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the next century *
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The task of predicting what Gastroenterology and
Hepatol ogy may look likeinthecoming century isagreet
personal challenge and at the same time an awe-inspi
ring assignment. Not only have these two medical
specidtiesbecomevery large and diversified but there
are so many new discoveries and ideas that it is a
capricious undertaking to attempt fore-telling which of
them may become part of the next century’s medical
practice. | therefore will take the persond privilege of
beinghighly selective, choosingonly topicsfor discussion
which | believe have adistinct potential of generating
novel scientific concepts, fresh approaches or new
thergpeuticmodalities.

Over the past few decades, the biologicd sciences
which form the basis of contemporary medicine have
evolved enormously, producing an ever-increasing
volume of new information and technology that is
keeping Gastroenterol ogy and Hepatol ogy changingand
advancing at an accelerating pace. Looking back half
acentury totheend of WWII and China’ sliberation, it
may seem astounding how el ementary gastroenterology
had been at that time. Modern science hardly had
touched it and most of the diagnostic and therapeutic
dogmas were still those of the 19th century. But over
the past 50 years, Gastroenterology and Hepatol ogy
have profoundly been remade. We have witnessed a
dramatic increase of insight into the causes and
mechanisms of disease and our diagnostic and
therapeutic capabilities have vastly expanded and
improved, for example, the discovery of the viruses
causing infectious hepatitis, of transplantation of the
liver, pancreasand small bowel, or of theintroduction
of fiberoptic endoscopy. And to top it all, recall the
recent revolution in peptic ulcer disease which
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unceremonioudy hastoppled old dogmas about gastric
acid and made it instead a readily curable infectious
disease.

| believewith confidencethat thisdynamic evolution
will continue and probably accel erate in the coming
century. Andthereisno questionthat it will bring much
novel and unanticipated clarification about currently
obscurediseases. It will also greatly refine diagnostic
procedures and expand therapeutic choices. What
seems more difficult to predict though, is what
directions this evolution will take, and how we are
going to make use of the new opportunities and how
wewill pay for them.

Human Genome Project

The Human Genome Project is ajoint enterprise
that undoubtedly will have an enormous and
irreversible impact on the future of
Gastroenterology and Hepatology. It probably isthe
largest international scientific project ever
undertaken. Once its ultimate goals are reached,
presumably early in the next century, the entire
human genome will have been sequenced and
mapped and it will be possible and perhaps become
routine to screen an individual’s genome from a
simpleblood sample. Genetic mutationswhich result
in hereditary diseases of the gastrointestinal tract
or theliver will readily beidentifiable. Individuals
or families at risk for a hereditary disease may be
screened for the genetic defect. And eventually,
such screening may become available even for
prenatal use. Itislikely, of course, that the function
of many of the new genes identified by the
sequencing initially will not be known and will have
to be determined stepwise, one by one. Thiswill be
a huge task which may well take several decades
of painstaking investigations. But oncethishasbeen
accomplished, gastroenterol ogists of thefuturewill
look at intestinal and liver diseases from a vastly
different perspective, and they will use treatments
which are far beyond today’ simagination.

The sequencing of the full human genome will
have far-reaching consequencesin many other ways.
Many genetic diseases are polygenic, i.e., thereis
more than one allele in the same location or the
phenotypic expression of a primary gene defect is
modified by one or several additional as yet
unidentified genes. This probably accounts for the
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wide spectrum of clinical expression that isseenin
many inherited diseases. For example, homozygous
Wilson disease, copper storage disease, may clinically
present as progressive cirrhosis, as a severe chronic
disease of the central nervous system, or as acute
hemolyticanemia. Thisphenotypicvariability probably
reflects the polygenic nature of this disease, a
hypothesis which is likely to be resolved by the
successful sequencing of the human genome. Another
example of highly variable expression of a genetic
defect isobserved in a-1 antitrypsin deficiency type
ZZ. Here, only 20% of the patients homozygous for
the defect actually develop progressive liver disease
and cirrhosis. In the mgjority of patients, the liver
merely exhibitsscattered hepatocytesbearing variable
amounts of defective and hence misfolded and
precipitated antitrypsinwhichaccumulatesinthecells,
eventually killing them by apoptosis. Thevariationin
phenotypic expression of this hereditary defect may
reflect genetic differencesin the activity of cellular
metalloproteases fitted to degrade the precipitated
antitrypsin. Again, the genome project is likely to
resolvethispuzzle.

Another benefit of the genome project will be
identification of the genetic factorswhich determine
individual susceptibility toenvironmental assaults, such
asviral, bacterial or fungal infections or exposureto
toxinsor poisons. Clearly, different peoplerespondto
such noxious assaults differently. For example, some
expertsbelievethat inflammatory bowel disease, such
as ulcerative colitis or Crohn’s disease, may be the
result of agenetically determined aberration of the
immune response to the trillions of microorganisms
inhabiting theintestinal lumen. Todate, nosuch genetic
immune defect has been identified but the sequencing
of the genome may change this. A similar
differentiated response is also observed in chronic
alcoholism. Surprisingly, only 25% of chronic
alcoholicsdevelop cirrhosisof theliver. Why isit that
the majority escapes hepatic injury It clearly is not
due to dietary factors or to a preferred alcoholic
beverage. Rather, | suspect that this striking
difference is caused by genetic factors which
determine how the liver is reacting to the metabolic
products or reactive oxygen radicals which are
produced when al cohol ismetabolized. Here, too, the
sequencing of the genome in the next century may
provide plausible answers.

The Human Genome Project is of importance dso
for the future of gene therapy for inherited
diseases. This is because it will facilitate
identification of the nature of the genetic error in
amutated gene e.g., transposition of abase pair,
missense mutations, del etion of several nucleotide
sequences etc. This information is crucial for
construction of the new gene to be transposed. As
you are aware, somatic gene therapy in vivo has

been used successfully in many animal modelsandin
afew highly selected genetic defects in humans.
Thereare still problemswhich need to be addressed,
but I am confident that they will be resolved in the
not too distant future. One of these problemsconcerns
the vehicle or vectors which are used to transport the
replacing gene to the targeted cells or organ. At
present, thisisusually accomplished by packaging it
intoliposomes, adeno or retroviruses, or morerecently,
adeno-associated viroids. But these RNA viruses
often causeimmuneor toxicreactionswhichlimit their
usefulnessasvectors. Moreover, itisdifficult to target
live viruses to specific cells or tissues in which the
mutation is being expressed.

Asan attractive dternative a highly imaginative
new approach has been proposed (Kren et al. Nature
Medicine, March 1998) which employs a chimeric
RNA/DNA oligonucleotide embedded in a short
stretch of DNA. Thisis coated with a polycation
containing aligand that permitstargeting of specific
cells. Anditisthecells own DNA mismatch repair
mechanism which is used for integration of the new
oligonucleotide into the cells DNA. This new
technology has been tested successfully for site-
specific introduction of asingle base-pair mutation
in rat hepatocytesin vitro and in vivo. It isvery
promising particularly for genetherapy of hereditary
diseases expressed in the liver and it undoubtedly
will play acommanding rolein the next century.

A second problem with current gene therapy is
that the somatic cells selected for gene repair have
a limited natural life span and then undergo
apoptosis. A repaired gene therefore can be
expressed no longer than the life span of its cell,
which may range from a few days for intestinal
mucosa cells to several hundred days for
hepatocytes. To overcomethismajor limitation, one
would need to repair the genetic defect in
embryonic germ cells, an approach which at present
isneither possible nor ethically justifiable. A more
promising design might be to target gene therapy
to an organ’s stem cell compartment. Stem cells
areundifferentiated pluripotential progenitor cells,
which can either replicate themselves or undergo
differentiation to more mature cells. (Science,
March 5, 1999). Such pluripotential stem cellshave
been identified in, or isolated from, a variety of
animal and human tissues, including bone marrow,
intestinal mucosal crypts and brain. In the liver,
unequivocal identification of stem cells has not yet
been reported, but so-called oval cells have been
identified and isolated (Petersen et al. Hepatol ogy,
February 1998). Ovalocytes are believed to
represent stem cell-derived intermediary precursor
cellswhich areableto differentiateinto hepatocytes
or bileductular cells (Matsusake et al. Hepatology,
March 1999). They typically are found in
regenerating liver under experimental conditionsin
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which replication of mature hepatocytes has been
blocked. Since ovalocytes differentiation potential
islimited, identification of the authentic hepatic stem
cell compartment currently isatop research priority.
Once this has been accomplished, it should be
feasible to transpose new genetic information into
the stem cells' genome thereby making it available
indefinitely to daughter cells. | am confident that in
the coming century, such technology will become
availablewhich would represent atrue breakthrough
in gene therapy of alarge number of hereditary
diseases. At present, of course, permanent cure of
hereditary diseases of the liver, such as Crigler-
Najjar disease, OTC deficiency and hereditary
analbuminemia, can be accomplished only by
orthotopic liver transplantation.

Other new and promising applications of gene
therapy recently have been described for the
treatment of malignant tumors or cancer metastases
in the liver. Thetrick here obviously isto package
the genetic information to be transposed in avehicle
that is able to recognize specific molecular features
of cancer cells, particularly cell membrane receptors
or membrane-bound antigens. The majority of
malignant tumor cells exhibits mutations in genes
expressing so-called cancer repressor proteins, such
as p53, p16 and others, which act primarily by
controlling the cells mitotic cycle. When these genes
are mutated or lost, the result is unregulated cell
replication and tumor growth. Inanimal models, gene
therapy targeted specifically to surface receptors of
malignant cellswas ableto successfully reconstitute
functioning p53 or p16 genes, resulting in sustained
tumor shrinkage and prolonged survival. In an
alternative approach, the DNA sequence to be
transposed into tumor cells was coupled to a
monaoclonal antibody whichrecognizedaglycoprotein
abundantly expressed in hepatocel lular carcinomas
(Mohr et al. Hepatology, January 1999). Although
to date, these and other novel techniques of gene
therapy have beentested only in experimental animals
or in cell cultures, they obviously have great promise
for cancer therapy of the future and eventually may
substitute for surgery, radiation or chemotherapy.

| have discussed the Human Genome Project and
particularly gene therapy in some detail because
within their frame of reference both will have an
epochal impact on the future practice of
Gastroenterology and Hepatology. But the
enormous advances in the basic biomedical
sciences, particularly in molecular and cell biology
andin molecular virology and genetics, will literally
revolutionize the way physicians of the future will
think about mechanisms of disease. And the next
generation of gastroenterol ogists and hepatol ogists
will be handed astaggering array of new therapeutic
modalities, most of which have not yet been
invented. To illustrate what | mean, | arbitrarily

have chosenfor discussion threerecent mgjor scientific
contributionswhich | believe havethe potentia to make
animmenseimpact on clinical medicine of thefuture.

Thefirst scientific break-through isthe so-called
nucleic acid or naked DNA vaccine Asyou know, most
of the currently availableantiviral vaccines consist of
attenuated live DNA or RNA viruseswhich havelost
most of their virulence but retained their antigenic
potential. Examples are vaccines against viral
hepatitis, poliomyelitis, meades, varicella, yellowfever,
etc. All of these, of course, are modeled, asit were,
after Edward Jenner’s classic experiment with
cowpox as protection against the deadly smallpox.
Although most of these live vaccines are highly
protective, reservations often are expressed whether
avirulent viruses could spontaneously undergo back
mutationto amorevirulent form; or whether attenuated
live viruses could cause unsuspected morbidity
decades after they had been used in avaccine. The
advent of recombinant DNA technol ogy now hasmade
it possible to design novel vaccines which provide
strong and sustai ned antigen expression but exclude
theselingering doubts about live-vaccines’ safety.

The principle of this new approach isrelatively
simple. A genefrom apathogenic microbe encoding
amicrobial antigen, issplicedintoabacterial plasmid.
The vaccine consisting of the plasmid bearing the
spliced gene, isinjected into muscle tissue where it
directs the muscle cells to manufacture microbial
antigen.The latter evokes a sustained immune
response, involving both,antibody formationandaT-
cell response. Although, to date, thisnew naked DNA
vaccine hasbeentested only inexperimental animals,
persistent high titers of circulating antibodies have
been obtai ned and the animal swere protected agai nst
infection. It isthus evident that this new approach
to vaccination hasgreat promiseandislikely to bea
relatively inexpensive procedure. Indeed, naked
DNA vaccine looks like the vaccine of the 21st
century.

TRANSPLANTATION OF ISOLATED SYNGENEIC

HEPATOCYTES
The second subject | have selected for discussion is
still inits experimental phase but its great potential
for futuremedical applicationsa ready isunmistakable.
It concerns the transplantation of isolated syngeneic
hepatocytes into a recipient’s liver in vivo.
Development of such atechnique for clinical use
obviously would open new avenues not only for
correction of genetic defects, but also for the
management of acute hepatic failure. It eventually
may contend with, if not substitutefor, orthotopicliver
transplantation which in view of the scar city of
available organs might be a sol ace.

The first satisfactory technique for isolation of
intact and functioning hepatocytes from
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experimental animals was developed by Berry and
Friend in 1969 (J Cell Biol, vol. 43). It stimulated a
profusion of attemptsto culture such isolated cells
in vitro or to introduce them into various organs of
congeneic rec ipientsin vivo, but with few
exceptions, the cells failed to survive, let alone to
proliferate. In 1982, Mito et al in Japan
(Gastroenterology, Vol. 82) reported the exciting
finding that in rats, syngeneic hepatocytes
transferredinto arecipient’ sspleen not only survived
andretainedtheir characteristic physiologicfunctions,
but also proliferated. Infact, partial hepatectomy of
therecipient afew days after transfer of hepatocytes
intoitsspleen greatly magnified thenumber of mitotic
figuresin thetransplanted cell population. And then,
in 1991, Guptaet al (Proc Natl Acad Sci USA, Vol.
88) announced the surprising observationthat amajor
fraction of the hepatocytes extant in the spleen
eventually migrated to the host’ s liver where they
were fully integrated into existing liver cell plates,
properly functioning and apparently surviving
indefinitely (Hepatology, February 1999).

Sincethe spleenisardatively smal organ, only a
limited number of donor hepatocytescan betransferred
to the liver with this procedure. Nonetheless, in rats
and mice, it wasableto at least partialy correct genetic
defects such as analbuminemia and unconjugated
hyperbilirubinemia. Fortunately, a complementary
experimental stratagem has been devel oped (L aconi
et al. Am JPathol, Vol. 153, 1998) which alowsfor a
significant increase of the number of donor hepatocytes
which can be delivered to theliver viathe spleen. This
consists of preparatory treatment of the designated
recipientanimal withthepyrrolizidinealkaoidretrorsine
whichistaken up selectively by theliver. It blocksthe
resident hepatocytes’ cell cycle and therefore
suppressestheir proliferativepotential. \WWhen combined
with a subsequent two-third hepatectomy, the
proliferative thrust generated by this resection islost
on the blocked resident hepatocytes thereby greatly
favoring thetransplanted cells. In preliminary studies
with this approach, one to two months after the
procedure, up to 80 percent of therecipient liver’ scells
consisted of transplanted hepatocytes and their
progeny.

Although these are unusually exciting experimenta
findings, in its present form, this technology
clearly is far from being applicable to clinical
medicine. Nonetheless, | believethat on the basis
of the new scientific information and technical
expertise gained from these experiments, it will
only be a question of time until a clinically
acceptable and promising version of thisapproach
will be developed. Given the rapid progressin
research on inducible immune tolerance, it even
may become possibl e to use allogeneic hepatocytes
for transplantation instead of being limited to

syngeneic donor cells. To start with, | can think of two
important groups of liver diseasesin which hepatocyte
transplantation via the spleen may be the therapeutic
approach of choice. Oneisfulminant hepatic failure of
variable etiology, including potentially fatal tylenol
poisoning, in which the number and/or condition of
surviving liver cells during the acute phase may be
insufficient to sustain life and eventual recovery. The
other consists of genetic defects expressed intheliver
for which conventiond genetherapy may beunavailable
or lacking promise. These include a-1 antitrypsin
deficiency type ZZ, Wilson disease, analbuminemia,
Crigler-Ngjjar diseaseand severa others. Two different
technical approaches are possible. Oneisto transplant
hepatocytes obtained from asyngeneic donor; the other
isto usethe patients own hepatocytes after the genetic
defect had been corrected ex vivo with DNA supplied
by an unrelated donor. Either approach would seem
attractive and technically feasible.l am confident that in
the next century, this cellular approach to liver transpl
antation will become avery important and frequently
used procedure.

ACTIVE BIDIRECTIONAL EXCHANGE OF NUCLEATED

BLOOD CELLS BETWEEN FETUS AND MOTHER

Thethird scientificissuethat | wishto discussisrealy
aworking hypothesis, but one that is supported by
powerful, though indirect, evidence. It concernsthe
recent demonstration that in pregnancy there often
an active bidirectional exchange of nucleated blood
cells between fetus and mother, producing what has
been called microchimerism. In the maternal
circulation, immune-competent fetal cells are
detectable not only during pregnancy but often for
several decades thereafter (Bianchi et al. Proc Natl
Acad Sci USA, Vol. 93, 1996). It is unknown, of
course, how theseimmunologically foreign cellsare
ableto survive and proliferatein the mother and what
consequences, if any, this may have for her own
immune system.

The original discovery in maternal blood of
cyncytial trophoblasts derived from fetal placenta
was recorded in 1959 (Lewis Thomas et al. Trans
Assoc Am Phys, Vol. 72). At that time,
identification of these giant multinucleated cells
was possible only by morphological means. Butin
thelast decade, much morerefined technology has
become available for cell identification and
isolation, such as polymerase chain reaction and
fluorescence-activated cell sorters. With these
new methods, forty middle-aged women were
studied, all of whom had given birth to at |east
one son over the past three decades. The DNA of
the Y chromosome was used for identification of
malefetal cellsinthe mother’ sblood. Quantitative
results were expressed in terms of the number of
male fetal-cell DNA equivalents identified in a
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specified sample of maternal blood (Nelson et al.
The Lancet, Vol. 351, 1998). In the blood of healthy
women aged 35.61, the range of male cell DNA
equivalents was found to be very low (range 0.2,
mean 0.38). But surprisingly, in women with
established systemic sclerosis, a presumably
autoimmune disease, the valueswere 30 times higher
(range 0.61, mean 11.1, P value = 0.0007). In a
comparable albeit less carefully controlled study of
alarger group of women suffering from systemic
sclerosis, male DNA sequences were identified in
maternal blood in 46 percent, but only in 4 percent
of healthy controls (Artlett et al. N Engl JMed, Vol.
338, 1998). These striking findings demonstrate not
only amuch higher incidenceof fetal microchimerism
in women with systemic sclerosis, but also amuch
moreelevated level of fetal-cell DNA equivalentsin
the patients as compared to healthy controls.

To interpret these startling novel observations,
Nelson in 1996 proposed the bold but attractive
hypothesis that many chronic diseases of
supposedly autoimmune nature in fact may be the
result of allogeneic fetal cells which during
pregnancy had gained accessto the maternal blood
and subsequently had engrafted and are surviving
in the mother for decades (Arthritis Rheum, Vol.
39, 1996). This almost heretic hypothesis is
bolstered by anumber of supporting observations,
such asthefollowing:

(U Many diseases of supposedly autoimmune
etiology have astrong female predilection, particularly
those affecting theliver, such asautoimmune hepatitis,
primary sclerosing cholangitis, systemic sclerosisand
primary biliary cirrhosis; thelast hasafemae-to-male
ratio of dmost 10:1.

@) All of these presumably autoimmune diseases
exhibit morphological, immunologica and chemical
featurescharacterigtic of graft-versus-host diseasewhich
isachimericconditionobservedinrecipientsof alogeneic
stem cell or bone marrow transplantations.

(3 Moreover, in most of these supposedly
autoimmune diseases and in graft versus host disease,
intrahepatic bile ducts are a principal target of the
pathological process. Furthermore, all of the above
diseases tend to be associated with accessory “aut
oimmune” phenomena, such a §j-gren’s syndrome,
systemic sclerosis, the CREST syndrome, thyroid
dysfunction and others.

Although these diverse clinical observations
persuasively imply acommon pathogenic mechanism
for this group of diseases, by themselves they of
course do not prove this novel hypothesis. But |
believe that in the coming century, this issue will
receive great attention and will emerge as one of
immunology’ sleading scientific problems. Andwhen
all the scientific informationisin, | would not
be surprised if Nelson’ s hypothesiswould turn out to be

correct.

The three novel scientific contributionswhich |
have discussed above are examples of work that has
passed through most of its experimental phase and
whose exci ting potential for clinical applicationis
quite obvious. It seems just a matter of time until it
will be ready for testing in humans. But we should
realizethat there still are countless obscure diseases
for whose full exploration we currently lack the
required intellectual basisand experimental tools. It
isin these areas that | expect molecular and cell
biology, virology and geneticsof thefutureto provide
the necessary conceptual framework and
methodol ogy to make progressand achieve scientific
breakthroughs.

One of these areas is the vast field of viral
hepatitis, particularly of the types B and C which
world-wide are causing immense morbidity and
mortality. Despite recent remarkable advances, we
still do not understand how thesevirusesare surviving
indefinitely and how they are causing chronic liver
injury nor do we have effective, reliable and safe
therapies to arrest their progression, let alone to
achieve permanent cure. Some of us are old enough
to recall the complete failure of steroid treatment of
chronic active hepatitis B which only afew decades
ago had been flaunted as the ultimate therapy for this
chronic liver disease. Against this background, the
current hyperbole about interferon treatment of
chronic viral hepatitis appears somewhat uncritical, if
not midleading. | hopeand actually anticipatethat early
in the next century, new scientific information and
technology will become available which will allow
development of adefinitive therapy for chronic viral
hepatitiswhich causesno morethan minor side effects
to the patient and whose costs are affordable.

MOLECULAR DIAGNOSTICS

And finally, the rapid evolution of molecular
biology has created anew discipli ne, molecular
diagnostics, which is offering an ever-increasing
number of tests of previously unthinkable variety,
sophistication and sensitivity. For example,
molecular techniques already are used to
quantitate viral loadsin viral hepatitis. But one of
molecular diagnostics’ most promising applications
will be in the search for new infectious agents
which to date have escaped detection by available
staining or immunological methods. Asyou are
aware, several gastrointestinal diseases, previously
of unknown etiology, have recently been found to
be caused by newly discovered microorganisms.
These include, of course, peptic ulcer, but also
Whipple sdisease, bacillary angiomatosisand most
recently, nanobacteria which cause connective
tissue calcificationin systemic sclerosis, sclerosing
cholangitis and the CREST syndrome associated
with primary biliary cirrhosis (Kajander, et al.
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Proc Natl Acad Sci USA, July 1998). But there are
several other gastrointestinal diseases of unknown
etiology whose clinical and pathological features seem
consistent with, if not suggestive of, aninfectiveorigin.
Thesecertainly includeCrohn’ sdisease, ul ceretivecalitis,
granulomatous hepatitis and sarcoidosis and perhaps
primary biliary cirrhosisand sclerosing cholangitis. Many
expertsof coursehavepostulated animmunologicorigin
of these diseases and arecent report, that an antibody
totumor necrogisfactor a isprofoundly down-regulating
inflammationin Crohn’ sileocolitisissupporting, but of
course not proving, this hypothesis. (Baert et al.
Gastroenterology, January 1999). Now, that highly
sensitive molecular RNA and DNA probes and PCR
have become available, | am confident that the hunt for
elusvemicroorganismswill beintensified. And | would
not be surprised if one or more of these diseases
eventually would be discovered to have an infectious

etiology.

DIAGNOSTIC AND THERAPEUTIC INSTRUMENTS AND

MECHINERY

Predictingthefutureof Gastroenterol ogy and Hepatol ogy
would beincompletewit hout briefly considering what
new diagnostic and therapeutic instruments and
machinery may become available in the next century.
Here, progress, driven by intense market competition, is
so rapid that precise predictions are quite impossible.
Nonetheless, some trends seem to become detectable.
Radiology islikely to progress by leaps and bounds,
particularly spiral computerized tomography and three-
dimensional imaging. They increasingly will replace
invasive diagnostic procedures, including fiberoptic
endoscopy. Theonly exception may befiberoptic, laser-
induced fluorescence spectroscopy which uses either
tissue-intrinsic or extre neoudy-€licited fluorescence;
thisisanove procedurewhich appearstogreatly enhance
diagnostic accuracy. On the other hand, Magnetic
Resonancelmaging, with itsvery expensive equipment,
appearsto betaking aback seat. And in gastrointestinal
surgery, an ever-increasing proportion of invasive
procedureswill beperformedby |aparoscopy, which often
makes hospitali zation unnecessary and ther eby reduces
costs.

ECONOMICS OF HEALTH CARE

And this brings me to atrue megafactor which in a
major way will shape and restrain the practice of
Gastroenterology in the next century. Thisis the
economics of health care. All over the world, per
capita costs of medical care arerising steeply, far
outpacing the rate of inflation. To a considerable
extent, thisis due to the accel erated appearance on
the market of new or advanced but always more

expensive machines, procedures and drugswhich seem
necessary to keep up with contemporary medicine. In
the US, thiscontinuing priceincrease hasdriven health
care coststo alevel, equaling 15% of gross domestic
product (GDP), and other developed countries are not
far behind. Although in the developing world, health
care costs generally are lower, the cost increase in
proportion is at least similar. It seems evident that if
thistrend should continue, health care eventually will
consume amajor part of the GDP. But | am afraid that
aslong asmedical care continuesto be unregulated or
isremaining acompetitive market commodity, it will
be very difficult, if not impossibleto bring quality of
medical care and its costsinto some sort of reasonable
balance. Consider, for example, whowould bequalified
and publicly acceptable as decision makers. Would it
fall to third party payers, that isinsurance companies
or health maintenance organizations. Or to employers
who are funding the costs of health care Or to the
medical care establishment, that isto physicians and
hospitals Or perhapsto the government. However this
paramount issue will be resolved, it will have an
enormous impact on the future practice of
Gastroenterol ogy and Hepatol ogy, bothinthedevel oped
and in the devel oping world. As devel oping countries
arestriving to catch up with modern Western medicine,
they rapidly are coming on mainstream, offering an
amost unlimited market for aggressive pharmaceutica
and medical equipment industries. This of courseis
further destabilizingtherapidly rising costsof adequate
medical care.

CONCLUSION

Inconcluding, | believethat thisbrief glimpseinto
the science and practice of Gastroenterology and
Hepatology in the next century is offering us a
mixed perspective, one of an ever-widening
disparity between rising opportunities on the one
hand, and strained resources on the other. | am
afraid that unlessthisseriousimbalancewill be dealt
with early in the next century, the practice of
Gastroenterology and the quality of health care
world-wide will suffer. We need to learn how to
reduce expenses by voluntarily lowering our
dopendence on technical procedures and complex
equipment, and by avoiding use of expensive but
only marginally effective medications and surgical
interventions. And last but not least, in hopel essly
ill patients, we should have the courage to abstain
from using every possible means at our disposal to
prolong dying and suffering, as unreasonable
terminal careisone of modern health system’ s most
expensive components. These, | am afraid, will be
painful adjustments for the medical establishment
but they must be faced better sooner than later.

Edited by MA Jing-Yun
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Escherichia coli (E. coli) isone of the facultative
anaerobes of the human intestinal tract, usually
harmless. Infections due to pathogenic E.coli may
resultin urinary tract infections, sepsis, meningitisand
enteric disease. Diarrheagenic E.coli has been
classified into several categories, such as entero-
toxigenic E.coli (ETEC), entero-invasive E.coli
(EIEC), entero-pathogenic E.coli (EPEC), entero-
aggregative E.coli (EaggEC) and entero-hemorrhagic
E.coli (EHEC). A variety of virulence or potential
virulence factors for diarrheagenic E.coli have been
identified. The nomenclature of diarrheagenic E.coli
is based on virulence factors*3.

In 1977 Konowalchuk et al*® reported that some
strainsof pathogenic E.coli 026 : H11 produced atoxin
with a profound cytopathic effect on Vero cells, and
named it verotoxin (VT). O’ Brien et al noted™” that the
VT reported by Konowalchuk et al'® was strikingly
similar to Shiga toxin (Stx) produced by-Shigella
dysenteriae type 1, and it could be neutralized by anti-
Stx, thus anew nomenclature, Shiga-liketoxin (SLT),
appeared. An dternative nomenclatureis* Shigatoxin”
(ST), which indicated t hat the specific cytotoxin
described by Konowal chuk et al™® isesse ntidly identical
at the genetic and protein levelswith the Stx produced
by S. dysenteriae | discovered some 100 years ago.
Consequently, SLT, ST and VT have been used
interchangeably, resulting in the name of verotoxin-

Key Laboratory of Molecular Medical Bacteriology, Ministry of Health,
Institute of Epidemiology and Microbiology, Chinese Academy of
Preventive Medicine, Beijing 102206, China

Dr. XU Jian-Guo, male, born on 1952-04-19 in Pinglu County, Shanxi
Province, graduated from Shanxi Medical University asamedical student
in 1976, from Chinese Academy of Medical Sciences as graduate student
with Master degree in 1982, from Chinese Academy of Preventive
Medicine with doctoral degreein 1993, now professor of microbiology,
majoring medical bacteriology, having 70 papers published.
*Supported by Outstanding Young Scientist Award from
National Natural Science Foundation of China, Grant No.
39625001.

Correspondence to: Professor XU Jian-Guo, Key Laboratory of Mo
lecular Medical Bacteriology, Ministry of Health, Institute of
Epidemiology and Microbiology, Chinese Academy for Preventive
Medicine, Beijing 102206, China

Tel. +86 « 10 « 61739579,  Fax. +86 « 10 « 61730233

Email. xujg@ public.btanet.cn

Received 1999-02-05

producing E.coli (VTEC), shiga-like-toxin-
producing E.coli (SLTEC) and shiga-toxin-producing
E.coli (STEC) coexisted in literaturel®. However,
it must be noted that E.coli O157 : H7 isthe main
serotype of EHEC recognized at present(*2€l,
Hemorrhagiccolitis (HC) and hemolytic uremic
syndrome (HUS) are life threatening, which are
often caused by STEC or EHEC. So far as the
diseases are concerned, E.coli 0157 : H7 should
belong to EHEC. All of the EHEC strains are
believed to be pathogenic. Asfor itstoxin, E.coli
0157 : H7 should belong to VTEC, SLTEC or
STEC. However, not all of the STEC strains could
cause HC or HUS!. The confusion from the
nomenclature may be clarified in future when the
pathogenic mechanisms of bacteria are fully
understood.

Food-borne outbreaks of SLTEC disease appear
tobe increasing in the world. Mass-produced and
mass-distributed food can involvelarge numbers of
people in short time. SLTEC strains belong to a
very diverserange of serotypes, among which O157
: H7 is most commonly associated with large
outbreaks!®. In the summer of 1996 in Japan, a
largest outbreak inthe world caused by E.coli 0157
: H7 was reported, in which about 10 000 cases
wereidentified®. Chinese grovernment and society
became aware of the importance of E.coli O157 :
H7 from the Japanese outbreak. An informal
national network for detection of E.coli 0157 : H7
was organized in April 1997, involving about 30
public health laboratoriesfrom different provinces
andmunicipalities.

E.Coli 0157 : H7 IN CHINA
The studies of E.coli 0157 : H7 in China can be
divided into two phases. In phase 1, starting from
1986 up to August 1996, the bacteriol ogists who
studied the pathogen were mainly motivated by
their scientific interests, few organized projects
were carried out'?. In phase 2, starting from August
1996 up to now, the public health authorities and
most of the scientists have paid more attention to
E.coli O157 : H7, and a new trend of isolation of
E.coli O157 : H7 has been attempted in various
parts of China.

Thefirst group of patients with HC caused by
E.coli O157 : H7 were identified in Beijing in 1988,
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astheetiologic agentsisolated in Xuzhou city, Jiangsu
Province of Chind!?. In the three years from 1986 to
1988, 24 of 486 s poradic diarrhea patients were
diagnosed as having HC, 5 strains of E.coli O157 : H7
wereisolated, al of whichwere hybridized with SLT1,
SLT2 and EHEC specific probe?. In 1993, two strains
of E.coli 0157 : H7 wereisolated from a patient with
HC and apatient with HUS, in Shandong Province. In
the same period, several groups of scientistsfailed to
isolate E.coli 0157 : H7 in other citiesof China, possibly
duetolack of proper diagnostic techniquesand reagents.
Kain et al™ reported that, in a study carried out in
Beijing, about 7% of fecal sampleswere collected from
diarrheachildrenhybridizedwithEHEC probepCV D419
61, However, similar amount of positive sampleswere
also observed in the control group, but without strain
isolation. The 168 strains of EPEC isolated before 1982
were detected with SLT1, SLT2 and EHEC specific
probes, no EHEC or STEC wasfound?.

In 1997, a Chinese national network for detection
of E.coli O157 : H7 was organized, E.coli 0157 : H7
strains were isolated from diarrhea patients in
Zhegjiang, Anhui Provincesand NingxiaAutonomous
Region. Ninestrainswereisolated from pigsin Fujian
Province. It was interesting to note that all of the 9
strainsfrom pig sourcewerenegativefor SLT1, SLT2,
and Hly genes. In 1998, several public health
laboratoriesin Chinahave attempted to isolate E.coli
0157 : H7 from various sources, such as diarrhea
patients, pigs, cattle, food and cow’ s milk.A total of
48 strains were isolated from cattle, pigs and milk.
Some strains were found to be hybridized with Hly,
Slt1 or SIt2 gene probes, most of the strains, however,
were not. And, this result was demonstrated and
confirmed by PCR methodinthereferencelaboratory.
The E.coli O157 : H7 isolation data in China are
summarizedin Tablel.

Table 1 E.coli O157 : H7 strains isolated in China

No. Strains  Year Source HIly? SLT1SLT2 Province

5 1986-1988 HC + Jiangsu

3 1993 HC, HUS + Shandong
1 1997 Diarrhea + Anhui

1 1997 Diarrhea + Zhejiang
1 1997 Diarrhea + ND ND Ningxia
1 1997 Diarrhea - Passenger
9 1997 Cattle Fujian

2 1997 Food + + + Fujian

1 1998 Milk + Guangdong
2 1998 Food ND ND ND Guangdong
4 1998 Pig Liaoning
1 1998 Cattle + + + Liaoning
2 1998 Cattle + ND ND Hebei

14 1998 Cattle ND ND ND Ningxia

2Hly: hemolysin gene.

It isshown in literature, that E.coli O157 : H7

grains have been isolated from samples of beef,
lamb, deer, wild boar, ostrich, partridge, antel ope,
and reindeer!**? Cattles have long been
regarded asthe principal reservoir of E.coli 0157
: H7. STEC strains were found prevalent in the
gastrointestinal tracts of other domestic animals,
including sheep, pig, goat, dog, and cat?%. Many
domestic animals carrying pathogens are
asymptomatic. Strains of E.coli 0157 : H7 have
also been detected in cats and dogs with diarrhea
(251 E.coli O157 : H7 can potentially enter the
human food chain from a number of animal
sources, most commonly by contamination of
meat with feces or intestinal contents after
slaughter. One of the most common sources of
human E.coli O157 : H7 infections is hamburger
patty, made from ground beef. Hence, most of
the outbreaks of E.coli O157 : H7 infection all
over the world have been linked to hamburgers.
In the outbreak of United States in 1993, more
than 700 people were infected, and over 50 cases
of HUS were diagnosed. So far, thisisthe largest
outbreak of E.coli O157 : H7 associated with
hamburger.

In China, only few sporadic cases of E.coli 0157
: H7 infections have been identified. No
outbreak as yet has been reported. The strains
of E.coli O157 : H7 were isolated from cattle,
pigs and milk. These results suggest that risk of
infection with these microbes existed in China.
It occurred to us that the prevalence of E.coli
0157 : H7 seems to be higher in pigs than one
expected. It should be enphasized that the
consumption of pork in Chinaisvery popular and
the risk seems to be much higher than that from
beef. Further investigation of E. coli 0157 :
H7 in pigs should be conducted in China.
Fortunately, no known viru lence gene was
found in the strainsisolated from pigsin China
such as SLT1, SL T2 and hemolysin gene as
well. However, it was reported recently that the
SLT2 containing phage from sewage, as the
phage containing virulence gene, could infect
non-pathogenic E.coli rather easily. Therisk of
such microbe infection seems fairly high.

