina stroma tumorsin terms
of their cellular differentiation by using electron microscopy.
They demonstrated that electron microscopy was needed to
establish the diagnosis of GANTSs and to exclude other
gastrointestinal stromal tumord®. We performed an analysis of
the literature to compare our patients with the published data.
The literature search yielded more than 120 published cases of
GANTSs, including the two cases presented in this report!61-33,

CASE REPORT

Casel

Thisfema e patient was 22-year-old when shefirst noted fatigue,
loss of appetite and epigastric discomfort in 1990. On physical
examination she had a palpable epigastric mass. Upper
gastrointestinal series and computed tomography (CT)
suggested that the mass was a large gastric tumor. Endoscopy
revealed several large masses protruding into the stomach
without erosion of the overlying mucosa. Laparotomy showed
that the entire stomach was infiltrated with nodular masses. In
addition, theliver demonstrated multiplenodules. Intraoperatively
obtained frozen sectionsrevealed aleiomyosarcoma. Dueto the
poor prognosis of the disease and the extensive tumor burden
the surgeon decided not to remove any tumor mass. The patient
was discharged without any further treatment. Histological
features and immunohistochemical characteristics were
determined and found to be analogous to the results obtained
six yearslater. Ultrastructural examination was not performed.
At thetime this case was diaghosed, only 10 GANTs had been
documented in the literature.

Six yearslater the patient was ill alive and was admitted to
our hospita after an extensive weight loss (she weighed 38 kg
at thetime of admission). The patient complained of progressive
abdominal discomfort and dyspnea. On physical examination
the abdominal wall was extremely distended by alarge palpable
epigastric mass. Diagnostic studies including CT scan
confirmed the known abdominal tumor. On the CT image the
liver foci were partly solid and partly liquid (Figure 1).

Again, alaparotomy was performed. The intraoperative
findings were similar to those obtained 6 years earlier. By then,
the gastric tumor invaded the transverse mesocolon. Maximum
debulking was achieved by total gastrectomy, transverse colon
resection and right hepatectomy, leaving only small tumor
deposits in the left liver. The resected gastric tumor mass
measured approximately 40 cmx25 cmx20 cm in aggregate and
theliver foci covered 25 cmx12 cmx12 cm (Figures 2, 3). After
an uneventful recovery the patient was discharged after 3 wk
and returned to work 5wk later. CT series obtained 3, 6 and
12 mo after the operation showed no measurable expansion of
theremaining foci inthe left liver. A CT scan performed 24 mo
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after the operation reveal ed spontaneous partial regression of
the metastatic liver foci. Seven years after surgery, the patient
wastill inexcellent clinical condition and free of discomfort. In
addition, the patient delivered a healthy boy in 1997.

Figure 3 Right liver containing multiple metastatic nodules.

Microscopically, the resected gastric tumor chiefly consisted
of plump spindle cells with distinct nuclear pleomorphism. In
some areas 15 mitotic figures per 10 high power fields were
identified. Immunohistochemical studies showed positive
staining with antibodies to neuron specific enolase (NSE) and
vimentin. There was also aweak focal staining for S 100 and
HISL-19. No detectable staining for chromogranin A, 1 A 4,
HHF 35, EMA, MNF 116, CAM 5.2, JC 70aand CD117 was
observed. Just asmall part of the tumor mass showed positive
staining with an antibody to CD 34. Microscopically, the
resected metastatic liver tumor also mainly consisted of
plump spindle cells. In contrast to the original tumor mass,
immunohistochemical studies showed 100 percent positive
staining for CD 34 but negative staining for CD 117. CD 117
staining was performed a few weeks ago in order to take into
account newest drug developments like tyrosine kinase
inhibitors as a potential treatment option. Approximately 80%
of the sampled tumorswerenecrotic. Ultrastructural examination
showed neuron-like cells with long cytoplasmatic processes
and dense core neurosecretory granules. Thus, the diagnosis
of agastrointestinal autonomic nervetumor (GANT) was made.

Case?2

A 68-year-old man was admitted to the hospital with a one
month history of fever and weight loss of 4 kg. No abnormal
findingswereregistered on physica examination. Computerized
tomography showed a decaying liver tumor. The Mendel-
Mantoux reaction was highly positive. Thereforetheliver focus
was considered to be tubercul otic. Tubercul ostatic triple-drug
therapy was administered for 6 mo. After 12 mo, aCT scan of
the abdomen and upper gastrointestinal series showed anormal
liver with no pathological signs. An additional new finding
was suggestive of atumor of the ileum. Laparotomy revealed
neoplastic nodular masses (9 cmx6 cm) originating from
Meckel’s diverticulum. The tumor was resected along with an
ileal segment. The patient had an uneventful recovery and was
discharged 10 d postoperatively. Light microscopy revealed
that the tumor was composed of interlacing fascicles of plump,
pleomorphic spindle cells, partly showing a storiform and
epitheloid pattern. Less than one mitotic figure per 10 high-
power fields was identified. Immunohistochemical stainings
for vimentin, S-100 and neuron specific enolase (NSE) were
positive, whereasstaining for Lu5, CAM 5.2, MNF 116, EMA,
desmin, chromogranin, 1A4, Q-BENT10, JC70A, HMB-45,
PGM1, HHF35 and CD117 wasnegétive.

Ultrastructural examination showed neuron-like cellswith
long branching cytoplasmatic processes. Dense-core granules
were scarce. No basal lamina, dense bodies, or pinocytotic
vesicles were found.

Six months later the patient died of a severe pneumonia. A
post-mortem examination showed no intestinal abnormalities
or recurrence of disease.

DISCUSSION

Gastrointestinal autonomic nerve tumors represent a rare
distinct subcategory of gastrointestinal stromal tumors. First
described by Herreraet al. in 1984 as plexosarcoma supposedly
originating from the enteric autonomic plexus, morethan 120 cases
including our own have been documented in the literaturg-611-381,
These tumors were found in patients of awide agerange (10 to
85 years) with amedian age of 58 years. Seventy-nine per cent
of patients were older than 50 years. The tumors were found
slightly more often in males (62 males vs 58 females). The
reported clinical signs and symptoms are shownin Table 1. In
the majority of cases, the primary site of the tumor was the
stomach, duodenum, jejunum and ileum, but the esophagugd®?2,
rectumi?®- 34 bladder® or colon*¥ have also been reported in
some cases (Table 2).

Table 1 Clinical symptoms of 78 reported GAN tumors

Clinical symptoms No. of patients Percent of patients

Abdominal pain 32 41
Meaena 19 24
Abdominal mass 10 13
Weight loss 10 13
Vomiting 9 12
Fatigue 7 9
Fever 5 6
Anemia 4 5
Obstructive jaundice 2 2
No clinical symptoms 5 6

On imaging studies, the tumor often presents as alarge and
lobulated solid mass, with areas of necrosis. It is locally
invasive. Radiological techniques did not permit a distinction
between GANTs and other gastrointestinal stromal tumorg?33,

The greatest dimension of the tumor was determined in 81
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cases, and ranged from 1.5 cm to 40 cm (median 10.4 cm). Eighty
per cent was larger than 5 cm and 37% had one dimension
larger than 10 cm. The bulky tumor masses were predominantly
cystic and necrotic. In two cases an abscess was present in
the tumor(*"2%, Some of these GANTs were observed in
patients with Carney’s triad (3 cases)!'5'", neurofibromatosis
(3 cases)>221 and adrenal ganglioneuroma (1 case)!.

Table 2 Anatomic sites of the primary tumors (n = 120)

Location No. of patients Percent of patients
Stomach 45 37.5
Jejunum 26 22.0
Illeum 21 17.5
Duodenum 12 10.0
Retroperitoneum 4 3.3
Mesentery 3 2.5
Esophagus 2 1.6
Peritoneum 2 1.6
Rectum 2 1.6
Colon 1 0.8
Bladder 1 0.8
Omentum 1 0.8

The tumors were usually intramuscular-intramural, well
demarcated, but not encapsulated, unilocated or multilocated
masses of variable consistency, with or without haemorrhage
and necrosis.

Histologically, the reported tumors showed a variety of
patterns, none of which was specifically diagnostic. Most
lesionswere spindle cell tumorswith features resembling either
smooth muscle tumors or neurogenic tumors. Epitheloid cells
were also detected, usually asaminor population. The cellular
arrangement was either whorled, patternless, fascicular,
palisaded or storiform. Generally, the tumor cells had an
eosinophilic cytoplasm. Pleomorphism was not significant and
mitosis ranged from 1 to 23/10 high-power fields.

Results of immunohistochemical studies demonstrated that
the tumor was most often reactive to vimentin and other markers
of nerve tissues such as neuron-specific enolase (NSE),
synaptophysin, S-100 protein, neurofilament, and chromogranin
A (Table 3). These proteins are normally expressed by neurons
from the autonomic enteric nerve plexus, supporting a
histogenesis of GANTSs from enteric autonomic plexuses of
Meissner or Auerbach. The muscle marker desmin and muscle-
specific actin could not be demonstrated, although focal alpha-
SMA positivity was seen in 7 reported cased?#", Except for
one study (2 cases) focal staining for cytokeratins (CAM5.2)
was found to be negative®!. GANTSs usually lacked smooth
muscle cell featuredt>.

Table 3 Summary of immunohistochemical findings of 120
cases

Antigens No. of cases  No. positive Percent of
studied cases positivity
Vimentin 103 95 92
Neuron-specific 117 105 90
Enolase
Chromogranin A 92 10 11
Synaptophysin 105 33 31
S-100 protein 117 44 38
Neurofilaments 87 14 16
Vasoactive intestinal peptide 25 5 20

Over thelast two years GANTswere al so tested for CD117
and amost al of them were positivel?,

Ultrastructural studies of al the reported cases revealed
features suggestive of myenteric plexusinorigin. Thediagnostic
ultrastructural features included the presence of long, closely
opposed cell processes containing intermediate filaments,
dense-core neurosecretory granules, microtubules, and synapse-
like structureswith variable numbers of neurosecretory granules
and small vesicles. The essential ultrastructural criteriaapplied
for the diagnosis of GANT in all reported cases included
neurosecretory granules and intermediate filaments. It should
be noted that five reported GANTs showed weak signs of
smooth-muscle morphology. Therefore, the presence of smooth
muscle cell features might also suggest GANT!®,

The primary therapy in amost al reported caseswas surgical
resection or debulking, in 2 cases preceded by radiotherapy,
and in nine cases preceded by chemotherapy. Three patients
received chemotherapy aone. Therewasno evidence of clinical
response using chemotherapy or radiation. As demonstrated
in our report, aggressive tumor debulking without any further
treatment could also be considered suitable in terms of
prolonged survival and quality of life.

According to published reports, 8 patients out of 67 (12%)
had metastases at clinical presentation and 18 patients (27%)
devel oped metastases during follow up (Table 4). The estimated
survival curve of the clinically documented cases (n = 67) is
shownin Figure4.

Table 4 Metastases of reported GANT cases (n = 67)

Metastases at clincal presentation Metastases in clinical follow up

No.of % No. of %
patients patients
Location 8 12 Location 18 27
Liver 7 10  Liver 6 9
Retroperitoneal 4 6
Lymph node 2 3 Local recurrence 5 7
Omentum 3 4
Omentum 2 3 Mesentery 2 3
Peritoneum 2 3
100
757
R 504
25+
0 T T T T
0 50 100 150 200
Time (mo)

Figure 4 Estimated Kaplan-Meier survival curve of 67 reported
patients.

Gastrointestinal autonomic nerve tumors occurred with an
estimated frequency of 1% of all malignant gastrointestinal
tumors and up to 25% of gastrointestina stromal tumorg®. In
retrospective studies of collected pathological specimens,
several investigators found that light microscopic studies
yielded ambiguous results and ultrastructural examination
was required in order to establish an accurate diagnosis of
gastrointestinal autonomic nerve tumor(62029,

Based on these observations we believe that GANTSs are
probably more common than previously thought. Therarity of
GANT may therefore be a consequence of the unavailability of
routine electron microscopic analysis. The exact biological
behavior of GANTsisnot fully elucidated because of thelimited
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number of reported cases, but it appears that, despite their low
grade malignant histological appearance, most GANTs had an
uncertain and a poor prognosis in case of metastases. With
respect to one of our patients long term survival was possible
even with metastatic diseases. Preliminary data indicated no
significant correl ation between treatment, tumor siteand clinical
outcomes2°,

Some authors suggested that GANTSs should be regarded
as a type of GISTs because of their mostly identical c-kit
mutations®%®, Others argued that this common feature might
not justify considering GIST and GANT as the same entity
because of the neuronal nature of GANT!®. The recent
observation that most GANTswere CD117 positive could have
an important clinical impact, since tyrosine kinase inhibitors
have yielded good responses in other CD117 positive tumor
entities. To date there are no reports on the use of tyrosine
kinase inhibitorsin CD 117 positive GANTS, but promising
datafor c-kit positive GISTs which were successfully treated
with tyrosine kinase inhibitors have recently been published®.

Radical surgical resection appearsto be the most promising
and solely curative treatment regimen for gastrointestinal
autonomic nerve tumors. However, as demonstrated in case 1,
patients with metastases might also survive for along time.
Some studies in the literature report had similar findings. We
therefore suggest that even in cases of large tumor masses,
non- curative, aggressive surgical tumor debulkingispotentially
useful to improve the patient’s quality of life. For metastatic
CD117 positive tumors tyrosine kinase inhibitors might be an
appropriate palliative treatment approach. As demonstrated in
case 2, GAN tumors could a so involve unusual anatomic sites
like Meckel’sdiverticulum.

To gain moreinformation about this distinct type of GISTS,
careful ultrastructural and immunohistochemical studies of al
GIST caseswould bebeneficia. We areawarethat ultrastructural
examination is not available at every clinical pathology unit.
However, we propose that pathol ogists harvest small specimens
of thetumor for analysis at specialized ingtitutions. An accurate
histological diagnosis seems to be essential in order to ensure
that all patients receive adequate and timely treatment and
furthermore to learn more about this tumor and its biological
behavior especially with respect to newly developed drugslike
tyrosine kinase inhibitors. To date there isno differencein the
surgical treatment of GANTs and GISTs. But there is some
evidence that these tumors are from different origins and may
therefore exhibit distinct biological behaviors. However, due
to the limited number of reported GANTsfurther investigations
would be necessary to fully characterize these tumors with
respect to future treatment decisions.
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Abstract

Granular cell tumor (GCT) is uncommon in the colon and
rectum. Here we report a case of GCT in the transverse
colon. A 48-year-old male patient underwent a screening
colonoscopy. A yellowish sessile lesion, about 4 mm in
diameter, was found in the transverse colon. An endoscopic
snare resection was performed without complication.
Histological examination revealed the tumor consisted of
plump neoplastic cells with abundant granular eosinophilic
cytoplasm containing acidophilic periodic acid Schiff-
positive, diastase-resistant granules. Immunohistochemical
analysis showed the tumor cells expressed S-100 protein
and neuron-specific enolase. Thus, the resected tumor was
diagnosed as a GCT. Since GCTs are usually benign, endoscopic
resection constitutes an easy and safe treatment.
Colonoscopists should consider the possibility of GCT in
the differential diagnosis of submucosal tumors of the colon.