SLTEC OTHER THAN 0157 : H7 IN CHINA

E.coli O157 : H7 has not been recognized as a
big public health problem in China up to now.
However, STEC seemsto be serious*®. Inclinical
or public health bacteriological |aboratories, only
EPEC, ETEC and EIEC used to be diagnosed by
serotyping techniques. Nevertheless, it has been
noted not infrequently that almost pure cultures
of E.coli were seen and new varieties of E.coli
wereisolated from certain fecal samplesof diarrheal
patients, which could not be serotyped with the



XU Jian-Guo, et al. E.coli. 0157:H7 and Shiga-like-toxin-producing E. coli 193

typesera available. Whether they should be
recognized as pathogenic E.coli or not still remains
aquestion. We assumed that some of these strains
isolated as E.coli might be pathogenic in nature,
which had been overlooked because of lacking
proper techniques for identification. In order to
verify this hypothesis, we collected 174 named
nonpathogenic E.coli strainsin Beijing from 1988
to 1990 and detected them with DNA probes!*#.
The DNA probes covered almost all the virulence
genes reported, such as heat-stable toxin (ST)
heat-labile toxin (LT), EPEC adherence factor
(EAF), diffuse adherence gene (DA), EHEC
specific probe pCV D419, EAggEC specific probe,
2.5Kb specific probefor invasive plasmid (INV)
of EIEC and Shigella-species, shig a-liketoxin 1
or 2(SLT1or SLT2), EPEC attaching and effacing
genes (eae). It was observed that 59.3% strains
tested were hybridized with at least one of the
used probes, with a higher percentage of (29.7%)
E.coli strains hybridized with SLT2 and INV
probes!34,

In general, strains of EHEC and some of EPEC
hybridize with SLT1 or/and SLT2 probe. INV
probe is a 2.5-Kb fragment derived from the
invasive plasmid of S.flexneri 2a, and used as
a diagnostic tool specific for Shigella species
and EIEC strains!***®! The fragment was
subsequently sequenced and named invasive
associated locus (ial). However, none of the
known EIEC or Shigellaflexneria species was
found to hybridize SLTs probest*®. To cl arify
the relationship between EIEC and some of our
strains isolated, the invasive plasmid antigen
BCD (ipaBCD), the key genesfor invasive ability
of EIEC and Shigella, were synthesized by PCR
labeled by Digoxin and used as probe. The
absence of DNA hybridization signals indicated
alack of ipaBCD genesin E.coli F171. We also
found that E.coli F171 could not provok e
keratoconjunctivitisin guinea pigs. Sereny test
was used as a critical marker for virulence of
EIEC and Shigella species. However, with HEp-
2 cell assay, the E.coli F171 isableto invade the
epithelial cells. The data suggested that the genes
encodi nginvasiveability of E.coli-F171 differed
from EIEC, and E.coli F171 was therefore not a
member of EIEC!*34,

Adherence of bacteriato epithelial cells has been
recognized as avirulence characteristic of enteric
pathogen!Yl. Three adherence patterns were
defined i.e., localized adherence, diffuse
adherence and aggregative adherencel'’. Many
of our E.coli strainshybridized with SLT2 and INV
DNA probesdemonstrated HEp-2 cell aggregative
adherence pattern(**'4, However, none of them
were hybridized with EAggEC specific probe, which

was derived from the genes encoding EAggEC
adherence factor | (EAF/I), and used asan identific
ation marker for EAggEC. The aggregative
adherence pattern to HEp-2 cells is the
characteristic feature as EAggEC strains'*®. Under
el ectron microscope, a unique kind of fimbriawas
observed on the surface of cells of E.coli F171.
The subunit size of thefimbriae protein was 19K Da,
and the genes encoding the fimbriae were located
on a 60 MDa plasmid. E.coli HB101 cells
containing the cloned genes were able to adhere
onto the HEp-2 cells. The analysis of N terminal
amino acid sequenceindicated that E.coli F171 has
its unique features*4,

The shiga-like toxins have been demonstrated as
thevirulence factorsfor E.coli strain, which could
cause HC and HUS™*9, Many of EPEC and EHEC
strains contain genesfor SLT1 or SLT2. Thetoxin
producing ability of E.coli F171 was studied with
Vero cell assay, which was originally used for
study SLTssince E.coli F171 was hybridized with
SLT2 probe. Both cell culturefiltrate and a crude
toxin preparation of E.coli F171 were found toxic
to Vero cells. The Vero cell toxicity of E.coli F171
could not be neutralized by SLT2 antibody. The
fact that hybridization of E.coli F171 with SLT?2
probe suggested that it has DNA fragment
homologousto SLT2 geneor it hasan entire SLT2
genel',

The invasiveness, toxin production activity and
epithelial cell adherence ability have been
described as key features for EIEC, ETEC and
EAQQEC respectively!9, E.coli F171 could
adhere onto and invade into HEp-2 cells and
produce toxins. It combines many key features
of EIEC, EHEC, EPEC, and EAggEC. Based on
the data obtained, it seems that E.coli F171
represents a new variety of STEC. Hence the
name of enteric SLTs-producing and invasive E.
coli (ESIEC) was proposed. Since 31.4% of
collected E.coli strainswere tested in our studies
shared similar features as E.coli F171, infections
presumably caused by this kind of pathogenic E.
coli seems to be an important public health
problemin China.

In order to confirm the virulence and pathogenesis
tohuman beings, a study in adult volunteers was
carried out. By oral in take of 10°-10'° colony
forming units (CFU) of E.coli F171, all of 8
volunteers developed diarrhea, 3 of 8 developed
high fever (39.8°C). Theincubation period ranged
from 7 to 49 hours. Unformed stools were 3-6
times a day. The volumes of stools of 4
volunteerswere above 1 000 mL aday. Antibiotic
therapy was given to 5 of the 8 volunteers. No
diarrhea was observed for the control group
consisting of 4 volunteers, who ingested 10° CFU of
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non-pathogenic strain E.coli-HB101. Typical clinical
symptoms for ESIEC in volunteers were bowl
movement, diarrhea, general abdominal pain,
moderate fever and unformed stool. It wasrevealed
that ingested E.coli F171 could colonizeand replicate
for up to 7 days. By examining the stool samples of
thevolunteers, it was observed that the bacteriacoul d
reach an amount of 2.74x10*2 CFU. The strains
isolated from the patient stool samples of volunteers
were confirmed as E.coli F171 by specific antiserum
inanimal againgtit.

Although the human pathogenic nature of E.coli
F171 was recognized, the key virulence factors of
ESIEC have not been studied in detail. The
pathogenic mechanism of ESIEC, for instance, has
not been understood. The “pathogenicity island”,
which refers to the large chromosomal segment
carrying genesinvolvedin pathogenicity, hasrecently
revolutionized our understanding of bacterial
pathogenesis?Y. The GC content of pathogenesity
islands is different from that of the other host
chromosome, suggesting that they may originate
from horizontal transfer between different bacterial
general. The number of gram-negative bact erial
species known to harbor pathogenicity islands has
grown steadily, including uropathogenic E.coli
(UPEC), EHEC, EPEC, Helicobacter pylori,
salmonellatyphimurium and Vibrio cholerag®!. Itis
believed that thereis no pathogenicity island in the
non-pathogenic E.coli. We must investigate the
pathogenicity island so as to confirm the medical
significance of ESIEC. Recently, we have
observed an irp2 gene in many strains of ESIEC.
Theirp2 geneisinvolved iniron uptake and has
been considered as one of the virulence genes
located on the high pathogenecity island (HPI) of
Yersinia-speciest??. This gene was observed in
many strains of adherent E.coli and in E.coli
isolated from blood, but rarely observed in EPEC,
EIEC or ETEC. No -irp2- was found in EHEC,
Shigella and Salmonella enterica strains. It seems
that pathogenicity island existed in ESIEC. The HPI
of the Y. pestis is disseminated among species of
the Enterobacteriaceae family which are pathogenic
to humans.
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| Invited Commentary |

The Hsp90 chaperone complex-A potential target

for cancer therapy

Beatrice D. Darimont

See articleon page 199

ORIGINAL ARTICLE
Down-regulation of Hsp90 could change cell cycle
distribution and increase drug sensitivity of tumor cells.

MAJOR POINTS OF THE COMMENTED ARTICLE

Using an antisense RNA approach, Liu et al studied
the consequence of lowering Hsp90 3 expressionin
two human gastric (SGC7901, SGC7901/V CR), one
hepatic (HCC7402) and one esophageal (Ec109)
cancer cell line. For two of theinvestigated cell lines
(SGC7901/VCR and Ec109) cell growth slowed
down upon decrease of the Hsp90 3 level dueto an
increase in G1 cell phase. The growth rate of the
SGC7901 cell line was unaffected by lowering the
concentration of Hsp90 3, however the duration of
G1 was decreased while G2 increased. No Hsp90 [3
dependent change in the growth was detectable for
the hepatic cancer cell line HCC7402, which
expressed Hsp90 B in lower levels than the other
cell lines. Upon lowering the Hsp90 3 concentration,
all cell lines became more sensitive to
chemotherapeutic drugs. Increases in the efficacy
of mitomycin C (MMC) and cyclophosphamide
(CTX) were generally modest (0-5 fold), although
the SGC7901 cell line exhibited a24.8 fold increased
sensitivity to MM C. With the exception of the cell
line SGC7901/V CR, dramatic effectswere observed
on the sensitivity of the cell linesto ad riamycin
(ADR) and vincristine (MMC) witha10*fold and 3
x 10*foldincreasein sensitivity of SGC7901t0VCR,
or Ec109 to ADR, respectively.

COMMENTARY

Molecular chaperones are one of the life-guards of
aliving cell. They coordinate and execute basic and
essential cell functions, such as facilitation of
protein folding and oligomeric assembly of proteins,
as well as the regulation of ligand binding and
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release, subcellular localization and turnover of
proteins*Z. They areimportant for cell viability,
and have been proposed to act as evolutionary
tools, that produce apool of mutant proteins under
stress conditionst®>4. Not surprisingly, aberrant
chaperone action has been linked to numerous
diseases!®®, and the clinical interest in
chaperones as targets for drug based treatments
isincreasing.

Hsp90 assembles into multiprotein complexes
Hsp90, a highly conserved and ubiquitously
expressed chaperone of animal and plant cells, is
one of the most abundantly expressed proteins (1%-
2% of the cytoso lic protein in unstressed
mammalian cells)!>®, Most eukaryotic cells
contain at | east two Hsp90 i soforms-the heat shock
induced Hsp90 (3 and the usually less regulated
Hsp90 B*2 Another close relative, Grp94, is
expressed in the endoplasmatic reticulum(*t3,
Hsp90 assembl esinto large multiprotein complexes,
that have partially overlapping compositions and
include other chaperones such as Hsp70, Hip
(“Hsp70-interacting protein™), Hop (“Hsp90-Hsp70
organizing protein”, also called p60, Stil), p23, and
oneof threelargeimmunophilinsFKBP51, FKBP52
(Hsp56), or Cyp40, which are peptidyl prolyl
isomerased?,

Hsp90 folds and controls the activity of regulatory
proteins involved in signaling

The predominant role of these complexes may beto
facilitate the maturation, fun ctional regulation,
cellular localization and stress-dependent protection
and repair of proteinsrather than to assist thefolding
of de novo synthesized proteing**, Interestingly,
many of the substrates of these Hsp90 chaperone
complexes are regulatory proteins, or proteins
involved in structural organization such asactin and
tubulint?. One of the best studied substrates of
Hsp90 chaperone complexes are intracellular
receptors, especially but not exclusively steroid
receptors®’-?4, |n vivo association of unliganded
steroid receptors with Hsp90 chaperone complexes
isrequired for optimal steroid binding'®2, and may
al so affect receptor subcellular traffick ing?s. Hsp90
chaperonecomplexesaso assist inthefolding, maturation,
membrane localization and degradation of many
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protein kinases>1%2° such as v-Srcl?”, Raf!?®,
el F-2-a-kinase!®, casein kinase Il (CK 1)B%,
mitogen-activated protein kinase (MEK)3,
cyclin-dependent kinase 4 (CDK4)*23 and the
cyclin-dependent kinase regulator Weel 34,
Association of these kinaseswith Hsp90 chaperone
complexesis mediated by p50 cdc37, an homolog
of the yeast cell cycle control protein, cdc37(3
¥l The ability to interact functionally with awide
variety of regulatory proteins suggests that Hsp90
chaperone complexes may also coordinate and
establish crosstalk between different signal
transduction pathways. A recent study by Le
Bihan et al®*® gave evidence for modulation of
progestin-and glucocorticosteroid receptor-
mediated transcription by cal cium/calmodulin
kinases (CaMK types Il and V), presumably
through Hsp90 chaperone complexes.

The role of Hsp90 in cell cycling and cancer
Hsp90 action has been connected to cell cycle and
cell differentiation!2%7:381 most likely as a
consequence of their rolein folding and functional
regulation of intracellular receptors, protein
kinases and other potential substrates such as p53
[%:391 'Moreover, the expression pattern of Hsp90
itself can be cell cycle dependent?. Increased
levels of Hsp90 (mostly Hsp90 a) have been found
in various malignant cell lines and cancers and
usually correlate with vigorous proliferation of the
malignant cellsiz444,

In acomplementary study Liu et all® (thisissue)
investigate the consequence of lowering Hsp90 3
expression in several human cancer cell linesusing
an antisense RNA approach. In agreement with the
trend seenin other studies***, they find that in some
but not all cancer cell lines growth slows upon
decrease of the Hsp90 3 level, with various changes
in cell cycle phasing.For one cell line, the hepatic
cancer cell line HCC7402, growth and cell cycle
phasing is not affected by reduced expression of
Hsp90 (. Thus, overexpression of Hsp90 is not
essential for cancerousgrowth. Infact, inaninvasive
and tumorigenic subline of 8701-BC breast cells
down-regulation of Hsp90 (3 has been observed“?l,
Inview of the differencesin the regulation of Hsp90
o and Hsp90 3, it would be interesting to extend the
studiesof Liu et al to Hsp90 a, whose expressionis
usually more directly linked to the cell cycle than
that of Hsp90 f3.

Hsp90 as target for anti-tumor drugs

Pharmacologically, theinfluence of Hsp90 activity
on tumor growth is well established. Hsp90
chaperone complexes are targets for several
pharmacological drugs!?®4”. The antibiotic
geldanamycinisan anti-tumor drug that bindsto the

ATP/ADP binding sitein the N-terminal domain of
Hsp90“el, Geldanamycininterfereswith thefolding,
maturation, cellular localization and degradation of
variousintracellular receptors and kinases’>®#”, and
initially was described as an inhibitor for cell cycle
kinases*®. Another, unrelated antibiotic, Radicicol,
also binds to the ATP-ADP-binding site of Hsp90
and suppressestransformation by diverse oncogenes
such as Src, Ras and Mos!*®%1, Geldanamycin
prevents binding of p23 to Hsp90*°, however
whether its anti-tumor activity isdue directly to this
interferenceremainsto beinvestigated. Althoughthe
role of ATP/ADP in the function of Hsp90 is not
fully understood, the functional consequence of the
binding of these structurally unrelated antibioticsto
the Hsp90 ATP/ADP-binding site marksthis site as
aninteresting target for drug design. Other potential
and probably more selective drug targets in the
Hsp90 chaperone complex are the immunophilins
FKBP51, FKBP52 or Cyp40 that bind the
immunosuppressants FK506, rapamycin or
cyclosporin A0,

Hsp90 mediated multidrug resistance

In addition of being target for several
pharmacol ogical drugs, Hsp90 chaperonecomplexes
influence the sensitivity of cellsto many drugs, and
high Hsp90 expression is often associated with
multidrug resistance®?, a major impediment of
successful cancer chemotherapy. In their present
study, Liu et al’* demonstrate that upon lowering
the Hsp90 [3 concentration the sensitivity of cancer
cell lines to chemotherapeutic drugs increases,
however the extent of these changes was strongly
dependent on the drug. With exception of some
cancer cell lines, their Hsp90 3 dependent increases
in the efficacy are generally modest (0-5-fold) for
the drugs mitomycin C and cyclophosphamide, and
more dramatic (up to 3 x 10*-fold) for the drugs
adriamycin and vincristine.

The mechanisms underlying multidrug resistance
appear to be complex and are not well understood.
In many tumor cells multidrug resistance is
associated with overexpression of either the 170
kDa P-glycoprotein (Pgp) or members of the ATP-
binding cassette transporter superfamily, such as
the multidrug resistance protein (MRP) or the breast
cancer resistance protein (BCRP), that act as drug
export pumpst®*8l, A third form of multidrug
resistance (atypical MDR) correlates with
guantitative or qualitative alterations in
topoisomeraseii a, that actively participatesin the
lethal action of cytotoxic drugs!®®*. The
mechanism of Hsp90 mediated multidrug resistance
remains largely to be characterized. The
contribution of Hsp90 might be a general
strengthening of the stressresponse and the cellular
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resganceto cytotoxic drugs. However, in somedrug
resistant cell lines Hsp90 3 was found to stabilize
and enhance the function of Pgp!®3 suggesting amore
direct role of Hsp90 in regulating multidrug
resistance.

CONCLUSIONS AND PERSPECTIVES
Hsp90 chaperone complexes are vital and versatile
coordinators and regulators of multiple signal
transduction pathways. In higher organisms their
action goes beyond that of a single cell and also
affects complex regulatory systems such as the
immune response. Hsp90, Grp94 and Hsp70 bind
peptides and deliver them to MHC class| molecules,
which increases the efficiency of the immune
response™ and often enhance tumor immunogenicity
(5%, These pleiotropic functions make Hsp90
chaperone complexesideal targetsfor the treatment
of cancers.

Antisense Hp90 mRNA expression, as used by
Liu et al'® is apowerful tool for regulating Hsp90
expression and reducing proliferation in some cancer
cell lines. However, the inherent difficulty of
selectively targeting antisense constructs to tumor
cellsimpedes the usage of this strategy for clinical
therapy. In contrast, the role of Hsp90, Grp94 and
Hsp70 in tumor immunogenicity may offer new
strategies for anti-tumor vaccination. Presently, the
most promising strategy for an Hsp90 targeted
therapy isthefunctional regulation of Hsp90 by drugs
such as geldanamycin or radicicol. The solution of
the molecular structures of Hsp90 : ATP/ADP and
Hsp90 : geldanamycin complexes*®%% allows the
identification of structural features required for
Hsp90 binding, and to develop new drugs with
different pharmacological properties by structure
based design. Other attractive targets for drug based
regulation of Hsp90 chaperone complexes are the
sites for the interaction with the kinase specific
pP50°%” or immunophilins that appear to mediate
specificity by directing Hsp90 chaperone complexes
to particular substrates. Future elucidation of the
composition, structure and function of those
complexeswill certainly open new possibilitiesfor
the treatment of cancer.
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Abstracts

AIM To construct Hsp90 antisense RNA
eukaryotic expression vector, transfect it
into SGC7901 and SGC7901/VCR of MDR-type
human gastric cancer cell lines, HCC7402 of
human hepatic cancer and Ec109 of human
esophageal cancer cell lines, and to study the
cell cycle distribution of the gene transected
cells and their response to chemotherapeutic
drugs.

METHODS A 1.03kb cDNA sequence of Hsp903 was
obtained from the primary plasmid phHSP90 by EcoR
Iand BamH I nuclease diges tion and was cloned to
the EcoR I and BamH I site of the pcDNA by TADNA
ligase and an antisense orientation of Hsp90pB
expression vector was constructed. The constructs
were transfected with lipofectamine and positive
clones were selected with G418. The expression of
RNA was determined with dot blotting and RNase
protecti on assay, and the expression of Hsp90
protein determined with western blot. Cell cycle
distribution of the transfectants was analyzed with
flow cytometry, and the drug sensitivity of the
transfectants to Adriamycin (ADR), vincrinstine
(VCR), mitomycin (MMC) and cyclophosphamide (CTX)
with MTT and intracellular drug concentration of the
transfectants was determined with flow
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cytometry.

RESULTS In EcoR I and BamH I restriction
analysis, the size and the direction of the
cloned sequence of Hsp90p remained what
had been designed and the gene constructs
were named pcDNA-Hsp90. AH-SGC790, AH-
SGC7901/VCR, AH-HCC7402 and AH-Ec109 cell
clones all expressed Hsp90 anti-sense RNA.
The expression of Hsp90 was down-regulated
in AH-SGC7901, AH SGC7901/VCR, AH-HCC7402
and AH-Ec109 cell clones. Cell cycle distribution
was changed differently. In AH-SGC7901/VCR
and AH-Ec109 cells, G1 phase cells were
increased; S phase and G2 phase cells were
decreased as compared with their parental
cell lines. In AH-SGC7901 cell, G1 phase cells
were decreased, G2 phase cells increased and
S phase cells were not changed, and in AH-
HCC7402 cells G1, S and G2 phase cells remai
ned unchanged as compared with their
parental cell lines. The sensitivity of AH
SGC7901, AH-SGC7901/VCR, AH-HCC7402 and
AH-Ec109 to chemotherapeutic drugs, the
sensitivity of AH-SGC7901/VCR to ADR, VCR,
MMC and CTX the sensitivity of AH-HCC7402
to ADR and VCR, and the sensitivity of Ec109
to ADR, VCR and CTX all increased as
compared with their parental cell lines. The
mean fluorescence intensity of ADR in AH-
SGC7901, AH-SGC7901/VCR, AH-HCC7402 and
AH-Ec109 was also significantly elevated (P
<0.05).

CONCLUSION Down-regulation of Hsp90 could
change cell cycle distribution and increase the
drug sensitivity of tumor cells.

INTRODUCTION

Heat shock proteins(HSPs) areahighly conserved group
of intracellular protein swhose synthesisareincreased
in responseto avariety of stressful stimulit¥. HSPsare
classified by molecular weight into groups of HSP110,
HSP90, HSP70, HSP60, small molecular HSP and
ubiquitin. HSPO0 isamain chaperoneproteininthecell
plasma?. Recent studies have suggested that HSP90
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expre ssion is increased in tumor tissues** and
isclosely related to multi-drug resistance protein
P-gp!®>®. To further investigate the biologi cal
roles of HSP90 in the processes of carcinogenesis
and the possibility of down regulation of HSP90
to reverse the drug resistance of tumor cells, we
have constructed the Hsp90 antisense RNA
eukaryotic expression vector, transfected it into
SGC7901 of human gastric cancer SGC7901/
VCR of multi-drug resistant human gastric
cancer, HCC7402 of human hepatic cancer and
Ec109 of human esophageal cancer cell lines. We
also studied the cell cycledistribution of the gene
transected cells and their response to
chemotherapeutic drugs.

MATERIAL AND METHODS

Materials

Reagents EcoR | and BamH | nuclease was
purchased from Sino-American Biotech Inc T4 DNA
ligase from Promega Company. Other reagents
included guan idinium isothiocyanate lysis solution
(guanidinium isothiocyanate, citric acid sodium,
sarkosyl, (y-*P) ATP, T4 phage polynucleotide
kinase, 20 x SSC (NaCl, citric acid sodium), 50 x
Denhardt (Ficoll, N-Polyvinylpyrrolidoneand BSA),
pre-hybridization solution (6 x SSC, 0.5% SDS, 5 x
Denhardt, 100 mg/L sal mon sperm DNA) TBE (89
mmol/L Tris-boric acid, 2 mmol/L EDTA), 5 x
hybridization buffer (200mM-PIPES pH 6.4, 2mM-
NaCl, 5mM EDTA), formamide hybridization buffer
(formamide: 5 x hybridization buffer = 4:1), RNase
S., RNase S, buffer (10mM Tris-Cl pH 7.5, 300mM
NaCl,5mM EDTA),50mg/L proteinaseK, 0.5% SDS
(w/v), phenol, chloroform, RNA loading buffer (80%
formamide, 1ImM E DTA pH 8.0, 0.1% bromophenol
blue, 0.1% Xylene Cyanol), acrylamide,
bisacrylamide, 10% saturated ammonium sulfate,
urea, lipofactamine, G418, RPM11640, goat anti-
human HSP90 3 monoclone antibody, HRP-labeled
donkey anti-goat 1gG, Lysisbuffer (50 mmol/L Tris *
Cl, pH 8.0, 150 mmol/L NaCl, 0.02% NaN3, 0.1%
SDS, 100 pL/ mL PMSF, 1 mg/L aprotinin, 1% NP-
40, 0.5% deoxycholic acid), TEMED, Tris-glycine
working solution (25 mmol/LTris « Cl, 250 mmol/L
glycine, 0.1% SDS), 2 x SDSgel-loading buffer (100
mmol/L Tris * Cl, pH 6.8,200mmol/L DTT, 4% SDS,
0.2% bromophenol blue, 20% glycerol),
electroblotting buffer (39 mmol/L glycine, 48 mmol/
L Tris+ Cl, 0.037% SDS, 20% methanol),
tetrachloridenephenal, propidiumiodide, adriamycin
(ADR), vincristine (VCR), Mitomycin (MMC) and
cyclophosphamide (CTX).

Cell lines SGC7901 of human gastric cancer
cell linewas provided by the Military Medical
Scientific Chinese Academy, of Military
Medical Sciences, SGC7901/VCR of MDR-type

human gastric cancer cell linewasfrom our ingtitute,
HCC7402 of human hepatic cancer cell line from
Pathological Department of Fourth Military Medical
University (FMMU). Ec109 of human esophageal
cancer cell line was from Biochemical Department
of FMMU.

Methods

Construction of HSP90 antisense RNA
eukaryotic expression vector phHSP90 of
HSP90 cDNA plasmid was supplied by
YAMAMOTO. Eukaryotic expression vector
pcDNA 3.1(+) was supplied by Yang Jing-Hua.
E.coli IM109?was introduced by original source
our institute. @ Plasmid map analyses: Analysis
of the nuclease site of phHSP90 plasmid map of
HSP90 prokaryotic expression vector found that
there were two EcoR | nuclease sites and one
BamH | nuclease sites in the gene sequence of
HSP90 cDNA, of which EcoR | nuclease siteis
located at 0.99kb and 1.07kb respectively and
BamH | nuclease siteis| ocated at 2.1kb. There
was another EcoR | nuclease site at prime 3 of
the phHSP90 plasmid following the stop codon of
HSP90 cDNA (Figure 1). There was one EcoR |
and one BamH | nuclease site on the multi-clonal
nuclease sites of prokaryotic expression vector
pcDNA 3.1(+), of which EcoR | islocated at prime
3 and BamH | islocated at prime 5 (Figure 2).
With EcoR | and BamH | nuclease, a 1.03kb
fragment of 1.07kb-2.1kb could be digested from
HSP90 cDNA (EcoR | was at prime 3, BamH | at
prime 5). By inserting the digested fragment (1.
03kb) into EcoR | and BamH | nuclease site of
pcDNA 3.1(+), the HSP90 antisense RNA
eukaryotic expression vector could be constructed.
2 The primary plasmid phHSP90 was extracted
by alkali lysis. First, phHSP90 was digested by
EcoR | and electrophoresed on agarose-gel. Two
fragments of 1.43kb and 3.99kb could be seen
under ultraviolate from the gel. Of them, the 1.
43kb-DNA was excised from the gel and purified
by the frozen-melting method. The purified DNA
was further dig ested by BamH | nuclease an d
electrophoresed, and a 1.3kb fragment (EcoR-I
was at prime 3, BamH | was at prime 5) was
obtained. The specific fragment (0.5 pg) and 0.1
Hg-pcDNA 3.1(+) linearized by EcoR | and BamH
| nuclease was ligated by T4 DNA ligase under
16°C for 18 h (Figure 3). The ligated products
were transformed into the sensitized E.coli
JM 109, grew on ampicilline resistant agrose gel.
Positive clones were selected and amplified and a
small amount of plasmid was extracted. The
reconstructed plasmid was digested by either ECOR
| or BamH | or by both EcoR | and BamH |
nuclease to determine the size and the direction of
the fragment.
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Figure 3 Construction of pcDNA-HSP90 of HSP90 antisense RNA
eukaryotic expression vector.

Gene transfection and clone selection. The
pcDNA-HSP0 of HSP90 anti-sense RNA constructs
was extracted by the alkali lysis method, purified by
PEG, transfected into SGC7901, SGC7901/VCR,
HCC7402 and Ec109 by Lipofectamine and sel ected
by G418. Inasix-well cultureplate, seed 1 x 10° cdllsper
well in 2 mL appropriate complete growth

medium. Incubatethecellsat 37°C inaCO, incubator
until the cells are 80% confluent. After rinsing the
cellswith serum free and antibiotics-free medium,
add pcDNA-HSP90-Lipofectamine mixture (or
pcDN A 3.1(+)Lipofectamine mixture as control).
Incubate the cellsat 37°C inaCO2 incubator for 6
hours. Then change the medium with RPM 11640
culture medium containing 10% fatal bovine serum.
(G418 (400 mg/L) was added to select the resistant
clone after 48-72 hours. The medium was changed
every 3.4 days and colonies were collected
approximately 3 weeks later.

RNA analyses. (O Probe designing and
synthesizing. Reading 30bp from 1641 = bp of
HSP90 cDNA, the gene sequenceis5’ATT GAC
GAG TACTGT GTG CAG CAG CTC AAG-3'.
This gene fragment was matched with the gene
bank from the Internet. We found that this
sequence could only match with the HSP90 gene,
and no homology with any other available genes.
So this selected sequence was used as a probe
and was synthesized by the Shanghai Biotech
Company. -actin was donated by Dr. Zhao Qing-
Chuan and the sequenceis3-actin-2095: 5’ -ACT
ATG TTT GAG ACC TTC AA-3'. @
Oligonucleotide probes labeled by T4 phage
polynucleotide kinase. Add pure water to atotal
volumeof 19.5 uL in 10pmol/pL Oligonucleotide
(1.0 pL), 10 x T4 buffer (2.0 pL) and 10pmol [y-
2 P]JATP (5.0 puL). After being mixed, suck 0.5
pL-10 puL 10 mmol/L Tris-Cl (pH 8.0) to assay
the radioactivity ratio. Then 1 pL T4 phage
polynucleotide kinase was added and mixtured
and bathed in 37°C for 45 min, then bathed in 68
‘C for 10mintoinactive T4 phage polynucleotide
kinase. Afterwards, suck 0.5 pL above solution
and added to 10 pL 10 mmol/L Tris-Cl (pH 8.0)
to assay the radioa tivity ratio. Precipitate the
probes with ethanol and resolubalyzed to
20 pL1mmol/L EDTA deionized water and stored
at -20°C . Radioactivity ratio of theoligonucleatide
was assayed by the TCA method™. &3 RNA
isolation. Tatal RNA was obtained from the cells
by the guanidium isothiocyanate-phenol-
chloroform extraction method. Cells of 1 x 10°
were collected and washed with PBS,
guanidiniumisothiocyanatelysissolution 500 pL,
3 mol/L- NaAc 100 pL, water saturated phenol
and chloroform each 500 pL-were added, ice
bathed for 20 min and centrifuged at 4°C (12 000r/
min) for 15 min. The upper water layer was sucked
up to another eppendoff tube, extracted with
anequal volume of phenol/chloroform (1/1),
precipitated by isopropanol, centrifuged at 4°C
(12000r/min) for 15min, washedwith 70% ethanol once,
resuspended to three-evaporated water, treated by
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50 uL DEPC quantitated and stored at -20°C . @
RNA dot blotting. The quantitated RNA was
denatured by formaldehyde and was dropped to
the nitrocellulose memmbrane and was dried in 80
‘C dry ovenfor 2 h. After pre-hybridization at 68
‘C water bathing for 2 h, probes were added to
the hybridization bag and water bathed for 16 h-
24 h at 68°C. The hybridization membrane was
picked out and washed with 2 x SSC and 0.1%
SDS for 20 min at room temperature and with 0.
2xSSC and 0.1% SDS at 68°C 3 times for 10min.
Then the nitrocellulose membrane was dried by
filter paper and was covered by fresh-keeping
film. The membrane was exposed to X-ray filmin
the presence of intensifying screens at -20°C for
48 h-72 h. The film was then devel oped to observe
the results. & RNase protection assay!®’. RNA
(10 pL) from the cells were precipitated and
resuspended in 30 pL formamide hybridization
buffer. Radiolabeled Oligonucleotide probes (1
puL) and B-actin probes (1 pL) diluted to 1 x
10°cpm with hy bridization buffer were added to
the total RNA. The mixture was heated at 85°C f
or 5 min and the RNAs hybridized at 45°C or 50
‘C overnight. After hybridization, 2 pL RNase S1
buffer, 16 uL water and 2 pL RNase S1 (2 mg/L)
were added and the mixture was incubated at 37
‘C for 60 min. The solution, which now contained
RNase protected fragments, was deproteinized
with 50 mg/L proteinase K and 0.5% SDS (w/v)
at 37°C for 15 min, extracted with an equal
volume of phenol/chloroform (1/1) , coprecipitated
with 10 pg yeast RNA, and resuspended in 8 pL
loading buffer. The sampleswere el ectrophoresed
on a 18% acrylamide/6M urea polyacrylamide
sequencing gel (200 v, 120 min). Gels were
radioautographed at -20°C for 48 h. Its size was
determined according to the standard molecular
weight marker.

Protein analyses Cellswerelysed by lysis buffer
and the protein was quantitated. Then SDS-PAGE
and immunobl ot was performed asusual . Goat anti-
HSP90- B (1:100) was reacted with the
electroblotting for 2 hand HRP-labeled donkey anti-
goat 1gG (1:500) reacted with the electroblotting
for 1h at room tempe rature. After washing with
PBS (0.01 mol/L pH 7.4), tetrachloride nephenol
was used to develop the protein strip and
photographed.

Growth analyses The pcDNA-HSP90 gene
transfected cellsand their parental cellswere seeded
into 24-well plates as pairs at aconcentration of 1 x
10*/well, 2 mL each well, and cultured in the
incubator with a condition of 5% CO,, 37°C. The
cell morphology and growth feature were observed

under microscope. Three wells of each kind of
cellswere digested by 0.25% trypsin andcounted
, and its mean val ue was used to drow the growth
curve. Cell doubling time of the exponential phase
was calculated by Patterson’sformula, Td=T -
1g2/1g (N1/NO). Here Td is cell doubling time
(hour), Tisthe time needed for cell growth from
NO to N1

Cdl cycleanalyses. Cdlsgrowingwell were digested
by 0.25% trypsin, washed by PBS, fixed by cold ethanol
at 4°C and dyed with PI, and then were analyzed by
flow cytometry.

The drug sensitivity analyses. MTT methods
were used. The pcDNA-HSP90 gene transfected
cells and their parental cells were seeded into
96well plates as pairs at a concentration of 5 x
10%/well, 200 pL each well, cultured in the
incubator with a condition of 5% CO2, 37°C
overnight. Add adriamycin, vincristine, mitomycin
or cyclophosphamide at a concentration of 2 ug/
pl, 2 pg/ul, 2 pg/pl and 400 pg/ul-according to
the peak plasma concentration of different
antineoplastic drugs, and dilated at aratio of 1:10
respectively and seed 3 weeks for each
concentration. Fourty-eight hours later, add
tetrazolium blue 20 pL to each well at a
concentration of 5 mg/L PBS. Culturing was
continued for 4 hours and the supernatant was
removed. Add 150 uL DM SO to react for 15
minutes. ELISA reader was used to measure the
OD value of each well at A490 nm and the ratio
of living cells. Theliving cell ratio = A490 of the
experimental well/that of control well. Dose-
effector curve was drawn and 1Cs, and resistant
index (RI) were determined. Rl = 1Cs, of parental
cells/that of the gene transfected cells.
Intracellular drug concentration analyses In
a 35 mm tissue culture plate, seed 3x10° cellsin
to 2 mL complete growth medium. Incubate the
cellsat 37°C in a CO; incubator until the cells
are 70% confluent. Add adriamycin to makeits
final concentration to 10 mg/L. After culture for
1 hour, cells were digested by 0.25% trypsin,
washed by PBS and were analyzed by flow
cytometry at 575 nm.

Statistical analysis

The growth of pcDNA-HSP0 transfectants and their
associated control swere compared using two sample
t tests. Cell cyclefractions, sensitivity of tumor cells
to chemotherapeutic drugs and intracellular drug
concentrations of pcDNA-HSP90 transfectants and
their associated controls were compared using
ANOVA.

RESULTS
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The constructed HSP90 antisense RNA expression
vector

Two gene fragments of 1.43kb and 3.99kb were
isolated by agarose-gel elctrophoresis after the
primary plasmid phHSP90 was digested by
EcoR. After the 1.43kb gene fragment was
further digested by BamH |, a 1.03kb fragment
was obtained, of which BamH | was at its prime
3, EcoR | was at its prime 5. The eukaryotic
expression vector pcDNA 3.1(+) was digested
by EcoR | and BamH | nuclease and formed
linearized plasmid, of which EcoR | was at its
prime 3 and BamH | was at its prime 5. With
the ligated positive reconstructs digested by
EcoR | and BamH | nuclease, we could abtain
a 5.4kb vector DNA and 1.03kb inserted
fragment. If the ligated positive reconstructs
were digested by either ECOR | or BamH |
nuclease, we could see alinearized reconstructs
(Figure 4). These results indicated that the size
and the direction of the inserted HSP90 cDNA
fragment was what had been expected. The
reconstructed expression vector was named
pcDNA-HSP90.

Figure 4 Nuclease restriction analysis of pcDNA-HSP90 of HSP90
anti-sense RNA eukaryotic expression vector.

1. phHSP90; 2. phHSP90/ECcoR I; 3. HSP90/EcoR I-BamH I; 4. A
DNA/EcoR I+Hind Il marker (21227, 5148, 4268, 2027, 1375,
125bp); 5. pcDNA 3.1(+); 6. pcDNA 3.1 (+)/EcoR I+BamH I; 7.
pcDNA-HSP90; 8. pcDNA-HSP90/EcoR I+BamH; 9. pcDNA-
HSP90/EcoR I; 10 pcDNA-HSP90/BamH |

Gene transfection and clone selection

The positive colonieswere sel ected approximately
3weekslater. pcDNA-HSP90 of HSP90 anti-sense
RNA constructs transfected cell lines were named
AH-SGC7901, AH-SGC7901/VCR, AH-HCC7402
and AH-Ec109 respectively (Figure5). pcDNA3.1
(+) transfected cell lines were named SGC7901-
pcDNA, SGC7901/VCR-pcDNA, HCC7402
pcDNA and Ec109-pcDNA.

Figure 5 SGC7901, SGC7901/VCR, HCC7402 and Ec109 cells
transfected with pcDNA-HSP90 of HSP90 antisense RNA
constructs, selected by G418, positive clones were obtained and
were named a. AH-SGC7901; b. AH-SGC7901/VCR; c. AH-
HCC7402; d. AH-Ec109.
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Dot blotting and RNase protection assay

Dot blotting. All three groups of pcDNA-HSP90
transfectants, pcDNA3.1(+) transfectants and their
parental cellshad positive signalsof B-actin (Figure
6). Only pcDNA-HSP90 transfected cell group had
positive signals of HSP90 anti-sense RNA (Figure
7), indicating that pcDNA-HSP90 transfected cell
group had the expression of HSP90 anti-sense
RNA.

RNase protection assay (Figure 8). HSP90
anti-sense RNA transf ectants AH-SGC7901/
VCR (1), AH-SGC7901 (4), AH-HCC7402 (7)
and AH-Ec109 (10) cells had two positive stripes
(Hsp90 anti-sense RNA, B-actin) while pcDNAS.
1(+) transfected group and the blank control cell
group (parental cell line) had only one positive
stripe (B-actin), also indicating that pcDNA -
HSP90 transfected cell group had the expression
of HSP9O0 anti-sense RNA and further confirmed
that pcDNA-HSP90 had been transfected into
the aim cells and had the expression of HSP90
anti-sense RNA.

The expression of Hsp90 protein in the
gene transfected cells. Western blot results
showed that the expression of Hsp90[ in pcDNA
3.1(+) transfected cells and in their parental
cellswere almost the same. In Hsp90 antisense
RNA transfected cells (AH-SGC7901, AH-
SGC7901/VCR, AH-HCC7402 and AH-Ec109),
Hsp90 expression was lower than that of their
parental cells and pcDNA3.1(+) transfected
cells (Figure9).