Sohn DK, Choi HS, Chang YS, Huh JM, Kim DH, Kim DY, Kim
YH, Chang HJ, Jung KH, Jeong SY. Granular cell tumor of
colon: Report of a case and review of literature. World J
Gastroentero/ 2004; 10(16): 2452-2454
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INTRODUCTION

Granular cell tumor (GCT) isrelatively rare soft tissue tumor
that can be located anywhere in the body. It commonly occurs
in oral cavities and subcutaneous tissues, but is uncommon in

the colon and rectum™?. In the gastrointestinal tract, the most
common site for GCT is the esophagus, followed by the
duodenum, anus and stomacht®4. This usually benign tumor
appears as a submucosal nodule, measuring lessthan 2 cmin
diameter, and is often found incidentally during colorectal
examinationg?®. Here we report a case of a 48-year-old man
diagnosed with a GCT arising in the transverse colon and
treated by endoscopic resection.

CASE REPORT

A 48-year-old man was admitted for a screening col onoscopy.
He had been healthy without specific complaints, family or
past medical history. At the time of colonoscopy, ayellowish,
hemispheric nodule 4 mm in diameter, was found in the
transverse colon. It was afirm nodule covered by intact mucosa
(Figure 1). The patient underwent an endoscopic snare
resection, was observed for 30 min, and then discharged. There
was no immediate or delayed complication.

Figure 1 A hemispheric, yellowish submucosal tumor with
intact mucosa, about 4 mm in diameter in transverse colon
revealed by endoscopy.

Histological examination of the resected tissue revealed a
submucosal tumor composed of solid masses of plump
histiocyte-like tumor cellswith abundant granular eosinophilic
cytoplasm containing acidophilic periodic acid Schiff
(PAS)-positive, diastase-resistant granules (Figure 2).
Immunohistochemical analysis showed the tumor cells
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Figure 2 A submucosal tumor revealed by histological examination in resected tissue. A: Resected lesion showing a submucosal tumor
covered with normal mucosa (HE staining, x40). B: Higher magnification view of the tumor (HE staining, left: x100; right: x200).
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Table 1 Summary of 7 cases of colorectal granular cell tumor reported in Korea
N Year Author Sex/Age Location Size (cm) Treatment
1 1982 Kim et al.*? F/44 Cecum 1.5x1.5 Surgery
2 1983 Lee et al.*® F/31 Cecum 1.0 Surgery
3 1991 Choi et al.** F/39 A-colon 0.9%0.8 Polypectomy
4 2000 Kim et al.* MZ740 Appendix 0.7 Polypectomy
5 2003 Lee et al.*® F/36 A-colon 1.5x0.6 Polypectomy
6 2003 Kim et al.’ M/49 Rectum 0.7 Polypectomy
7 The present case M/48 T-colon 0.4x0.3 Polypectomy

expressed S-100 protein and neuron-specific enolase (NSE)
(Figure 3), but were negative for desmin and cytokeratin. The
resected tumor was diagnosed as a GCT occurring in the
transverse colon.

Figure 3 Diffuse and strong expression of S-100 protein in
tumor shown by immunohistochemical examination (Original
magnification: x100).

DISCUSSION

GCT, first described by Abrikossoff in 1926, may arisevirtually
anywhere in the body, but was seldomly found in the
gastrointestinal tract™?. In most cases, gastrointestina GCTswere
found incidentally during endoscopy, and appeared as small,
round submucosal nodules covered by normal mucosal*5&1,
GCTs have also been detected in the muscle layer of the
gastrointestinal tract and in subserosal areas, although such
findings were uncommon244,

Endo et al.™ reported 33 cases of colorectal GCT in Japan,
and Rossi et al.[® reported 55 patients diagnosed with GCTs of
the colon. To date, 7 cases of colonic GCT have been reported
in Korean literature (Table 1). This excludes two cases of
perianal GCT which may have arisen from perianal skin rather
than anal mucosa. Except for onerectal case, al 6 colonic GCTs
reported in Koreawerelocated in the proximal colon - ascending
colon, transverse colon and cecum including the appendix.
The male-to-female ratio was 1:1.3 and the mean age was
41.0+6.5 years (range 31-49 years). Bowel resection was the
treatment administered for the 2 cases diagnosed before 1985,
while endoscopic removal of the tumor was performed in the
later cases. Advances in endoscopic diagnosis and resection
probably led to the alteration in treatment approach for the
latter cases.

GCT could seldomly be diagnosed based on macroscopic
and endoscopic examination due to both its small size and its
shape resembling a diminutive polyp'. Recently, endoscopic
ultrasound has been frequently used for determining the depth
of tumor invasion in the gastrointestinal wall, and is also useful
for evaluating gastrointestinal submucosal tumorg®018l,
However, in the present case, it was difficult to suspect GCT
because the endoscopic features of the tumor resembled those
of asmall sessile polyp. We performed one-stage endoscopic

snare polypectomy during screening colonoscopy.

Thefina diagnosisof GCT depends on pathologicd findings.
Thehistological markersfor GCT are: (1) plump histiocyte-like,
bland-looking neoplastic cells with abundant granular
eosinophilic cytoplasm containing acidophilic, PAS-positive,
diastase-resistant granules; (2) small, uniform nuclei, in which
mitotic figures are absent; (3) neural markers, including S-100
protein or NSE expressed uniformly!t%1%2, |nthe present patient,
the histological findings on the resected specimen were typical
of aGCT.

Although GCTs are usually benign, some malignant GCT
cases have been reported. Malignancy has been found to
correlate with tumor size, more than 60% of metastatic GCTs
werelarger than4 cmin diameter’®: 21, However, inmost colonic
GCTs, thetumor sizewaslessthan 2 cm and the tumor waswell
separated from the muscularis propia. Since this tumor is
considered to be usually benign, endoscopic removal has been
the most appropriate choice of treatment for colonic GCT281024,

In conclusion, we report a case of GCT in the transverse
colon. The tumor was removed by endoscopic resection and
the patient was discharged without complication. GCTs of the
colon can be found incidentally during colonoscopy, and
endoscopic removal of the tumor is the safest and most
feasible treatment. Colonoscopists should consider the
possibility of GCT in the differential diagnosis of submucosal
tumors of the colon.
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Abstract

We report a case of a 61-year-old man who presented
with fatigue, abdominal pain and hepatomegaly. Computed
tomography (CT) of the abdomen showed hepatomegaly
and multiple hepatic lesions highly suggestive of metastatic
diseases. Due to the endoscopic finding of colon ulcer, colon
cancer with liver metastases was suspected. Biochemically
a slight increase of transaminases, alkaline phosphatase
and gammaglutamyl transpeptidase were present; a-
fetoprotein, carcinoembryogenic antigen and carbohydrate
19-9 antigen serum levels were normal. Laboratory and
instrumental investigations, including colon and liver biopsies
revealed no signs of malignancy. In the light of spontaneous
improvement of symptoms and CT findings, his personal
history was revaluated revealing direct contact with pigs
and their tissues. Diagnosis of leptospirosis was considered
and confirmed by detection of an elevated titer of antibodies
to leptospira. After two mo, biochemical data, CT and
colonoscopy were totally normal.

Granito A, Ballardini G, Fusconi M, Volta U, Muratori P, Sambri
V, Battista G, Bianchi FB. A case of leptospirosis simulating
colon cancer with liver metastases. World J Gastroentero/
2004; 10(16): 2455-2456
http://www.wjgnet.com/1007-9327/10/2455.asp

INTRODUCTION

Leptospirosisisazoonosis caused by spirochetes of the genus
Leptospira. Humans are infected only occasionally by direct
contact with infected animals or through contaminated water
and soil. Theclinical presentation ranges from occult infection
to Weil’sdisease with fatal complications as hepatorenal failure.
It remains underdiagnosed largely due to the broad spectrum
of symptoms and signs.

CASE REPORT

A 61 year-old malefarmer, non-smoker without ahistory of & cohol
abuse or cancer, was admitted to alocal hospital due to fatigue
and pain in the right upper abdomina quadrant with discovery
of enlarged liver over the past three days, Ultrasonography (US)
showed many hypoechoic lesions scattered in all hepatic

segments. A computed tomography (CT) scan of the abdomen
showed substitution of the whole liver by multiple low-density
lesions with mild ring enhancement highly suggestive of
metastatic disease (Figure 1) and retroperitoneal small (<1 cm)
lymph nodes. Upper gastrointestinal endoscopy was negative
and colonoscopy disclosed an ulcer of the transverse colon
which hystologically reveal ed edema and necro-inflammatory
damage without signs of malignancy.

Figure 1 Contrast-enhanced abdominal CT scan (portal phase):
multiple lesions appearing hypodense compared with nor-
mal liver parenchyma and showing mild ring enhancement.

Ultrasound guided liver biopsy of one of the lesions taken
10d after admission excluded malignancy and was consistent
with mild portal hepatitis and cholestasis. Laboratory tests
showed alanine aminotransferase (ALT) 130 1U/I (normal<40),
aspartate aminotransferase (AST) 76 U/l (normal<37), alkaline
phosphatase (AL P) 359 MU/mL (normal <280), gammaglutamy/!
transpeptidase (y-GT) 252 MU/mL (normal<50). Normal serum
levelsof a-fetoprotein, carcinoembryogenic antigen (CEA) and
carbohydrate 19-9 antigen (CA 19-9) were present. The patient
refused further investigations and was discharged with the
suspicion of misdiagnosed neoplastic disease. Four wk later,
on admission to our Unit, the patient was in good general
condition and denied a weight loss and gastrointestinal
symptoms. Physical examination revealed only amild indolent
hepatomegaly. L aboratory investigations showed only ALP
443 MU/mL and y-GT 77 MU/mL. Ultrasonography and
abdominal CT scan (Figure 2) revealed a dramatic decrease
both in number and volume of the hepatic lesions with
unmodified vascularization pattern. Chest X-ray was
unremarkable. Colonoscopy revealed an ulcer of theright colon
(Figure 3) characterized under histological profile by edema
and necro-inflammatory cells. Viral, autoimmune and metabolic
liver diseases were excluded by appropriate tests as well as
metastatic tumors, primary hepatoma, pyogenic liver abscess,
parasitic liver and colon lesions and colon cancer. Due to
spontaneous improvement of symptoms and CT findings, his
personal history wasrevaluated. A direct contact with pigsand
their tissues three days before the onset of symptoms was
reported (the patient, living in rural areas, butchered adomestic
pig). On specific request, transient hematuria before admittance
was reported. The hypothesis of |eptospirosis was considered
and confirmed by the positiveresult of indirect immunofl uorescence
on cultured leptospires (Leptospira interrogans serovar
icterohaemorraghiae), which showed a high titer of antibodies
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to leptospira (titer 1:1024). No cross-reaction with other
spirochetes (Treponema and Borrelia) was seen. In two wk’
time biochemical alterations were almost subsided. Despite
spontaneous recovery, treatment with tetracyclines was started
and the patient was dismissed. Two mo later US, CT and
colonoscopy were totally normal and after a 2-year follow-up
the patient has been fine.

Figure 2 Contrast-enhanced abdominal CT scan (portal phase):
after 46 d both number and volume of hepatic lesions were
considerably decreased.

Figure 3 Endoscopic view of right colon showing an ulcer-
ated lesion without signs of bleeding. A series of biopsies of
the ulcer revealed only necro-inflammatory cells.

DISCUSSION

Leptospirosisisaworldwide zoonotic infection that commonly
occurs in tropical and subtropical regions and in both urban
and rural contexts. Human disease is acquired by contact with
urine or tissues of an infected animal or through contaminated
water and soil, whereas human-to-human transmission israre.
Diagnosis of leptospirosisis based either on isolation of the
organism from the patient or on seroconversion. Antibodies
generally do not appear until the second week of illness. The
pathogenesis of leptospirosis isincompletely understood but
itiswell known that al forms of leptospires can damage small
blood vessels, lead to vasculitis and spread to all organg.
Theclinical presentation ranges from occult infection to Weil's
disease with fatal complications as hepatorenal failure. The
severity of disease reflects the severity of the underlying
vasculitis. As aresult of its protean clinical manifestations
and non-specific presentations, leptospirosis has been
underdiagnosed and frequently misdiagnosed as other diseases
such asinfluenza, viral hepatitis, encephditis, pneumonitisand
acute renal failure®. The great majority of cases, asin this
patient, were of mild severity (anicteric leptospirosis) and
resolution coincided with the appearance of antibodies. Icteric
leptospirosis, occurring between 5 and 10 % of patients, wasa
severe disease and often very rapidly progressive with multi-
organ failure*®. Treatment of |eptospirosis depends on the
severity of infection. Anicteric leptospirosis often requires

hospital admission and close observation. Streptomycin,
penicillins, cephem and tetracyclines are all effective anti-
leptospiral antibiotics“®. Radiological abnormalities, in
particular pulmonary locdlization on high resolution CT (nodular
densities, ground glass opacities, areas of consolidation)
possibly related to haemorrhage, have been described in severe
formd®®, Although hepatomegaly is usual, CT evidence of
multiple hepatic lesions, to our knowledge, has not yet been
described in patients with leptospirosis. The histopathology
of the liver in the course of leptospirosis was characterized
by intrahepatic cholestasis, centrilobular necrosis with
hypertrophy and hyperplasia of Kupffer cells but the
architecture of parenchymawas not significantly disrupted and
severe hepatic necrosis was not usual'¥l. The presence of
multiple hypoattenuated nodules in the liver was the most
interesting feature of this case. The differential diagnosis of
this CT appearanceincluded hypovascular metastases, abscess,
especially by angioinvasive organismsor lymphoma. However,
the absence of a mass effect on the surrounding hepatic
structures would be helpful in suggesting the possibility of an
abscess correlated with damage of small blood vessels. The
pathologic basis for this hypoattenuation may be correlated
with a coagulative necrosis of the hepatic tissues caused by
vasculitis of the hepatic vessels.