Growth of the gene transfected cell lines.
Compared with their parental cells, the growth of
pcDNA-HSP90 genetransfected cellswasinhibited
in different degrees (Figure 10). The growth
inhibiting rate of the 10th day AH-SGC7901 to
SGC7901 was 24.28%, of AH-SGC7901/VCR to
SGC7901/VCR 27.58%, AH-HCC7402to HCC7402
10.51% and AH-Ec109 to Ec109 66.91%.

In SGC7901 and AH-SGC7901, the Td cdculated
from the cell growth curve was 26.6 h and 27.72
h, respectively. The Td of AH-SGC7901 was
prolonged 1.12 has compared with its parental
cell SGC7901. Td of SGC7901/VCR and AH-
SGC7901/VCR was 55.53 h and 72.22 h,
respectively. Td of HCC7402 and AH-HCC7402,
and Ec109 and AH-Ec109 was 40.66 h and 43.40
h, and 25.03 h and 41.00 h, respectively. These
results indicated that the Td of AH-SGC7901/
VCR and AH-Ec109 was significantly longer than
that of their parental cells (P<0.05), whilethat of
AH-SGC7901 and AH-HCC7402 had noobviouschanges
as against that of their parental cells (P>0.005).

Figure 6 The expression of 3-actin mMRNA in AH-SGC7901 of
pcDNA-HSP90 transfected cell line, SGC7901-pcDNA of pcDNA
3.1(+) transfected cell line and its parental cell line SGC7901 by
Dot blot.1: SGC7901; 2: SGC7901-pcDNA,; 3: AH-SGC701
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Figure 7 The expression of HSP90 anti-sense RNA in pcDNA-
HSP90 transfected, pcDNA 3.1(+) transfected and the parental
cell lines of SGC7901, SGC7901/VCR, HCC7402 and Ec109 by
Dot blot.1: SGC7901; 2: SGC7901/VCR; 3: HCC7402; 4: Ec109

35 Thp—
Silutbp

+—Antsense HMNA ol Hapik

& hpe-

M G G, 7 8 9 1011 12

=10

21 hp—+
11 hp—
E hy—

Figure 8 Expression of hsp90 anti-sense RNA by RNase
protection assay. M: PBR322 DNA/Hae 11l Marker; C1: Positive
control, B-actin (20bp) and HSP90 probe (30bp); C2: negative
control, probe plus RNase S1, no RNA. 1. AH-SGC7901/VCR;
2. SGC7901-pcDNA/VCR,; 3. SGC7901/VCR; 4. AH-SGC7901;
5. SGC7901-pcDNA; 6. SGC7901; 7. AH-HCC7402; 8.
HCC7402-pcDNA; 9. HCC7402; 10. AH-Ec109; 11. Ec109-
pcDNA,; 12. Ec109
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Figure 9 The expression of HSP90 protein in pcDNA-HSP90 transfected cells.1. SGC7901; 2. SGC7901-pcDNA,; 3. AH-SGC7901; 4.
SGC7901/VCR; 5. SGC7901/VCR-pcDNA; 6. AH-SGC7901/VCR; 7. HCC7402; 8. HCC7402pcDNA; 9. AH-HCC7402; 10. Ec109; 11.

Ec109pcDNA; 12. AHEc109
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Figure 10 Growth of gene transfected cell lines.

Cedll cycle distribution of the transfected cells
(Table 1). We can see from Table 1 that G, phase
cells of AH-SGC7901 were decreased, G, phase
cells were increased and S phase had no obvious
change as compared with their parental cells, while
G, phasecellsof AH-SGC7901/VCR wereincreased
and S phase and G, phase cells were decreased. G,
phase, S phase and G, phase cell of AH-HCC7402
had no obvious changes and G, phase cells of AH-
Ec109 were increased, S and G, phase cells were
significantly decreased as compared with their
parental cells.

Table 1 Kinetics of pcDNA-HSP90 transfected cells and their
parental cells analyzed with flow cytometry

Cell cycle fraction (%)

Cell lines

GO0-G1 S G-M
SGC7901 61.6 28.0 10.4
AH-SGC7901 55.7 28.1 16.2
SGC7901/VCR 62.2 23.5 14.3
AH-SGC7901/VCR 74.7 13.6 11.7
HCC7402 70.7 21.1 8.2
AH-HCC7402 69.5 20.0 10.4
Ec109 56.2 29.5 14.8
AH-Ec109 72.5 19.5 8.0

Drug sensitivity of the genetransfectants. 1Cs,
of SGC7901to ADR, VCR, MMC and CTX was 1.
58 x 10°, 1.99 x 103, 3.10 x 10?2 and 630 mg/L and
ICs of AH-SGC7901 to ADR, VCR, MMC and

Growth curee of EcBS and AR -
ECIDD

CTX was1.58 x 107, 1.99 x 107, 1.25 x 10 and 630
mg/L respectively. Rl of SGC7901 to ADR, VCR,
MMC and CTX was 10, 10 000, 24.8 and 1 compared
with AH-SGC7901, i.e., the sensitivity of AH-
SGC7901to ADR, VCR and MMC increased 10, 10
000 and 24.8 times respectively as compared with
their parental cell lines, and the sensitivity to CTX
had no obvious changes.

|Cs, of SGC790/VCRt0 ADR, VCR, MMC and
CTX was0.398, 1.25, 0.199 and 3981.07 mg/L, I Cs, Of
AH-SGC7901/VCR to ADR, VCR, MMC and CTX
was0.1,0.199, 0.063 and 794.32 mg/L.. Rl of SGC7901/
VCRtoADR,VCR,MMCand CTX was3.98, 6.28, 3.
15 and 5.01 as compared with AH-SGC7901.

|C5 of HCC7402t0o ADR, VCR, MMC and CTX
was 1.20 x 103, 6.33 x 10, 3.0 x 102 and 1258.
92 mg/L and I Cs, of AH-HCC7402to ADR, VCR,
MMC and CTX was 2.51 x 10, 6.33 x 10°, 3.00
x 102 and 1258.92 mg/L. Rl of HCC7402to ADR,
VCR, MMC and CTX was 477.7, 10, 1 and 1 or
the sensitivity of AH-HCC7402to ADR and VCR
increased 477.7 and 10 times respectively
compared with their parental cell lines, and its
sensitivity to MMC and CTX had no obvious
changes.

ICs, of EC109 to ADR, VCR, MMC and CTX
was 1.0 x 10, 44.66, 1.99 and 1258.92 mg/L and
ICso of EC109to ADR, VCR, MMC and CTX was
3.16 x 10°, 1.99, 1.99 and 398.10 mg/L
respectively. Rl of Ec109 to ADR, VCR, MMC
and CTX was 31 622.77, 22.44, 1.00 and 3.16.
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Intracellular drug concentration of the gene
transfectants. The mean fluorescence intensity of
ADRwas 0.286 + 0.02 in SGC7901, 0.290 + 0.026
in AH-SGC7901 and 0.279 + 0.009 in SGC 7901
control, which was significantly increased in AH-
SGC7901 (P<0.05).

The mean fluorescence intensity of ADR in
SGC7901/VCRwas0.320+ 0.050,0.323+ 0.054in AH-
SGC7901/V CRwhichwassgnificantly increased (P<O.
05).

The mean fluorescence intensity of ADR was 0.
480+ 0.122inHCC7402, and significantly increasedin
AH-HCC7402 (0.503 + 0.188) (P<0.05).

The mean fluorescence intensity of ADR was 1.
300+ 0.361inEc109, and significantly increasedin AH-
Ec109 (1.680 + 0.590) (P<0.05).

DISCUSSION

Antisense RNA isthe RNA that is complementary
with the mRNA. The antisense RNA could
combine with mRNA specifically and inhibit the
translation of the RNA. It is one of the gene
expression and modulating modes in prokaryotic
cells. Antisense RNA also exists in eukaryotic
cells but its function is still unknown. Antisense
RNA technichisto tranfect artificially-composed
antisense RNA into the eukaryotic cells, transcript
antisense RNA, block the translation of the gene,
inhibit the expression of the specific gene and
block the function of the gene, and to evaluate
the influence of the gene to the cell growth and
cell differentiation. In comparison of theribozyme
technich!®, antisense RNA technich has the
advantages of simple designing, strong specificity,
easy operating, and being economic and time
saving. According to the two common nuclease
EcoR | and BamH | and their different directions
of phHSP90 and pcDNA 3.1(+), the nuclease
digested fragment was inserted to pcDNA 3.1(+),
and the nuclease res triction analysisshowed that
the gene clone was successful. This study haslaid
ground forfurther understanding the biological
roles of HSP9O0 in tumor cells.

In order to determine whether the HSPO0 antisense
RNA gene transfected and G418 selected cell
clones had the expression of HSP90 antisense RNA,
a 30-bp oligonucleotide was synthesized and was
labeled with (y-32P) ATP by T4 phage
polynucleotide kinase. RNA isolated from the
selected clones wasfirst analyzed by dot blotting
with the labeled probes. The results showed that
the pcDNA-HSP90 transfected cell group had
positivesignalswhilethepcDNA 3.1(+) transfected
cell group and the blank control cell group had no
positivesignals, indi cating that the pcDNA-HSP90
transfected cell group had the expression of HSP90
antisense RNA.

RNase protection assay!® or RNase mapping

isahighly sensitive method for gene expression
analysis. Thismethod was primarily used to analyze
and quantitate specific RNAs. In the research of
gene’s characters, it is used to determine the size
of the exons. The principle of RNase protection
assay is: the labeled oligonucl eotide probes were
hybridized with cell total RNA or mRNA. The
unhybridized single chain RNA was digested by
RNase S1. The hybridized double chain was
protected and could not be digested by RNase S1.
Electrophoresison acrylamide/ureapolyacrylamide
sequencing gel, the protected chain could be
isolated. Radioauto graph could develop the
protected chain. Its size could be determined
according to the standard-molecular-weight-
marker. By this method, 0.1pg globin RNA could
be assayed. Its specificity and sensitivity is far
greater than Northern blot. In thisresearch, RNase
protection assay was also used to determine the
expression of HSP90 antisense RNA in the gene
transfected and the control cells. The results
showed that pcDNA-HSP90 transfected cells had
the expression of HSP90 antisense RNA. Analysis
of RNA by RNase protection assay is simpler than
Northern blot and more specific than Dot bl ot.

Western blot showed that the expression of HSP90
Bin AH-SGC7901,AH-SGC7901/VCR,
HCC7402 and Ec109 was decreased as
compared with their parental cells and their
pcDNA transfected groups. Thisindicated that
the antisense RNA of HSP90 has partly blocked
the mMRNA of HSP90 and inhibited the
translation of HSP9O0 protein.

Both Dot blot and RNase protection assay showed
that pcDNA-HSP90 transfected AH-SGC7901,
AH-SGC7901/VCR,AH-HCC7402 and AH-Ec109
all had the expression of HSP90 antisense RNA,
and with western blot, the expression of HSPI0[3
protein in these cells was decreased when
compared withtheir parental cellsandtheir pcDNA
transfected groups. This has established a cell
model for further studing the role of HSP90 in
these cell lines.

It isknown that cell growth is closely related to
cell cycle distribution, and cell cycleisregulated
by many factors. Oesterreich S and Mairesse N
[12 showed in their studies that hsp27 may be
involved in the regulati on of cell growth. Fuse et
all*® had investigated the alternations of
cytokineticsand HSP70 expression by hyperthermia
inthein vitro experimental systems, using two rat
gliomacell lines, two human glioblastomacell lines
and rat glioblast cells. They found that HSP70 was
increased in all the heat-treated cells. S phase and/
or G2/M phase cells were increased in these heat-
treated cells. Faassen™ suggested that in vivo aging of
human T cells resulted in a general defect in the
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induction of gene products required for transition
from quiescence into the S phase of the cell cycle.
This conclusion is supported by observations of
diminished inducibility of thelymphokinelL-2 and
its receptor during aging. Faassen’s study
demonstrated that decreased proliferative response
to phytohemagglutinin (PHA) was also paralleled
by decreased induction during the prereplicative
interval of two of the most strongly enhanced
proteinsin mitogen-activated T cells: HSP90 and
P73, which are also members of the heat shock
protein family. Diminished induction of HSP90 and
p73 was observed in lymphocytes from older
subjects (mean age 75 years), regardless of
differences in heal th status of the subject
popul ations.

The above two researches indicated that HSP
playsaregulation rolein cell growth. Hyperthermic
treatment could induce the expression of HSP70,
promotethe synthesisof DNA and increasethe Sphase
and G2/M-phase cell and isbeneficial to cell prolifer
ation. Intheaged subjects, T cell proliferativeresponse
was decreased because of the defectsin the induction
of HSP90 and P73.

In order to further understand weather decreased
expression of HSP90 could influence the tumor
growth, we used the cell model we had established
and studied their growth. From the cell growth curve
it can be seen that the cell growth of the HSP90
antisense RNA transfectants was inhibited in
different degrees. Among them, the growth of AH-
SGC7901/VCR and AH-Ec109 was significantly
decreased as compared with their parental cells, and
the cell doubling time prolonged 16.69 hand 15.97 h
respectively. The growth of AH-SGC7901 was aso
inhibited to some degree as compared with its
parental cdls.

Cdl cycle analyses showed that, G; phase cells
of AH-SGC7901/VCR and AH-Ec109 were
increased and S phase cells were decreased as
compared with their parental cells, indicating that
there was G; arrest, causing the growth inhibition
of the above two cell groups. G, phase cells of
AH-SGC7901 werediminished, G, phase cellswere
increased and S phase had no obvious change,
indicating that there was G,/M arrest, causing
slower mitosis, and the decrease of cell mitosisand
proliferation. G, phase S phase and G, phase of
AH-HCC7402 all had no obvious changes compared
with their parental cells. These resultsindicate that
the expres sion of HSPI0 isrelated to cell growth.
Low expression of HSP90 could cause G; arrest
and inhibit the synthesis of DNA or cause G,/M-
arrest and inhibit cell mitosis, thereforeinhibiting
the cell growth and proliferation. The different
inhibitionratein different cell linesmay be because
of the different heritage background and different
blocking rate of HSP90 antisense RNA to HSP90

gene in these gene transfected cells. We concluded
that down-regul ate the expression of HSP90[ could
changethecell cycle distribution and inhibit the tumor
cell growth.

The development of resistance of tumor cellsto
anti-cancer drugsis one of the critical issues for
successful chemotherapy. Multi-drug resistance
is an adaptable reaction of tumor cells to
chemotherapeutic drugs. Various kinds of protein
expression and/or the changes of enzyme activity
could be seenin MDR-type tumor cells. Through
the changes of these proteins, tumor cells could
avoid being killed by chemical agents. Much
evidence suggests that the heat shock proteins
(hsp) may be involved in drug resistancel®>61:15
1 In our study, the sensitivity of the pcDNA-
HSP90 transfected cells to chemotherapeutic
drugs increased more significantly than their
parental cells. This meansthat lowered expression
of HSP90 could increase sensitivity of the tumor
cells to chemotherapeutic drugs. We also found
that drug accumulation was increased in the
pcDNA-HSP90 transfected cells. HSP90 might be
related to the efflux of chemical agents. When
HSP90 is decreased, the retention of chemical
agents is increased and the intracellular drug
concentration isincreased, so isthe sensitivity of
the cellsto the anti-cancer drugs. HSP90 isamajor
cytoplasmic chaperone protein and is related to
many protein substrates, e.g. actin, tubulin, protein
kinase and steroid receptor!®%, HSP90 may form
hetero-oligomeric complex with some plasmic
proteins such as HSP70, p60, Hip/p48, p23,
FKBP52, FKBP51 and Cyp-40, involve protein
folding, transportation and degradation, and
regulate the activity of the protein(2*-2%,

Wethought that HSP90 may regulate the sensitivity
of tumor cells to chemotheapeutic drugs
through regulating the activity and function of
P-gp. Bertram J and co-workers have reported
that heat-shock protein hsp90 betais associated
with the P-glycoprotein (P-gp or P170), one of
the most prominent components of the drug
resistance machinery. They demonstrated that
hsp90 beta can be co-precipitated along with
P-gp and vice versa. In native agarose gels,
both proteins migrated together as one single
band as shown by Western blot analysis. This
intracellular protein-protein interaction may
present a mechanism for the modulation of P-
gp function possibly by a stabilization of the
protein which seems to be attributed to hsp90
beta. This study supports our research.

Oesterreich S and co-workers® found that when
hap was induced by elevated temperatures,
resistance to doxorubicin (Dox), but not to other
commonly used chemotherapeutic agents, was
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induced in breast cancer cells. To evaluate therole
of hsp27 in this phenomenon, they have transfected
MDA-MB-231 breast cancer cells, which normally
expresslow levelsof hsp27, with afull-length hsp27
construct. These hsp27-overexpressing cells now
display a 3-fold elevated resistance to Dox.They
have also derived a M CF-7 breast cancer cell line
with amplified endogenous hsp27 which is highly
resistant to Dox. When these cellsweretransfected
with an antisense hsp27 construct, they were
rendered sensitive to Dox (3-fold). These results
suggest that hsp27 specifically confers Dox
resistancein human breast cancer cells. Our studies
showed that HSP90 was related to MDR, and
lowered expression of HSP90 could increase the
drug sensitivity of tumor cells by 3-30 000 times
indicating that regul ation of HSP90ismoreeffective
than hsp27 in this aspect. In different cells with
different chemicals, the effect isdifferent, possibly
because of the different biological characteristics
of the tumor cells and the different mechanism of
the anti-cancer drugs.

The mechanisms of HSP9O0 in sensitizing tumor
cells to anti-cancer drugs need to be further studied.
Thisstudy givessomecluesinusing HSPinhibitorsasa
sengitizer toincreasethe sengtivity of tumor cellsto anti-
cancer drugs. In conclusion, down-regul ation of HSP90
could change the cell cycle distribution and slow the
tumor cell growth and increase the sensitivity of tumor
cellsto anti-cancer drugs.
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Cyclosporin A protects Balb/c mice from liver
damage induced by superan tigen SEB and D-GalN
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Abstract

AIM To investigate the pathogenic effect of SEB
and D-GalN on liver and the protection of
cyclosporin A, the relationship between hepatic
apoptosis and necrosis and the possible
mechanism of acute hepatic necrosis.
METHODS After staphylococcal enterotoxin B
(SEB) mixed with D-galactosamine (D-GalN)
were injected intraperitoneally into Balb/c mice
and those previously treated with cyclosporin A,
blood samples were collected and livers were
isolated at 2, 6, 12, 24h. Patterns of hepatocellular
death were studied morphologically and
biochemically, circulating cytokines (TNF-a, IFN-
y) and mice mortality within 24h was assessed.
RESULTS The SEB could induce the typical
apoptotic changes of hepatocytes, the D-GalN
could induce hepatocytes apoptosis and
degeneration at the same time, and the mice
having received the SEB+D-GalN injections
developed apoptosis at 2 and 6h, but after 12h
hepatocytes were characterized by severe
injury, whereas all the examinations in the
cyclosporin A treated mice were normal.
CONCLUSION Hepatic cell apoptosis might be
related to necrosis, and massive hepatocyte
apoptosis is likely the initiating step of acute
hepatic necrosis in mice. The effects induced by
SEB and D-GalN on hepatocytes might be
mediated by T cells, and could be prevented by
cyclosporin A.
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INTRODUCTION

Petterns of cell death are defined as apoptosis and
necrosisYl. After staphylococcal enterotoxin B
(SEB) together with D-Galactosamine (D-GalN)
were injected ip. into BALB/c mice as well as
those previously treated with cyclosporin A, we
studied the patterns of hepatocellar death to
investigate the pathogenic effect of SEB and D-
GalN on liver and the protection of cyclosporin A,
the relationship between hepatic apoptosis and
necrosis, and the possible mechanism of acute
hepatic necross.

MATERIALS AND METHODS

Main reagents

Cyclosporin A wasgiven by Prof. Fan Li-An, Shanghai
[nstitute of Immunology. D-GaN was purchased from
SigmaChemical Co. SEB was purchased from Ingtitute
of Microbiology and Epidemiology, Academy of Military
Medical Sciences.

Mice

Six-week-old male Balb/c mice weighing 20 g were
purchased fromthe Department of Experimental Animdl,
Shanghai Ingtitute of Biologica Products, Ministry of H
edlth of China.

Groups

Micewererandomly dividedinto 6 groups. NS, CSA,
SEB, D-GalN, SEB+D-GalN and CSA+SEB+D-
GalN. Each group wasdivided into 4 subgroupseach
containing 6 mice according to 2, 6, 12 and 24 h.
After pretest, SEB amout was set at 50 pg/mice; D-
GalN, 16 mg/mice; and CSA, 0.5 mg/mice. CSA was
injected 0.5 h earlier. After mixed in vitro, SEB and
D-GalN were injected. Control group was treated
with normal salinein the same way. All drugswere
injectedintraperitonealy.

Light microscopic examination

Livers were isolated at 2, 6, 12 and 24 h, and
immediately fixed in 100 mL/L formalin, 5 um thick
sections were stained with HE for light microscopic
examination. Incidence of apoptosisbodies (ABSs) was
counted@.

Transmission electron microscopic
examination
Immediately after sacrifice, 1 mm?3 section from the
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liver werefixed in 20 g/L glutaradehyde. After stained,
ultrathin sectionswereexamined under a200CX dectron
microscope.

Agarose gel electrophoresis of hepatocellular
DNA

DNA was purified from hepatocytes and subsequently
analyzed on 10 g/L agarose gels°.

Serum alanine aminotransferase (ALT) assay
Serum ALT activities were measured by a CX4
automatic biochemical analyzer (Beck man).

Serum tumor necrosis factor (TNF-a) assay
It was performed according to L929 cell-killing method
4

Serum interferon y (IFN-y) assay
I FN-y assay was made by cytopathic effect reduction
method®.

Statistical analysis
Statigticd significancewaseva uated accordingtopaired
student’st test .

RESULTS

Tissue histology

Hepatocytes of SEB 2 h and 6 h groups showed
nuclear pycnosis (Figure 1A) and no necrosiswas
found in 12 h and 24 h, suggesting that SEB only
induce hepatocyte apoptosis in Balb/c-mice.
Hepatocytes of D-GalN 2 h group developed
chromatin condensation and organella edema
(Figure 1B), 6 h group showed hepatocyte
coexistence of degeneration and apoptosisbodies,
no necrosis occurred after 12 h. Hepatocytes of
SEB+D-GalN 2 h group showed nuclear pycnosis,
nucleus was fragmented in 6 h group, after 12 h,
besides some hepatocytes apoptosis, necrosis
characters such as widespread destruction of the
liver stracture, massive erythrocyte agglutination,
etc (Figure 1C) were found. Hepatocytes of the
CSA+SEB+D-GalN group were normal (Figure
1D).

In SEB and D-GalN group, theincidence of ABs
wasstrikingly raised at 6 h , rapidly decreased after
6 h, and decreased to normal in 24 h. But in SEB+D-
GalN groupit continuously increased till 24 h, andin
CSA+SEB+D-G alN group it had no obvious
changes.

Agarose gel electrophoresis of hepatocellular DNA
The groups of SEB 6 h, D-GalN 6 h, SEB+D-GalN
6h and, 12 h showed typical “ladder” pattern, but
SEB+D-GalN 24 h present “smear” patt ern, and
no abnormalitieswerefound in CSA+SEB+D-GalN
group (Figure?2).

Figure 1 Hepatocytes of Balb/c mice under TEM.

A. SEB 6 h, chromatin condensation, x10 000; B. D-GalN 2
h, nuclear pycnosis and organelle edema, x10 000; C.
SEB+D-GalN 12 h, nuclear pycnosis and erythrocyte agglutination,
x4 000; D. CSA+SEB+D-GalN 6 h, nuclear of hepatocyte,
x6 000
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Figure 2 DNA agarose gel electrophoresis in livers of Balb/c mice.
1. CSA 6 h; 2. CSA+SEB+D-GalN 6 h; 3. SEB+D-GalN 6 h; 4.
CSA+SE B+D-GalN 12 h; 5. SEB+D-GalN 12 h; 6. NS; 7. SEB 6 h;
8. D-Gal N 6 h; 9. SEB+D-GalN 24 h.

Serum ALT assay

Compared with control group, there was very obvious
difference in the activities of serum ALT of SEB+D-
GalN 6 h and 12 h groups (P<0.01), and there was
obviousdifferencein D-GaN 2, 6 hand SEB+D-GalN
2 hgroups (P<0.05), but therewasno differencein each
of SEB groups, CSA, CSA+SEB+D-GaN, D-GalN 12
h and 24 h groups (P<0.05). Among these groups,
activitiesof serum ALT of SEB+D-GalN 12 heven up
to several thousand units (Table 1).

Circulating cytokine levels

Serum TNF-a levels of SEB 2 h (210 ng/L + 80 ng/
L ) and SEB+D-GalN 2 h (300 ng/L + 110 ng/L)
reached a peak, thereafter sharply decreased in SEB
6 h (50 ng/L + 30 ng/L) and SEB+D-GalN 6 h (50
ng/L + 20 ng/L). Serum IFN- y levels of SEB and
SEB+D-GalN groups began to increase after 2 h of
administration (SEB 2 h 400 ng/L = 120 ng/L,
SEB+D-GalN 2 h 400 ng/L + 150 ng/L), and peaked
at 6 h-12 h (SEB 6 h 1480 ng/L + 480 ng/L, 12 h
1620 ng/L + 590 ng/L, 24 h 780 ng/L + 350 ng/L,
SEB+D-GalN 6 h 1360 ng/L + 520 ng/L, 12 h 1 860
ng/L + 680 ng/L 24h 790 ng/L + 320 ng/L). Our data
showed that there was no difference in the kinetics
of appearance of serum cytokines between mice of
SEB and SEB+D-GalN groups (P<0.05). In
CSA+SEB+D-GalN groups both serum of TNF-a
or IFN-y levelswere negative.

Twenty-four lethality

None of the Balb/c mice died at a dose of SEB
up to 150 pg/ mouse alone, and D-GalN of 16
mg/mouse within 24 h, whereas the lethality
was elevated within 24 h with increased dose
of D-GalN when the two were used in
combination, for example, 50 ug SEB caused
death in about half of the mice, 150 ug
SEB up to 100%. But pretremented with CSA
0.5healier, themiceweredl survived (Table2).

Table 1 Serum ALT activities of Balb/c mice in different time (IU/L, 11U/L = 16.67 nmol « s*/L)

t/h NS CSA SEB D-GalN SEB+D-GalN CSA+SEB+D-GalN
2 51.8 £ 16.4 51.5+17.8 59.5 + 18.8 71.3 £ 25.7% 69.0 + 24.6° 54.2 +24.5

6 56.0 = 21.3 63.0 £ 18.1 60.5 = 20.3 81.3 £ 24.7% 95.7 + 38.7° 60.7 £ 29.4
12 54.8 £ 14.9 55.5 = 27.5 56.5 = 16.9 63.8 + 22.8 4109.2 + 1910.1° 60.5 + 26.7
24 59.7 £ 24.5 59.0 £ 24.7 59.5 = 24.7 60.7 = 26.3 65.7 £ 24.2
3P<0.05, °P<0.01 vs normal saline.

Table 2 Lethality within 24 hours DISCUSSION

D-GalN SEB CSA 24 h lethality
(mg/mice) (ng/mice) (mg/mice) (death/total)
10 0/3
50 0/6
100 0/3
150 0/3
16 0/6
16 10 0/3
16 50 3/6
16 100 2/3
16 150 373
16 50 0.5 0/6
0.5 0/6

0/6°

2Mlice treated with normal saline.

Hepatocytes of SEB groups only showed
apoptosis morphologically, and the course
seemsto finish within 12 hours, DNA agarose
gel electrophoresis of hepatocytes exhibited
the “ladder” pattern at 6 h-12 h, but activities
of serum ALT were always normal. This
result indicates that SEB caused hepatocytes
nuclear pycnosis while membrane was intact.
Mice lethality within 24 hoursis 0. Bec ause
SEB did not exhibit any direct toxic effect
on hepatocytes!®, we analysed the
mechanism of SEB-induced hepatocyte
apoptosis may be related to biological
features of superantigen nonspecific
stimulating massive T cell proliferation and
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releasing cytokines(TNF-a, IFN-y, etc.). D-Ga N could
induce both hepatocyte apoptosis and degeneration
morphologically. The result of DNA agarose gel
electrophoresiswas similar to that of SEB groups, but
activitiesof ALT rose between 2 and 6 hours, probably
dueto (P<0.05), hepatocytedegenerationwhichdavated
membrane permeability. Micelethaity within 24 hours
is0. D-GaN isakind of indirect toxin to liver, which
can causes a selective depletion of urine nucleotidesin
mouse liver, thusleading to secondary hepatic injury.
High doses can cause hepatocyte injury in mice
resembling humanviral hepatitig®.

Balb/c mice treated with SEB+D-GalN showed
typical features of hepatocyte apoptosiswithin 6 hours,
but after 12 hours, extensive cell necrosis was promi
nent besides apoptosisin afew hepatocyte. After 12
hours, the incidence of ABs became too high to count
because amajority of hepatocytes were destructed. In
biochemistry, DNA agarose gel electrophoresis
demoustrated typicd “ladder” be tween 6 and 12 hours,
but a“smear” patternat 24 hours. SerumALT increased
fromthe2nd hour (0.01<P<0.05at 2 hours, ascompared
P<0.01, a 6 hours 68 umol * s-1 « L-1toat 12 hours.
This indicated a great amount of hepatocytes were
destructed, with a24 h lethality of 50% whereasthe
micepretreated with CSA wereall normal. Superantigen
had no direct toxic effect on hepatocytes, only
nonspecifically stimulated massive T cell proliferation
and released cytokines while CSA can inhibit T
lymphocyterel easing cytokines. Therefore, wethichthat
the acute injury to hepatocytesis mediated by T cells
thusit can beinhibited by CSA.

Leist!” reported that D-GalN+L PS/'TNF induced
hepatocyte apoptosis in Balb/c mice in the early
stage and necrosis in the late stage. Our results
arein agreement with Leist’s. Based on the studies
of transgenic mice in lit erature!® and our
experiment, we assume that the process of hepatic

injury induced by SEB+D-GalN is: massivehepatocyte
apoptosis occurred, then the neutrophils and
macrophageswere attracted by endogenous mediators
and activated by apoptotic hepatocytes releasing
massive cytokines, and finally, the secondary acute
hepatic necrosis, occurred leading to the death of mice.
D-GalN in addition to its sensitization of hepatocyte,
D-GaN may prevent therapid uptake of apoptotic cells
by neighboring hepatocytes and Kupffer’'s cells”.
Gantner® reported apoptotic hepatocytes can induce
procoagulant activitiesinendothelia cellsand platelets
that eventually result in thrombin deposition and
sinusoidal congestion. Therefore, there might be some
relationship between apoptosis and necrosis. If the
number of apoptotic hepatocytesis small and can be
rapidly phagocytized by the nearby hepatocytes and
Kupffer' scells, secondary necrosiswill not occur while
if it ismassive and can not be phagocytized rapidly,
secondary necrosiswill develop.
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Abstract

AIM To observe the nitric oxide synthase (NOS)
distribution in the esophageal mucosa and
hemodynamic changes in cirrhotic rats.

METHODS NOS distribution in the lower esophagus
of rats with carbon tetrachloride-induced cirrhosis
was assessed by using NADPH-diaphorase
(NADPH-d) histochemical method. Concentration of
NO in serum were measured by fluorometric assay.
Mean arterial pressure (MAP), cardiac output (CO),
cardiac index (CI), splanchnic vascular resistance
(SVR), and splanchnic blood flow (SBF) were also
determined using 57Co-labled microsphere
technique.

RESULTS Intensity of NOS staining in the
esophageal epithelium of cirrhotic rats was
significantly stronger than that in controls. There
was a NOS-positive staining area in the endothelia
of esophageal submucosal vessels of cirrhotic rats,
but the NOS staining was negative in normal rats.
NO concentration of serum in cirrhotic rats were
significantly higher in comparison with that of
controls. Cirrhotic rats had significantly lower MAP,
SVR and higher SBF than those of the controls.
CONCLUSION Splanchnic hyperdynamic
circulatory state was observed in rats with
cirrhosis. The endogenous NO may play an
important role in development of esophageal
varices and in changes of hemodynamics in
cirrhosis.
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INTRODUCTION

Cirrhosiswith portal hypertension isassociated with
hyperdynamic ciculation characterized by
generalized vasodilation and increased cardiac
output and splanchnic regional blood flows.
Endogenous NO, avery potent vasodilator factor,
may play avery important rolein the pathogenesis
of hemodynamic changesin cirrhosis. It isunclear
whether NO is involved in the pathogenesis of
esophageal varices as one of severe complications
of hepathic cirrhosis. The present study was aimed
at investigating the effects of endogenous NO on
esophageal varices and hemodynamic changesin
cirrhotic rats.

MATERIALS AND METHODS

Experimental animal

Male Sprague-Dawley (SD) rats (supplied by the
Shanghai Laboratory Animal Center of ChineseAcademy
of Sciences) weighing between 250 g and 300 g were
used. Cirrhotic rat model was induced by injection of
60% CCl4 oily solutio ntwiceweekly subcutaneoudly
(0.3mL/100g, first time 0.6 mL/100 g) for two months
[ After themodel wasestablished, therewere8cirrhotic
ratsin experimental group and 8 normal SD rats served
ascontrols.

Hemodynamic studies®

Under Ketamine anesthesia (100 mg/kg
intramuscularly), the right femoral artery and the
femoral vein were cannulated with a polyethylene
50 catheters, which went forward respectively to
the abdominal aorta and inferior vena cava. The
left ventricle was catheterized under pressure
monitoring through the right carotid artery with a
polyethylene 50 catheter for injection of 57Co-
|abel ed microspheres. All catheterswere connected
to highly sensitive pressure transducers that were
calibrated before each study, and blood pressures
were registered on a multichannel recorder
(Lifescope 6). An abdominal incision (1.5 cm-2.0
cm) was performed, and the portal pressure (PP)
wasindirectly measured thro ugh puncture of spleen
with aNo.4 needle®. Cardiac output and splanch
nic blood flows were measured by using *Co-
label ed microspherestechnique. A reference blood
sample was obtained from the femoral artery
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catheter for 70 seconds at a constant rate of 1
mL/min with a continuous-withdrawal pump
(model WZ-50, Zhejiang Medical University,
China). Meanwhile, approximately 50 000
microspheres labeled with *’Co-labeled
microspheres (diameter, 15 um = 0.6 pm, Du Pont
Co., USA) wereinjecte dinto the left ventricle
10 seconds after the start of blood withdrawal.
Then 2 mL blood sample waswithdrawn from the
right femoral vein and stored at -70°C for
determination. Theratswerethenkilled, thelower
esophagus was quickly excised and quick-frozen
in nitrogen solution for NADPH-d histochemical
staining, and then liver specimens were fixed in
10% formalin for histologic examination. Other
abdominal organs and mesentery were also taken
out, weighed, and cut into small pieces, and
placed in y counter (model GP1, Shanghai
Electronic Apparatus Co., China) for determining
the radio-activity (cpm).

Calculations

Cardiac output (CO) (mL/min) = injected >Co (cpm) x
referenceblood sample(mL/min)/referenceblood 57Co
(cpm).

Cardiacindex (CI) (mL * min-1 « 100 g-1BW) =
CO (mL/min)/100g BW.

Splanchnic blood flow (SBF) (mL/min) = organ >
Co (cpm) x reference blood sample (mL/min)/reference
blood 57Co (cpm).

Porta vein blood flow (PVF) (mL/min) = thesum
of gastric, splenic, intestinal, mesenteric and pancreatic
venousflows.

Splanchnic vascular resstance (SVR) (kPa « mL-
1« min-1) =[MAP-PP (kPa)]/PVF (mL/min).

NADPH-d histochemical staining
Esophageal samples were fixed in 4%
paraf ormaldenyde and 0.4% picric acid in 0.16
mol/L sodium phosphate buffer, pH 6.9, for 4
hours. Then they were transferred to 10%
sucrose in 0.1% mol/L sodium phosphate buffer,
pH 7.2, at 4°C for 24 hours. Cryostat sections
(10 um thick, -20C Minotome cryosant, USA)
were immersed for 10 minutes in 0.01 mol/L
phosphate buffer, pH 8.0, and were incubated for
40 minutes at 37°C in prewarmed solution
consisting of 0.01 mol/L phosphate buffer, pH 8.
0; 0.3% Triton X100; 0.5 mmol/L nitroblue
tetrazolium (NBT, Sigma, USA); and were 1.0
mmol/L NADPH (Sigma, USA). After washing
in 0.01 mol/L phosphate buffer, pH 7.4, the
sectionswere dehydrated with graded al cohol and
mounted on microscopic glass slides.

Serum NO determination
This assay is a modification of the method of

Damiani andBurini®for thefluorometric determination
of nitrite. Briefly, the serum sampleisadded with 20%
sodium sulfosalicylic acid to remove protein. After
centrifugation, thefiltrateisadded with0.01 mol/L EDTA
and2, 3-Diaminonaphthaene(DAN, Fluka, Switzerland)
hydrochloric acid solution. The reaction isterminated
after 10min at 20°C by addition of 2.8 mol/L-NaOH
solution. The intensity of fluorescent signal of 1(H)
naphthotriazolein the serum samplewereobtainedina
luminescence spectrofluorometer (Model F-4 000,
Hitachi, Japan) with excit ation at 365 nm, emission at
420 nmand ditsat 3 nm. Nitritelevelsin sampleswere
then calculated as astandard curvefor nitrite.

Liver histologic examination

Theliver sampleswerefixedin 10%formalin, processed
routinely, and embedded in paraffin. The sectionswere
stained with HE and were then observed using a
microscope.

Statistical analysis

Theresultswere expressed asX + s, and were analyzed
with Student’s t test. P<0.05 was regarded as of
statistical significance.

RESULTS
Theliver histology of al the animalstreated with CCl4
in the study had a granulated surface, and histological
examination showed the characteristic features of
cirrhosis.