Gastrointestinal involvement with haemorrhage has been
reported, mainly inthe severeform of leptospirosis?. Interestingly,
inthis patient a.colon ulcer wasfound at two different Steswithout
any symptoms and signs of bleeding. The endoscopic and
histological patterns of these colon lesions were consistent with
ischemic colitis. Vascular disease of diverse etiologies and in
particular vasculitis could be a cause of ischemic colitis?.

In this patient, according to our experience, liver lesions
were correlated with the endoscopic findings of colon ulcer
therefore primary colon cancer with liver metastases was
suspected initially. On the other hand, the CT pattern when
seen in the appropriate clinical setting reduced the diagnostic
suppositions of infectious disease.

In conclusion, this case, initially misdiagnosed as colon
cancer with liver metastases, confirms clinical polymorphism
of leptospirosis and high lights the role of a good knowledge
of personal history and epidemiological datain the diagnosis
of leptospirosis, especialy in areas of relatively low endemicity
asinwestern countries, wheredomestic animal contact isprominent
sources of infection. This report also suggeststhat a diagnosis of
leptospirosis should be considered in patients with laboratory
and CT findings of liver involvement and ardevant history.
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Abstract

Acute esophageal necrosis (AEN) or “black esophagus” is
a clinical condition found at endoscopy. It is a rare entity
the exact etiology of which remains unknown. We describe
a case of ‘black esophagus’, first of its kind, in the setting
of liver cirrhosis and hepatic encephalopathy.

Khan AM, Hundal R, Ramaswamy V, Korsten M, Dhuper S. Acute
esophageal necrosis and liver pathology, a rare combination.
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INTRODUCTION

Endoscopic discovery of a*black esophagus’ or * acute esophagesl
necrosis (AEN) that is unrelated to ingestion of caustic or
corrosive agentsis quite exceptional. It has been described only
afew timesin the past. Lacey et al. in 1991 reported 25 cases™.
A similar report by Benoit et al.'# in 1999 cited 27 cases after an
extensive review of the literature. Since then there have been
sporadic casereports. It isdifficult to estimateitstrue incidence
as we think this disease is largely underreported. The exact
etiology of * black esophagus’ still remainsunknown. Wedescribe
acaseof ‘black esophagus, first of itskind, in the setting of liver
cirrhosis and hepatic encephal opathy.

CASE REPORT

A 59-year-old hispanic male with aknown past medical history
of hypertension, chronic alcohol abuse, liver cirrhosis, chronic
pancresatitis and depression was admitted to the psychiatry
service for aggressive behaviours, depression and suicidal
ideation. On d 2, he was transferred to the medical floor after
evaluation for a change in mental status with confusion,
disorientation and impulsive behaviours.

A detailed history was elicited on further interrogation.
Patient was known to have hypertension for 10 yearsfor which
he required monopril, metoprolol and clonidine. The history
also revealed alcohol abuse for 45 years, still an active abuser,
alcoholic liver cirrhosis diagnosed for 4 years and negative
hepatitisB and C serologies. Hehad multiple previousadmissions
for hepatic encephalopathy and earlier in the same year
underwent chemotherapy for a biopsy proven hepatocellular
carcinoma. He denied smoking and illicit drug abuse.

On examination the patient was drowsy but arousable,
responding to verbal commands, oriented to ‘ place and person’,
but not ‘time’ . He was afebrile and hemo-dynamically stable.
General physica examination wasnormal. Cardiac, pulmonary,
abdominal and neurological examinations did not show any
abnormalities. Rectal examination was normal with anegative

guaiac test.

L aboratory dataon admission were: WBC 5.1 n/L with 48%
granulocytes, hemoglobin (H)/ hematocrit (Hct) of 10.3/ 31,
MCV of 80.3fl, RDW of 15.4%, plateletsof 174 /n.

Nal4lmE,K 45mE,Cl 108 mE, CO,26.1mE,BUN 32mg/dL,
Crestinine2.1 mg, Gluc 134 mg, Totd bili 0.6 (0.3 direct), abumin
2.8 gm, proteins 6.7 gm, alkaline phosp 217 U/L, SGOT 50 U/L,
SGPT 39U/L, LD 225U/L,PT 11.4,aPTT 27.6 sand INR 1.05s,
Ammonial39.8um.

Ethanol on admissonwas56.2, ssrum Osm 312, normal TSH,
syphilis(-), ferritin 593, TIBC 168, total iron 58 and iron saturation
35%, B12/folate 226/22.7. CT scan of the head was negativefor
bleed/metastasis or any mass. CT scan of the abdomen revealed
afew scattered diverticuli and accessory spleen.

A diagnosis of hepatic encephal opathy, anemia and intra-
vascular volume depl etion was established based on theclinical
and laboratory data. Hydration with normal saline at 125 cc/h
and treatment with lactulose 445 cc qid (titrated to bowel
movement) were given. The rest of the management included
administration of resperidal, thiamine, folate and ativan (prn).
His anti- hypertensive medications were continued and patient
was placed under close observation for alcohol withdrawal.

During the following 2 d (d 4 and 5) the patient’s mental
status improved to full orientation without any signs of
confusion, agitation and/or suicidal ideation. Ammonialevel
dropped to 85 um. A drop in H/Hct (9.7/29.7) was related to
intravascular volume depl etion.

Ond 6 of admission, the patient’s clinical status deteriorated
with arecurrence of confusion and lethargy. Patient was found to
have tachycardia (heart rate of 120/min), a blood pressure of
105/70, a positive stool guaiac test, BUN/Cregtinine of 68/3,
ammoniaof 105umandadropinhisH/Hct (7.8/22). Hismanagement
at this point included continuous intravenous hydration, blood
transfusion with 3 units of packed red blood cellsand intravenous
proton pumpinhibitors. Hisanti-hypertensive medicationswere
held. The patient was transferred to a monitored setting for
further observation and an esophagea gastro-duodenoscopy
(EGD) was scheduled.

EGD revealed a continuous segment (15-35 cm) of necrosis
with exudates, ulcerations and friable mucosain the middle and
digtd parts of the esophagus. The gastro-esophagedal (GE) junction
showed no evidence of varices, somach and duodenum linings
werenormd. A biopsy taken from the necrotic areaconfirmed the
findings of fibrinoid necrotic debris with hemosiderin deposits
and acute inflammatory cells on pathologica examination of the
specimen. An ultrasound of the abdomen revealed a medical
renal disease without obstruction, liver texture consistent with
cirrhosis with reversal of portal venous flow and mild ascites.

The patient made an uneventful recovery over the next 3 d.
He was transferred to the medical floor from where he was
discharged with a follow up in the outpatient clinic. No
recurrences of any Gl symptoms were reported in his 3-mo-
follow-up.

DISCUSSION

‘Black esophagus’ has been described primarily in post-mortem
studied®4. Goldenberg et al .l gave us a detailed endoscopic
description of 2 cases in the early 1990s. In a one-year
prospective study conducted in Rouen University Hospital,
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France, 8 (0.2%) cases of ‘acute esophageal necrosis' were
identified among the 3 900 patients who underwent EGD!®,
Since then there have been only a handful of case reports. The
numbers reported in the literature may highly underestimate
the real incidence of this condition as suggested by this
prospective trial. Acute esophageal bleeding is the most
common presentation. The condition is generally seen in the
elderly and those having co-morbid conditions.

A variety of mechanisms have been proposed to account
for the development of this condition, and low systemic
perfusion seemsto play the dominant role. Other mechanisms
cited include direct toxic effect”®, aswell asindirect mucosal
breakdown and acid effect!, however, none of these have
been proved. The frequent involvement of distal 1/3
esophagus™®, absence of gastric lesions, presence of necrosis
of mucosal/submucosal necrosis, presence of thrombus
microscopically and rapid regression of disease after
hemodynamic stability were similar to ischemic colitis***? and
strongly support the ischemic basis for the insult.

Other conditions associated with this disease entity were
prolonged hypertension!*¥, ischemiad®“¥, hyperglycemia®,
hypersensitivity to antibioticd™!, herpetic infection*®, gastric
volvulus™, posterior mediastinal haematoma and aortic
dissection®®  anti-cardiolipin antibodies’®® and Steven
Johnson syndrome?”. In short, a multi-factorial etiology to
absence of any disease (idiopathic) ispossible. The pathogenesis
of ischemic insult in our case can be accounted for by the low
systemic perfusion with reversal of portal venous flow and
worsening of hepatic encephal opathy.

Diagnosis is established with endoscopy with or without
biopsy. The differential diagnosis included melanosisi?!,
pseudo-melanosis??, and acanthosis nigrang®!.

The main reported complications of AEN were esophagesl
stenosis and stricture formation*2. Lacy et al.l* reported a
15% complication rate, whereas other case series have reported
very low to none. Recurrencewas|essthan 1096 and mortality
ranged between 0-33%15%, The prognosis depends on the
patient’s general status rather than the extent of local
esophageal necrotic lesions.

Generaly thereis no standardized treatment but the overall
consensus favours conservative treatment with intra-venous
proton pump inhibitors and short-term parenteral nutrition. The
mainamistoavoid extenson of insult withtimefor aspontaneous
and aided recovery.

In short, AEN is still uncommon with exact etiology and
pathogenesis largely unclear. The majority do not have any
long-term sequel, only afew develop strictures and stenosis.
Prognosis varies, and a majority recover with conservative
treatment with death being an uncommon outcome.
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Abstract

AIM: Late unset of dysphagia due to vascular abnormalities
is a rare condition. We aimed to present a case of right
subclavian artery abnormalities caused dysphagia in the
elderly.

METHODS: A 68-year-old female was admitted with
dysphagia seven months ago. Upper endoscopic procedures
and routine examinations could not demonstrate any
etiology. Multislice computed thorax tomography was
performed for probable extra- esophagial lesions.

RESULTS: Multislice computed thorax tomography showed
right subclavian artery abnormality and esophagial
compression with this aberrant artery.

CONCLUSION: Causes of dysphagia in the elderly are
commonly malignancies, strictures and/or motility
disorders. If routine examinations and endoscopic
procedures fail to show any etiology, rare vascular
abnormalities can be considered in such patients. Multislice
computed tomography is a usefull choice in such conditions.

Kantarceken B, Bulbuloglu E, Yuksel M, Cetinkaya A. Dysphagia
lusorium in elderly: A case report. World J Gastroenterol/ 2004;
10(16): 2459-2460
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INTRODUCTION

Dysphagia Lusoriawasfirst described by Bayfordin 1794 ina
62 year-old womant¥, Postmortem examination of this case
showed the abnormal origination of right subclavian artery
from aortic arch and compression on theesophagus. Abnormalities
of the thoracic aorta and great vessels are not uncommon and
can result in esophageal compression and dysphagia. The most
common congenital abnormality of the aortais an isolated
aberrant right subclavian artery?. Usually thisaonormality does
not lead to symptoms. However, sometimes dysphagia
(dysphagia lusoria) develops. Mass effect on the esophagus
can cause dysphagia. A right aortic arch with an aberrant left
subclavian artery is less common but may also result in
esophageal compression'®. A pulmonary dliding occurs when
an aberrant left pulmonary artery arisesfrom theright pulmonary
artery and passes between trachea and esophagus. Compression

on both trachea and esophagus can occur. This abnormality
can also bereliably detected with contrast-enhanced CT. We
aimed to present a 68-year-old woman who had |ate onset
dysphagia due to such arare condition.

CASE REPORT

A 68-year-old fema ewas admitted to our hospital with dysphagia
nearly for seven months. Dysphagia was occuring both solid
and liquids. There were no clear symptoms except dysphagia,
such as loss of weight, fever, sweating at night, diarrhea,
hematemesis, melena or hematochesia. She complained about
odinophagia, bloating, regurgitation and epigastric pain
especialy after analgesic using. She also had chest painradiating
to the left arm with effort. She had a history of operation for
discal hernia, ischemic heart disease and diabetes mellitus. She
was using anti-ischemic drugs, analgesics (Including aspirin),
beta blockers and diuretics.

In physical examination her general condition was good,
thyroidwas pal pegble. Shehad mild epigastric pain with pal pation
and no other signs. Hgb was136 g/L., WBC (White blood cell
count) was 77 000 pL, PLT was 290 000 pL in laboratory tests.
Erythrocyte sedimentation rate was 10 /h, SGOT was 57 U/L,
SGPTwas84U/L, ALPwas245U/L. Other biochemica parameters
werenormal (BUN, crestinine, glucose, etc). Markersfor hepatitis
A,B,C were negative. Thyroid function testswere norma. She
had esophagus graphy with radiopagque two months ago
showing slight compression on esophagus in lower levels.
Esophagogastroduodenoscopy (EGD) 5 mo ago showed
minimal hiatus hernia, reflux esophagitis and antral gastritis.
Some drugs were given to the patient for these findings but her
dysphagia symptoms did not relieve. EGD 3 mo after, only
showed antral gastritis. Other drugs (PPIs, antiacids) weregiven
aso, but dysphagiaof the patient did not relieve. After admission
to our clinic, the major complaint of the patient was persistent
dysphagia despite the treatments. Thorax CT was performed
(Multislice spiral CT) to exclude thoracal lesion-dysphagia, it
showed right subclavian artery abnormality and esophagal
compression on this aberrant artery (Figures 1A, B). Multidice
computed thorax tomography (MCT) showed theright subclavian
artery originating from the posterior wall of the aortic arch asits
last branch distal to the origin of the left subclavian artery and it
passed obliquely between esophagus and vertebral column and
then coursed upwards on the right side.

DISCUSSION

Dysphagiais acommon problem that lowers quality of lifefor
thee derly and asymptom that may originatefrom many different
causes. Esophageal dysphagia could be caused by esophageal
carcinoma, esophageal stricture and webs, achalasia, diffuse
esophageal spasm and scleroderma, caustic esophagitis and
infectious esophagitig¥. The other rare cause of dysphagiain
the elderly is vascular compression on the esophagus
(Dysphagia lusoria). Based on autopsy findings, the lusorian
artery had a prevalence of 0.7% in the general population!®.
Recently Fockens et al. found a prevalence of 0.4% in 1 629
patients who underwent endoscopy for various reasons®.
Dysphagialusoriamight be seenin young adultd?, andinmiddle
and/or elder ages asin our case®. Why it gives symptomsin
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Figure 1 Axial (A) coronal (B) sagittal (C) MIP multislice CT images from the arterial phase showing right subclavian artery
originating from the posterior wall of aortic arch, and compression with antreo-right lateral deplacement of esophagus by this

right subclavian artery.

elderly isnot clear. Some theories have been suggested, such as
increased rigidity of the esophagus itself or the vessel wall,
aneurysm formation, especially in the presence of aKommerdll’s
diverticulum!®, elongation of the aorta, and the combination of
an aberrant artery and a truncus bicaroticug'. Interestingly in
our patient, she had ahistory of dysphagiafor 7 mo. She had not
any lesion except minimal esophagitisin EGD. Reflux esophagitis
can explain dysphagia sometimes. After the treatment of
esophagitis with proton pump inhibitors (PPI), our patient’'s
dysphagia symptom did not relieve. The late onset of dysphagia
in our patient could be explained by the changes in vertebral
column. Retrosternal goitre which may be responsable for
dysphagia was not found in CT. Radiopaque graphy of the
esophagus could be used to show the compression of aberrant
artery on esophagus, but CT scanning and/or angiography can
usually confirm the diagnosis of dysphagia lusoria. Aberrant
artery could be shown with multislice CT as three dimension
angiographic images were non-invasive without the need of
invasive angiography!*Y. Here, we also presented the multislice
computed tomography angiography images of the patient with a
symptomatic aberrant retro-esophagial subclavian artery

compression (Figure 2).