Areas with a positive reaction for NADPH
diaphorase were stained dark blue. The reaction was
negative in specimens stained without NADPH.
NADPH-diaphorasehist ochemica stainingshowedthat
intensity of NOSstaininginlower esophageda epithelium
of cirrhotic rats was significantly stronger than that in
normal SD rats. TherewasaNOS positive staining area
in the endothelium of esophagea submucosal vessels,
but the NOS staining was negative in normal controls
(Figures1, 2).

Hyperdynamic circulatory status associated with
porta hypertensonwasobservedindl ratswithcirrhoss
(Tables 1, 2). Serum NO level in cirrhotic rats were
significantly higher than that in normal controls (4.204
pumol/L +1.253 pmol/L vs0.532 umol/L £ 0.257 umol/L,
P<0.01).

Table 1 Hemodynamics parameters (X + s)

Controls Cirrhotic rats

(n=8) (n=8)
MAP (kPa) 17.05 +0.34 14.42 +0.47°
PP (kPa) 1.123 + 0.096 1.665 + 0.067°
CO (mL/min) 135.5 + 3.55 189.99 + 9.26°
CI(mL « min-1+ 100 g-1BW)  39.68 + 1.64 55.89 +1.82°

PVF (mL + min-1 « 100 g-1 BW)
SVR (kPa + mL-1 « min-1)

3.762 £ 0.094
4234 +0.118

4.295 + 0.155°
2.974 £ 0.186*

2P<0.01, compared to control group.
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Table 2 Blood flow of splanchnic organs (mL * min-1 « g-1,
Xx5s)

Organ Controls Cirrhotic rats
(n=28) (n=28)
Stomach 0.544 + 0.045 0.881 + 0.065°
Spleen 0.946 + 0.060 0.725 + 0.057°
Pancreas 0.819 + 0.031 0.998 + 0.055°
Intestine & mesentery  1.451 + 0.037 1.686 + 0.057*
Kidney 0.465 + 0.038 0.686 + 0.046*

3P<0.01, compared to control group.

Figure 1 Esophag eal NADPH-d histochemical staining in cirrhotic
rats. x200
Figure 2 Esophageal NADPH-d histochemical staining in normal
rats. x200

DISCUSSION

Lower esophageal varices are the main clinical
manifestation and the cause of upper
gastrointestinal hemorrhage in cirrhosis
associated with portal hypertension. Cirrhosis
with portal hypertensionisoften associated with
hyperdynamic circulation characterized by
genealized vasodilation and increased cardiac
output and splanchnic regional blood flows.
However, the mechanisms responsible for the
development of lower esophageal varices and
the hyperdynamic circulatory status are still
unclear.

Our study showed that intensity of NOS staining
in esophageal epithelium of cirrhotic rats associated
with portal hypertension was significantly stronger
than that in normal SD rats. There was a NOS
positive staining area in the endothelium of
esophageal submucosal vessels, but the NOS staining

was negative in normal rats. In addition, we
also found that the levels of serum NO were
all significantly elevated in cirrhotic rats as
compared to normal rats. The hyperdynamic
circulatory state of cirrhosis with portal
hypertension could provide continuous stimuli
(such as a progressive increase in blood flow,
high oxygenation in portal blood, or
endotoxemia) for nitric oxide synthase (NOS)
induction in the portal collateral bed!®. Our
findings suggest that NO may play an important
rolein the collateralization of the portal system
because inhibition of NO synthesis reduces
portal systemic shunting without affecting
portal pressurein cirrhotic rats”. Therefore,
overexpressed NOS in the mucosa of the lower
esophagus of cirrhotic rats significantly shows
a mechanism for the predisposition of
collateralsto develop at this site by enhancing
NO production. Therefore, greater NOS
content in the lower esophageal mucosa of
cirrhotic ratswould produce increased amounts
of NO, adding to the hyperdynamic circulation
in the resion.

In order to determine NOS, we used a kind of
histochemical staining method depended on the
presence of diaphorase. The technique of
“diaphorase” staining is based on the ability of
the C-terminal portion of nitric oxide synthase to
transfer electrons from NADPH to nitroblue
tetrazolium (NBT) reducing the substrate NBT
to an insoluble purple fomazan product giving the
characteristic “diaphorase” reaction!®. Other
studies showed that the overpressed of NOS
visualized by immunohistochemical staining and
of NADPH-d staining in brain and periph eral
tissues were identical®!, It seems that the
NADPH-d staining technique is a useful and
simple method to determine the expression of
NOS!Y, In the present study, we found a strong
expression of NADPH-d activity in the lower
esophagus, reflecting NOS. The findings are
identical to Tanoue’'s report!¥. Tanoue et al found
that expression of NOS proteinsin endothel ia
of submucosal veins was markedly higher in
portal-hypertensive rats than in controls. We
postulate that because NO is a very potent
vasodilator factor, overpression of NOS may be
an important cause of esophageal varice rupture
to give rise to hemorrhage.

In the present study, increment of splanchic blood
flow associated with portal hypertension was
observed in all 8 rats with cirrhosis except that
splenic vein flow was lower than controls.
Moreover, there were 6 cirrhotic ratswith ascitesin
the 8 ratswith cirrhosis. Although the cause of this
hyperdynamic circulation is still a matter of
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controversy, it seemsthat vasodilatation, induced
by increased activity of endothelia-independent
and endothelia-dependent vasodilators, initiates
the hyperdynamic state. Recently, a role of
endogenousnitric oxideintheregulation of blood
flow and vascular tone of the systemic and
splanchniccirculationsin portal hypertension has
been suggested by several in vivo and in vitro
studies, implying that excessive synthesis of NO
could be responsible for the these circulatory
abnormalities. Our previous studies had
suggested that an excessive release of NO may
beinvolved in the splanchnic hyperemial*.

In conclusion, the results of the present study show
that endogenous NO may play an important role in
development of esophageal varices and in changes of
hemodynamicspatternincirrhoss.
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Abstract

AIM To explore the expression of perforin and
granzyme B genes mRNA to judge the effect of
immunosuppression in acute rejection of liver
transplantation.

METHODS The expression of perforin and granzyme
B genes mRNA was examined by reverse
transcription-polymerase chain reaction (RT-PCR)
in hamster to rat liver grafts under the
immunosuppression of cyclosporine or/and
splenectomy. Histological findings were studied
comparatively.

RESULTS Cyclosporine could obviously decrease the
cellular infiltration, and completely repress the
expression of mRNA for perforin and granzyme B,
but could not change severe hepatocyte necrosis
and hemorrhage. Splenectomy could significantly
lighten hepatocyte necrosis, and completely eliminate
hemorrhage, but not affect the cellular infiltration
and the expression of perforin and granzyme B genes
mRNA. Cyclosporine or splenectomy alone could not
prolong the survival time, however, their combination
could completely repress the rejection of liver grafts.
The survival time of animals were significantly
prolonged (37.1 days). The architecture of
hepatic lobules was preserved. There wes slight
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cellular infiltration in the portal tracts and no
expression of perforin and granzyme B genes mRNA
could been seen in three weeks after
transplantation.

CONCLUSION Perforin and granzyme B genes are
valuableinjudging the effect ofimmunosuppression
in liver transplantation.

INTRODUCTION

Rejection is one of major factors influencing the
outcome of the patientsafter liver transplantation, and
acute rejection is more harmful to the grafts and
recipients. The cellular immunity has been proved to
beachief mechanisminrejecting liver transplantation,
and cytotoxic T lymphocyte (CTL) is the major
effector cell, the perforin lytic pathway to granzyme
B, playsacritical roleinthe T-cell immun eresponse
[ 1tisahot issue of the moment to search for special
early markers to judge the effect of
immunosuppression in acute rejection of liver
transplantation. Inthisstudy, theexpression of perforin
and granzyme B mRNA was examined by reverse
transcriptase-polymerase chain reaction (RT-PCR)
under theimmunosuppression of Cyclosporine (CsA)
and splenectomy based on the establishment of a
stableand reliable model of hamster to rat concordant
xenogeneic orthotopic liver transplantation.

MATERIALS AND METHODS

Animals

Fema e golden hamstersweighing 150 g-180 g werethe
donorsof liver xenografts, and male Wistar ratsweighing
230 g-260 g were the recipients. The animals were
purchased from Xi Bi Experimental Animal Centreand
Shanghai Experimental Animal Centre of Chinese
Academy of Sciences.

Liver transplantation

Orthotopic liver transplantation was performed
according to simplified three-cuff technoque!? with
some modifications. Donor cholecystectomy was
perfo rmed at the time of cuff preparation, without
reconstruction of hepatic artery, and splenectomy
at the time of transplantation with simple ligation of
the splenic hilum and excision. No microscope was
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used for al the operations.

Experimental groups

Liver xenograftswerestudiedinfour groups: A, untrested

controls(n==8); B, treated with cyclosporine 30mg/kg/

daily (n = 6); C,treated with splenectomy (n = 6); D,

treated with splenectomy and cyclosporine30mg « kg
*day (n=7).

Immunosuppressants

CsA was administered to recipients intramuscularly
beginning on thefirst day of operation, at an interval of
12 hours. Splenectomy was done at the time of
trangplantation.

Histology

Postoperative specimens at rejection and specimens
taken a sacrificewerefixedin 10%formdinand stained
with hematoxylinand eosin.

RNA extraction

Total RNA was extracted according to the Qiagen
kit directory. Inbrief, after homogenizationand lysis
with lytic buffer RLT in QIA shredder, samevolume
of 70% ethanol were added. Samples were then
moved into RNeasy spin column and centrifuged for
15sec at 8 000 x g, buffer RW1 and buffer PRE
were added and centrif uged for 15 sec at 8 000 x g
step by step. Finally, RNA was eluted with
diethylpyrocarbonate (DEPC)treated water and
centrifuged for Imin at 8 000 x g. The approximate
guantity of RNA was determined with an OD 260
nm and the purity was confirmed with an OD ratio
of 260 : 280 to be greater than 1.8 in all spec imens.
RNA was extracted from rat spenocytes stimulated
inculturefor 18 hours with PHA (10 mg/L), Con A
(10 mg/L) and IL-2 (20 units/mL) for the positive
control. The RNA of normal rat liver served as
negative control.

Reverse transcription and polymerase chain
reaction
The cDNA synthesis was performed with
GIBCOL BRL kit. RNA mixtures were prepared
asfollows: 2 ug of total RNA and 0.5 ug of oligo
(dT) 12-18, were added with DEPC-treated
water and diluted to 12 pL, water bathed at 70°C
for 10 min and incubated onice for at least 1min,
then added with 2 uL of 10 x PCR buffer, 2 pL
of 25mM MgCl,, 1 uL of 10mM dNTP, and 2 uL
of 0.1M DTT and incubated at 42°C for 5 min.
200U Super Script || RT wasadded and incubated
at 42°C for 50 min and the reaction was
terminated at 70°C for 15 min and chilled onice,
and finally 1 pL of Rnase H was added to each
tube and incubated for 20 minat 37°C. ThecDNA
was stored at -20°C.

The DNA was amplified using RT-PCR on a

Perkin-Elmer 2 400 thermocycler, and RT-PCR primer
was designed according to the exon of rat gene
sequences. The primer set for perforin was (U 5’
GCCATCCTGCGTCTGGACCTG3’, @ &
CATTTGCGGTGCACG ATGGAGS'; primer set for
thegranzymewas(l) GACTTTGTGCTGACTGCTGC
TCAC3,@ 5 TTGTCCATAGGAGACGATGCCC
GC3'; andfor the B-actin: 5 TGCTAC ACTGCCA
CT CGGTCA3,@5 GCATGCTCTGTGGAGCTGT
TA3'[®l, The reaction mixture conta ined 2 uL
cDNA, 1 pL of 10 mmol/L dNTP, 3 pL of 25
mmol/L MgCl,, 5 uL of 10 x buffer, 1 pL Taq
polymerase, 2 uL each of the forward and reverse
primer, and 34 pL of dual-distilled water for each
50 pl amplification reaction. Reactions were
performed for 30 cycles. The conditions were
94°C for 3 min prior to cycling, denaturing at 95°C
for 15 sec, annealing at 60°C for 20 sec and
extension at 70C for 30 sec. Following
amplification, ten uL PCR productswererunona
1.5% agarose gel stained with ethidium bromide,
gene specific bands were visualized by phot
ography under UV fluorescence.

RESULTS

Survival time

Graft survival isshownin Table 1. GroupsA, B and C
showed rejection in 6-9 days. Groups B and C had
regjectionwith atime coursesimilar togroup A (P>0.05).
Survival ingroup D wassignificantly prolongedto 37.1
+9.9days(P>0.01).

Table 1 Survival of hamster to rat liver transplantation

Groups Therapy Survival (days) X*s
A None 6,7,7,7,7,7,7,7 69+0.4
B CsA 30 mg * kg ¢ day 6,7,7,7,8,9 73110
C Splenectomy 6,7,7,7,7,8 7.0+06
D CsA30mg * kg ¢ day+splenectomy 27,29,30,35,39,46,54 37.1+9.92

aP<0.01 as compared with groups A, B and C.

Histological examination

The liver xenografts in group A showed diffuse
mononuclear cell infiltration, massive necrosisand
interstitial hemorrhage (Figure1A). Ingroup B, CsA
at dose of 30 mg-kg-day obviously decreased
cellular infiltration, but severe hepatocyte necrosis
and hemorrhage remained unchanged (Figure 1B).
Splenectomy (group C) significantly alleviated
hepatocyte necrosis and hemorrhage, but did not
changediffusemononuclear cell infiltration (Figure
1C). In group D, CsA and splenectomy abated
cellular infiltration and hepatocyte necrosis and
hemorrhage, the architecture of the hepatic lobule
was preserved, but there was slight cellular
infiltration in the portal tracts (Figure 1D).
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Figure 1 Histology of liver grafts. (A) Diffuse mono nuclear cell
infiltration, massive necrosis and interstitial hemorrhage; (B) Cel
lular infiltration obviously decreased, but severe hepatocyte
necrosis and hemor rhage unchanged; (C) Splenectomy
significantly alleviated hepatocyte necrosis and hemorrhage, but
didnot change diffus mononuclear cell infiltration; (D) The
architecture of the hepatic lobule was preserved, but there was
slight cellular in filtration in the portal tracts.

Expression of perforin and granzyme B genes
MRNA

All recipients had the expression of perforin and
granzyme B genes mRNA in group A on post-
transplantation day (POD) 5; only one (1/6) in
group B expressed mRNA of these genes on POD
5; and five recipients (5/6) in group C expressed
MRNA of both genes on POD 5. There was no
expression of both genesingroupD onP OD 5
and 14, but only one recipient (1/7) expressed
MRNA of perforin and granz yme B genes on
POD 21 (Figure 2).
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Figure 2 Expression of perforin and granzyme B genes in liver
xenografts on POD 7. A. Perforin; B. Granzyme B.

DISCUSSION

Gold hamster to rat orthotopic liver transplantation
is concordant and heterotra nsplantation and
presents with acute rejection. The recipient’s
survival can not prolong until both cellular and
humoral rejection are depressed dueto itsdua I-
immune mechanism. Splenectomy can effectively
inhibit antibody formation, obviously abated
hepatocyte necrosis and hemorrhage, but isunable
to improve the diffuse mononuclear cellular
infiltration in the grafted liver. CsA can
significantly decrease cellular infiltration, but can
not improve hepatocyte necrosis and hemorrhage,
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neither of them can prolong therecipient’ ssurviva when
used alone, but they caninhibit both cellular and humoral
rejection, normalizethe architecture of thegrafted liver,
and significantly prolong therecipient’ ssurviva to 37.1
dayswhen used in combination. Theresult isbetter than
that reported abroad”.

CTL isbelieved to play an important rolein the
mechanism of rejection, and effect mechanism of
perforin and granzyme B, in spite of the regulatory
and effect mechanism underlying the rejection
process, remainsincompletely understood. Effect of
immunosuppression ontheexpression of perforinand
granzyme B mRNA has become ahot topicin recent
years. Mueller et al®® analyzed the expression of
perforin and granzyme A genesin situ hybridization
in cellular infiltrates of MHC mismatched mouse
heart transplants both in immunosuppressed
recipientstreated with CsA and untreated recipients.
In untreated grafts, there were many perforin and
granzyme A-expressing cells and heart transplants
were completely rejected on POD 10. In contrast,
CsA treatment significantly decreased the positive
cellsand prolonged survival of the transplantsto 30
days. CsA did not obviously decreaseinfiltration of
CD8 cells but significantly reduced the number of
perforin and granzyme A-positivecells. It showsthat
CsA treatment mainly depressed the activation of
CTL rather than decreased the number of
infiltrating cells. Rapamycin can completely block

theexpression of granzyme B geneininfiltrating cellsof
grafts, obvioudly prolong thesurvival of graftg®.

Our experimentd results show that combined CsA
and splenectomy could effectively depress rejection
in hamster to rat orthotopic liver transplantation. The
architecture of the hepatic |obulewas undamaged, and
the survival was significantly prolonged, and there
were no expression of perforin and granzyme B genes
MRNA.

In conclusion, expression of the CTL-associated
gene perforin and granzyme B provides two valuable
markers to judge the effect of immunosuppressionin
acute rgjection of liver transplantation. But thisshould
befurther confirmedclinically.
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Abstract

AIM To improve the cultivation efficiency
and yield of human liver cell line CL-1.
METHODS High-density cultivation of CL-1
on microcarriers was carried out with
periodic observation of their growth and
proliferation. The specific functions of
human liver cell were also determined.
RESULTS Cells of CL-1 cell line grew well on
microcarrier Cytodex-3 and on the 7th day
the peak was reached. The amount of CL-1
cells was 2.13 x 108 and the total amount of
albumin synthesis reached 71.23 ug, urea
synthesis 23.32 mg and diazepam
transformation 619.7 ug respectively. The
yield of CL-1 on microcarriers was 49.3 times
that of conventional cultivation. The
amounts of albumin synthesis, urea
synthesis and diazepam transformation
were 39.8 times, 41.6 times and 33.3 times
those of conventional cultivation,
respectively.

CONCLUSION The human liver cell line
CL-1 can be cultivated to a high density
with Cytodex-3 and has better
biological functions. High-density
cultivation of CL-1 on microcarriers can act as
the biological material of bioartificial liver.
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INTRODUCTION

The animal experiments of extracorporeal
bioartificial liver suggested that the device could
provide special assistance to hepatic functions, and
the effects of its primary clinical application was
encouraging!*®. Although few successful studies
were reported on human cell line acting as the
biological material of bioartificial liver, itisrather
conspicuous*®, and has opened up a new path for
the study of bioartificial liver.

To meet the principal needs of bioartificial liver
functions, microcarrier technique was used to cultivate
highdensity humanliver cdll linetoimprovethecultivation
efficiency and yield in this study. The growth of liver
cells on microcarriers was observed and the specific
functionsof liver cellsweredetermined periodically. The
feasibility and va ueof humanliver cell linecultivated on
microcarriers asthe biological material of bioartificial
liver wereinquired.

MATERIALS AND METHODS

Materials

Thetissue of human liver cell line CL-1 was taken
fromnormal adult liver. Microcarrier Cytodex-3was
produced by Pharmaciain Sweden. Magnetic stirrer
(Or/min-200r/min) and stirring culture vessel was
made by Bellco Biotechnology in USA. The culture
matrix consisted of DMEM was solutedin 10% NCS
and L-Glutamineat aconcentration of 3g/L, products
of Gibco.

Methods

Common culture of CL-1 CL-1 cells 100mL, at a
concentration of 2 x 10° mL, wereinoculatedintoacubic
cultureflask. Onthe 1, 3rd, 5th and 7th day the growth
of cellswas observed on an upside-down microscope
and the cellswere counted respectively. Theamount of
the cells in the culture system was also calcul ated.
superficial clear liquid was obtained periodically to
determinethe functionsof theliver cdlls.

Microcarrier culture of CL-1 Cell suspension
100 mL, at a concentration of 2 x 10°mL, was
inoculated into astirring culture vessel containing
500 mg Cytodex-3 and stirred intermittently for 8
hours. Then the culture system was placed into a
fixed temperature culture case at atemperature of
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37°C and stirred continuously at a speed of 300 r/min.
From the 2nd day on, whether to change the culture
substrate or not and how much volume to change were
determined by the color of the matrix and the value of
itspH and theinterval of changing liquid was about 24
hours-36 hours.

M or phological observation and counting of thecells
cultivated on microcarriers Onthe 1st, 3rd, 5th, 7th
and 9th day 0.1mL samples were taken at a well-
distributed state of tirring, and growth of thecell swas
observed on the upside-down microscope. One mL
sampleswere collected every other day to calculatethe
amount of cellsintheculture system by meansof crystal
ester-cal culating.

Observation of cells cultivated on microcarriers
under electron scanning microscope On the 7th
day cell sample was taken at a well-distributed
state and culture matrix was discarded. After it
was ri nsed with phosphate buffer solution and
fixed for 0.5 hour with 2 mL 2% pentanal, it was
rinsed with phosphate buffer solution again, fixed
for 0.5 hour with 1% osmic acid, dehydrated
gradiently for 10 minutes each stage, exchanged
with acetic isopental ester for 4 hours, and dried
by CO2drier (HITACHI HCP-2, JAPAN). Finally
it was splashed with ion platinum vacantly. Growth
of the cells was observed under S-450 electron
scanning microscope (JAPAN).

Deter mination of albumin synthesis Whentheculture
substrate was changed, superficial clear liquid was
obtai nedto determinetheconcentrationof humana bumin
by radio-immunity competition.

Deter mination of diazepam transfor mation Standard
diazepam was added to the culture vessel at a
concentration of 20 pg/mL. The superfic ial clear liquid
wastaken periodicaly and theconcentration of diazepam
was determined according to XUE Guo-Zhuet all®. The
amounts of diazepam transformation were calcul ated.

Determination of ureain superficial clear liquid
Superficial clear liquid (0.2 mL) was taken and
determined by BECKMAN bioche mical auto-detector.
The amount of ureawas calculated on the basis of the
culturevolume.

RESULTS

Comparison of cell amounts after expanded by
cultivation

After 1-3 days of cultivation, the CL-1 cellsin
common culture adhered and grew slowly, and part
of them in suspension was devitalized. From then
on the adhering CL-1 cells grew rapidly, and cell
amount reached 4.32 x 10%/100 mL on the 5th day.

On the 7th day the amount decreased to 3.83 x
106/100 mL whileinthe microcarrier culturethe
growth of CL-1 accelerated on the 3rd day and
reached the peak of 2.13 x 108 on the 7th day,
and decreased to 1.83 x 108 on the 9th day
(Figure 1). Theratio of the peak amounts of CL-
1 between microcarrier culture and common
culture was 49.3:1.

x 10/100mL

2.5}
2.0}
5]
o]

0.5)

e day

Figure 1 Change of the amount of CL-1 cultivated on microcarriers.

Morphological observation of CL-1 cultivated on
microcarriers

Observation under upside-down microscope On
the 1st day over 50% microcarriers were attached
with cells and the cells were beginning to expand.
On the 5th day more than 80% microcarrierswere
covered with cells (Figure 2). The multi-
morphological growth of liver cells could be
observed under high-amplification microscope. On
the 7th day the phenomenon of bridge-link could
be observed between microcarriers, i.e., the
microcarriers were linked to each other through
cells (Figure3).

Observation under electron microscope Onthe 7th
day of cultivation, e ectron microscopy showed that the
cellsadhered fast to the microcarriers semi-spherically
(Figure 4). The microvilli on the surfaces of the cells
could be observed clearly.

Changes of specific functions of cells When
CL-1 cells were cultivated on microcarriers, the
specific functional indexes such as albumin
synthesis, urea synthesis and diazepam
transformation rose gradually along with the
prolonging of the cultivation. On the 7th day these
indexes peaked, and then decreased gradually,
while CL-1 cells were commonly cultivated, the
functional indexes asdescribed abovereached their
peaks on the 5th day and decreased noticeably on
the 7th day. All the functional indexes determined
at varioustime pointsin microcarrier culture were
obviously higher than those in common culture
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(Tables1, 2). When functional indexesof CL-1cells
reached their peaks on the 7th day, the albumin
synthesis, urea synthesis and diazepam
transformation of CL-1inmicrocarrier culturewere
39.8, 41.6 and 33.3 times over those in common
culture on the 5th day.

Figure 2 On the 5th day more than 80% microcarriers were covered
with CL-1 cells under upside-down microscope. x120

Figure 3 On the 7th day the phenomenon of bridge-link could be
observed between microcarriers under upside-down microscope.
%200

Figure 4 On the 7th day of cultivation, the electron microscope
showed that the cells adhered fast to the microcarriers semi-
spherically under scanning electronic microscope. X950

Table 1 Changes of specific functions of CL-1 under two culture
con ditions

Indexes of functions 1stday 3rd day 5thday 7thday 9thday

Albumin synthesis (ug)

Microcarrier culture 21.34 35.87 58.35 7132 67.98
Common culture 0.43 121 1.79 1.65
Ureasynthesis (mg)

Microcarrier culture 7.45 1149 19.62 2332 20.18
Common culture 0.08 0.34 0.56 0.42
Diazepam transformation (ug)

Microcarrier culture 112.2 2713 544.1 619.7 5733
Common culture 3.4 8.9 18.6 135

Table 2 Comparison of peak function values of CL-1 under two
culture conditions

Indexes of functions Albumin urea Diazepam

synthesis(ug)  synthesis(mg) transformation(ug)
Microcarrier culture  71.23 23.32 619.7
Common culture 1.79 0.56 18.6
Ratio 39.8:1 41.6:1 33.3:1
DISCUSSION

Microcarrier culture can improve the culture
efficiency and yield. Asthe biolo gical material
of bioartificial liver, theliver cells must meet two
needs: U possessing the specific functions of
liver; and 2 providing biological function enough
to satisfy the patients. The former demands high
differentiation of the cells, and the latter sufficient
amount of liver cells. Our primary study on the
human liver cell line at early stage showed the
characteristics of high differentiation and good
specific liver functions of CL-1. It is extremely
valuable as the biological material of bioartificial
liver®. In common culture, however, the yield of
human cell line can only reach the level of 10°-
107, not enough to meet the need of necessary
amount to survive an individual. So the urgent
guestion on the biological material of bioartificial
liver is how to increase the amount of the cells.
The technique of microcarrier culture in cell
engineering makes cultivating the human liver cell
line possiblein high-density in that it possesses a
high ratio of surface area to volume, which
provides a comparatively large area for cells to
adhere in small culture volume. Few successful
cultivations of animal primary liver cells on
microcarriers have been reported both at home and
abroad!”®, whilethere was no report on cultivation
of human liver cells on microcarriers yet.
Microcarrier culture of CL-1 was studied by using
Cytodex-3 and slow stirring in our work. After 100
mL suspension of CL-1 was inoculated at a
concentration of 2 x 10%/mL, the cells grew and
adhered to the microcarriersin great amount and
reached the peak on the 7th day. The maximal
yield of cells cultivated on microcarrier was 49.3
times over that in 100 mL common cubic flask.
The reasons for the increase of cell yieldin abig
margin when CL-1 was cultivated on microcarrier
were as follows: (U The surface area in the
culture system for cells to grow was greatly
improved by using microcarriers. 0.5 g Cytodex-3
was added into 100 mL culture matrix each
and the cultivating surface area could reach 2 300
cm?; whilethe efficient surface area of the common
culture flask was only 28 cm?. The quantity of the
cells increased correspondingly with the
i mprovement of the cultivating surface; @ Cytodex-
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3isprimarily characterized by athin layer of collagen
chemically coupled to amatrix of cross-linked dextran,
sothat it can attach theliver cellsstrongly, stimulate the
expanding and growth of them and promotetheir growth
599 and (3) Low speed stirring employed to cultivate
CL-1 cellsmade them easy to adhere to the surfaces of
the suspending microcarriersand expandto mono-layers
gradudly.

The overall functions of CL-1 cultivated in
microcarrier system were improved. Due to the
marked increase of the amount of cells, the function
indexes of CL-1 cultivated on microcarrier were
greatly improved and predominated over those in
common culture. Such improvement was the
prerequisitefor CL-1 cultivated on microcarrier to act
as the biological material of bioartificial liver.
Furthermore, thetimefor the highest cell amount and
functionindexesin microcarrier culturewaslater than
that in common culture. It may be due to the
improvement of efficient surface areafor cultivating
which delayed the peak of growth and reproduction
of CL-1 afterwards.

Further improvement is needed in microcarrier
culture of liver cells. Matsmura held that about 25
g-75gliver cell (2.5 x 10°7.5 x 10°liver cells) was
enough to provide the necessary liver functionsto
survive an individual when hisliver weight was
1 200 g*9. Although the amount of CL-1 had been

greetly improvedtotheleve of 2 x 108inaculturevolume
of 100 mL inthisstudy, it can not meet the need of the
bioar tificial liver yet. Expansion of the volume of
microcarrier culture to several or even several tens of
litersisto befurther studied. Perfusion culturewithm
icrocarrier ispromising.
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Abstract

AIM To recognize the characteristic findings of
micro-liver cancer (MLC) and to evaluate the effect
of CT arterial portography (CTAP) and CT hepatic
arteriography (CTHA) in diagnosis of MLC.
METHODS Between April 1996 to December 1998,
CTAP and CTHA were performed in 12 patients with
MLC, which were not detected by conventional CT
examinations. After CTHA, 3 mL-5 mL mixture of
lipiodol, doxorubicin and mitoycin C were injected
into hepatic artery through the catheter, and the
followed up by CT three or four weeks later (Lipiodol
CTLp-CT).

RESULTS A total of 22 micro-tumors (0.2 cm-0.6 cm
in diameter) were detected in 12 patients, which
manifested as small perfusion defects in CTAP and
small round enhancement in CTHA. The rate of
detectability of CTAP and CTHA was 68.2% (15/22)
and 77.3% (17/22) respectively, and the rate of the
simultaneous use of both procedures reached 86.
4% (19/22). All micro-tumors were demonstrated
as punctate lipiodol deposit foci in Lp-CT. After Lp-
CT, the elevated serum level of a-fetoprotein (AFP)
dropped to the normal level in all patients.
CONCLUSION The CTAP and CTHA are the most
sensitive imaging methods for detecting micro-
liver cancer. Confirmed by the change of the
elevated serum AFP level and lipiodol deposit foci
in Lp-CT, small perfusion defects in CTAP and
puntuate enhancement in CTHA may suggest
micro-liver cancer.
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INTRODUCTION

With combined the findings of diagnostic imaging
and elevated serum AFPlevel, more and more small
liver cancer were detected earlier, and the
therapeutic effect was significantly improved*2.
Except for other causes, such as hepatitis and
teratoma, the elevated serum AFPlevel (higher than
400 pg/L) strongly suggests the occurrence of
primary hepatocellular carcinoma. However,
sometimes no tumors could be found on
conventional CT scanning (contrast material
administered by intra-venous injection). These
patients were further examined with were CTAP
and CTHA. From April 1996 to December 1998,
12 patients with micro-cancer were examined with
CTAP and CTHA in our hospital.

MATERIALS AND METHODS

Materials

From April 1996 to December 1998, 12 patients (10
men, 2 women) suspected to hav eliver cancer were
examined with CTAP and CTHA. They ranged in
age from 23 to 54 years (mean age, 36.4 years).
The serum level of AFP was elevated in all the
patients with arange of 201 pg/L to 1 405 ug/L
(including 8 cases > 400 pg/L, 4 cases< 400 ug/L).
Cirrhosis occurred in 7 cases. The tumors were 0.2
cm-0.6 cmin size with amean of 0.46 cm. Multiple
nodules were found in 7 cases.

Methods
CTAP examinations were performed with
incremental scanning of theliver in cranial-to-caudal
direction with 2.7 mm to 8 mm collimation on bi-
spiral-Elscint Twin Flash scanner (Elscint-Corp.).
CT images were obtained 25sec-35sec after the
initiation of transcatheter (5-F) superior mesenteric
artery injection of 30 mL-40 mL of non-ionic
contrast medium at arate of 2.5 mL/sec-3.0 mL/
sec with an automatic power injector (Medrad,
Pittsburgh). During the catheterization, contrast
medium administered before CT scanning was
limitedto5mL-10 mL inject ed by handtovisualize
any aberrant vessels and to facilitate proper
catheter placement.

CTHA examinations were done by injecting
contrast medium into proper hepatic artery or
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common hepatic artery. Twenty mL to 30 mL of
contrast medium was injected at a rate of 3.0 mL/
sec-3.5 mL/sec. Consecutive scanning of the liver
was started 6sec-8sec after theinitiation of injection
of the contrast m edium. After CTHA examinations,
3 mL-5mL mixtureof lipiodol, doxorubicin (10 mg-
15 mg), and mitoycin C (2 mg-4 mg) were injected
into hepatic artery, and the follow-up CT was
performed three or four weeks later (Lp-CT). The
serum AFP level was detected in all the patientstwo
or threeweekslater, and all returned to normal within
1-6 months.

RESULTS

Detectable rate of micro-tumors

A total of 22 micro-tumorswerefound in our group.
The tumors measured 0.2 cm-0.6 cm with a mean
of 0.46 cm. CTAP and CTHA images were
carefully interpreted by two experienced
radiologists. Fifteen tumors were demonstrated as
fleckly perfusion defects on CTAP images with a
detectable rate of 68.2%, and 17 manifested as
punctate enhancement foci on CTHA with a
detectable rate of 77.3%. Nineteen were found by
simultaneous use of both procedures with a
detectable rate of 84.4%. But 3 tumors were not
detected by CTAP and CTHA in 2 patients. All 22
micro-tumors manifested as punctate lipiodol
deposit foci in Lp-CT, which was performed two
or three weeks later. Because the tumors in our
series were extremely small, no pathologic dia
gnosiswas acquired in all patients.

Follow-up of patients

The serum AFP level was examined two or three
weeks after Lp-CT. The AFP level dropped to the
normal level in all the patients. Within 1-6 months.
All survived without any signs of recurrence in
our group, and the survival period ranged f rom 3
to 33 months (mean, 15.2 months).

Figure 1 CTAP image obtained in a 40-year-old man with liver
micro-cancer shows a punctuate perfusion defect in right lobe.

Figure 2 CTHA image obtained on the same slice to Figure 1, the
micro-tumor manifested as an small round enhancement nodule.
Figure 3 CTHA in a 45-year-old man shows a micro-cancer with
a diameter of 0.3 cm.

Figure 4 A punctuate lipiodol deposit focus with 0.2 cm in
diameter is shownon Lp-CT in a 28-year-old woman with elevate
d serum AFP level of 860 pug/L detects which was not detected by
CTAP and CTHA.

Figure 5 CTHA in a 35-year-old man shows two punct uate non-
pathologic enhancement foci on the edge of right lobe.
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DISCUSSION

Insome of our patientsfound with elevated serum level
by AFP, no tumorswered etected by conventional CT
scanning. For those patients, CTAP and CTHA
examinations were recommended. Fleckly perfusion
defects were found on CTAP (Figure 1) and punctate
enhancement foci on CTHA (Figure 2). After CTHA
examination, 3 mL-5 mL mixture of lipiodol and
anticancer drug was tentatively injected in to hepatic
artery for Lp-CT diagnosis, which was repeated three
or four weekslater. Micro-foci of lipiodol deposit was
found with elevated serum AFP level, which dropped
continuous to normal. The prognosis of these patients
wasVvery good. Since April 1996, 12 patientswith such
findingshavebeen examinedinour hospital. All patients
were surviving without any signsof recurrence, and the
longest survival being 33 months. Due to its special
clinical significance, we sugge sted the definition of
micro-cancer in liver (0.2cm-06cm in diameter) which
includes; (U elevated serum AFPlevel (AFP=400 g/
L, or rising continuouslly); 2 no micro-tumors were
detected by conventiona imaging methods, but by CTAP
and CTHA; 3 Punctate lipiodol deposit foci were
demonstrated on Lp-CT; and @ after Lp-CT, serum
AFPlevel lowered continous or turned to normal level.
CTAPand CTHA are considered asthe most sensitive
imaging methods for detecting small hepatocellular
carcinoma®. The development of spira CT technique
greatly facilitated procedures and improved the quality
of CT images“.. Detectability of CTAP and CTHA for
very smal tumors(assmall as0.2cmindiameter, Figure
3) was high, being 68.2% and 77.3% respectively, and
that of simultaneous use of both procedures was 84.
4%. But there were still some cases of micro-tumors
which could not be detected by CTAPand CTHA. Ina
28-year-old female patient wit h elevated AFP level of
860 ug/L, notumorswerefound eit her on conventional
CT scanning or on CTAP and CTHA images. Three
weekslater, Lp-CT detected apunctatelipiodol deposit
focus of 0.2 cm in diameter in her left lobe with AFP
continousdroppingtonormd level (Figure4). Thispatient
had survived for 33 months without any signs of
recurrence. With the widespread use of CTAP and
CTHA, ther ehave been more reportson non- pathologic
perfuson defectsdetected with CTAPand non-pathologic
enhancement detected with CTHA. Dueto aberration of
blood supply for some parts of theliver, such asarterio-
portal shunt™, cirrhotic nodule, foca nodular hyperplasia,
andfocd fatty infiltration, thenormd tissue could manifest
as perfusion defects in CTAP, especially in the

media segment of theleft lobel®. Peterson et al reported
that perfusion defects on CTAP were sometimes
nonspecific, and peripheral flat or wedge-shaped
perfusion defectsindicated benignity!™. In our study, the
occurrence rate of non-pathologic perfusion defects
detected with CTAPwas 15.1%, and periphera wedge-
shaped perfusion defectswere most commont®. Similar
to findings of CTAP, pseudo-lesion enhancement of
normal liver tissuealso occurredin CTH A. Kanematsu
et al supposed that local non-pathol ogic enhancement
detected with CTHA might result fromthecystic venous
drainage or peripheral arterio-portal shunts®. In our
study, the occurrence rate of non-pathol ogic enhance
ment detected with CTHA was 22.0%, and small round
peripheral enhancement was's een most commonly®
(Figure5). Thus, we do not recommend to use CTAP or
CTHA donetointerpret smal hepatocd lular carcinomas.
Thecombined useof both procedurescan hel pdistinguish
micro-cancer from thefalse-positivefindingson CTAP
and CTHA, and increase the accuracy of diagnosisfor
small hepatocellular carcinoma?. Besidesthefindings
on CTAP and CTHA images, combination of lipiodol
deposit foci on Lp-CT and dropping of elevated serum
AFP level are also helpful for the establishment of
diagnosisfor liver micro-cancer.
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Abstract

AIM To investigate the role of apolipoprotein
E (apoE) polymorphism in the lithogenesis of
galistone and the hereditary pathogenesis of
the disease.