Figure 2 Volume-rendered three-dimensional image by com-
puted tomography demonstrating aberrant artery right sub-
clavian artery originating from the posterior wall of aortic arch.

We showed the aberrant right subclavian artery abnormality
and compression on the esophagus clearly. That iswhy we did
not repeat the radiopaque graphy of the esophagus. Coronary
angiography was planned but the patient refused this procedure.
So the patient was referred to a cardiovascular surgeon.

In conclusion, dysphagiain an elder patient can be caused
by arare abnormality of the subclavian artery insertion.
Multislice CT can revedl thisabnormality.

REFERENCES

1  Bayford D. An account of singular case of obstructed deglutition.
Memoires Med Soc London 1794; 2: 275-286

2 McLoughlin MJ, Weisbrod G, Wise DJ, Yeung HP. Computed
tomography in congenital anomalies of the aortic arch and great
vessels. Radiology 1981; 138: 399-403

3 Jaffe RB. Radiographic manifestations of congenital anoma-
lies of the aortic arch. Radiol Clin North Am 1991; 29: 319-334

4 Barloon TJ, Bergus GR, Lu CC. Diagnostic imaging in the
evaluation of dysphagia. Am Fam Physician 1996; 53: 535-546

5 Molz G, Burri B. Aberrant subclavian artery (arteria lusoria): Sex
differences in the prevalence of various forms of the malformations.
Evaluation of 1378 observations. Virch Arch A Pathol Anat Histol
1978; 380: 303-315

6  Fockens P, Kisman K, Tytgat GNJ. Endosonographic imaging
of an aberrant right subclavian (lusorian) artery. Gastrointest
Endosc 1996; 43: 419

7  Ballotta E, Bardini R, Bottio T. Aberrant right subclavian artery.
An original median cervical approach. J Cardiovasc Surg 1996;
37: 571-573

8  Cullen DM, Kirk RK, Joseph IM. Late-onset dysphagia lusoria.
Ann Thorac Surg 2001; 71: 710-712

9 Brown DL, Chapman WC, Edwards WH, Coltharp WH,

Stoney WS. Dysphagia lusoria: Aberrant right subclavian ar-
tery with a Kommerell’s diverticulum. Am Surg 1993; 59:
582-586

10 Janssen M, Baggen MG, Veen HF, Smout AJ, Bekkers JA,
Jonkman JG, Ouwendijk RJ. Dysphagia lusoria: clinical aspects,
manometric findings, diagnosis, and therapy. Am J Gastroenterol
2000; 95: 1411-1416

11 Gareth J MH, Owens PE, Roobottom CA. Aberrant right
subclavian artery and dysphagia lusoria. N Engl J Med 2002;
347: 1532

Edited by Wang XL Proofread by Xu FM



PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(16):2461-2463
World Journal of Gastroenterology
Copyright © 2004 by The WJG Press ISSN 1007-9327

e CASE REPORT e

Minute gastric carcinoid tumor with regional lymph node metastasis: A
case report and review of literature

Shu-Duo Xie, Lin-Bo Wang, Xiang-Yang Song, Tao Pan

Shu-Duo Xie, Lin-Bo Wang, Xiang-Yang Song, Tao Pan,
Department of Oncologic Surgery, Sir Run Run Shaw Hospital, College
of Medical Science, Zhgjiang University, Hangzhou 310016, Zhejiang
Province, China

Correspondence to: Dr. Shu-Duo Xie, Department of Oncologic
Surgery, Sir Run Run Shaw Hospital, College of Medical Science,
Zhejiang University, 3 Qingchun East Road, Hangzhou 310016,
Zhejiang Province, China. jamestse@netease.com

Telephone: +86-571-86959492

Received: 2003-12-12 Accepted: 2004-02-18

Abstract

We have encountered an unusual case of gastric carcinoid
tumor. Gastroscopic examination of this 32-year-old male
patient showed a smooth protrusion at the greater
curvature of the gastric body with a central depression,
identified by subsequent biopsy as carcinoma. The patient
had a normal serum gastrin level and was negative for
anti-parietal cell antibody. Histological examination of the
resected gastric tissues showed that the tumor was a
carcinoid, 0.3 cmx0.3 cm in size with only one regional
lymph node metastasis. We reviewed the pathogenesis,
clinical presentation, diagnosis and treatment of gastric
carcinoids and raise the possibility of being a lymph vessel-
related metastasis even for a minute carcinoid tumor.
Sentinel lymph node biopsy is recommended for surgery
of minute carcinoid tumors.
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tumor with regional lymph node metastasis: A case report
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(16): 2461-2463
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INTRODUCTION

Carcinoid tumors represent an unusual and complex disease
spectrumwith protean clinical manifestations. Gastric carcinoids
account for 3 of every 1 000 gastric neoplasms. Gastric
carcinoidstypes| and |1 generaly follow abenign course, with
9% to 30% developing metastases, usually multiple and small
characterized by infiltration restricted to the mucosa and
submucosa. The third type of gastric carcinoids (type I11,
sporadic tumors) occurs without hypergastrinemia but often
progressesin an aggressive course, 54% to 66% of which may
develop metastases. Approximately 50% of these often large,
single tumors have atypical histology, and some patients may
devel op carcinoid syndrome; but except for rare cases, carcinoid
tumor of the stomach lessthan 1 cm in size generally does not
giveriseto regiona metastasis.

CASE REPORT

The patient in question was male, aged 32 years old, admitted
for upper gastric discomfort after dinner for six mo, which
worsened in the past two mo prior to admission. The patient
complained of epigastric distention, but thisdid not affect his

normal diet. He had no vomiting, abdominal pain, melena or
regurgitation. The symptoms waxed and waned, but clearly
worsened in the last two mo. Physical examination revealed
no obvious anemia, the lung and heart sounds were normal,
the abdomen was soft and flat, and no hepatomegaly or
splenomegaly was noted, nor was an abdomina mass pal pated;
rectal examination found no abnormalities, and no enlargement
of the superficial lymph nodes was present. The patient was
free of symptomsof hypergastrinemiaor carcinoid. Gastroscopy
identified a nodule on the greater curvature of the stomach,
0.6 cm by 0.6 cmin size, with erosive lesion above the nodule.
Biopsy was done and the results indicated carcinoid. The
patient received subsequently laparotomy in which anode was
found near the pylorus, yellowishin color and 0.5 cm by 0.5cm
in size. The node was extensively resected along with the
marginal area 2 cm in width. One enlarged lymph node below
the pylorus was also resected. Post-operative histology
revealed a 0.3 cm node, gray-white or gray-red, beneath the
mucosa. Under microscope, tumor cells were seen in the
submucosa and mucosa propria, uniform in shape and arranged
in cribiform nests. A radical distal subtotal gastrectomy was
subsequently performed, and the post-operative histology
reported no residual cancer or additional metastasis in the
23 lymph nodes. The patient was then discharged and followed
up for one year without findings indicative of recurrence or
distant metastasis.