METHODS Polymerase chain reaction (PCR)
was used to study apoE phenotypes and
allele frequencies in patients with gallstones
and control, and the fasting serum lipids of
subjects were also measured by enzymatic
methods.

RESULTS The levels of triglyceride (TG) and
very low density lipoprotein cholesterol
(VLDL-C) were much higher in E2/3patients
than that in E2/3 control. E3/3 patients were
accompanied with remarkably low levels of
high density lipoprotein cholesterol(HDL-C)
and its subforms. But in E3/4 patients there
were only slight changes in levels of VLDL-
C and low density lipoprotein cholesterol
(LDL-C).

CONCLUSION Different apoE phenotype
patients with gallstones have different
cheracteristics of dyslipidemia and the
average level of serum lipids in patients
with gallstones are higher than subjects
without gallstones in the same apoE gene
phenotype. €2 allele is possibly one of the
dangerous factors in the lithogenesis of chole-
cystolithiasis.
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INTRODUCTION

The apolipoprotein E (apoE) genelocus possessesthree
dleles, €2, e3ande4, which areinherited in co-domain
fashion and code for three isoprotein E2, E3 and E4
making up six phenotypes, three heterozygous Es, Ezs
and E,,, three homozygous E.,,, Ezz and E,*7". The
differences of these main isoprotein alter the receptor-
binding affinity of the apolipoprotein-containing
lipoproteinsand affect the metabolism of cholesterol and
lipidg?4. It is putative that apoE polymorphisms are
closdly relaedtohyperlipidemia®, coronary heart disease
61 and di abetes mellitum(™. Theformation of gallstones
isfrequently associated with the changesinbiliary lipid
compositions, the lithogenic bile being usually
supersaturated with cholesterol and decreased with bile
acidsand lecithin®®, A prerequisitefor theformation of
gallstonesisthelithogenic bile, whichisoften theresult
of disordersin lipid metabolism or dydlipidemia. The
importantroleof gpoEintheregulationof lipidmetabolism
raisesthe possibility that apoE polymorphisms may be
involvedintheformation of gallstones. Thiscase-control
cohort study isdesigned to investigate the significance
of apoE polymorphismsas a predisposing factor in the
pathogenesisof cholecystolithiasis.

SUBJECTS AND METHODS

Subjects

Eighty-seven consecutive patientswith gallstoneswere
investigated. Thetreatment group consisted of 39 men
and 48 women (mean age 52 years, ranging from 16 to
83 years). All of them suffered from non-symptomatic
cholecystolithiasisand underwent operationinthe First
Hospital from January 1994 to December 1995. The
control group included 50 subjectswith 27 men and 23
women (mean age49years, rangingfrom 15to 78 years),
and they were also matched in sex and age distribution
with the patientswith gallstones.

DNA amplification

Leukocyte DNA of venous blood collected in EDTA
tubeswere extracted by Hixson slotting-out method
[0 Model DNA wasamplified by polymerasechain
reaction (PCR) thermal cycles using
oligonucleotides primersF4 (5 - ACAGAATTCGCC
CCGGCCTGGTACAC-3)andF6(5'-TAAGCTTGG
CACGGCTG TCCAAGGA-3'). Eachamplifica-
tionreaction system contained 1 ug DNA, 1pmol/L



LIN Qi-Yuan, et al. apoE gene Hhal RFLP in cholecystolithiasis

229

of each primer and 25 kilo units/L of Tag-
polymerase up to afinal volume of 30 pL. Each
reaction mixture was heated at 95°C for 5 minutes
for predenaturation, and followed by 30 cycles of
amplification for annealing at 60°C for 1 minute,
elongation at 70°C for 2 minutes, denaturation at
95°C for 1 minute, and then aprolonged el ongation
timeup to 7 minutes at 56°C.

Analysis of restricting fragment length
polymorphism for apoE

Twenty-five uL of PCR amplified productsin
each react ion system were mixed with 5 units
of Hhal enzyme for digestion apoE sequences
at 37°C for 1 hour. Each reaction mixture was
loaded onto 85 g/L polyacrylamine gel, after
electrophoresis for 3 hours under constant
current (45 mA) and visualized by ultraviol et
light. The size of apoE Hha | restricting
fragment length polymorphsims were estimated
by comparison with marker DNA PBR32. On
the basis of the size and the number of various
fragments, apoE phenotypes were determined
as E2 with 91bp , and 83bp E3 with 91bp, 48bp
and 35bp, as well as E4 with 72bp, 48bp and

35bp.

Lipids analysis

Serum total cholesterol (TC) and total triglyceride
(TG) weredetermined by enzy matic methodswith
the OUL 3 000 automatic analyzer. High density
lipoprote in cholesterol (HDL-C) was measured
enzymatically and formed in the serum supernatant
after precipitation of low density lipoprotein
cholesterol (LDL-C) and very low density
lipoprotein cholesterol (VLDL-C) with dextrin
sulfate and MgCl2. The LDL-C and VLDL-C
levels were calculated according to Friedwald’s
formula™.

Statistical analysis

All results were expression as x =+ s. The F test
and x? test were used for statistical analysis, P
values less than 0.05 were regarded as
significant.

RESULTS

Distribution of apoE phenotypes and allele
frequencies

In the six common apoE phenotypes, E.s, Ess and
Ess phenotypes existed in either patients with
gallstones or control subjects. Therewereonly 2 Ey
4 phenotype casesin the control, and no E,, and E,
sweredetected inboth groups. Theoverall distribution
of apoE phenotypes and apoE allele frequencies
in the patients with gallstones were anal ogous to
that of the control (Tablel).

Table 1 Apolipoprotein E phenotype distributions and allele
frequenc ies in patients with gallstones and controls

Phenotype Allele
Groups n
Eos(%) Eor(%) Earf(%)  Ears(%) €2(%) 3(%) &%)
Patients 87 10(11.4) O 69(79.4) 8(9.2) 58 89.6 4.6
Male 39 4(10.2) 0 31(79.4) 4(10.2) 51 89.8 5.1

Female 48  6(125) 0  38(79.1) 4(89) 63 896 4.2
Controls 50  5(10.0) 2(4.0) 37(74.1) 6(120) 70 850 80
Male 27 3(10.0) 1(3.7) 20(74.0) 3(11.0) 74 852 7.4
Female 23  2(86) 1(43) 17(746) 3(130) 65 848 87

Serum lipids

Thelevelsof TG (1.43 mmol/L) and VLDL-C (0.68
mmol/L) in Ey; patientswith gall stoneswere markedly
higher than that in E,; control (1.06 mmol/L,P<0.05and
0.48 mmol/L, P<0.05). LD L-C (1.41 mmol/L was
significantly lower in E; patientsthan that inthe control
(2.04mmol/L , P<0.05). No gtetistical differenceswere
noted in TC, HDL-C, HDL 2-C and HDL 3-C between
E.; patients and control subjects (Table 2).

In Es; patients with gallstones, the HDL-C (0.89
mmol/L), HDL2-C (0.49 mmol/L) and HDL 3-C (0.
39 mmol/L) were significantly decreased as
compared with that in Eg; control (1.28 mmol/L, P
<0.0 5; 0.73 mmol/L P<0.001; and 0.55 mmol/L, P
<0.001). LDL-C and VLDL-C showed no
difference in both groups (Table 2). E;; female
patients had lower levels of HDL-C (0.82 mmol/
L), HDL2-C (0.46 mmol/L) and HDL3-C (0.36
mmol/L) than E3; female controls (1.33 mmol/L, P
<0.001; 0.77 mmol/L, P<0.01; and 0.57 mmol/L, P
<0.01). Serum lipid levelswere not changed in Ey,
s male patients and controls (Table 3).

LDL-C increased (1.92 mmol/L) and VLDL-C
decreased (0.42 mmol/L) in Eg, patientswith gallstones
as compared with E; patients (LDL-C-1.41 mmol/L,
VLDL-C-0.68 mmol/L) and E3; patients (LDL-C 1.87
mmol/L, VLDL-C 0.46 mmol/L), but the differences
were not significant. No obvious changes occurred in
TC or HDL-C andits subformsamong Ez, Ezz and Ey
4 patientswith gallstones (Table 2).

Table 2 Comparisons of lipid levels in E;;, Eys, Ess both
gallstone patients and controls

E2/3 E3/3 E3/4

Lipids

(mmol/L) Patients  Controls
(n=10) (n=5)

Patients Controls Patients  Controls
(n=69) (n=37) (n=8) (n=6)

TG 1.43+0.35* 1.06+0.10 0.97+0.21 0.64+0.44 1.11+0.33 0.92+0.16
TC 2.99+0.65 2.52+0.53 3.14+0.59 3.67+£0.76 3.94 £0.45 3.62 +0.63
LDL-C 1.41+056* 2.04+0.16 1.87+0.49 243 +0.67 1.92+0.64 2.46 +0.32
VLDL-C 0.68 +0.26* 0.48+0.20 0.46+0.20 0.30 £0.11 0.42 +£0.13 0.44 +£0.10
HDL-C 0.95+0.23 1.02+0.15 0.89+0.30* 1.28+0.23 0.86 +0.21 0.90 +0.36
HDL2-C 0.53+0.13 0.62+0.22 0.49+0.18°0.73+0.13 0.44+0.19 0.55+0.18
HDL3-C 0.42+0.12 0.56+0.28 0.39+0.12°0.55+ 0.11 0.40+0.13 0.46 + 0.12

2P<0.05, °P<0.01, vs controls; F test.
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Table 3 The comparisons of lipid levels in Ey; same gender ei
ther gallstone patients or controls

Male Female

Lipids
(mmol/L) Patients Controls Patients Controls

(n=31) (n=20) (n=38) n=17)
TG 0.85+0.50 0.53 +£0.22 1.10+0.30 0.72 £ 0.57
TC 3.05+0.44 0.41 +0.57 3.23+0.85 3.87+0.63
LDL-C 1.86+0.68 2.71+0.49 1.89 £ 0.86 2.20 £ 0.56
VLDL-C 0.40+0.24 0.25+0.10 0.52+0.14 0.35+0.17
HDL-C 0.94+0.33 1.21+0.28 0.82+0.27° 1.33+0.19
HDL2-C 0.52 +0.22 0.69 +0.16 0.46 £ 0.15° 0.77 £ 0.10
HDL3-C 0.42+0.12 0.52+0.13 0.36 £ 0.12° 0.57 £ 0.10

5P<0.01, vs controls, F test.

DISCUSSION

E.ss, Ess, and Es, are three common apolipoprotein E
gene phenotypes, accounting for more than 50%, Ey,
and Ey, for lessthan 6.2%2. |n the present study, only
2 E,, phenotype cases were detected in control, and no
E.» and E,, homozygotes were found in both groups.
The results show that €2 and €4 alleles resulting from
theinheridary variations of apoE gene existed mainly in
heterozygous way in population.

There were racial differencesin the distribution
of apoE allelesand phenotypes. In thisstudy and Wang's
literature!*®, the frequencies of Ez; phenotype were
85%—86% in healthy Chinese people, but 75% in Finnish

eople. Frequencies of €4 were lower in Chinese people
(8% 9%) than 20% in the Finnish (20%). The
frequencies of Ez; phenotype in Chinese patients with
gallstones were 79.3% as compared with 62.2% in
Finnish, and E;, phenotype in Chinese patients with
gallstones were 9.2% but 28.9% in Finnish*. Kamb
oth!*® also reported that there may be some variations
of apoE allele and phenotype in different regional
population from western to oriental countries .

Patients of different apoE phenotype with
gallstones had different characteristics of dydipidemia.
Higher mean serum TG, VLDL-C levelsand lower mean
LDL-C levels were found in Ey; patients. The Egs
patients, especially in women, had markedly lower
concentrations of HDL-C, HDL2-C and HDL-3-C,
while Es, patients had only dight lower levelsof VLDL-
C and higher levels of LDL-C as compared with the E
3 and Eg; patients with gallstones.

The difference in the changes of serum lipid levels
indifferent apoE phenotype patients with gall stone may
be associated with apoE locus gene polymorphisms.
E2, E3 and E4 isoproteinsresulted from the singleamino
acid interchange between 112 site cysteine and 118 site
arginine, E3 with cysteine at 112 site and arginin at 18
site, E2 with cysteine and E4 with arginine at either
112 site or 118 sites. Because of arginine bearing
positive charge, E4 possessed more than one charge,
the activity of receptor-binding to apoE-contained
lipoprotein was strong er than E3. On the contrary, E2
possessed |ess than one charge, the activity of receptor-
binding was lower(*®. Accordingly, €2 allele

predisposes to serum triglyceride elevation!”, the
correlative change to serum lipid levels can be found in
E.; patients with gallstones in this study. €4 alele was
responsible for the increase of serum cholesterol™®, but
in Ez, phenotype patients, the increments of VLDL-C
had no statistical difference, thismay be associated with
the low frequency of €4 dlelein population.

Egs phenotype is putative normal type, but the E;
patients with gall stones possessed the low level of HDL -
C anditssubformsaswell. Thech angesmay berelated
to other pathogenesis except apoE polymorphisms™™.
The results suggest that cholecystolithiasis may be a
multigenic disease but not a monogenic one.

This study demonstrates that patients of different
apoE phenotype with gallstones possess different
dydipidemia. Theaveragelevel of serum lipidsare much
higher in patientswith gallstonesthan that in non-gal|stone
subjectsin the same apoE phenotype population. 2 dlele
islikely one of the high-rish factorsin the lithogenesis of
cholecystolithiasis.
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Studies on the flow and distribution of leukocytes
in mesentery microcirculation of rats *
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Abstract

AIM To study the effect of leukocyte-
endothelium interaction (LEI) on the flow
and distribution of leukocytes in
microcirculation under physiological
condition.

METHODS A microcirculation image multiple
parameter computer analysis system
(MIMPCAS) was used to study the flow and
distribution of leukocytes in mesentery
microcirculation of rats /n vivo.

RESULTS The difference of visible leukocyte
flux (VLF) was as high as 131 times in the
arterioles and venules with similar diameter
and blood velocity. The visible leukocytes
rolled along the blood vessel wall as a
“jerky” movement. The frequency
distribution of the visible leukocyte velocity
(VLV) showed a “two-peak” curve. The low
peak value was on 10 um/s-15 um/s while
the high peak fell between 25 ym/s-30um/s.
With the increase of diameter of venules,
VLF increased while the VLV remained at the
same level. With the increase of RBC
velocity, VLV trends to elevate and VLF to
fall down.

CONCLUSION The results herein might
provide a basic theory for the study on
the mechanism of LEI under physiological
condition and novel methods for the
prevention and treatment of high
LEI in many pathological processes.
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INTRODUCTION

Leukocyte-endothelium interaction (LEI) existsin
many pathophysiological processes, such as
inflammation, burns, tumor and shock!*2. Intherecent
two decades, quantitative studies on the interaction
of leukocyte-endothelium have been carried out and
the change of the flow and distribution of leukocytes
isthebasisfor theabnormal increase of LEI®*®. High
level LEI would b ring about the blockage of blood
vesselsand decrease of blood perfusion!®”. Therefore,
it isimportant to study the flow and distribution of
leukocytes in microcirculation. We used a
mi crocircul ation image multiple parameter computer
analysis system (MIMPCAS) to study the
characteristic of theflow and distribution of leukocytes
in mesentery microcirculation of rats, and analyzed
itsinfluencing factors.

MATERIALS AND METHODS

Five Sprague-Dawley rats were anesthetized
with a mixture of 133 g/L urethane and 10 g/L
chloralose (6 mL/kg, im)!. The abdomen of
rats was open by the incision on the midline
under the xiphoid. Small intestinal loopswere
pulled out and the mesentery was mounted on
a hollowed transparent pedestal for
observation. The specimen was suffused with
a balanced 37°C Kreb’s solution to maintain
relatively normal condition in temperature and
environment.

An Olympus microscope with ahalogen lamp and
Leitz long distance lens (20 x ) was used to
observe the third order arterioles and venules.
Being transmitted through alow-light level camera
of model 1319, the signal was displayed on aHitac
hi color monitor. A JVC recorder was used for
off line measurement. Each specimen was
recorded no more than 30 minutes so as not to
affect the mesentery microcirculation®. The
MIMPCAS was used to measure the diameter (D)
of blood vessels, the velocity of red blood cells
(Vrbc), the visible leukocyte velocity (VLV), the
visible leukocyte flux (VLF) and the adhesive
leukocyte count (ALC) following the procedure
described previously™.

The following formulawas used to calculate the
parameters of microcirculation*®: 1. mean blood
velocity, V men = Vind 1.6; 2. flow volume of blood,
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F =V e X TTx D?/4; 3. shearrate, Yiy = 8 X (Ve D); 4.
total leukocyteflux, TLF= (60 x F)x K x 10, K isthe
amount of leukocytesintheblood™; 5.invisibleleukocyte
flux, ILF=TLF-VLF.

The results were represented by mean + standard
deviation (X s) and the significance of differencewas
judged by Student’ st test.

RESULTS

Leukocytes flow and distribution in
microcirculation of rat mesentery under
physiological condition

Twenty arterioleswith adiameter between 11 pm-
45 um were selected for observation. Only one
leukocyte rolled along the wall an d there was
no leukocyte sticking on it in the third order
arterioles. In the 20 capillaries with an average
diameter of 6.3 um=+ 1.7 um, thevisibleleukocyte
flux was 0.2 cells/min = 0.4cells/min and there
were no plugging leukocytes. In the 20 venules
with a diameter of 10 um-50 um, the visible
leukocyte flux was 13.3cells/min £ 7.2cells/min
and therewere about 0.3 + 0.3 leukocytes sticking
on the wall within a length of 94 um of blood
vessels (Table 1). Under the physiological
condition, the flow and distribution of leukocytes
indifferent blood vesselsvariesto alarge extent.
The visible leukocyte flux (VLF) differed
significantly between the venules and arteries
with comparable diameter and blood vel ocity and
the value of VLF in venules was as high as 131
times that of arterioles. Due to the interaction of
leukocyte and endothelium which mainly occurred
in venules, further studies were curried out on
the flow and distribution of leukocytes in
mesentery venules.

Table 1 The flow and distribution of leukocytes in the mesentery
microvasculature of rats under physiological condition

Arteriole Capillary Venule
Number 20 20 20
D(um) 226+9.1 6.3+17 25.1+10.6
Vmean(mm/s) 1.07 £0.3 0.45+0.12 0.86 = 0.27
Flow(pL/s) 440.1 + 439.2 141+6.7 430.7 + 412.4
Ya(S™) 371.1+2128 5704 +189.7  272.1+189.2
TLF(cells/min)  91.1+ 90.9 29+14 89.2+85.4
VLF(cells/min)  0.1+0.2° 02+04 13.1+7.2b
ILF(cells/min) ~ 91.0+90.9 27+13 76.1+77.8
ALC(cells/94 um) 0 0 0.3+0.3

®P<0.01, t = 8.07.

The characteristic of the flow and distribution of
visible leukocytes

Thegpacecharacterigtic of theflow and digribution of
visibleleukocytes Ten sampling lines on vessel with
equal distancewere set perpendicular tothelongitudinal

vessel and the velocity of leukocyte passing
through each line was measured. The variation
of the velocity of leukocyte reflected the
characteristic of itstemporal distribution. Each
leukocyte passing through the sampling lineswith
a large variation on velocity suggested that
leukocyte rolling along the wall of blood vessels
took a“jerky” movement (Figure 1). However,
the average velocity for a leukocyte passing
through a vessel with a definite length was
similar, about 20 pum/s.

The time characteristic of the flow and
distribution of visible leukocytes For the
measurement, one line was set on a third order
venule (D: 37 um) of mesentery of rat. The
velocity and flux of all the visible leukocytes
passing the measuring line were determined in
10s as one unit, and measurements were
continuously performed 6 timesin 1 minute. It
was found that visible leukocyte velocity and
visible leukocyte flux changed temporarily
(Figure 2).

Frequency distribution of VLV The velocities
of 400 visible leukocytes in 30 third branch
venules were measured, of which the frequency
distrib utionisshown in Figure 3. The frequency
distribution of VLV presented with the
characteristic of double peaks. Low peak value
was about 10 um/s-15 um/swhile the high peak
was around 25 pm/s-30 um/s.Leukocytes with
velocity below 5 um/s or above 50 pum/s were
rarely found.

The influence of vessel diameter and blood
velocity on the flow and distribution of
leukocytes

Visible leukocyte flux and visible leukocyte
velocity were measured in 20 capillaries of
mesentery of rats. Eight venules with similar
blood velocity (Vrbc: 1.2 mm/s+ 0.1 mm/s) and
vessel diameter (D: 10 um-50 pm) were selected
for the observation of influence of vessel
diameter on the flow and distribution of
leukocytes. It was found that with the increase
of blood vessel diameter, visible leukocyte flux
increased while visible leukocyte veloci ty
remained relatively stable. Twelve venules with
similar diameter (31.5 pm = 1.1 um) were
selected for the observation of the influence of
blood velocity on the flow and distribution.The
blood velocity in these vessel s ranged from 0.27
mm/s to 1.38 mm/s. Following the increase of
Vrbc, visible leukocyte velocity increased while
visible leukocyte flux decreased as shown in
Figure4.
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Figure 1 Leukocytes rolling along the blood vessel wall showed a
“jerky” movement. (A. Multiple sampling scheme for the velocity
determination used by MIMPCAS; B. Three leukocytes passed
through 10 sampling li nes with a large variation of velocity.)
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Figure 2 The time-dependent changes of VLV and VLF in the third
order venules of rat mesentery.

40 1

VLF(cells/10s)

High peak

30

20 -

Frequency (% }

10 -

Figure 3 The frequency histogram of VLV.

= 40
£ ol |
= 20 L
<
5 10 . c
> 0 S ———————— e
40
s 30l . f
g8 N—N
i 20 -
ot L
Y PR S —— L

0 1020 30 40 50
D{(pm}

L0 0FRELO12 14
Vrbe(mm/s)

Figure 4 Effect of vessel diameter and red blood cell velocity on
the flow and distribution of visible leukocytes in the venules of
rats.

DISCUSSION

Recently, wide interest has been shown in the
research of leukocyte-endothelium interaction.
Studies on therheological behavior of leukocytesin
themicrocircul ation have promoted theunderstanding
on the mechanism of cellular adhesion. These studies
mainly involved two aspects, i.e., one is the
interaction between leukocytes and red blood cells
and the other is that between leukocytes and
endothelial cellg57.

It wasfound in this study that leukocytes scarcely
rolled on thewall or firmly sticked in arterioles.
Under normal condition, sticking leukocytesin
venules were rarely observed while some
leukocytes rolled along the vessel wall in the
marginal stream, suggesting that the flow and
distribution of leukocyte in venules and
arterioleswassignificantly different. There exist
some interactions between leukocytes and
endothelium in venules, for which the major
phenomenon is the leukocytes rolling on the
endothelium of venulewall. The development of
leukocyte rolling and sticking on endothelium
depends on two forces: leukocyte-endothelium
adhesive forces and hemodynamic dispersal
forces, i.e., shear stress!*®. Mayrovitz had
suggested that the adhesion of leukocytes on the
vessel wall might be mainly related to shear
stress, for the adhesion of leukocytes existed
on the wall of post-capillary venules!”.
However, the results herein showed that VLV
varied to a large extent even in the arterioles
and venules with a similar shear stress,
suggesting that under physiological conditionthe
difference of leukocyte flow and distribution in
different vessels mainly came from the
characteristic of endothelial cellsand the micro-
environment around leukocytes®.

Therolling of leukocytesdong thewalls presented
with an uneven “jerky” movement. The balance
between adhesive forces and dispersal forces
was broken by the non-homogeneity of
endothelium and that of hemodynamic forces,
which brought about the rolling of leukocytes
with the characteristic of non-stable speed ©##
19, The factors that influence homogeneity of
endothelium include non-even surface of
endothelium, local characteristic of endothelium,
surface distribution of charge, the concentration
of reactive substances, etc., while that for
hemodynamic force, were temporal variation of
blood velocity and local concentration of red
blood cells. The results from the analysis on the
frequency of VLV showed that the rolling
leukocytes with avelocity lower than 10 um/s
had a potential to stick on the endothelium
of blood vessels, while therolling leukocytes with
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a speed higher than 30 um/stended to merge into the
central stream of blood. Thetwo peaksof thedistribution
of VLV suggested that there were at | east two kinds of
adhesive moleculeswith different property, by whi ch
twodifferentve ocitiesof leukocyterollingadongthewalls
were mediated. However, the adhesive molecules
involved in the leukocyte-endothelium interaction are
waiting to beidentified and it is al so necessary to pay
more attention to the study on themechanism of cellular
adhesion.

In this study, the impact of diameter of blood
vessels and blood flow of venules on the flow and
distribution of leukocytes was analyzed. The
diameter of blood vessels were found to have a
significant effect on the flow and distribution of
leukocytes. In the blood vessels with a larger
diameter, visible leukocyte flux (VLF) increased
significantly, but thevisibleleukocytevelocity (VLV)
kept stable. Atherton had suggested that thetemporal
contact between leukocyte and endothelium should
be taken as an inelastic collision®®. The increase of
adhesion force would bring about more chances of
random collision and higher degree of inelastic
collisionbetweenleukocytesandendothelium. Visible
leukocyte flux mainly reflects the random collision
between leukocyte and endothelium, while visible
leukocyte velocity indicates the degree of inelastic
collision. Inthelarger vessels, theleukocyteflux and
theareaof endothelium arealso larger, so therandom
contact chancesincrease to bring about high flux of
visibleleukocyte. The change of diameter would not
impact the adhesion force, so visible leukocyte
velocity was the same.

Given acertain extent of blood viscosity, shear
stress is determined by blood velocity under the
condition of definite vessel diameter!2¢81%, The

shear stressishigh in the blood vessel swith fast flow of
blood, whichwill reducethechanceof collision between
leukocyteand endothelium. Thereforeinthevesselswith
fast blood flow, visibleleukocytefluxislowwhilevisible
leukocytevelocity ishigh.

Insummary, the flow and distribution of leukocytes
inthe mesentery microcirculation of ratswas studied in
vivo, and theinfluencia factorsonwhichwereexplored
under normal conditions. Theresult of thisstudy ishelpful
for the understanding of the mechanism for leukocyte
endotheliuminteractioninphysiologicd sateandprovides
theoretic basisfor the study and treatment of increased
LEl in pathologica processes.
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Study on the quality of recombinant proteins using
matrix-assisted laser desorption ionization time of
flight mass spectrometry *
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Abstract

AIM To study the possibility of matrix-assisted
laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF MS) for controlling
the quality of recombinant proteins.
METHODS By using MALDI-TOF MS, the
molecular weights and purity of recombinant
bioactive proteins were analyzed.

RESULTS The molecular weights and purity
were obtained in nine recombinant bioactive
proteins, including interleukin 2, tumor
necrosis factor a, granulocyte-macrophage
colony stimulating factor, interferon a2b,
interferon a 1, erythropoietin, calmodulin
and its fragment, and neuronal nitric oxide
synthase were obtained. MALDI-TOF MS was
also used to assay specific proteins in the
mixtures and to characterize the
erythropoietin tryptic digests.

CONLUSION The results showed that MALDI-
TOF MS can be employed for the effective quality
control of recombinant proteins.
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INTRODUCTION

Since Hillenkamp et al™™ first introduced matrix-
assisted laser desorption/ionization time of flight
mass spectrometry (MALDI-TOF MS) to analyze
proteins with molecular masses greater than Mr 10
000, MALDI-TOF MS has been widely used to
study different classes of biomolecules such as
proteins, oligonucleotides, polysaccharides and
polymers!?®, Compared to the traditional
techniques, such as sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE),
MALDI-TOF MS has several advantages in the
determination of protein molecular weight (Mr),
peptide mapping, and purity.

In the present report, MALDI-TOF MSwas used
to accurately determine the Mr and purity of nine
biologi cal samplesincluding recombinant bioactive
proteins, such as: interleukin-2 (IL-2), interferon-
alpha 2b (IFNa2b), interferon-alpha 1 (IFNa1),
erythropoietin (EPO), granulocyte-macrophage-
colony stimulating factor (GM-CSF), tumor
necrosis factor alpha (TNFa), cailmodulin (CaM)
and its fragment, and neuronal nitric oxide
synthase (NNOS). In addition, the protein mixtures
and EPO peptide mapping were characterized by
the technique.

MATERIALS AND METHODS

Materials

Chemicals 3,5-dimethoxy-4-hydroxycinnamicacid
(Sinapinicacid), 2,5-dihydroxybenzoicacid (DHB) and
acetonitrile were produced by Sigma (S, Louis, USA).
Trifluoroacetic acid (TFA) wasfrom Merk-Schuchardt.
Ammonium hydrogencarbonate, acetic acid and ethanol
were produced by Nanjing Chemical Reagent Plant
(Nanjing, China). All water used in the experiment was
ultrahigh quality produced by aMilli-Q PlusUltraPure
Water System.

Proteins Horse heart myoglobin, carbonic
anhydraseB, 3-lactoglobulin, bovineserumalbumin
and trypsin were obtained from Sigma (St, Louis,
USA). IL-2 (E.coli), IFNal (Silkworm cell), GM-
CSF (E.coli), IFNa2b (E.coli), EPO (CHO),
nNNOS, and CaM and its fragments were supplied
by the East China Institute for Medicine and
Biotechnology (Nanjing, China).
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Methods

Tryptic digestion of EPO Approximately 200 pg
EPO protein was lyophilized and dissolved in 200
pL 1% ammonium bicarbonate (pH 8.5). Trypsin
protease was added to the solution which was
incubated at 37°C for 16h in a substrate: enzyme
ratio of 50:1 (w:w). The digestion was quenched
by storing the sample at -70°C. The sample was
lyophilized and reconstituted in 50 pL 10% acetic
acid before use.

MALDI-TOF MS Analyses were performed on
aFinnigan Laser MAT 2 000 time-of-flight mass
spectrometer (Finnigan MAT, Hemel Hempstead,
Herts, UK). The system used a nitrogen laser
(337 nm, 2 ns pulse) to des orb ions from the
sample specimen. The desorbed ions were
accelerated to 20kV into a free long tube. The
time recorded for amoleculeto travel the length
of the tube to a detector was proportional to the
mass of theion, which was its molecular weight.
All spectra were obtained using the positive-ion
mode. Standard stainless-steel targets (with a
sample application area of about 3.14 mm?)
obtained from the manufacturer were employed
for all analyses. The lasermat software allowed
the user to irradiate one of the four possibletarget
regions or quadrants of about 0.02 mm?. The
spectra in this study were calibrated using
instrumental calibration, based on the parameters
determined from analysis of anumber of standard
proteins and peptides.

Sample preparation for MALDI-TOF MS
determination The samples of each protein
were prepared to 0.8 g/L-1.0 g/L in dilute TFA
(0.05%. 0.09 mol/L sinapinic acidin acetonitrile-
ethanol-water(60:4:36, v/v/v) was used as
protein matrix and 0.1 mol/L 2,5-
dihydroxybenzoic (DHB) in formic acid-water
(9:1, v/v) was used as peptide matrix. The matrix
solution was kept in the dark and prepared fresh
every few days.

The samplesfor mass spectrometric analysiswere
mixed withthematrix inan Eppendorf tube. Typically,
5 pL of sample solution was added to a tube
containing 10 uL of matrix solution. Thesolutionwas
stirred in avortex mixer, and then approximately 0.
5 uL of sample solution was applied to the target
and followed by drying at room temperature and
atmospheric pressure. For some protein samplesin
which the buffer contained salts at high
concentrations, the dried sample/matrix preparation
on the target was washed by depositing adroplet of
cold distilled water for afew seconds on the sample
spot surface to dissolve excess salt crystals, and
followed by removing the dropl et.

RESULTS AND DISCUSSION

Mr measurement for purified proteins
Nonglycosylated proteins The Mrs of recombinant
proteins, IL-2, TNFa, GM-CSF, TNFa-2b, CaM
fragments and nNOS expressed in E.coli were
determined usng MALDI-TOF MS. Table 1 showsthe
number of amino a cids, theoretical Mr, measured Mr
and relative determination error for these
nonglycoprotens.

Table 1 Mrs of non-glycoproteins measured by MALDI-TOF
MS

Protein Number of Theoretical Measured Relative
amino acids Mr Mr error (%)

1L-2 1342 15478 15610 2.8
GM-CSF 127 14477 15451 5.56
TNF-a 1582 17484 17517 0.18
nNOS 1992 22248 22306 0.26
IFN-02b 1662 19378 19533 0.79
CaM fragment 95 10846 10851 0.05

2An additional methionine at the NH-2-terminal.

Astable 1 shows, the M, relative error of the
protein GM-CSF was 5.56%, which was much higher
than the systematic error of theinstrument. In addition,
the peak inthe GM -CSF mass spectrumwasvery sharp,
indicating that the product wasvery pure. However, the
results of Edman sequencing showed that there were 8
additional amino acids, MMKSDNSH, at the NH-2-
terminus. Therelaiveerror was0.12% whenthe8amino
acids were added to the regular GM-CSF amino acid
sequence. The relative errors of interleukin-2 and
interferon a2b wereapproximately 0.8%. Theincreased
mass was approximately equal to the M, of an amino
acid, which may have been added during the
modifications, suchasphosphorylationand cystinylation.
The detailswere not achieved in the present report. An
asymmetric single charged peak was observed in the
interferon a2b mass spectrum (Figure 1), with an
unresolved impurity peak on the left side that could be
seen when the mass spectrum was amplified partialy.
Thismay be caused by partially removing N terminal
methionineresidueintheinterferon a2b.

Glycosylated proteins Proteins expressed in
mammal cellsare generally glycosylated. Because
of the microheterogeneity of the carbohydrates, the
final product is a complicated heterogeneous
mixture. In some cases, the functions of the
biomolecules depend on the carbohydrate
componentst**3, For example, recombinant human
erythropoietin will lose itsin vivo bioactivity wi
thout sialic acid residuest***¥, Thus, it is very
important to characterize the carbohydrate partsin
glycoproteing®®>?, Inthisarti cle, MALDI-TOFMS
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was used to determine M, and carbohydrate
percentages of erythropoietin (EPO) and interferon
al(Table2).

Table 2 Mrs of glycoproteins measured by MALDI-TOF MS

Protein Number of Measured Carbohydrate
amino acids M, content (%)

EPO 166 28 707 35.6

IFNal 166 20 465 5.2

As can be seenin Figure 2, the half-intensity-
width of EPO was much larger, indicating that EPO
was a heterogeneous protein. The carbohydrate
percentage was so high that electrospray mass
spectrometry could not be employed to determinethe
heterogeneity. The Mr obtained using MALDI-TOF
MS was 28 707, while the Mr obtained using the
traditional SDS-PA GE technique was about 34 000.
The mass difference of 5 293 suggested that SDS-
PAGE could measure the apparent M, of the
glycoprotein with high carbohydrate content. Since
the results of SDS-PAGE for the molecular weight
were related to the gel concentration, the
determination procedure was difficult to control. The
degree of glycosylation for biomolecul es expressed
in silkworm cells was generally lower, with only 5.
2% carbohydrates found in recombinant protein
interferon al by MALDI-TOF MS, which was
consistent with theoretical cal culations. The TOF mass
spectra for EPO and IFNa1 showed that the half-
intensity-widths were 8 000 and 3 000, respectively,
much wider than that of nonglycoproteinsin Table 1,
Figures 4 and 5.0Ordinarily the half-intensity-widths
are produced by isotopes, and are no more than 500
(17, Therefore, half-intensity-widths of 500 in singly
charged M S peaks may be employed as a simple
criterion to evaluate the heterogeneity of
glycoproteins. The MS peak width will increase as
glycoprotein becomes more heterogeneous.

Determination of protein mixture
Mixture composed of known standard proteins
M ethods used to analyze each component in multi-
protein mixtures with out tedious separation are of
great value. The advantage of MALDI-TOF MSin
multicomponent characterization is the ability to
simultaneously determine the M, of each ingredient
during one scan. However, singly charged oligomers
withmultiply charged monomersand multiply charged
oligomerswould complicate the mass spectra. Peaks
could be specified only according to their M, and the
number of charges.

Figure 3 showsthe MALDI-TOF mass spectrum
for mixed proteins composed of myogl obin from
horse heart, carbonic anhydrase B, 3-lactoglobin

and bovine serum albumin. Both molecular ion and the
multiply charged monomersor oligomerswereobserved.
The M, measurement accuracy for the four proteins
was 0.0%, 0.04%, 0.12%, and 0.18%, respectively.

Determination of a specific protein in
mixtures The mass spectrum of E.coli expressed
productscontaining calmodulinin Figure4, showed
a protein mixture containing a protein with an
observed M, of 16 934, together with a doubly
charged monomer and a singly charged dimer,
indicating that the mixture contained calmodulin
with atheoretical M, of approximately 17 000. In
addition, the spectrum showed that there was very
little singly charged dimer, because calmodulin
seldom formed dimers.

M easurement of the purity of expressed products
and the relative content of impurities Since
MALDI-TOF MScan givethe M, of al componentsin
amixture, therelative purity of the expressed product,
aongwith the M, of theimpurity and itsabundance, can
be obtained from the mass spectrum. Figure 5 shows
the mass spectrum of calmodulin fragment expressedin
E.coli had small amountsof impuritieswith M, of 9643.
8and 9074.0. In addition, few impuritieswere observed
in the recombinant proteins, IL-2, TNFa, GM-CSF,
IFNa2b, nNOS, IFNa 1 and EPO.

Characterization of tryptic peptide mapping for
erythropoietin

The MALDI-TOF peptide mapping strategy has
been used successfully to analyze proteins in
enzymatic digests and has thus been applied to
verify the primary structure of some proteins!*®,
As atechnique, it offers a number of advantages
over conventional peptidemappingwithHPLC since
it reducesthe actual analysistimeand also provides
ameans of assigning peptide fragments from their
respective M,. Peptide mapping isthe“fingerprint”
of the protein, so it can be employed to rapidly
identify the correctness of the primary structure of
protein during expression or purification!*, This
report introduces the peptide map of recombinant
human erythropoietin by MALDI-TOF MS.
Protease trypsin can theoretically digest the
erythropoietin into 21 peptide fragments, including
three glycopeptide fragments and two disulfide
bonds (one between fragments T, and T, and
another inside Ts). The proteolytic digests were
subjected directly to MALDI-TOF MS analysis
without any prior purification. Figure 6 shows the
mass spectrum of the tryptic digest with 13 peaks
corresponding to peptide fragments. The observed
mass val ues of the digests were consistent with the
theoretical massvaluesascalculated from theamino
acid sequence of rhEPO (Table 3). The massvalue
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of 1612.7 indicated the formation of a disulfide bond 115
between T, nor T, which was verified by the fact that 19533
neither T, nor T, was observed. Peptide mixtures 1L 0
generated by enzymatic digestion do not alwaysallow )
for completeeva uation of peptidefragmentsby MALDI-
TOFMS. Ascan beseenin Table 3, about 76.5% of the 10.5
entire amino acid sequence was confirmed. In thelower
mass range (bel ow m/z 400), analyte molecule scould 10.0
not beidentified sincethematrix peaksoverlap with the !
signals from the analytes. In addition, the three 9.5 ¢
glycosylated peptides were a so not observed, because S
EPO was heterogeneous and the M'S sensitivity to 10000 15000 20000 360 1000 50000 oo0 70000

carbohydrates was much lower than that of peptides.
Several matrices, including 2,5-dihydroxy benzoic acid
(DHB), 2-aminobenzoic acid and a-cyano-4-
hydroxycinnamic acid, were tested to obtain the best
resolution and sensitivity in the mass spectrum
measurement. The resultsin Figures 6, 7 and 8, show
that the best matrix was DHB, which produced large
analytical signals with good resolution. The 2-
aminobenzoic acid matrix gave signals with lower
sengtivity and poorer resolution, but it was better than
thea-cyano-4-hydroxycinnamic acid matrix thatismore
suitablefor “big” proteinsrather than “small” peptides.
Thematrix concentration al so affectsthemassresolution
and analyte signals. For example, with saturated DHB
solution employed asthe matrix, only two main peaks
with massvalues of about 480 and 2550 were obtained,
possibly dueto poor crystdlizationover theentiresample
areainthetarget.

In general, the choice of MALDI-TOF matrix is
very critical tothe homogeneous crystallization and the
homogeneousembedding of theanaytemoleculesinthe
matrix. Inaddition, thematrix isresponsiblefor thehigh
massresolution and high analytesignals.

Table 3 MALDI-TOF-MS analysis of the tryptic digests of EPO

rhEPO Position Calculated Observed Relative
peptide mass value  mass value error (%)
T 1-4 439.5 440.5 0.23
Ts 11-14 515.6 517.8 0.39
T, 15-20 735.9 735.5 -0.05
Ts 21-45 glycopeptide

Ts 46-52 927.1 928.4 0.14
T2 53 174.2

Ts 54-76 2525.3 2525.5 0.01
To 77-97 glycopeptide

Tiwo 98-103 601.7 600.8 -0.15
Tu 104-110 802.5 803.4 0.11
T 111-116 586.3 585.5 -0.14
T 117-131 glycopeptide

Tu 132-139 923.0 923.5 0.05
Tis 140 146.2

T 141-143 434.5 *

T 144-150 898.0 899.1 0.12
T 151-152 203.2

T 153-154 259.3

Ta 163-166 447 .4 *

T2-S-S-Ty 1615.8 1612.7 0.19

*A wide unresolved peak caused by T;, Tis and Ta.

Figure 1 MALDI-TOF mass spectrum of interferon a2b using
sinapinic acid as matrix.
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Figure 2 MALDI-TOF mass spectrum of recombinant human

erythropoietin using sinapinic acid as matrix.
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Figure 3 MALDI-TOF mass spectrum of standard protein

mixtures using sinapinic acid as matrix. M: Myoglobin; C: Carbonic
anhydrase B ; L: B-lactoglobulin; B: Bovine serum albumin.
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Figure 4 MALDI-TOF mass spectrum of mixtures containing
calmodulin using sinapinic acid as matrix.
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Figure 6 MALDI-TOF mass spectrum of tryptic digests of
recombinant human erythropoietin using 100mM DHB as matrix.
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Figure 7 MALDI-TOF mass spectrum of tryptic digests of
recombinant human erythropoietin using 2-Aminobenzoic acid as
matrix.
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Figure 8 MALDI-TOF mass spectrum of tryptic digests of

recombinant human erythropoietin using a-cyano-4-

hydroxycinnamic acid as matrix.

CONCLUSION

The present investigations clearly show that
MALDI-TOF MS is a powerful tool for
measuring protein molecular weight, identifying
unknown componentsin mixtures, determining
purity and therelative content of impurities, and
characterizing peptide mapping. The MALDI-
TOF analysis validated that SDS-PAGE is
unreliable in determining the M, of
glycoproteins. Sincethe broad M S peaks reflect
the carbohydrate heterogeneity, half-intensity
widths, MALDI-TOF MS peaks are
recommended as a criterion to evaluate the
heterogeneity of glycoproteins. The advantages
of MALDI-TOF MS were described in this
paper, such as its accuracy, small voluem
sample consumption and rapid response. It is
suggested that this technique should be thefirst
choice when studying the quality of scarce or
precious samplesduring the early stagesin the
development of engineered proteins.
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Abstract

AIM To obtain human and murine cDNAs
encoding IFN-y inducible protein 10 (IP-10)
and cytokine responsive gene-2 (Crg-2).
METHODS The encoding genes of IP-10 and
Crg-2 were amplified by RT-PCR from
cultured human fibroblast cells and Balb/c
mouse liver treated by IFN-y and TNF-q,
respectively, and cloned into plasmids of
pUC19 and pGEM3Zf(+).

RESULTS The nucleotide sequences of the
amplified DNA were confirmed by
endonucleases digestion and sequencing.
CONCLUSION Recombinant IP-10/crg-2 gene
clones with 306 bp and 314 bp inserts were
established for further research on biological
activities and ligands of hIP-10/mCrg-2.
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INTRODUCTION

Angiogenesisplaysanimportant roleintumorigenesis
and metastasis, and gene therapy targeting
vasculature of neoplasms has become a hot topict®.
Many new molecules, including endostatin and
angiostatin, were discovered with significant
inhibitory effect on neovascularization of tumor.
Besides these molecules, some*old’ cytokineswere
also found to possess the bioactivity of inhibiting
angiogenesis, including IP-10/Crg-2'?. Human I P-
10 belongsto a superfamily called chemokines and
Crg-2 is its murine analogue. As a member of
chemokines, IP-10/Crg-2 was primarily
characterized as a proinflamm atic molecule.
However, recent findings showed that 1P-10/Crg-2
had apowerful inhibitioy effect in neovascularization
of tumor, and tumor regressioninduced by IL-12 was
closely related with high level of 1P-10 expression
and subsequent vascul ature destruction®. However,
little has been known about its properties, especially
the mechanisms of its inhibitory effect on
endothelium, since the receptor of IP-10/Crg-2,
CXCRS3, was predominantly distributed in activated
T cells, but not in endothelial cells!®. To further
clarify the bioactivity of IP-10/Crg-2 and exploreits
potential application in gene therapy against
angiogenesis, we amplified the gene sequence
encoding IP-10 and Crg-2 by RT-PCR from primary
human fibroblast cells and mouse liver, and cloned
them into pUC19 and pGEM3Zf(+) vector,
respectively.

MATERIAL AND METHODS

Material

Recombinant human IFN-y was purchased from
Bonding Co., Beijing. Recombinant TNF-a was
kindly provided by Genetic Diagnosis Institute of
our University. Endonucleases, T4 ligase and
reverse transcriptase were purchased from Gibco
BRL. Tag DNA polymerase was obtained from
Perkin Elmer. 100bp PCR marker was purchased
from New England Biolabs. Thekit for purification
of plasmids and PCR products were obtained from
Promega. Primerswere synthesized by the Shanghai
Bioengineering Center of Chinese Academy of
Sciences. Host bacterial cell line DH5a, cloning
vector puUC19 and pGEM 3Zf(+) were stored in our
lab.
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Methods

Template prepar ation of human and mouse cDNA
Human primary fib roblast cell was obtained
by cultured surgically resected specimens of
normal adult. Four hours before RNA
extraction, human IFN-y was added to reach
a final concentration of 1 x 10°U/L for cell
culture and Balb/c mice was individually
injected with TNF-a 5 x 10 °U. The total
RNAswere then purified from fibroblast cells
and mouse liver respectively by the method of
guanidium/phenol, and reverse-transcripted to
cDNA according to literature®,

PCR amplification of 1P-10 and Crg-2
encoding sequence Primers were designed
according to the sequence of 1P-10/crg-2. For
human I P10, endonuclease sites were introduced:
5 primer GGGCGCTAGC (Nhe |)CATATG(Nde
1) AATCAAACTGCGATTCTGATT, 3’ primer
AAGCTT(Hind 111) GGTACC(Kpn I) TTAA
GGAGATCTTTTAGACATTTCC. For murinecrg-
2, no endonucleases were introduced: 5' primer
ACCATGAACCCAAGTGCTGC; 3’ primer
GCTTCACTCCAGTTAAGGAG. PCR cycle
parame ters: 94°C 45s, 60°C 45s, 72°C 45s, 30
cyclesin all. PCR reaction mixture consi sts of
cDNA template (human or murine origin) 2 pL,
25 mmol/L MgCl, 8 pL, 10XPCR buffer 10 uL, 10
mmol/L dNTPs4 pL, Tag DNA polymerase 2 uL,
50 pmol/L upstream and downstream primers 2
uL each, and distilled water was supp lement to
100 puL.

Construction of human I P-10 recombinant plasmid
PCR amplification product was digested by
endonucleases Nhe | and Kpn |, meanwhile
pUC19 was cut by Xba | and Kpn |. After
purification by agarose el ectrophoresis, thesetwo
fragmentswereligated by cohesive ends and then
the recombinant plasmid was introduced into E.
coli line DH5 a. Clones were picked randomly
by blue/white screening, and identified by
endonucleases dige stion of Xba I/EcoR | and
Hind 111/Bgl I1.

Construction of murine crg-2 recombinant
plasmid Murine crg-2 recombinant plasmid
was constructed by T/A cloning according to
literaturel®. Five pg pGEM3Zf(+) was
digested by Sma |I. After purification by
electrophoresis, 10 pl 10 x PCR buffer, 1 pL
100 mmol/L dTTP, 1 pL Taqg DNA polymerase
and distilled water were added to make afinal
volume of 100 pL and incubated at 75°C for 2 h.
The PCR product was ligated with vector and
the recombinant wastransformed into DH5a, clones

were sel ected by blue/white screening, miniprepswere
extracted and the right insert was confirmed by
endonuclease digestion with BamH | or Hind I11.

Sequence analysis DNA sequence analyses were
conducted in the Central Lab of our university with
automatic DNA anayzer (PE373-A, USA) according
to the methods of Sanger.

RESULTS

PCR amplification of IP-10/Crg-2 encoding
sequence

PCR reactions were carried out using the
obtained cDNAs of human fibroblast and murine
liver treated by IFN-y or TNF-a as the
templates. Electrophoresis of PCR products
indicated that fragments of about 300bp were
amplified in each of the reaction mixture, which
were consistent with our expectation of 322bp
and 314bp(Figure 1).

Figure 1 Amplification of human IP-10 and murine crg-2 gene by
PCR.

1. crg-2 gene fragment (306 bp); 2. IP-10 gene fragment (314 bp); 3.
100 bp PCR marker (1500, 1200, 1000, 900, 800, 700, 600, 500,
400, 300, 20 and 100 bp fragment, from top to bottom. The 500
and 1000 bp fragme nt serve as reference bands).

Construction and identification of recombinant
plasmids

For recombinant constrution of human IP-10,
purified PCR product was ligated with
endonucleases-digested pUC19, and the
recombinant was transformed into E.Coli line
DH5a. White clones were picked and confirmed
by dual endonucleases digestion with Xba I/EcoR
| and Hin d 111/Bgl 11. Electrophoresis of 20 g/L-
showed that fragments of about 237 bp and 318 bp
were released respectively. This clone was
identified as positive and named pUC19/h-1P-10
(Figure 2, lane 1-3). For vector construction of crg-
2, theamplified fragment wasligated directly with
pGEM3Zf(+) T vector, and recombinants were
analyzed by single endonuclease digestion with
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BamH I orHind I11. Electrophoresis of 20 g/L showed
that afragment of 251 bp or 204 bp was released the
positive cloneswerenamed pGEM 3Zf(+)/crg-2 (Figure
2, lane5-7).

Sequence analysis

Minipreps of puC19/IP-10 and pGEM 3Zf(+)/crg-
2 were prepared according to the manual of
Promega Wizard Minipreps kit. Samples were
analyzed with automatic sequence analyzer.
Sequencing results showed that the 306 bp and
314 bp inserts were completely identical with
reported sequences of 1P-10" and crg-2#, flanked
by introduced endonucl ease sites or added single
T (Figure 3).

Figure 2 Identification of pUC 19/1P-10 and pGE M3Zf(+)/crg-
2 recombinant clones by restriction endonucleases digestion.1.
pUC19/1P-10 control; 2. pUC19/1P-10 by Xba-l1+Eco R I; 3. pUC
19/1P-10 by Hin d 111+Bgl II; 4. 100bp PCR marker; 5. pPGEM3Zf
(+)/crg-2 control; 6. pPGEM3Zf(+)/crg-2 by Hin d 11I; 7. pGEM3Zf
(+)/crg-2 by BamH I.
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Figure 3 The nucleotide sequence of IP-10/crg-2 gene encoding
region.
Human IP-10 sequence (above); murine-crg-2 sequencing
(below).

DISCUSSION

The growth of tumor is dependent on the
vasculature for nutrition and oxygen.
Destruction of established vascul ature will lead
tumor cells to necrosis or apoptosis, that isthe
main idea of angiostatic therapy. Tumor cellsare
highly heterogenic and multiple drug resistance
(MDR) is very likely to be induced. But its
endothelium, is more stable and susceptible to
treatment and causes littlel® MDR. In normal
adult, endothelium remains in dormant status
except for wound-healing and menstruation. So
inhibiting the process of active angiogenesis of
tumor will eventually selectively cure the
neoplasms and its metastasis without induction
of MDR.

IP-10 wasinitidly identified in 1985 asamember
of CXC subfamily in chemokine superfamily!.
The family of chemokines is characterized by
4 highly conservative cysteines at the N
terminus of protein. Most chemokines are basic
heparin binding protein possessing the activity
of chemotaxis, which play important roles in
inflammation and wound healing. According the
different structures, gene location and
bioactivities, this family can be divided into 2
subfamilies, CC and CXC subfamily. The first
2 cysteines of CC subfamily are adjacent with
each other, while in CXC subfamily the
cysteines were separated by a single random
residue. IP-10/Crg-2 is a secreted protein
consisting of 98 amino acids, of which the first
21 amino acids represent a signal peptide, with
aM, of 6000-7000 for mature form. Itsreceptor
CXCR3 was successfully cloned in 1996!.The
receptor belonging to seven transmembrane G-
protein coupled receptors expressed primarily
on activated T cell. The best-described
bioactivities of IP-10/Crg-2 include
angiogenesis inhibition, bone marrow
hemopoeitic stem cell inhibition, chemotaxisfor
activated T cell and monocyte-macrophage!'®.
Among them, the most attracting property isthe
effect on vasculature, especially after it is
found to be the downstream molecule for IFN-
y or I1L-12 to induce the regression of tumort®
111, But most researches are focused on its
induction or its effects on various kinds of
tissues and cells, and are far from the insight
of itsbiological activity and signal transduction
process.

We amplified the complete cDNA sequences of
IP-10/Crg-2. The target gene clones were
established and confirmed by endonucleasedigestion
and sequence analysis. This will help us further
clarify the bioactivity of 1P-10/Crg-2 and the
downstream mechanism after receptor binding.



244 ISSN 1007-9327 CN 14-1219/ R WIG June 1999 Volume 5 Number 3
6  Borovkov AY, Rivkin MI. Xcm |-containing vector for direct
REFERENCES cloning of PCR products. Bio Techniques, 1997;22:812-814
1 Folkman J.Antiangiogenic gene therapy. Proc Nat Acad Sci USA, 7  Andrew DL, Jay CU, Jeffrey VR. y-interferon transcriptionally
1998;95:9064-9066 regulates an early response gene containing homology to platelet
2 Keane MP, Arenberg DA, Lynch JP, Whyte RI, lannettoni MD, proteins. Nature, 1985;315:672-676
Wilke CA, Morris SB, Glass MC, DiGiovine B, Kunkel SL, Strieter 8  Vanguri P, Farber JM. Identification of CRG-2: An interferon
RM. The CXC chemokines, IL-8 and IP-10, regulate angiogenic inducible mRNA?predicted to encode a murine monokine. J Biol
activity in idiopathic pulmonary fibrosis. | Immunol, 1997;159: Chem, 1990;265:15049-15057
1437-1443 9  Thomas B, Judah F, Timothy B, Michael SO. Antiangiogenic
3 Sgadari C, Angiolillo AL, Tosato G. Inhibition of angiogenesis by therapy of experimental cancer does not induce acquired drug
interleukin 12 in mediated by the interferon-inducible protein 10. resistance. Nature, 1997;390:404-407
Blood, 1996;87:3877-3882 10 Baggiolini M, Dewald B, Moser B. Human chemokines: an update.
4 Marcel L, Basil G, PiusL, Simon AJ, Luca P, lan C, Marco B, Annu Rev Immunol, 1997;15:675-705
Bernhard M. Chemokine receptor specific for 1P-10 and Mig: 11 Yu WG, Ogawa M, Mu J, Umehara K, Tsujimura T,
structure, function and expression in activated T lymphocytes. J Fujiwara H, Hamaoka T. IL-12 induced tumor regres-
Exp Med, 1996;184:963-969 sion correlates with in situ activity of IFN-gamma pro-
5  Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a laboratory duced by tumor-infiltrating cells and its secondary in-

manual. 2nd ed. New York: Cold Spring Harbor Laboratory Press,
1989:60-87

duction of anti-tumor pathways. J Leukoc Biol, 1997;62:
450-457

Edited by MA Jing-Yun



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

WJG, 1999 June; 5(3):245-248
World Journal of Gastroenterology
Copyright]1999 by the WJG Press ISSN 1007-9327

Pathogenic effects of Opolysaccharide from

Shigella flexneri strain *
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Subject headings Shigella flexneri strain;bacterial
antigen; O-polysaccharide,virulence

Abstract

AIM To investigate the specific pathogenesis
of O-polysaccharide (O-PS) which is on the
outer membrane of lipopolysaccharides
(LPS) from Shigella flexneri.

METHODS The O-PS was isolated and
purified from Shigella flexneri- 5 M90T by
enzymatic hydrolysis and gel
chromatography. Effects of O-PS were
observed by /in vitro experiment, (HeLa cell
culture), and /in vivo experiment (rabbit ileal
loop assay).

RESULTS In vitro and in vivo experiments
with the purified O-PS from Shigella
flexneri-revealed that the O-PS alone was
toxic to Hela cells and caused mucosal
inflammation and hemorrhagic exudation in
ileal loop of rabbit.

DISCUSSION O-PS might be one of the factors
causing diarrhea and its mechanism was
different from endotoxin reaction of LPS. The
molecular mechanism of O-PS need further
studies.
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INTRODUCTION

Shigella flexneri is one of the pathogens which
causes diarrhea and its pathogenic mechanism is
still unclear, even though extensive investigations
were carried out worldwide. It has been known that
the invasive outer membrane protein encoded by
its plasmid DNA plays a primary role in bacterial
infection. The roles of other factors, especially
lipopolysaccharides (LPS), were also better
understood. The specific pathogenesis of O-
polysaccharide (O-PS) which is on the outer
membrane of lipopolysacchrides remains unclear.
To understand the pathogen esis of the O-PS of
Shigellaflexneri, weisolated and purified the O-
PS from Shigellaflexneri- 5 M90T and observed
the pathogenesis of O-PSin vitro and in vivo.

MATERIALS AND METHODS

Materials

Strain Wild-typeShigellaflexneri 5SM 90T wasprovided
by Pasteur Institute (French).

Medium Lauria-Bertani (LB) medium.

Reagents Proteinase K was purchased from Merck,
Sephadex G50 from Sigma, fetal bovine serum (FBS)
from Institute of Hematology, Chinese Academy of
Medical Sciences, 1640 medium from GIBCO, and
nucleasefrom Huame.

Methods

Preparation of O-PS (U Cultivation of bacteria
and harvest. A single colony of Shigellaflexneri-
5M90T was inoculated onto LB plates, incubated
at 37°C overnight and harvested into a clean
centrifuge tube. The bacteria were washed with
20 mmol/L Tris-HCI (pH 7.4) buffer, lyophilised
and ground to powder in amortar. 2 |solation of
LPS by enzymatic hydrolysis and g el
chromatography!*?. Bacterium powder (25 mg)
was suspendedin 1.0 mL ddH,0O, boiled for 15min
and centrifuged to remove cell debrits. The
supernatant was added with DNase (50 mg/L) and
RNase (100 mg/L) and incubated at 37°C for 1
hour, then added with proteinase K (1mg),
incubated at 60°C for 1 hour, boiled for 5 min
and centrifuged for supernatant. The supernatant
was then dialyzed against ddH,O overnight and
centrifuged again. The supernatant, the crude LPS,
was separated by a Sephadex G50 chromatography
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column with elution of ddH,O. Thefirst peak was
collected, lyophilized and stored at 4°C. 3
Preparation of O-PS by acid hydrolysisi?®. LPS
was hydrolyzed in 1% acetic acid at 100°C for 2
hours. The solution was then centrifuged and the
supernatant was separated by gel
chromatography and O-PS was collected as
described above.

Quantification of carbohydratesby thesulfuric
acid-phenol method A proper amount of O-PS
was dissolved in 2 mL ddH,O, mixed well with 1
mL 5% phenol and then added with 5 mL sulfuric
acid. The mixture was incubated at room
temperature for 10 min and transferred to 25C-
30°C water bath for 10 min-20 min. The
carbohydrate content was quantified by mea
suring absorbance at 480 nm with 10 mg/L-100
mg/L rhamnose as standard.

Antigenicity measurement of O-PS by ELISA
Rabbit antisera against -Shigellaflexneri-5 M90T and
enzyme-conjugated goat antirabbit 1gG were added to
the plate coated with 50 mg/L O-PS. Theantigenicity of
O-PS was determined by color reaction density after
adding TMB.

Effects of O-PSon Hel a cell With 1640 medium
containing 10% bovine sera, penicillin and
streptomycin, HeLa cells were cultured into
monolaye r and transferred into a 12 hole tissue
culture plate. When cells grew onto the plate walls
and formed small clumps, the medium wasreplaced
by fresh one. O-PSwas added to each holeto reach
afinal concentration of 100, 200, 500 and 1000 g/
L respectively and incubated under 5% CO, at 37
‘C. Growth and morphology of the HeL acellswere
observed every 24 hours.

Rabbit ileal loop assay Rabbits were fasted
for 24 hours. Therabbit ligated ileal loops (5 cm)
were prepared in rabbits (weight 2 kQ)
anesthesized with procaine hydrochlorideby local
infiltration. Twenty pg O-polysaccharidesin 0.5
mL saline was injected into the loop. Rabbits
were sacrificed 24 hours later. Portions of tested
loops were taken and fixed in 10% buffered
formalinimmediately. The pathol ogic slicesof the
specimen were prepared with standard
procedures.

RESULTS

Purification of O-PS from Shigella flexneri 5 M90T
Separation of the crude O-PS by Sephadex G50
showed three major peaks of carbohydrates
measured with the sulfuric acid- phenol method
(Figure 1). According to references® and the

molecular weight, the peak | was thought to be
the long-chain O-PS.This was confirmed by
ELISA analysis which gave rise to positive
results with peak | by using antisera against -
Shigellaflexneri- 5 M90T. On the contrast, peak
[l yielded negative resultswith ELISA analysis.
Peak |1l was not analyzed due to its small
amount and low molecular weight. Therefore, it
is plausible that peak Il and Ill were the
fragments generated in acid-hydrolysis. Peak |
is the O-PS based on its molecular weight and
antigenicity.

25

10

Carbohydrate content (mg/L)}

Figure 1 The curve of carbohydrate content quantified.
The crude O-PS was separated by Sephadex G50 with elution of
ddH,0.

Toxicity of O-PS to HelLa cells

Thetoxicity of O-PSto HelL acells demonstrated as
cell shrinking and falling off from plate wallswithin
48 hours. The cytopathic effect of HelL a cells was
positively related to the concentration of O-PSin
medium (Figure 2).

Effects of O-PS on ileal loop of rabbits

After 24 hours of injection of 20 ug O-PSintoileal
loop of rabbit, mucosal inflammation and
hemorrhagic exudation inileal loop of rabbit could
be observed. When observing the pathologic slice
of the specimen under light microscope, we could
see inflammatory reaction, the mucosa and
submucosa had moderate to severe hyperemia and
infiltration of neutrophils and lymphocytes, the
muscularis and serosa had mild hyperemia and
infiltration of whiteblood cells. Therewere necrotic
substances and hemarrhage in the lumen.

DISCUSSION
Shigellaflexneri isan intracellular pathogen which
causes acute inflammation by infection of the
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Figure 2 Effect of various doses of O-PS on HelLa cell.

Normal HeLa cells (A), and HeLa cells in the medium containing
1000 (B), 500 (C), 200 (D), 100 (E) pg/mL O-PS respectively.
x200

mucosal membrane of the large intestine and
damages the mucosal epithelial cells, leading to
ulcer. It has been shown that the infection of
Shigellaflexneri isaccomplished by releasing the
across membrane signal swhichinduce aggregation
of actin and polymerization of myosin to trigger
the endocytosis. This will bring about the
breakdown of membrane and allow bacteriato get
into cells, proliferate and move in cells, diffuse
into surrounding cellsand eventually kill the cells
infected by inhibiting respiration!®. These
functions were dependent on the presence of O
antigen and involved in form a “tail-like” actin
structure on the bacterium surface as a motile
appratus. Asfor theinfection of Shigella flexneri,
LPS plays an important role in ind ucing
inflammation. For example, antibodiesagainst L PS
showed protective effects for inflammatory
reaction and the mutants defective in O-antigen
can not cau sekeratitisin guineapigs, although it
is able to invade HelL a cells. However, littleis
known about the roles and mechanisms of LPS
played in theinfection of cells.

LPS of gram negative bacteriais composed of
lipoid A, core polysaccharide and O-PS. Among
them, lipoid A, the principal component of LPS,
causes pathological or physiological damages by
inducing some cellular factors!®. But O-PS is
generally thought to determine the antigenicity of
the bacterium and itsres istance to the defendance
of the host cells'™. In recent years, the specific
pathogenesis of O-PS has received increasing
attention worldwide!®®. There are reports using
whole baterium in the research, but the role played
by each component of LPS has not been
distinguished. For example, enteroinvasive
Escherichia coli (EIEC) can be strongly
recognized by the antiseraagainst O-PS, suggesting
that the structure of O-PS may be related to its
toxicity. The Shigellavaccine of the same serotype
was efficient; the mAb against O-PS of Shigella
flexneri could inhibit contact hemolytic activity!*9.
All these indicate the importance of O-PS in
pathogenesis of Shigellaflexneri. Therefore, itis
important to investigate the pathogenesis by using
purified O-PS.

In this paper, we studied Shigella flexneri
pathogenesisby using purified O-PSbothinvitroand
in vivo. We have modified Eidhin’s method to
improvethe preparation of crude L PS by conducting
additional steps of nuclease digestion and Sephadex
G50 gel chromatography. The experiment showed
that M90 O-PS alone was toxic to Hel a cells and
caused mucosal inflammation and hemorrhagic
exudation of ileal loop in rabbits. It appearsthat the
toxicity to HeLa cellsand ileal loop pathogenesis
resulted from a common factor. Our experiments
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showed that Shigella flexneri O-PS may a so be one of
thefactorswhich cause diarrhea. However, itsmolecular
mechanismisgtill nuclear and need further investigations.
Themethods and results presented in thisreport provide
abasistostudy diarrhea pathogenesisand anew thought
to develop diarrheavaccines.
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The pathogenesis of severe acute pancreatitis
(necrotizing pancreatitis) iscomp licated and has not
been elucidated up to date. In my opinion, it is
multifactorial, and aggressive treatment should be
directed to the mutifaceted pathophysiology™. A
cumulative series of twenty cases were treated with
theregimeni .e., combined traditional Chinese and
modern medicine. No death, almost no morbi dity
and no serious complications, such as ARDS and
DIC occurred, only mental co nfusion as sequela
occurred in a patient with previous cerebral
infarction. The present article is to discuss the
mechanism of actions of the medicins used in this
treatment regimen.

THE PATHOGENESIS OF SEVERE ACUTE PANCREATITIS
Itinvolves D therelease of pancreatic and lysosomal
enzymes by the pancreatic acini which induce
pancreatic autodigestion; 2 theincrease of vascular
permeability, resultinginmicrocircul atory impairment;
and (3 overstimul ation of macrophagesand neutrophils
with release of many cytokines, inflammatory
mediators (leukotrienes, prostaglandins, platelet
activating factor) and free radicals. These factors
interact with one another producing pancreatic acinar
damage and intestinal epithelial barrier dysfunction.
If not corrected instantly, it might lead to gut barrier
damage and translocation of intestinal bacteria and
endotoxin, resulting in a*“second attack” caused by
infection and endotoxemia, producing multiorgan
dysfunction syndrome and eventually multiorgan
fallture.

Severe acute pancreatitis is most frequently
precipitated by gallstone, biliary sludge,
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microlithiasiswith or without bilereflux, obstruction of
biliary-pancreatic common pathway, high fat anf high
protein diet, a cohol consumption andischemiaherein
Shanghai, hence, | think it is multifactorial and
multifaceted adisease. The detailed mechnism will be
delineated in another paper.

OCTREOTIDE AND SOMATOSTATIN

On reviewing the medical literature, octreotide
and somatostatin are found to act on many facets.
Either of them inhibits cholecystokinin which
stimulates the synthesis, secretion and rel ease of
pancreatic enzymes!?, concomitantly it also
stimulates and activates the monocytic-
macrophagic system, lower the end otoxin level in
acute necrotizing pancreatitis®!. An experimental
study showed that somatostatin could cause the
blockage of endotoxin, IL-1, IL-6, IL-2, TNF-a
and restore them to a near normal levell*.,
Microcirculatory impairmentistheinitiatingaswell
as aggravating factor in necrotizing pancreatitis,
octreotide could decrease the small intestinal and
colonic blood flow, and cause redistribution
intrapancreatically, as well as decrease of the
blood flow to the islets and to the cells secreting
hormones with vasodilating property®. Thisisa
very important point in contrast to the viewpoint
that ortrotide decreased pancreatic blood flow in
the past. Another experimental study al so showed
the pancreatic microcirculatory impairment
mimiced the ischemia-reperf usion damage in
humans, with impaired arteriolar perfusion,
increased vascular permeability and aggregation
and stasis of neutrophils in the postcapillary
venules. Via the mediation of the adhesive
molecules on the vascular endothelium, the
neutrophilsinteracted with the endothelial cells,
the oxygen free radicals pro duced by the
neutrophils damaged the vascular endothelium,
resulted in endothelial swelling, making the
capillary lumen narrowed and obstructed, and the
functional capillary density decreased. By given
octreotide, the changesin the postcapillary venules
were much lessened as compared with those not
given octrotide, the statistical difference was
significant®. No adhesion of neutrophilsin the



250 ISSN 1007-9327 CN 14-1219/ R

WIG June 1999 Volume 5 Number 3

postcapillary venuleswereseen, indicating that octreotide
attenuated the interaction between neutrophils and
endothelial cells, thus provideding aprotective effect.
Octreotide also increased PGI, level”, inhibited the
synthesisof vasocongtricting leukotrienesand decreased
the eicosanoid productd®. Basing on the above facts,
octreotide or somatostatinisarequisitein thetreatment
of severe acute pancreatitis.

BUPLEURIUM-PEONY CHENG QI DECOCTION

The herbal mixture Bupleurium-Peony Cheng Qi
decoction has seven constituents: Bupleurum,
White peony, Scutellaria, Rhubarb (Rhei
Rhizome), Unripe bitter orange, Magnolia
bark, Refined mirabilite. This herbal mixture
also acts on multifacets of the disease, among
which, rhubarb is the major constituent®. It
inhibits the secretion and activity of the
pancreatic enzymes, such as trypsin, lipase,
phospholipase A2, chymotrypsin, elastase,
amylase, kallikren -kinin and is synergistic with
octrotide (or somatostatin) in this aspect. It
stabilizesthelysosomal membrane of acinar cells
1 which is important in attenuating the acinar
damage. It inhibits the inflammatory cytokines,
its ant hracene derivative inhibits the phagocytic
function of phagocytes, thereby inhibiting their
overstimulation. Asit isknown, cytokines, such
aslL-6,1L-1, IL-8 and TNF-a, are released by
overstimulation of macrophages. A recent
experimental study showed that acute phase
proteins were induced by IL-6 and inhibited by
rhubarb. Furthermore, the neutrophilicinfiltration
was only minimal in the necrotizing pancreatitis
rats. The chemotactic effect of neutrophils on
the inflamed area was by IL-8. Rhubarb can
neutralize and expel the endotoxin, resulting in
low blood endotoxin level with subsequent low
release of TNF-a, these are the indirect
evidences of rhubarb’s inhibitory effect on
cytokinerelease!”. Rhubarb al so inhibitsvascul ar
permeability, after oral administration, rhubarbis
more concentrated in the pancreas, liver and
kidney, whereas the brain and the lung are the
next, and inhibition of the vascular permeability
can cause cessation of exudation in the above
organs and tissues. This is crucial in the
prevention of local complications of the pancreas
itself as well as prevention of leakage of fluid
into the peritoneal cavity which causes peritonitis,
hypovol emiaand hypoal buminemia, adultrespiratory
distress syndrome (ARDS) and pancreatic
encephalopathy!™. It also inhibitsNa*, K*ATPase,
impedes the transport of Na* from intestinal
lumen into the cells and increases the volume
of luminal contents, as the osmotic pressure
increases within the colonic limen, intestinal wall is

then stimulated and peristalsis increased.
Concomitantly, the plasmaoncotic pressure
increases, water switches to the blood circulation
fromthetissue. Inthisrecipe, bupleurum and unripe
bitter orange can increase the gastric emptying and
small intestinal propulsion, refined mirabilite can
also promote small intestinal peristatsis. Asawhole,
the herbal mixture restores the gut motility and
absorptive function of the Gl tract, relieving
intestinal paresisand even paralysis. Magnoliabark
and white peony relax the gut smooth musculature
to restrain the overaction of the rest constituents.
When the tongue becomes moistened, it indicates
the gut function is restored®. Rhubarb has also
broad-spectrum antibiotic action, invitroit inhibits
bacteroid fragilis, streptococci, B.Coli etc.,
neutraliges and expel sthe endotoxinintheintestinal
limen. It of particular importance in the prevention
of dislocation of intest inal bacteria and endotoxin
[, It decreases blood lipids, inhibits prot ein
catabolism, reduces urea synthesis and promotes
urinary excretion of ureaand creatinine'®. Rhubarb
has another important effect, i.e., a powerful
relaxant of Oddi’ s sphincter, it can antagonize and
abolish the contracting effect of octrotide, in favor
of pancreatic fluid and bile drainage. This is of
particular importance in the management of severe
acute pancreatitis especially in cases with stonein
the common bile duct. One of the precantions is
that rhubarbcannot be decocted too long, i.e., two
minutesisenough, otherwise many of itsbeneficial
effectswill belost.

Bupleurum hastransquilizing and analgesic effects,
italsoinhibitsthe growth of hemolytic streptococcus,
staphylococcus aureus in vitro, also protects liver
cells and decreases serum cholesterol and
triglyceride, moreover, it enhances the intestinal
contractility by acetylcholine. Another important
effect is that it can stmulate the secretion of
endogenous glucocorticoids!*™ which can inhibit
excessive secretion of cytokines and inflammatory
mediators and protect acinar cells.

Unripe bitter orange has biphasic action on gut
smooth muscle, low concentration stimulates, high
concentration inhibits, which is dependent upon the
functiona statusof the Gl tract and the concentration of
theherba medicine. It hasasynergistic effect onthe Gl
muscul ature with bupleurum, refined mirabilite and
rhubarb.

White peony inhibits amylase and has a weak
relaxing effect on the Oddi’ s sphin cter.

Scutdlariahas antibiotic effect on staphylococcus
aureus, streptococcus, B.Coli, pseudomonas
bacillus, etc. It decreases free fatty acid,
triglyceride, serum and hepatic cholesterol and
transaminase levels. High fat diet is often one
of the precipitating factors of severe acute
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pancrestitis, freefatty acid can cause lipoperoxidation
and damage the vascular endothelium and acinar cells,
and scutellariainhibitslipoperoxidation both viavitamin
C-Feand NADPH-ADProutes. It canadsoinhibit release
of histamine by mast cells, and the cyclo-oxygenaseand
li po-oxygenase pathwayswhich produceinflammatory
mediators. Besides, itinhibitsthromboxane A, synthase,
reduces platel et aggregation and its adhesive function,
promotes PGE; and PGE; levels, and transformation of
fibrinogen to fibrin and prevents endotoxin induced
disseminated intravascular coagulation (DIC). Finally,
scutellaria a so has the effect of lowering the elevated
temperature.

SALVIA MILTIORRHIZA

Salvia Miltiorrhiza (Dan Shen) inhibits platel et
aggregation, decreasesblood viscosity, improvesblood
rheology and microcirculation, and inhibitsthe release
of lysosomal enzymesand chemotacting neutrophilsas
well. Besides, it isan antioxidant aswell asacalcium
ion antagoni<t, the latter isalso of great importancein
improving the microcirculation. Experimental studies
revealed that Ca?* influx occurred viathe acinar cell
membrane before the exocrine pancreatic secretion
started*®, and then some proteases were secreted. Ca?*
influx also occurred before the macrophages produced
and released the cytokines such as TNF-a, IL-6 and
IL-1. TNF-a is the crucial mediator of systemic
complications, it upregul ates adhesive molecules and
inducesexcessivenitric oxideformation and superoxide
freeradicds, damaging the pancreas substance and other
organs. Furthermore, it causes increased vascular
permeability inducing microcirculartory ischemia
Calciumion antagonist inhibitsthe release of TNF-a,
improves the ischemia and increases the vascular
perfusion, andit asoinhibitstheacinar cellsto produce
protease, ameliorating the inflammation and tissue
damage. Inour experience, Dan Shenisasoanimportant
therapeutic agent in the management of severe acute
pancrestitis.