DISCUSSION

Carcinoid is also known as chromaffin cell carcinoma and
belongs to an unusual type of tumor with relatively low
malignant potential. Themost frequent sitesfor carcinoid tumors
in human are the gastrointestinal (Gl) tract (74%) and the
bronchopulmonary system (25%). Within the GI tract, most
carcinoid tumors occur in the small bowel (29%), appendix
(19%), and rectum (13%)™. However, the frequency of gastric
carcinoid tumors has increased markedly due to endoscopic
screening, performed in patients with chronic atrophic gastritis.
In Japan, mass endoscopic screening for gastric lesions is
common, which results in an identified frequency of gastric
carcinoid tumor as high as 41% of all carcinoid tumord?. Zhen
et al. reviewed 26 reports of carcinoid in Chinaand reported
126 cases of carcinoid in the stomach from atotal of 1 080 cases
of Gl tract carcinoid. Most gastric carcinoids occur in 40- to
60-year-old patients, irrespective of genders. Recently, a
classification system was proposed to distinguish gastric
carcinoid tumors into three types, namely, tumors associated
with chronic atrophic gastritis (type |), tumors associated with
Zallinger-Ellison syndrome (ZES, typell), and biologically more
aggressive, sporadic lesions (type I11)34. Currently little is
known about the factors that may induce or promote the
malignant growth of carcinoids®. For some gastric carcinoids,
studies show that gastrin is an important growth factor®, and
an increased incidence of gastric carcinoids can be expected in
disease states (pernicious anemia, atrophic gastritis, Zollinger-
Ellison syndrome) that result in hypergastrinemia. In pernicious
anemiaand atrophic gastritis, 4% to 11% of the patients develop
gastric carcinoids’®. Patientswith Zollinger-Ellison syndrome
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also develop gastric carcinoids, although they are much more
frequent in the subgroup with MEN 11, Studies suggest that
other important growth factorsin some carcinoid tumorsinclude
transforming growth factor dpha (TGF-apha) and TGF-betd*Y,
insulin-like growth factor-1 (IGF-1)""14, trefoid peptides (TFF1,
TFF2, TFF3)!, platelet-derived growth factor!®, vascular
endothelial growth factor®, acidic and basic fibroblast growth
factor, and epidermal growth factor**t4, Mutationsin common
oncogenes, such as K-ras, are uncommon in Gl carcinoids.
Over amplification of HER2/neu, c-myc, and c-jun have been
described in some cell lines derived from Gl endocrine tumors
and some carcinoids’*®. Alterations in the common tumor
suppressor gene p53 are aso uncommon in carcinoids. MEN 1
has been shown to be due to defects in the 10-exon gene on
chromosome 11913 that encodes a 610-amino acid nuclear
protein®*1®, | oss of heterozygosity at this locus has been
reported to occur in 26% to 78% of cases of carcinoids, and
mutations in the MEN | gene in 18%!518, Microsatellite
instability is rare in carcinoids®; however, by comparative
genomic hybridization, both frequent gains (of chromosome
5, 14, 17q, 7) and losses (especialy of chromosome 9p) are
reported®”,

Gastric carcinoids originate from parachromaffin cells of
the gastric mucosa. Tumor cells can occur virtually anywhere
inthe stomach, but mostly occur in theantrum. Gastric carcinoid
is often difficult to diagnose due to the absence of specific
symptoms or signs, especially in the early stage. When the
tumor protrudes into the gastric cavity, the patient usually
feelsepigastric pain, suffersbloody vomiting, melena, epigastric
burning, nausea or other digestive disorders. Carcinoid
syndromeis seen in only afew gastric carcinoid cases where
extensive dissemination or liver metastasis can be present.
Gastric carcinoid initsearly stage frequently escapes detection,
and is usually found by gastroscopy. When the tumor grows
to more than 2 cm, barium meal will help the diagnosis. The
patient in this report was a young man who had only non-
specific symptoms like epigastric distension without carcinoid
syndrome and the tumor was near the antrum only 0.5 cm in
size. The pathology wastypical carcinoid. This patient did not
have chronic gastritis or Zollinger-Ellison syndrome and the
lesion was single, which belonged therefore to type I11.

Surgical resection isthe major strategy for trestment of gastric
carcinoid, and chemotherapy and radiotherapy have not
proved to produce obvious effects. For gastric carcinoids,
the treatment is generally decided on the basis of the presence
of hypergastrinemia?+?, Most researchers recommend that in
patients with type | or 11, in which hypergastrinemiais present
with small lesions of less than 1 cm, the carcinoid should be
removed endoscopically!?>2429 while when the tumor exceeds
2cmor loca invasionis present, disputes over total gastrectomy!?®
or only resection with antrectomy arise for type | (pernicious
anemia) lesions?!, For type | or |l lesions of 1to 2 cm, no
agreement has been reached on the treatment. Some recommend
that these lesions should be treated surgically?¥, whereas
others urge endoscopic treatment!®!., In type Ill gastric
carcinoids not associated with hypergastrinemia, which tend
to be larger and more aggressive, excision and regional lymph
node clearanceisrecommended when the tumor growsto larger
than 2 cm[?+22%, Some researchers prefer a similar approach
for any carcinoid larger than 1 cm, whereas others consider
such a resection be reserved for tumors in this size range
showing histologic invasion. Most tumors smaller than 1 cm
can be treated endoscopically. Tumorslessthan 1 cmin size
are called minute carcinoids, which seldom giveriseto regional
lymph node metastasis, especially tumors lessthan 0.5cmin
size. But very rarely, minute carcinoids do have lymph node
metastasis, as reported by a Japanese researcher Naitoh?”,
Such a case has not previously been reported in China. The

case reported in this paper is similar to the case reported in
Japan. The post-operative pathology showed only a single
lesion 0.3 cm in size invading the submucosa. There was just
one lymph node metastasis, which is a'so uncommon. Local
resection of the stomach was done in the first operation, and
one enlarged lymph node was resected that was identified as
metastasis by histology, so subtotal gastrectomy and lymph
node dissection were done in the second operation. The other
lymph nodes were normal, however, we regarded this approach
was appropriate.

Sentinel lymph node biopsy has been used widdy for surgery
of melanoma?®? and is currently receiving intensive study on
its application for other malignant tumors such as breast, rectal
and gastric cancer®3, The sentinel node is the most likely
lymph node that harbors metastasis. A negative sentinel lymph
node (SLN) would suggest that metastatic disease has not
occurred, whereas a positive SLN would indicate possible
involvement of other nodes in the same basin. Therefore
sentinel lymph node biopsy may be attempted in operations
for minute carcinoid. If the sentinel lymph node is positive,
excision and regional lymph node clearance is needed,
otherwise, local resection of the stomach is sufficient.

The prognosis of gastric carcinoid isfavorable and patients
may expect long postoperative survival. In patients with
localized disease, 5-year survival rate may reach 64%, and it
was 40% for regiond involvement. Postoperative chemotherapy
or radiotherapy was not performed in this particular case and
the one-year follow-up found no recurrence or distant
metastasis.
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