By and large, the above seven constituents of the
herbal mixture have an overall effect on
interruption of the cascade in severe acute
pancreatitis. The herbal mixture restores the gut

motility; inhibits release of cytokines and
inflammatory mediatorswith subsequent attenuation
of neutrophilic infiltration; improves pancreatic
ischemia; prevents the dislocation of intestinal
bacteria and endotoxin; and lowers blood lipoids,
decreases lipoproxidation and reduces damages of
vascular endothelium and acinar cell memdrane.
Together with octreotide (or somatostatin) and Dan
Shen, these would provide asynergistic aswell asa
complementary effect. During the treatment, the
patients usually run a smooth course without
fluctuation and recover uneventfully, hence, their
combined use is of practical value and worth
recommendation of wide usein clinical practice.
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Diagnostic approach to patients with cholestatic

jaundice
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Conjugated hyperbilirubinemia due to any form
of hepatobiliary disease is essentially the result
of impairment in bile formation and/or bile flow,
acondi tion known as cholestasisi*Z. Cholestatic
jaundice is often accompanied by a broad
spectrum of laboratory, clinical, and histological
abnormalities. Laboratory abnormalitiesinclude
increased serum levels of alkaline phosphatase
and gamma-glutamyltransferase (GGT), and
variable elevation of bilirubin, serum copper,
ceruloplasmin, cholesterol, lipoprotein X, and
serum bile acids, aswell as of prothrombin time,
whichiscorrected by vitamin K supplementation.
There is minimal or no elevation of
aminotransferases. Clinically, pruritus, fatigue,
xanthomas, back pain from osteoporosis, pale
stools, or even steatorrhea may be present, with
evidence of fat-soluble vitamin deficiency.
Histologically, conjugated hyperbilirubinemiais
characterized by bile plugs (bilirubinostasis),
feathery degeneration of hepatocytes (cholate
stasis), small-bile-duct destruction, perich
olangitis, portal edema, bile lakes and infarcts
(typically with extrahepatic obstruction), and
finally, biliary cirrhosis*?l.

MECHANISM OF CHOLESTASIS

Bile formation originatesin hepatocytes with the
uptake and production of organic anions, bilirubin,
and bile saltsthrough diverse cellular transporters
that may be either sodium-dependent or
independent!”. Bile saltstaken up at the sinusoidal
surface of the hepatocytes are generally conjugated
to increase their water solubility and subsequently
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are excreted into the biliary tree at the apical
(canalicular) surface. Secretion is achieved via
the combined process of Na* coupled, carrier-
mediated, or vesicular-transport systems!4.
Multiple factors contribute to the impairment of
bile flow: Endotoxins are potent stimuli for
activating cytokine production from macrophages
[581 and have acute chol estatic effects on hepatic
bile production!™. Endotoxins and several
proinflammatory cytokines[tumor necrosisfactor
(TNF)alpha, interleukin (IL)-1, and IL-6 down-
regulate hepatic transport mechanisms that
determinebile acid-dependent bileflow, affecting
both bile acid uptake and canalicular secretion!®
%, These proinflammatory cytokines al so promote
the expression of MHC class Il molecules on
target cells, thereby enhancing target antigen
presentation(®. Proinflammatory cytokines
activate neutrophils and T and B cells, increase
the expression of intercellular adhesion molecules
(ICAMs), and may promote tissue damage by
direct action. It is proposed that these portal tract
inflammatory events can contribute to the down-
regulation of hepatocel lular bile salt transport,
and hence aggravate cholestasis. Unfortunately,
there are few cases of cholestatic jaundice in
which the specific cellular defect has been
identified. For most cholestatic process, multiple
defects may act in concert to produce disease.

EVALUATION OF THE PATIENT WITH CHOLESTATIC

IAUNDICE

The first question to be resolved is whether the
cholestasisresultsfrom intrahepatic or extrahepatic
disease process, bearing in mind that several
intrahepatic causesof cholestatic jaundicecanmimic
extrahepatic obstruction to varying degree!?4,
Comprehensive clinical evaluation comprising the
history, physical examination, and basic |aboratory
tests and the additional information provided by
ultrasonography (US) or computed tomography (CT)
are highly successful in making this important
distinction (Figure 1). Clinically important cluesto
extrahepatic obstructionsinclude abdominal pain, a
palpable gallbladder or upper abdominal mass,
evidence of cholangitis, and a history of previous
biliary surgery. Clinical clues to intrahepatic
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cholestasisinclude pruritus, asin primary biliary
cirrhosis (PBC) and primary sclerosing
cholangitis (PSC) patients!*?. Pruritus may be
prominent in alcoholic hepatitis and has been
reported in about 10% of patientswith acuteviral
hepatitist®.

History, physical examination, diagnostic tests
{ Fliminate, easative. factors if possible, order special tests: Serclogy, ANA, ASMA, AMA)
v
Ultrasonography/ CT
(Endoscopic US, and MR cholangiography in selected cases)

¥
Bile ducts dilated Bile ducts not dilated
4 v
ERCP/PTC Liver biopsy

Figure 1 Schematic of work-up of cholestatic jaundice.

AFP, alpha-fetoprotein; AMA, antimitochondrial antibodies; ANA,
antinuclear antibody; ASMA, anti-smooth muscle antibody; CT,
computed tomography; ERCP, endoscopic retrograde
cholangiography; MR, magnetic resonance; PTC, percutaneous
transhepatic cholangiography; US, ultrasonography.

The patient should be asked about risk factors,
including alcohol intake, medications, sexual
contact, drug abuse, needl e punctures, and travel
history. The family history is of value in benign
recurrent intrahepatic cholestasis (BRIC). Details
regarding the onset of jaundice and its duration,
whether intermittent or progressive, aswell asits
associated symptoms like darkening of the urine,
acholic stools, arthralgia, rash, weight loss, fever,
chills, and pain in the right upper quadrant should
be obtained®!. Physical examination shouldinvolve
careful observation of stigmata of chronic liver
disease, xanthelasma, clubbing, and
lymphadenopathy. Hepatomegaly is usual in
alcoholic liver disease, primary or secondary
hepatic neoplasm, infiltrative disease, and primary
biliary cirrhosis(PBC)!14. Marked splenomegaly
suggests cirrhosis with portal hypertension or
lymphoproliferative disease!***",

L aboratory work-up for cholestatic jaundice should
include complete blood count with differential,
urea, creatinine, electrolytes, and a liver panel
including alkaline phosphatase, GGT,
aminotransferases, albumin, bilirubin, and
prothrombin time. Immunol ogical markerssuch as
AMA,ANA,ASMA, ANCA, andimmunoglobulins
and serological markers for viral hepatitis are

helpful. Serum alpha-fetoprotein, carcinoembryonic
antigen, and CA19.9 may beincreased in patientswith
malignancies?®.

Clinical evaluation is quite sensitive, but has a
positive predictive value of only about 75%; that
is, about 25% of patients with suspected
obstruction actually have hepatocel lular disease!?.
The rare case of obstruction that is missed in the
initial clinical evaluation will probably become
apparent on follow-up evaluation, and thedelay in
establishing the correct diagnosisis unlikely to
harm the patient. If, on the other hand, obstruction
is suspected, then a more aggressive work-up is
appropriate.

USand CT have comparable sensitivity (85%-
96%) in detecting dilatation of the intrahepatic
and extrahepatic biliary tree in patients with
proven obstructiont®. USiswidely recommended
as the first-line imaging procedure in the
evaluation of cholestatic jaundice. Although
gallbladder stones are readily detected by US,
common bile duct stones may be missed in 60%
of patients because of the interference caused
by intestinal gas. Obesity may also lead to an
unsatisfactory study. Moreover, with the
exception of mass lesion in the head of the
pancreas, US usually does not identify the type
of obstruction.

CT ismorelikely to yield information regarding
thelevel of the obstruction, localizing thisin 90%
of patients!®!®, CT is also a reasonable first
choicein patientswith lymphoma, inwhom it may
provide information regarding retroperitoneal
lymph node involvement!?”. Although a negative
US or CT may represent alogical stopping point
in the diagnostic work-up of a patient in whom
obstruction is not strongly suspected on clinical
grounds, a negative study should not dissuade the
clinician from further evaluation of a patient in
whom obstruction is considered highly likely. In
patientsin whom the clinical suspicion of biliary
obstruction is supported by CT or US, direct
visualization of the biliary tree with percutaneous
transhepatic cholangiography (PTC) orendoscopic
retrograde cholangiography (ERCP) isappropriate
and necessary. PTC and ERCP have in common
99% sensitivity and specificity for the diagnosis
of biliary obstruction, and both are capable of
demonstrating the site and the nature of the
obstruction in more than 90% of patients'?Y. Both
also provide therapeutic interventions including
removal of stones, dilatation of strictures, and the
pl acement of stents across obstructing lesions,
as well as the placement of biliary drainage
catheterd?.

ERCP is the procedure of choice in suspected
ampullary or duodenal lesions in pancreatic
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carcinoma and when gallstone obstruction is
suspected, in which case sphincterectomy and stone
extraction can be implemented. Palliative stenting
of neoplastic obstruction and temporary stenting of
certain types of traumatic lesions of the common
bile duct are frequently accomplished with ERCP
(22l ERCPisalsoalogical first procedurein patients
with suspected PSC and in patients who have
undergone cholecystectomy in whom jaundice is
suspected on the basis of choledocholithiasis, since
USisoften unhelpful in this setting, asthe stoneis
likely to be missed and ductal dilatation may be
absent(?¥,

PTC isoften preferred when an obstructing lesion
high in the biliary tree is anticipated, as it will
permit visualization of the proximal extent of the
lesion and enable immediate biliary drainage of
obstructed intrahepatic ducts. PTC is also
preferred in patients with previous
gastrointestinal surgery like Billroth 11
gastrectomy!?4, PTC is usually contraindicated
in patients with mark ed ascites and
coagulopathy. In some instances, both PTC and
ERCP may be used to gether in a combined
therapeutic approach from above and below to
maneuver guidewires and stents across adifficult
obstruction. Sometimes hepatobiliary
scintigraphy, which is of established value in the
diagnosis of acute cholecystitis, may help in
evaluating biliary leaks and congenital
malformationg®!,

Recently, endoscopic CT and magnetic resonance
cholangiography have been found to be very helpful
in the diagnosis of biliary obstruction, especially in
the setting of liver transplantation!®?”, A negative
study obtained by ERCP or PTC represents a
reasonabl e endpoint to the work-up of obstructionin
the jaundiced patient. Liver biopsy may be
appropriate at thistime point. Minor complications
of acutting needle biopsy, such as prolonged right
upper quadrant pain, occur in up to 6% of cases'®!.
Major complications such as clinically significant
intra-abdominal bleeding are uncommon, and
mortality (almost always from hemorrhage) is
approximately 0.01%2°%%, Cholestasis per se does
not appear to increase the risk of a major
complication. Percutaneous liver biopsy is
contraindicated in patients with a significant
coagulopathy or substantial ascites; in these
instances, performance of atransjugular liver biopsy
(31 or not performing abiopsy at all are alternatives.
Weighing against these negative considerations are
the potential benefits of obtaining histological
information.

Liver biopsy may be of great valuein
differentiating hepatocellular cholestasis from
obstructive cholestasisi®*?.Unfortunately,

differentiating drug-induced cholestatic hepatitis
from other causes cannot be performed
histologically. A chief question in a patient with
cholestatic jaundiceiswhether thereissignificant
underlying chronicliver disease™® or aninfiltrative
process, particularly granulomatous disease,
lymphoma, or metastatic carcinoma®. Portal tract
neutrophilic infiltrates seen in liver biopsy are a
common accompaniment of biliary obstruction,
ascending cholangitis, outright sepsis,
cholangiolytic drug reactions, and
hyperalimentation. Finally, biopsy of the liver
is particularly helpful in differentiating the
cholestatic picture of alcoholic hepatitisfrom that
of cholangitisf*.

DIFFERENTIAL DIAGNOSIS

Cholestatic liver disease can be broadly
categorized as extra-or intrahepatic. The
extrahepatic component is best approached
anatomically. The intrahepatic component
comprises intrinsic disease, infiltrative disease,
systemic disease, and space-occupying lesions.
Prevalent clinical abnormalities (Tables 1, 2) will
be detailed in subsequent sections.

EXTRAHEPATIC CAUSES OF CHOLESTATIC

JAUNDICE

Among the extrahepatic causesof chronic cholestasis,
secondary sclerosing cholangitis due to
choledocholithiasisor biliary surgery isprobably the
most common. Thisis usually related to a single
stricture of the common hepatic duct or common bile
duct. Other causes of extrahepatic cholestasis are
listedin Table 1.

Table 1 Differential diagnosis of cholestasis and
hyperbilirubinemia (cholestatic jaundice)

CBD dilated: Best approach is anatomically

Ampulla of Vater
Stones, carcinoma of pancreas, chronic pancreatitis, ampullary neoplasm,
diverticulum, pancreatic cyst, abscess of pancreas, sphincter of Oddi
dysfunction

Common bile duct
Benign traumatic stricture, stones, choledochal cyst, cholangiocarcinoma,
parasites, hemobilia, extrahepatic atresia

Gallbladder
Carcinoma of gallbladder

Portal nodes

Cholangicarcinoma, lymphoma, metastatic carcinoma, cavernous portal vein

CHOLEDOCHOLITHIASIS

Although gallstones producejaundice by impaction
in the common bile duct, acute cholecystitisis
associated with mild jaundice in up to 20% of
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patients. Thisisattributed to edemaof the common
duct (Mirizzi syndrome) or to direct involvement
of the porta hepatis by inflammation®7. Common
duct stones retained after cholecystectomy may
produce jaundice in the immediate postoperative
period or even several years after
cholecystectomy. Acute gallstone obstruction is
often associated with pain from biliary colic or
from acute pancreatitis resulting from ampullary
obstruction. Sudden impaction of a stone in the
common duct may be associated with arapid rise
in aminotransferases 20-50 above normal,
followed by an equally rapid declinewithin 72 hours
[38, Cholangitisisrel atively common in patients
with choledocholithiasis and manifests as fever
with chills, abdominal pain, and jaundice, a
syndrome known as Charcot’s triad, although
jaundice may be absent in one third of patients
with cholangitis®™.

BENIGN STRICTURES OF THE BILE DUCTS

Benign biliary stricture in adults following
previous surgery and biliary atresia in the
pediatric population are the two most common
type of strictures!*®, PSC may produce multiple
or diffuse strictures that are not associated with
proximal ductal dilatation!*”, In patients with
chronic alcoholic pancreatitis, along stricture
may develop in the intrapancreatic portion of the
common duct, leading initially to cholestasisand
eventually to secondary biliarycirrhosist*t.
Ampullary stenosis may result in patients with
acquired immunodeficiency syndrome (A1 DS)!“2
or from the trauma of passing a stone.
Cholangitisis frequent in patients with benign
biliary obstruction, in contrast to its relative
infrequency in the framework of malignant
obstruction!*®,

NEOPLASTIC OBSTRUCTION

Pancreatic carcinomais the commonest neoplasm
producing obstructive jaundice. Other tumors
include cholangiocarcinoma, ampullary tumors, and
carcinomaof the gallbladder!*®#3l, Abdominal pain
radiating into the back, along with loss of appetite
and weight loss, may be present, but jaundice may
also develop without pain (usually progressive and
deep jaundice). Cholangiocarcinoma may obstruct
the biliary system at any level, and the clinical
presentation is similar to pancreatic cancer*4,
Cholangiocarcinomaof the extrahepatic bile ducts
may be growing into the lumen. The sclerosing
variant of cholangiocarcinoma, which frequently
arises at the confluence of theright and left hepatic
ducts (Klatskin’s tumor), may be difficult to
distinguish from PSC both radiologically and on
biopsy. Thistumor infiltrates early into the wall of

thebileduct, whereit dicitsamarkedly scleratic regponsg ™,

Tumors producing complete obstruction of the
common bile duct may be accompanied by marked,
pal pabl edil atation of thegallbladder (Courvoisier's
law). Ampullary tumors may produce intermittent
jaundice because of sloughing of the tumor and
partial relief of the block. Metastatic cancer may
obstruct the bile duct, as may |lymphomal®*él,
Hepatocellular carcinoma may uncommonly
rupture into the biliary system and give rise to
tumor emboli that lodge in and obstruct the
common duct®”. The extrahepatic ducts may be
compressed by adjacent tumor, by peribiliary
lymph node infiltrated by lymphoma, or by
metastatic carcinoma of breast*®!. Direct
infiltration of the ductsby lymphomamay also lead
to obstructiond,

UNCOMMON CAUSES OF OBSTRUCTIVE JAUNDICE
Choledochal cyst may first manifest as obstructive
jaundice after 17 years of age!*. A duodenal
diverticulum is arare cause of biliary obstruction.
Hemobilia, mostly a result of hepatic trauma,
including invasive procedures or neoplasm, presents
with the triad of biliary colic, jaundice and
gastrointestinal bleeding®™!. Invasion of the common
bile duct with Ascaris or with liver flukes of the
Fasciola, Clonorchis, or Opisthorchis genera may
produce cholangitis!®¥. Secondary sclerosing
cholangitis due to opportunistic infection of
immunodeficient patients has become increasingly
common sincetheadvent of AIDS. Cryptosporidium
parvum, cytomegalovirus(CMV), andMicrosporidia-
are the organisms most frequently found?.

INTRAHEPATIC CAUSES OF CHOLESTATIC

JAUNDICE

Intrahepatic cholestasis may arise from many sources
and presents, therefore, a particular challenge when it
developsintheserioudyill patient (Table2). Many insults
may cause local and systemic activation of the
inflammatory cytokine system, and thus these
proinflammatory events are potent inducers of
intrahepatic cholestasis.

INTRINSIC DISEASES

Drug-induced cholestasis. Drugsmay beresponsible
for 2%-5% of cases of jaundice in in-patients, and
this percentage is probably substantially higher
in the elderly™. The clinical presentation may
mimic viral hepatitis or biliary tract disease.
Serum sickness like features, including rash,
arthralgia, and eosinophilia, are cluesto adrug-
i nduced etiology™. Chronic cholestasistendsto occur as
arareidiosyncratic reaction to certain commonly used
drugs, including ampicillin-clavulanic acid,
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chlorpromazine, cotrimoxazole, erythromycin,
flucloxacillin, phenytoin, and tetracycline (Table 3)4.
The histological features vary from case to case and
over time. Generally, in the acute phase there is
parenchymal bilirubinostasis, in the chronic phase
bilirubinostasis commonly resolves, and features of
cholate stasis persist and ductopenia develops®.A
different pattern of drug-induced liver injury leading to
chroniccholestasi sisdrug-induced sclerosingcholangitis,
as seen following floxuridine treatment(®. Scolicidal
agents, injected into intrahepatic hydatid cysts, may
escape into the biliary system and cause stricture
formation that may ultimately lead tobiliary cirrhosis®.
[ n patientstaking numerousmedicines, theonly practica
approachistodiminatethedrugwiththehighest likelihood
of cholestaticinjury and monitor for improvement.

Table 2 (continued): Differential diagnosis of cholestatic jaundice

Normal CBD

Extrahepatic
Stone too early, stone too late, cholangiocarcinoma, and primary sclerosing
cholangitis

Intrahepatic
Intrinsic diseases
Drugs, alcoholic hepatitis, viral hepatitis, AIDS, primary biliary cirrhosis,
autoimmune cholangitis, primary sclerosing cholangitis, idiopathic
adulthood ductopenia, Autoimmune hepatitis, decompensated
liver cirrhosis

Infiltrative diseases
Granulomatous hepatitis (Tuberculosis, amyloidosis), sarcoidosis,
Lymphoma, leukemia, fatty liver

Systemic diseases
Sepsis, total parenteral nutrition (TPN), benign recurrent intrahepatic
cholestasis (BRIC), cholestasis of pregnancy, cystic fibrosis, disappearing
intrahepatic ducts syndrome, allograft rejection, graft versus host disease
(GVHD), sickle cell syndrome, mastocytosis, hypereosinophilic
syndrome, Hyperthyroidism

Space occupying lesions
Blood-hematoma, peliosis; pus-bacterial, amebic; cyst-hydatid, polycystic
Cancer-primary, secondary

Table 3 Common drugs known to cause cholestatic jaundice

Antimicrobial agents
Augmentin (amoxicillin-clavulanic acid), cloxacillin,
erythromycin, ethambutol, dapsone, fluconazole, nitrofurantoin,
griseofulvin, ketoconazole, terbinafine

Cardiovascular agents
Disopyramide beta-blockers, ACE inhibitors, propafenone,
ticlopidine, warfarin, methyldopa

Endocrine agents
Sulfonylureas, clofibrate, estrogens, tamoxifen, androgens, niacin,
oral contraceptives

Gastrointestinal agents
H2 blockers (e.g., ranitidine), penicillamine

Immunosuppressive agents
Azathioprine, cyclosporine, gold salts, NSAIDs (e.g. diclofenac,
nimesulide, piroxicam)

Psychopharmacologic agents
Tricyclic antidepressants, benzodiazepines, phenothiazines,
phenytoin, halothane

ACE: angiotensin-converting enzyme; NSAIDs: non-steroidal anti-
inflammatory drugs.

Alcoholic hepatitis. Alcoholic hepatitis with
severe cholestasis m ust always be considered.
Marked hepatomegaly with hepatic tenderness and
evidence of hepatocellular failure
(aminotransferases <500U/L), along with a
compatible history of alcohol intake and fever,
suggests the diagnosis. Alkaline phosphatase can
vary from normal to valuesin the thousands U/L.
Bilirubinlevelsrangefrom normal to 340 umol/L -
510 pmol /L™,

Viral hepatitis. Infrequently, asevere cholestatic
syndromemay follow the acute phase of viral hepatitis;
this is most commonly seen with hepatitis A,
Hepatitis C!%, and hepatitis E®Y. Despite the fact that
jaundice may be profound for up to 6 months, complete
recovery istherule. Recently, we described a case of
severecholestaticjaundiceintheelderly dueto Epstein-
Barr virusinfection, which led to adiagnostic delay
since the clinical presentation mimicked biliary
obstruction®,

AIDS. In AIDS-related cholangiopathy,
Cryptosporidium is the most frequent cause, but
Microsporidia, CMV, Mycobacterium avium-
complex, and Cyclospora have also been reported.
Papillary stenosismay be present in patientswith CD4
lymphocyte counts of <100/mm!® and alkaline
phosphatase >5001U/L .Jaundice is an unusual
manifestation of AIDS-related cholangiopathy. If
present, it suggests other disorders, including drug or
alcohol abuse or neoplasm!®,

Primary biliary cirrhosis. PBC could account
for cholestatic jaundice. Classic PBC is
described as a chronic non-suppurative
cholangitis associated with AMA positivity in
95% of cases (anti-M2). Thirty percent will
have positive ANAD4, Histolog ically, bileduct
injury along with portal inflammation are the
usual findings, which are most often associated
with elevationin alkaline phosphatase, IgM, and
cholesterol. A female predominance is
characteristic. Patients may, most commonly,
be asymptomatic at presentation or may
describe fatigue, pruritus, or right upper
quadrant pain. Less than 20% of patients will
have jaundice at time of presentation, and less
than 5% will exhibit complications of portal
hypertension!®¥. The majority of patients will
have associated autoimmune disorders
(Sjogren’s syndrome, scleroderma, and
arthritis). Ursodeoxycholic acid (UDCA) isthe
only drug shown to prolong survival and to
improve biochemical abnormalities. However,
there is no evidence that it improves liver
histology!®®. Presentation of HLA-II antigens
aswell asthe expression of ICAM-1and LFA3
induced by proinflammatory cytokineslike TNF-
alpha and interferon-gamma appear to
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contribute tothebiliary cell lysisobservedin PBCI®,

Autoimmune cholangitis. AIC is arecent entity
inwhich liver biopsy findingsareindistinguishable
from classic PBC, but AMA positivity islacking.
Clinical and biochemical parameters are similar
to PBC, except that in AIC other autoantibodies
such as ANA and ASMA are often found in
varying titers. The IgM titers are typically lower
aswell. These patients are treated asif they have
PBCLé7,

Primary sclerosing cholangitis. PSC patients are
more likely to be young men. PSC is associated
with inflammatory bowel disease in 40% of cases
(681 Current information suggests immune-
mediated damage of the biliary epithelium,
although a precise mechanism has not been
defined. Patientstypically present with cholestasis,
although occasionally jaundice and lesscommonly
portal hypertension are present. Serum ANCA is
positivein up to 80% of patients'®”. Both intraand
extrahepatic bile ducts are involved, although a
small percentage of patients have their disease
confined to the hilar extrahepatic duct. Liver
histology is not particularly useful in making the
diagnosis, but does aid in the diagnosis of small-
duct PSC (pericholangitis). Recurrent bacterial
cholangitis as well as the development of
cholangiocarcinoma and (in 15%-30% of cases)
carcinoma of the colon constitute the morbid
complications™. UDCA has no benefit in these
patients regarding survival and quality of life.
Whether other therapies such as FK-506 and
colchicine offer significant benefit has not been
established".

| diopathic adulthood ductopenia. Thisentity is
rare and is defined by the presence of ductopenia
(decrease of bile ducts in >50% of the portal
triads) and cholestasis in the absence of known
cholestatic liver disease. It is a diagnosis of
exclusion'”. In addition to ductopenia, the biopsy
may show lymphocytic cholangitis and features of
chronic cholestasis. In some patients the process
progresses to biliary cirrhosis. A recent report
suggests that UDCA may result in biochemical
improvement!™,

Autoimmune hepatitis. AIH can present as a
primary cholestatic disorder(™. By the criteria
proposed by the International Autoimmune
Hepatitis Group, a score can be calculated that
defines the probability of a diagnosis of AIH.
Patients are usually females (70% of cases) ANA
and ASMA are present in the serum of the majority
of patients. Furthermore hypergammaglobulinemia
is present in 80% of cases. Associated
autoimmune disorders include arthritis, rash,
thyroiditis, Sjogren’s syndrome, and ulcerative
colitisg™.

Decompensated chronic liver disease. Jaundice

may occur during the course of chronic hepatitis
or cirrhosis. In cirrhosis, jaundice often is
accompanied by other evidence of severe
hepatocellular dysfunciton and isaprognostically
grave sign. Cirrhosis induced by extrahepatic
obstruction is associated with increased levels of
circulating endotoxins!™, and elevated levels of
proinflammatory cytokines can be documented in
patientswith cirrhosis of biliary or viral origin(™.,

INFILTRATIVE DISEASES

Granulomatous hepatitis. GH is a common
cause of cholestatic liver disease. Most often the
liver manifestations are secondary to a more
disseminated process, but isolated GH has been
described!””. GH is a well-described entity
associated with along list of causes, including
sarcoidosis, infection (tubercular and fungal,
especially histoplasmosis), hypersensitivity
reaction, foreign-body reaction, malignant
conditions, inflammatory bowel disease, drug
reaction, and as a manifestation of other chronic
liver diseasel””. In one series, approximately 20%
of cases of patients with granulomas were
attributed to asso ciated liver conditions. On the
other hand, idiopathic GH accounts for 5%-36%
of cases in which hepatic granulomas are found
(781, Pathologically, hepatic granulomas are
usually multiple nodular infiltrates consisting of
aggregates of epithelioid cells or macrophages
surrounded by a rim of mononuclear cells. Mult
inucleated giant cells are sometimes present. The
normal architecture of the liver is usually not
disturbed. In some cases, granuloma may be
confined to the liver with no evidence of
extrahepatic granulomatosis. Clinically, patients
are often asymptomatic, and granulomas are
found as part of a work-up for abnormal liver
function tests or in the evaluation of fever of
unknown origin (FUO). In studies of FUO, GH
accounts for up to 13% of cases!”. In GH, non-
specific symptomsaretherule, usually including
malaise, anorexia, and fever. Manifestat ions of
profound cholestasis or hepatic failure are rare
[771In such ca ses, routine bacterial and fungal
blood culture aswell as special cultureand stains
of involved tissue would be required. GH tends
to follow a benign course,with spontaneous
recovery in most cases.

Sarcoidosis. Sarcoidosis is a systemic disease
characterized by non-caseati nggranuloma of
multiple organs. Seventy percent of patients have
hepatic granuloma. L ocalization of portal granuloma
may result in cholestasis with destruction of
interlobular bile ducts!®. A non-caseating
granuloma indicates a combined role of activated
CDA4 T cells and macrophages. Elevated alkaline
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phosph atase is the most characteristic abnormality
found on liver testing and may be reduced by
treatment with corticosteroids used to treat other
manifestations of the disease. Concomitant
intrathoracic disease, pulmonary symptoms, and
significant anemia/leukopenia make this diagnosis
very likelyt®s,

Lymphoma. Between 3% and 10% of patients
with lymphoma devel op jaundice duri ng the course
of their disease and its treatment®?, The causes of
jaun dice include hepatic infiltration, portal tract
destruction, obstruction of the extrahepatic biliary
tree, and jaundice associated with chemotherapy!®?.
Histiocytic lymphoma may produce a rapidly
progressive syndrome characterized by fever,
hepatosplenomegaly, deep jaundice,
lymphadenopathy, and pancytopenia. A rare
syndrome of lymphoma®associated idiopathic
cholestasis has been reported most commonly with
Hodgkin’s disease, but may also occur with non-
Hodgkin’slymphoma®.

Fatty liver. Fatty liver, or non-alcoholic
steatohepatitis, most commonly occursin middle-
aged women with obesity, diabetes, and
hyperlipidemia and a variety of other medical
problems. Cholestasis can be seen in about 5% of
patients wi th fatty liver®,

SYSTEMIC DISEASES

Bacterial infection (sepsis). Mild
hyperbilirubinemia develops in 1%-6% of
patients with bacterial infections. The bilirubin
is usually <170 pmol/L. Serum a lkaline
phosphatase levels range from 1.5 to 3-fold
above normal, whereas serum
aminotransferases usually show less than a 2-
fold increasel®!, The or ganisms most
commonly associated with infections producing
cholestatic jaundice are the gram-negative
bacteria. Gram-positive infection from
Staphylococcus aureus,in particular toxic shock
syndrome and streptococcal pneumonia, may
also be associated with jaundice!®®. The
pathogenesis of cholestasisin sep sisisunclear,
but direct hepatotoxicity from gram-negative
bacterial endotoxins,gram-positive bacterial
lipoteichoic acid, hepatic hypoxia, destruction
of tr ansfused red cells, and hematomas may
all play arole. Endotoxins and inflammati on-
induced cytokines such as TNF are potent
cholestatic agentsi®”-*, Bile may also precipitate
within larger intrahepatic bile ductsin conditions
inwhich sepsisisplaying arole, producing massive
ductular dilatation with retai ned bile at the
interface of the hepatic parenchyma and portal
tracts, so-called" cholangitislenta’™. Other uncommon
i nfectionsmay produce cholestaticjaundiceinclude

leptospira, clogtridium, andborrelia

Total parental nutrition. TPN-associated
cholestatic jaundice in adults usually follows
infusions containing in excess of 60% of calories
as lipids for a period longer than 3-4 weeks.
Gallbladder stasisisamost universal in patients
on TPN, with amarked increase in the incidence
of gallstones!®?. If the TPN cannot be
discontinued, it should be cycled around 10 hours
per day. Excess caloric infusion can be avoided
by keeping glucose <6 g/kg per day and lipid <2
g/kg per day. Recent reports have demonstrated
improvement in cholestatic param eters by
administration of UDCA!®¥, Patients receiving
hyperalimentatio n are susceptibleto developing
cholestasis because of the diminished stimulusto
bile flow associated with the absence of oral
feeding and release of hormones that stimulate
bile flow!®, as well as the direct oxidant stress
to th e liver. Whether there are toxic effects of
the hyperalimentation solutions hasnever been
clearly established!®®), However,
hyperalimentation fluids are hypertonic and may
aggravate a cholestatic state by further
desiccating bile t hrough osmotic effects®.

Benign recurrent intrahepatic cholestasis. BRIC
ischaracterized by recurrent episodes of jaundice
with pruritus, biochemical signs of cholestasis,
and hist ological hepatocanalicular
bilirubinostasis, with normal intra- and
extrahepatic bile ducts and absence of
inflammation and fibrosis, absence of factors
known to produce intrahepatic cholestasis such
as drugs or pregnancy, and symptom-free
interval st®®. Cholestatic episodes may last for
many months. BRIC may occur in sporadic or
familial form; the latter has recently been
attributed to ge netic abnormalities on
chromosome 18°". Asin Byler disease, GGT is
no rmal in the presence of high alkaline
phosphatase. The episodes eventually resol ve
without morphological sequelae.

Cholestasis of pregnancy. This entity occurs
recurrently in the third trimester of pregnancy in
susceptibleindividualsand resolves after parturition.
It is characterized by biochemical cholestasis with
pruritus, usually accompanied by jaundice.
Contraceptive drugs are arisk factor. Histology of
the liver is similar to BRIC. It is associated with
increased risk of premature delivery or stillbo rn
births®®. UDCA has been used with success®.

Cystic fibrosis. In the liver, mutation and
deletion in cystic fibrosis tran smembrane
conductance regulator impair biliary secretion
andresult in cholestasisin 15% of cystic fibrosis
patients’®, UDCA also may be useful in these
cases®, Biliary cirrhosisoccursin approximately
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5% of patients and affects more males than
femal es!*°%,

Disappearing intrahepatic bile ducts.
Disappearance of intrahepatic bile ducts occurs
in avariety of congenital and disease conditions
(Table 4). The pathogenic mechanism responsible
for bile duct destruction remains poorly defined.
M oreover, it islikely that multiple mechanisms
are operativeinindividual diseases. The primary
mechanism includesdirect or indirect cytotoxicity
of biliary epithelial cells, ischemic injury and
necrosis, and progressive obliterative peribiliary
fibrosis/to2,

Table 4 Causes and syndromes of ductopenia in the adult
patient

Syndromatic ductopenia (Alagille syndrome)
Non-syndromatic adult ductopenia

Ductal plate malformation (congenital hepatic fibrosis, biliary atresia
Primary biliary cirrhosis, autoimmune cholangitis

Primary sclerosing cholangitis

Chronic rejection

Graft-versus-host disease

Sarcoidosis

Cystic fibrosis

Byler disease (progressive familial intrahepatic cholestasis)
Histiocytosis X and

Different drugs (amoxicillin-clavulanic acid, carbamazepine)
Duct destruction after regional chemotherapy (e.g. floxuridine)
Idiopathic adulthood ductopenia

Allograft rejection. Causes of cholestasis after
liver transplantation are multifactorial, including
postoperative dysfunction of the biliary tree
(ductularor vascular), infection, recurrence of the
primary disease, drugs, and rejection . In both acute
and chronic rejection, small bile ductsare destroyed,
resulting in cholestatic changes. Alkaline
phosphatase, bilirubin, and GGT, along with am
inotransferases, are elevated. Because of their lack
of specificity, histological evaluation is needed to
make the diagnosisi*®!,

Graft-versus-host disease. GVHD isthe mgor
complication of allogeneic bone marrow
transplantation. Donor T cells recognize foreign
host antigens in an immunocompromised host,
resulting in injury to skin, intestine, and liver. In
liver,the small bile duct cells are the primary
targets of injury. The diagnosis is based on the
development of rash, diarrhea, and elevated
alkaline phosphatase. Acute GVHD usually begins
in the third week, whereas chronic GVHD
developsat around the sixth month after transplant.
The extreme hyperbilirubinemia seems out of
proportion to thedegreeof bileduct or hepatocel lular
damagel'®l. Although liver biopsy can be

performed, skin or rectal biopsy is preferred.

Sckle cell anemia. In patients with sickle cell
anemia, jaundice may occur from avariety of factors,
including vira hepatitis, choledocholithiasis, hepatic
sicklecell crisis, and asyndromeof severeintrahepatic
cholestasis. Hepati c sicklecell crisisischaracterized
by severe right upper quadrant pain, fever,
leukocytosis, jaundice, tender hepatomegaly, and
moderateel evation of akalinephosphatase. Resolution
of acute symptomswith hydration and analgesiamay
befollowed by persistent cholestatic jaundice for
several weeks!'®,

Postoperative jaundice. The prevalence of
jaundicefollowing major surgery hasbeen estimated
at 17% for bilirubin levels of 2 mg/dl-4 mg/dI, with
4% of patientsd eveloping more pronounced
elevations. The etiology of cholestatic jaundicein
th e postoperative period may be discrete or
multifactorial. Responsible factorsin clude sepsis,
drug- oranesthetic-induced hepatitis, and
obstruction of the biliarytree resulting from
pancreatitis, choledocholithiasis, or direct injury to
the biliary treel'®, The entity termed “benign
postoperative cholestatic jaundice” occurs between
1and 10 daysfollowing major surgery. Thejaundice
may be profound, with a 2 to 4-fold elevation of
alkaline phosphatase levelsand only mild increases
in serum aminotransferases. Liver biopsy reveals
cholesta siswithout inflammation. The conditionis
self-limited and requires differentiation from
obstructive jaundicel%d,

Sweet’ssyndrome. Thisisanidiopathic condition,
but approximately 20% of patients have an
associated malignancy!**”. The diseaseisthought
to be a hypersensitivity reaction, either as a
parainflammatory (e.g., infections, a utoimmune
disorders, vaccination) or paraneoplastic event.
The most frequently observed neoplasm is acute
myelogenous leukemia; lymphomas, chronic
leukemia, myelomas, myel odysplastic syndromes,
and a variety of solid tumors also are represe
nted. The onset of Sweet’s syndrome is widely
distributed around the time of de velopment of
malignancy, appearing most often within 2 months
before or after the clinical diagnosis of overt
malignancy. A definitive derangement in
neutrophil function in Sweet’ s syndrome has not
been identified. Rather, elevated levels of
circulating granulocyte col ony-stimulating factor
and IL-6 or of local cytokine s have been
implicated!&11,

OTHER INTRAHEPATIC CAUSES OF CHRONIC

CHOLESTASIS

Nodular regenerative hyperplasia (NRH), bone
marrow transplant (BMT), connective tissue
diseases (CTD), Felty’s syndrome, mastocytosis,
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hypereosinophilics yndrome, hyperthyroidism, and
space occupying lesions that can lead to chronic
intrahepaticcholestassareligedin Table 1. Thepathology
of these entitiesisnot discussed further here.

CONCLUSIONS

The causes of cholestatic jaundice can usually
beidentified if one keepsin mind the important
steps of transport of bilirubin and secretion of
bile flow through the intra and extrahepatic
biliary tree.

Most causes of cholestatic jaundice are aresult of
diseases of the liver or bil iary tract, including
intrahepatic forms caused by drugs, alcohol,
infection, and destruction of the interlobular
ducts. In postoperative jaundice, multiple mec
hanisms, such as a combination of pigment load
with hypoxic injury to the liver, can result in
jaundice. It is easy to visualize how mechanical
obstruction of t he biliary tree will giverise to
jaundice, as in a patient with carcinoma of the
bile duct or PSC. Thereis no substitute for agood
history, physical examinat ion, and review of the
standard chemistries. With theinitial information,
the correct diagnosis can be made 85% of the
time. In the remaining cases, non-invasive
scanning procedures will help in confirming
suspicions, but the final diagnosiswill usually be
made only with direct forms of cholangiography
and/or liver biopsy.Occasionally we encounter a
case of cholestatic jaundice where we
cannotreadily establish the diagnosis. Tincture of
time generally will lead to the ap pearance of
further signs and symptoms that eventually will
clarify the disease.

In every case, the responsibility rests on the
physician to adopt a thoughtful a pproach to
minimize risk, expense, and time involved in
obtaining sufficient inf ormation for a definitive
diagnosis and treatment.
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INTRODUCTION

The macrolide clarithromycin has emerged asthe most
important antibioticin combined therapy for eradication
of H. pylori infection!*?. However, concerns about
increasing clarithromycinresistanceinH. pylori andits
impact on the efficacy of eradication therapy havebeen
raised since its widespread acceptance in H. pylori
therapy®4. Here, we sought to review the geographic
prevalenceof clarithromycinresistanceinH. pylori and
its molecular mechanisms, and assess the clinical
relevance of clarithromycin resistance.

Geographic prevalence of clarithromycin
resistant H. pylori

Theworldwide, prevalence of primary (pre-treatment)
clarithromycin resistance to H. pylori ranges from O.
8% to 18% (Figure 1)>2. The reported prevalencein
Chinais between 4.8% and 7.5%, while the rate in
Australiaranges from 6.1% to 7.8%561112,

Molecular mechanisms of clarithromycin
resistance

Versalovic et al were the first to identify an A—G
trangition mutationwithinaconservedloop of 23SrRNA
of H. pylori, and its association with clarithromycin-
resistance’®. The mutation occurs commonly at two
genepos tionscognatewith positions 2058 and 2059 of
Escherichiacoli-23SrRNA, which?2werere-named 2143
and 2144, and now revised as2142 and 2143, respectively
(431, Point mutations may occasionally occur at other
positions, and can be a transition (A—G) or a
transversion (A—C), but the transition is far more
frequent!*323% Moreover, Versalovic et al®*? also
obser ved that the A2142G mutation was associated
with a high level of resistance (MIC>64 mg/L)
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than the A2143G mutation®. These observationsare s
upported by others studies®,

It has been reported that macrolide-resistance was
not stable in some strains of H. pylori in vitro*”,
This phenomenon was also observed inviv o; i.e.,
strains devel oped resistance post-treatment and then
reverted to being susceptible after aperiod of follow-
up'*”2%, Versalovic et al cultured five genotypically
identical isolates subsequentially from one patient
before and after treatment with clarithromycin alone
(%, They observed that the first two post-treatment
isolates with alow-level clarithromycin resistance
had an A2143G mutation, which was not present in
the susceptibl e pretreatment isolate or in thelast two
post-treatment isolates with reverted susceptibility
(301, This suggests that the mutation may be unstable
[351, However, Hulten et al reported that
clarithromycin resistance was stable after 50
subculturesin vitro®!, whichisconsistent with other
studies”.

Cross-resistance between macrolidesin H. pylori
has been observed!*>17:3%, Generally, H. pylori
strains resistant to clarithromycin are also
resistant to erythromycin, azithromycin and
roxithromycin or vice versa. These
observations have been confirmed at the
molecular level 8,

Detection of clarithromycin resistance in H.
pylori

The methods currently used for susceptibility testing
of H. pylori to clarithromycin include agar dilution
method, broth dilution method, disc diffusiontest and
the Epsilometer test (E-test)!*"2¥. The agar dilution
method determines the minimal inhibitory
concentrations (M| Cs) of antibioticsagainst bacteria.
This method istime consuming and not feasible for
routineuse. However, itisareliabletechniquewhich
isusually carried out as areference method for other
techniques!?’*39, Broth dilution method is rarely
used because of the difficulty in growing H. pylori
in broth. The disc diffusion test is the easiest and
cheapest way of testing susceptibility. However, this
test requires strict standardization before it can be
used®. The E-test, developed in 1988, providesthe
MIC of astrain directly by using a diffusion-like
method“?, A plastic-coated strip containsapreformed
antimicrobial gradient on one side and ascale on the
other. The reading is taken at the point where the
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ellipse of growth inhibition intersects the strip.
Standardization and correlation with the agar
dilution method areal so required prior to application.
This method is now widely used by many
investigators12131516.18.2228] ' At present, no “gold
standard” method has been proposed for testing H.
pylori susceptibility to antibiotics including
clarithromycin and metronidazole, asthereisstill a
need for standardization regarding the appropriate
medium, the supplementation, the size of the
inoculum, the incubation atmosphere, the
appropriate time to read the plates and the
breakpoint differentiating resistance and
susceptibility®®. Since cross-resistance exists
between macrol ides, erythromycin susceptibility
testing may be useful in predicting (determining)
clarithromycin resistant H. pylori strains*27,
Erythromycin s usceptibility testing is well
establishedinmany microbiol ogical |aboratories, and
itismuch cheaper than clarithromycin susceptibility
testing at present.

The association between point mutations on the
23S rRNA gene and macrolideresistancein H.
pylori potentially provides a new approach for
diagnosing macrol ideresistant H. pylori strains.
Although cycle DNA sequencing of the 23S rR
NA gene ampliconsisregarded as the reference
method, simpler techniques have been devel oped
(38 These include polymerase chain reaction
based restric tion fragment length polymorphism
(PCR-RFLP), an oligonucleotide ligation assay
(PCR-OLA), a DNA enzyme immunoassay
(PCR-DEIA), areverse hybridisation line pro be
assay (PCR-LiPA), and a preferential
homoduplex formation assay (PCR-PHFA) %
813341431 The PCR-based molecular techniques
are quicker than micro biological susceptibility
testing, and more importantly, they can be
performed directly on gastric biopsies and gastric
jUi Ce[10’44’45].

Clinical relevance of clarithromycin resistance
in H. pylori

Studies have shown that clarithromycin resistancein
H. pylori substantially affects the success rate of
eradication regimens containing clarithromycin (Tab
le 1). Generally, dual therapy with an antisecretory
agent (e.g., H, antagonist or proton pump inhibitor)
and clarithromycin achieves eradication rates of 60%
to 80% for susceptible strains, but less than 40% for
resistance strains (Table 1). Triple therapy with an
antisecretory agent, clarithromycin and another anti
biotic (i.e., amoxycillin or metronidazole) increases
the eradication rates to 8 0%-95% for susceptible
strains, but the rates remain under 40% for resistant
ones (Table 1). A preliminary study reported that a
combination of ranitidine bismu th citrate and

clarithromycin eradicated H. pylori at arate of 98%
and 92%, respectively, for both susceptible and
resistant strains, but remains to be con firmed!*3.
Current anti H. pylori treatment regiments
consisting of clarithromycin do not achieve an
eradication rate of 100%. Emergence of
clarithromycin-resistant strainsduringineffective
treatment has al so been observed; the prevalence
of clarithromycin-resistant strains cultured after
treatment ranges between 40% and 100% (Table
1). Thisimplies alikelihood of potential spread
of clarithromycin-re sistant strains in the
population. Thus, the prevalence of
clarithromycin resist ance in H. pylori may
exhibit a similar trend to the prevalence of
metronidazoleresistancein H. pylori. Inlreland,
the prevalence of metronidazol e re sistant strains
was 7% in 1989, 34% in 1992 and 38% in 1996
(171 In Aust ralia, the preval ence of metronidazole
resistancewas 17% in 1988, but increased to 40%
in 1995 and over 60% in 1998147, It is most
likely that this increase is due to the use of
metronidazole as a key agent in classic triple
therapy (consisting of bismuth, metronidazoleand
tetracycline or amoxycillin), or increased use of
this drug for other infections. Similarly, the
current prevale nce of clarithromycin-resistant
strains of 6%-8% in Australiais much higher than
the rate of 1.9% reported four years ago in this
country!*1248l T hisincrease in the prevalence
of clarithromycin resistance has been also report
ed in Europe and the United States!!420.27:49] |t
is assumed that pres criptions of macrolides,
especially the new members such as spiramycin,
roxithro mycin, azithromycin and clarithromycin
have been increased over the past years for the
treatment of respiratory infection, sexually
transmitted diseases and other infectious
diseases. Thus, patientstreated with any member
of macrolides alo ne may select macrolide
resistant H. pylori organisms (if infected), as
cros s-resistance exists between macrolides.
Overdl, H. pylori resistance to clarithromycinis
of less clinical relevanc e as compared with
resistance to metronidazole, mainly because of the
low preval ence and the possible reversibility of
resistance in some strains. Susceptibilit y testingis
not routinely required before treatment because of
the low prevalence of clarithromycin resistance
(Figure 1). However, H. pylori should be cul tured
and tested for clarithromycin susceptibility in
patients who have failed t he therapy containing
clarithromycin (Table 1). Moreover, any previous
use of ma crolides not aimed at anti-H. pylori
infection should be also taken into account when
clarithromycin is chosen for eradication of H.

pylori.



Harry Hua-Xiang Xia, et al. Clarithromycin resistance in AP and its clinical relevance

265

Table 1 Effect of primary clarithromycin resistance on the efficacy of eradication therapy for Helicobacter pylori infection

Eradication rate (%)

Authors Treatment Prevalence of resistant
regimens Susceptible strains Resistant str ains  strains post-treatment (%)*
Liu et al, 19965 LFC or BFC 98(45/46) 0(0/4) 100(5/5)
Suzuki et al, 1998 LAC 94(66/70) 0(0/1) 40(2/5)
Miyaiji et al, 19971 OCorLC 64(9/14) 0(0/5) 80(20 /25)
OAC or LAC 85(57/67) 28(2/7) (Overall)
OCM or LCM 86(68/79) 38(3/8)
Maeda et al, 199801 LAC 85(29/34) 40(2/5) 63(5/8)
Megraud et al, 19970+ ocC 70(33/47) 38(3/8) 81(17/21)
RbCC 98(42/43) 92(11/12) (Overall)
Debets-Ossenkopp et al, 19961 RC 81(58/72) 0(0/1) 73(11/15)
Tompkins et al, 199708 ocC 80(101/127) 0(0/74) 74(14/19)
Moayyedi et al, 19989 OCT 91(104/114) 40(2/5) Nor reported
Schutze et al, 199624 RC 75(21/28) 20(1/5) 91(10/11)
Laine et al, 199819 AC 35(73/208) 7.7(2/2.6) 53(70/131)
OAC 81(153/190) 27(4/15) (Overall)
Yousfi et al, 199612 RanMC 87(20/23) 25(174) 67(4/ 6)
Buckley et al, 199716 oMC 85(71/84) 0(0/3) 58(7/12)

O, omeprazole; C, clarithromycin; A, amoxycillin; Ran, ranitidine; M, metronidaz ole; Rbc, ranitidine bismuth citrate; L, lansoprazole; Rox,
Roxithromycin; B, co lloidal bismuth subcitrate (CBS).
*The number of resistant strains post treatment was greater than the numbe r of resistant strains before treatment in all the studies,
suggesting acquisiti on of clarithromycin resistance during the unsuccessful treatment.
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Figure 1 Worldwide prevalence of clarithromycin resi stant H.
pylori strains. Each of these studies included at least 50 strains.
The number after each country is the reference number.

Conclusions

The prevalence of clarithromycin resistant H.
pylori islow, but appearsto beincreasing. Point

mutations in the 23S rRNA gene, mainly at the

positions 214 2 and 2143 with atransition of A—G,
areresponsiblefor theresistance. Althou gh current

triple therapies containing clarithromycin are able
to eradicate up to 90% of susceptible strains, the

eradication rates may be significantly reduced for
resistant strains. Moreover, unsuccessful treatment

with regimens containing clarithromycin can be

associated with acquisition of resistanceto thedrug,
which may explain the increasing rate of

clarithromycin resistance.
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Clinical study on the treatment of liver fibrosis due
to hepatitis B by IFN-a; and traditional medicine
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INTRODUCTION

InChina, liver fibrosisinmost patientsresulted fromthe
viruses of hepatitis B. Both anti-virusand anti-fibrosis
should be considered in designing a program for the
treatment of liver fibrosis. Therefore, 40 cases of liver
fibros isdueto hepatitis B weretreated by using |FN-
o, andtraditional medicind preparationsfrom February
1994 to April 1996. Good curative effect was achieved.

MATERIALS AND METHODS

Clinical materials

A group of 40 patients (33 men and 7 women) was
investigated. Their age ranged from 28 yearsto 45
years with a mean of 36. Their course of disease
was from 4 yearsto 12 years, averaging 7 years.
All patients had the typical history of h epatitisB.
The diagnosis of liver fibrosis was confirmed by
experimental serology and liver biopsy (thecriteria
of diagnosis referred to the criteria ammended
during the 5th National Academic Conference on
Infectious Diseases and Parasiti ¢ Diseases).
Patients whose clinical manifestations were not
consistent with the findings in serological and
pathohistological tests were not included in the
study.
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Therapeutic

All the patients received intramuscul ar injection of
3000 000U IFN-a; (Produced by Shengzhen Kexing
Company, batch number 94010),once aday for the
first month, and once two days after a month.
Traditional medicinal preparation (composed mainly
of Tetrandrae, SalivamiltiorrhizaBge, Semen Gingko,
Radix paeoniae rubrae, each gram has 0.8 g herb,
produced by Duyun Pharmaceuti cal Factory, Guizhou
Province, batch number 940102) was taken, three
times aday for 3 months (45 g/d). Besides vitamin
E and C, none of other medicines had been used in
thisgroup.

Observation index and methods

Detection of serum liver fibrosisindexesand hepatitis
B virus marker: 6 mL serum was taken from the
patients before treatment, by the end of treatme nt
and 6 months after treatment respectively. Laminin
(LN), hyaluronic acid (HA) and precollagen typell1
(PC 111) were measured by radioimmunoassay (the
reagents were purchased from Shanghai Naval
Medical Research Institute and Chongging Tumor
Research Ingtitute). Radioimmunoassay wasal so used
to detect the marker s of hepatitis B virus such as
HBsAg, anti-HBs, HBcAg, anti-HBc, HBeAg and
anti-HBe. HBV-DNA was measured by PCR (the
reagent was bought from 3V Company, Shandong
Province).

Ultrasonography and fibergastroscopy

Each patient was detected once by HPSONOS-1000
Colour Doppler (HP Company of USA) beforeand after
the treatment and by direct vision fibergastroscopy
(Olympus-XQ20, Japan).

Liver biopsy

Theliver tissue was quickly taken by fine needle under
local anesthesia. Theliver tissue was about 3 cm long.
It wasfixed by 10% formain, thenimbedded in paraffin,
diced and routinely stained. These dicestaken from 12
biopsied patients before and after the treatment were
read by single blind method. After a pathologist read
thesedicesaccording to thecriteria, another pathol ogist
reported the results after reread them.
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Table 1 Comparison of the 5 serum indexes of the 40 patients before and after treatment and after 6 months of follow-up (X £ s)

LN PCIII HA Albumin Globulin
Time n
(ng/L) (ng/L) (9/L)
Before treatment 40 420.0 £ 68.0 146.2 + 44.8 182.40 = 42.20 30.51 + 242 26.25+ 6.84
After treatment 40 290.3 + 36.4° 112.4 + 30.6° 136.32 + 39.20° 35.25 + 4.46° 31.32 + 6.74b
Effective type after 6 months follow-up 22 142.6 + 32.8° 80.0 = 31.8° 84.54 + 36.33° 39.13 + 3.24° 25.98 + 3.22¢c
Non-effective type after 6 months follow-up 18 403.5 + 41.5° 156.3 + 43.92 178.20 + 38.60* 29.35 £ 2.71* 37.00 + 4.54a

3P<0.05; °P<0.001, compared with those before treatment; °P<0.001 the effective type compared with the non-effective type.

RESULTS

The serum LN, HA, PC |1l and globulin of the 40
cases after treatment were noticeably lower than
those before treatment (P<0.001). The albumin was
obviously increased compared with that before
treatment (P<0.001). After 6 monthso f follow-up,
LN, HA and globulinin the effective type (HBSAQ,
HBeAgand HBV-D NA turned negative after using
IFNa,, suggesting that the viruses of hepatitis B
were temporarily suppressed. Otherwise, it was
considered to be non-effective type) were obviously
lower than thosein the non-effective type(P<0.001),
while the albumin was obviously higher than that in
the non-effective type (P<0.001, Table 1).

Before treatment, 32 patients were found with
HBsAg, anti-HBc and HBeAg; 8 patients with
HBsAg and anti-HBc; and 21 patients with
HBV-DNA. After 3 months?of treatment,
HBsAg, HBeAg and HBV-DNA became
negative in 6 (15%), 16 (50%), and 16 (76.
2%) patients, respectively. Among the 12
patients who received liver puncture biopsy,
dekris-type necrosis disappeared in 3 patients,
no abvious proliferation of fiber with more new-
born liver cellsin one patient, improvement of
bridge-joint necrosis with elimination of the
ramus septi-fibrosisin 3 patients, improvement
of bridge-joint with new-born liver cells and
unclear ramus septi-fibrosis in 2 patients,
complete foliole with a great number of liver
cellsin 3 patients. Before treatment, the portal
vein of 34 patients was =14 mm in width
among the 40 patients, while after treatme nt,
the portal vein of 28 patients was <12 mm.
After 6 months of follow-up, among the 28
patients, the portal vein of 23 patientswas <
11 mm, the others remained 12 mm. Before
treatment, the blood flow rate of portal veinin
36 patients was =16 mm/s, while after
treatment, it was < 12 mm/sin 32 patients. No
change was found in the rest. By using
fibergastroscopy theline or snake-shaped grey-white
or grey-blue changes could be seen at the lower
segment of esophageal mycodermain 32 patients
before treatment, while the changes disappeared in
28 patients after treatm ent. No obvious changes
were found in 4 patients.

DISCUSSION

Up to now, there has been no good way to cure
liver fibrosisresulting from chronic hepatitisB. A
number of researches have been made by domestic
scientists who had made great progress by using
traditional medicines such as Saliva
miltiorrhizaBge, Tetrandrae, Radix paeoniae
rubrae and Prunus persicac (L), batsch et alt*3.
However these methods have not been considered
to suppress the virus of hepatitis B. For this
reason, some tests were made by using IFNa; and
traditional medicinal preparations to treat 16
patientswith early-stagehepatic cirrhosis, and have
achieved rather good curative effect which was
confirmed by liver biopsy before and after
treatment!®l. On the other hand, short-term curative
effect was significant in 20 patientstreated simply
by the traditional medicinal preparations®, but
there was recurrence in some patients. Therefore,
IFNa; and traditional medicinal preparation were
used to treat hepatitisand liver fibrosis at the same
time. At present IFNa; isregarded as one of the
most effective agents to treat hepatitis B because
itisabiologically regulatory and active material
with antivirotic and immunoregul atory function!®
1. Tetrandrine is an effective ingredient of
Tetrandrae. In modern medicine the research has
proved that it can block the channel of calcium on
the cytomembrane of liver, obstruct the depletion
of ATP in the cytomembrane, protect the liver
cells, and inhibit the proliferation of internal
lipocyte of liver and synthesis of collagen. The
effective ingredients of dansheng are Tanshinone
and tanshine which may suppress thereaction of
inflammation and promotethe regeneration of liver
cells by reducing the dege neration and necrosis
of liver cells. The effective ingredient of chichao
is paeoniflorin which may improve the
microcirulation of liver, decreasethe portal pressure
and promote the histologic change of liver fiber.
Flavonid substancein gingko leaves can strengthen
the immunol ogic function of body, decrease the
free radical of oxygen, increase the activity of
NK cellsand intensify the anti virus capacity of
body®®. After 3 months of treatment with
the herbal medicinal preparations, the changes
of LN, HA, PC Ill, albumin and globulin were
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obvioudy different from those beforetreatment, which
were confirmed by liver biopsy, ultrasonography and
fibergast roscopy. Itissuggested that thispreparation
can improve the fun ction of liver and suppress the
fiberosisof liver inashort time. Follow-up was made
for 6 months after withdrawing the medicine. The
result prove d that the difference between IFNa;
effectivetypeandinef fectivetypewasvery obvious.
It indicated that the virus of hepatitis B was su
ppressed in the patients cured by IFNa, and theliver
fibr osisdueto clinical hepatitis B was continuously
improved or reversed by using the traditional herbal
preparations which can cure liver fibrosis. The
patients in this group are being followed up
continuadly.
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INTRODUCTION
HepatitisE virus (HEV) istransmitted through afecal -
oral routell. HEV induces acute hepatitis and is
responsible for asignificant portion of the fulminant
hepatitisin epidemic and sporadic cases, especially in
the mixed infection patients and women in their third
trimester of pregnancy!. It has been reported that
HEV infectionismoreprevalent in underdevel oped and
develo ping countries in Asia, Africa, and Central
America, butisrarein developed countries®. In China,
alarge outbreak occurred between 1986 and 1988 in
Xinjiang, and sporadi ¢ spread was often found in other
regions.

HEV isanon-enveloped virus, approximately
27 nm-34 nmindiameter and hasapositive-sense, single-
stranded RNA genome of approximately 7.2 kb. The
vird genomecong stsof threediscontinuousopenreading
frames (ORFs). Since the molecular cloning and
sequencing of HEV weredescribed?, several genomic
analyses of HEV strains obtained from different
geographic areas have been reported®. The existing
variations on the gene structure of HEV strains from
some regions of Chinawas reported by us“. In this
study, after the collection of the serum samples of
patients with acute hepatitis in Xiamen, anti-HEV
antibody and HEV RNA in serumweredetected, further
HEV RN A was cloned and sequenced. Theresultsare
described and discussed.

PATIENTS AND METHODS

Patients
From September 1996 to March 1997, 81 samples of
serum of patients (71 male and 10 female, aged 13
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-69 years) with acute hepatitis at clinic and
admitted to the Infections Disease Hospital in
Xiamen were collected. These serum samples
were provided by professor LIAO Mian-Chu and
were stored at -25°C before test. The sera showed
elevated ALT levels. The serum of patients with
acute hepatitis was tested for detection of serum
IgM anti-HAV, HBsAg, IgM anti-HBc, anti-HCV
and anti-HEV antibodies. According to above
detections, all samples suspected of hepatitis E
were taken to our laboratory and were further
studied. One case (sample No.3, Zhou, male aged
52 years) used in the determination of sequence
was diagnosed as fulminant hepatitis. He had
complained of tiredness, anorexia, urine-yellow,
jaundicein skin and scleraand spider nevus, with
ALT 20420 nmol * s*/L and SB-205.2 pmol/L, and
virusmarkersof anti-HAV IgM and anti-HEV 1gM
positive.

Detection of anti-HEV antibody

Anti-HEV 1gG and IgM antibodies were further
detected by ELISA with recombinantantigens
(Institute of Virology, Chinese Academy of
Preventive Medicine) accord ing to the
manufacturer’ sinstructions.

Cloning and sequencing of HEV RNA

Two sets of pair primers were synthesized at
Institute of Microbiology of Chines e Science
Academy according to the Burmese HEV
sequencel®., The sequence of each
oligonucleotide primer was: outer primers (F1)
5-GCT ATT ATG GAG GAG TGT GG 3’ and
(R1) 5’-CAG GGC CCC AAT TCT TCT 3’,
inner primers (F2) 5-GCG TGGATCTTG CAG
GCC3 and (R2) 5'-TTCAACTTCAAG CCA
CAG CC 3'. HEV RNA was extracted from-
200 pL serum by proteinase K (10 g/L)
guanidine thioc yanate buffer (4.2M guanidine
thiocyanate and 5 g/L N-lauroyl sar cosine and
0.025 mol/L Tris-HCI, pH 8.0)phenol/choroform
51 All viral RNA were used to be transcribed
and nested-PCR!. The am plified PCR products
were ligated into pGEM-T vector (Promega
products) according to the manufacturer’s
instructions. Theligation mixturewastransformed
to E. coli strain JM 109. The positive clones were
picked up and culturedin LB medium. The postive
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recombinant clones wereidentified and sequenced.
The nucl eotide sequence (location 4522-4761) of
X-Sl1 isolate of HEV was compared with those of
other known HEV strains. Percentage of similarity
and divergence were calculated as described
previouslyt,

RESULTS

Detection of anti-HEV and HEV RNA in serum
samples of patients with acute hepatitis

Twelve of 81 serum samples of acute hepatitisin
Xiamen were positivefor anti- HEV 1gG, of them, 11
were also positive for anti-HEV IgM. Eight of 12
serum sam ples of positive anti-HEV 1gG were used
to detect HEV RNA, 2 sampleswerefound positive
for HEV RNA. Theresults are shown in Table 1.

Cloning and sequencing of HEV

The amplified PCR positive products obtained from
X-S1 and X-S6 sampleswerepurified and ligated into
pGEM-T vector, then transformed to E.coli JM 109.
One of two white specks obtained from X-S1 had a
band of about 239 bp ingel el ectrophoresis. Twowhite
specks of the X-S6 were positive and a band of 239
bp was found after digested by EcoR | and Hind [11.
One positi ve clone of X-S1 was sequenced. HEV
sequence of the X-S1 isolate could be reco gnized,
thisHEV X-S1 strain was neither lost nor inserted in
length 239 bp compared with Burma strain of HEV.
Aberrance occurred in 48 bases, 5 of them took place
at thefirst codon position, 4 at the second position and
39 at thethird codon position. The nucl eotide sequence
of X-SlisolateisshowninFigurel.

Table 1 Results of anti-HEV antibody and HEV RNA detection in seru m of patients from Xiamen

Anti-HEV?
Patients Name Sex Age Collection time Results of
1gG IgM HEV RNA detection
1 Ling JD M 31 97-03-05 + ND®
2 Du YM M 24 97-02-05 +
3 Zhou SL M 52 97-02-15 + +
4 Huang JC M 50 97-02-19 + ND
5 Qiu SS M 53 97-02-19 + +
6 Huang JZ M 45 97-01-28 + + -
7 Mei SP F 31 96-02-17 + + ND
8 Zhen MC M 68 96-12-09 + +
9 Zhang MS M 60 97-12-09 + +
10 Zhong M M 29 96-11-13 + + +
11 Kang CR M 24 96-10-10 + + N
12 Jiang XW M 29 97-02-19 + +

34A>0.30 + X of negative samples: positive.”Not done.

4522
1 Chine X -81 GOGTGGATCT TGCAGGOOCT AASAGAGTCG CIGCGCGGCT TITGRAACAA GUACTCTCCT
2 Ching G-20 =—=-————— —mmmmoow C——G-——-- e R
3Burma B-121 - 7 -7 ----e [ A ittt i o Uy PRI -
& Mexiee @~ 000——-———- C - e T A A G- - ———mmmee T
1 GAACCOCGGEA  COCTGETETS GAACAGCCTE  TGGAACATGC CGOTTATAGS  GLATTGCTTAT
1 GA-T- -TT-T - - F-T mmm—————— C-—---- A
3 -G ST & . b - -f----Ta GG~
4 - G-G-—-- G-To-- G- e 0 AN ¢ P AACT-- =G~
C D n

1 GAGTTCCOTC  ACCTTAAAGT  TGCGGCATIC ARAGOGGATE  ACTOTIGTTCT  GUICTGCAGA
2 ------ Che e G--T = -——--—--—-- S T-~T7
30 - IT--C-G--- G-T--C0 T  ----- T ST GA- A e |
4= c- --T-GC G- ~--C--(C-- e I e Fal - G T--T

4761
I CATTATCGGC  AGAGTUSTGA TGOGGETGCL  TTAATCCCIC GCTGIGGUTT  GAAGTTGAA
2 - ~A = CA- c----f——-- G -T-—-  emmeem——— Lo
e -—-- CAG AT T-- C-G-—~--C- --- - e
4 A - ---0-CAG - CG-TG- CT -4 -4 - --1-- il

Figure 1 Comparison of the nucleotide sequences amon g four strains of HEV.
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Comparison of the nucleotide sequence of HEV
The sequence of HEV X-S1 strain was compared with
theChinese(G-20), Burmese(B-121) andMexicangtrains
of HEV. Thesimilarity of nucleotide sequenceswas 85.
4%, 79.2% and 76.4% respectively. The divergence of
nucleotide sequences was 14.2%, 19.9% and 22.3%

respectively.

DISCUSSION

This paper reports the results of serological survey
on hepatitis E virusinfection in Xiamen population.
The serum samples from 81 patients with acute
hepatitis were tested for anti-HEV 1gG and 1gM
antibodies with HEV recombination antigen by
ELISA. Twelve (14.8%) of 81 patients with acute
hepatitis had antibody to HEV, 11 were positive for
IgM anti-HEV and 2 positive for HEV RNA. The
results show that there is hepatitis E virusinfection
in Xiamen again, but there has been no documented
report of detection of HEV RNA in anti-HEV
positive patientsfrom thisarea.

The mixed infection of HEV and HBV were
described previously!®. This paper reports the co-
infection of HEV and HAV. This caseis positive for
both ant ibodiesof HAV and HEV. The patient presented
as severe hepatitisin the clinical characteristics, with
very high ALT (20420 nmol * s*/L). This shows that
boththeHEV andHAV aretransmitted primarily through
afecal-ora route. In this study, the partial nucleotide
sequence of Xiamen X-Slisolate of sporadicHEV was
described and compared. Itisshown that Xiamen (X-S1)
strain and Guangzhou (G-20) strain¥ are most

identical to each other (85.4%), wit h alower range of
identitiesto the Burmese strain? and Mexican strain®®
(80.1%-77.3%). The nucleotide sequences of the X-S1
strain and t he G-20 strain may belong to anovel and
unique branch. Similar results have been reported by
other investigatorg®”. Recently the HEV-US-1 strain
was discovered by George G. Schlauder!®, it is
significantly divergent f rom other human HEV isolates,
which may be the fourth genotype. The discovery of
these HEV variants may beimportant in understanding
theworldwidedistribution of HEV infection.
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Primary malignant tumor of the small intestine
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INTRODUCTION

Primary malignant tumors of the small intestineare
easy to be misdiagnosed bec ause of its low
morbidity, nonspecific clinical manifestations and
the limited examination methods. Most cases are
already in advanced stage at the time of diagnosis,
so therapeutic result is very poor. In order to have
abetter understanding of theclinical characteristics
of malignant tumor of thesmall intestine, ananalysis
was made for the diagnosis, treatment and
prognosis-influencing factors of 75 caseswith their
diagnoses confirmed by pathological examination
from 1964 to August. 1995 in our hospital, so asto
improvetheir early diagnosis, timely treatment and
therapeutic effect.

MATERIALS AND METHODS

General data

This group consisted of 75 cases, 42 males and 33
females. The onset age ranged from 4 to 75 yearswith
an average of 47 years. The course of disease was 1 to
99 months, averaging 47 months.

Pathological type and tumor site

The diagnoses of the 75 cases were confirmed by
pathological examination, 26 were cases of
leiomyosarcoma, 25 adenocarcinomas, 20 malignant
lymphomas, and 4 other malignant neoplasms. The
tumorswerelocated at duodenum, jejunumandileumi n
18, 28 and 29 casesrespectively (Table 1).

Clinical manifestations
Clinical manifestations of these malignant tumors
are shown in Table 2.
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Table 1 Pathological types and distributions

Number by region
Type of neoplasms

Duodenum Jejunum lleum Total

Leiomyosarcoma 5 14 7 26
Adenocarcinoma 10 9 6 25
Malignant lymphoma 2 4 14 20
Malignant fibrous histiocytoma 1 1

Malignancy of neurofibroma 1

Malignancy of fibroma 1 1
Total 18 28 29 75

Preoperative diagnosis

Before the exploratory laparotomy, 33 cases were
diagnosed asintestinal carcinoma, 25 casesasabdomina
mass, and 17 caseswere misdiagnosed asother diseases,
such asintestinal perforation, acute peritonitis, ovary
tumor, colon carcino ma, and intussusception of ileumto
cecum, and so on.

Accessary examinations

No abnormal CEA (carcinoembryonic antigen) was
detected in 10 cases. Twenty-thr ee out of 26 cases
were found to have abdominal mass by B-type
ultrasonography. CT (computed tomography) scans
showed aclear demonstration of tumor on thediseased
region and the structures around it in 20 cases. Of the
13 cases accepted barium meal roentgenography, 11
were diagnosed asintestinal tumor, with an accu racy
of 84.6%. Of the 7 cases of duodenal tumors,6 were
diagnosed asduodend tumor by fibroscopy whichwere
confirmed by pathological examination. Bariumenema
was performed in 18 cases and 8 of them werefound to
havetumor intheir ileum.

Methods of treatment

Surgical trestment wasthe main therapeutic method for
thisgroup of cases. Thir ty-seven casesreceived radica
resection, 21 pdlliativeresection, and 10bypassoperation,
3 exploratory laparotomy and 3 direct biopsy. The
operationmortd ity was 1.4%. Four casesdid not receive
surgical operation. 27 cases received adjuvant
chemotherapy. 5-fluorouracil (5-FU), mitomycin(MMC),
cyclophosphamid e(CTX) and adriamycin (ADM) were
commonly used.

RESULTS

Survival rates were calculated with Life Table, and
computer’s COX multivariate analysis model was
used for surviva anayss.
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Table 2 Clinical manifestations
Symptom Abdominal  Abdominal Emaciation Intestinal Melena Acute Jaundice Fever Anemia
pain mass obstruction peritonitis
Number 45 43 18 11 5 4 3
% 60 57.3 24 14.7 8 6.7 6.7 5.3 5

Follow-up data

Duration of follow-up ranged from 1 to 30 years, the
follow-up rate was 94.2%. One-, 3- and 5-year surviva
rates of the 71 operated cases were 70.7%, 49.9% and
35.1% respectively (Tables 3-5).

Table 3 Survival rate by operation type

Survival rate (%)

Operation type n

1lyear 3years 5 years
Radical resection 37 87.5 68.7 48.1
Palliative resection 21 57.9 33.8 24.1
Symptom- relieving and
exploratory operation 13 42.9 21.4 0.0

Table 4 Survival rate by pathological type

Survival rate (%)

Pathological type n

lyear 3years 5years
Adenocarcinoma 25 53.9 27.9 14.0
Leiomyosarcoma 26 95.8 82.1 57.5
Malignant lymphoma 20 48.6 39.7 23.8

Table 5 Survival rate by location of tumor

Survival rate (%)

Location of tumor n

1 year 3 years 5 years
Duodenum 17 69.2 385 0.0
Jejunum 27 81.8 59.6 50.4
lleum 27 51.1 29.2 17.5

Prognostic factors analysis by computer’s COX
multivariate analysis model

An analysis was made by COX multivariate analysis
model, for the following factors which may influence
prognosis such as patient sex, age, clinical course,
histologicd type, tumor Site, tumor size, grosstype, lymph
node metastasis, liver metastasi s, invasion to adjacent
organs, operation type, and chemotherapy. Thecritica
value of dphawas0.05. Statistical results showed that
patient age, histological type, tumor site and operation
type had significant influence on survival rate. But
chemotherapy had no significant effect on prognosis.

DISCUSSION

General consideration

Theincidence of primary malignant tumor of the
small intestine is very low, accounting for 1%-
3.6% of all gastrointestinal malignant neoplasms
and 0.2%-0.3% of that of the whole body!*?.

From 1964 to 1995, 75 cases of primary malignant
tumor of the small intestine were admitted to our
hospital, cons tituting about 1.4% of 4427 cases
of malignancy of all Gl tract in the same period.
In China, the leiomyosarcoma, adenocarcinoma,
and malignant lymphoma account for the most of
the small intestine malignancies, but carcinoid is
rare. However, in other countries the most
frequently encountered malignancies of small
intestine are in order of adenocarcinoma and
carcinoid, malignant lymphoma and
leiomyocarcinomd®.

Relationship between pathology and tumor site.
The predilection site of |eiomyosarcomaisjejunum,
ileum and duodenum. The predilection site of
adenocarcinomaisin order of duodenum, jejunum
and ileum, while the predilection site of malign ant
lymphomaisileum and jejunum, and is lower in
duodenumt®. The tumo r distribution ratesin this
group cases are consistent with those reported in t
he literature (Table 1).

Tumor digributioningmall intestine. Adenocarcinoma
accounts for about 50%-66% of tumorsin the
duodenum (55.6% in thisgroup), and followed
by malignant lymphomaand |eiomyosarcoma.
In the jejunum, leiomyosarcoma is the most
encountered (accounting for 50% in this
group), the next is adenocarcinoma and
malignant lymphoma. But in the ileum,
malignant lymphoma constitutes about half of
all malignancies (48.3% in this group), and
followed by adenocarcinoma and
leiomyosarcoma

Many scholars hold that the low incidence of
malignant tumorsin small intestineisassociated with
the following factors: (U Alkalinity in the small
intestinal lumen isunfit for the growth of tumor. @
Rapid peristalsis of small intestineis suggested to
minimizethe time of mucosal exposureto potential
carcinogens fromfood, and liquid content in lumen
may dilute carcinogens, which will lead to the
reduction of carcinogenicity. ® The lack of
intralumenal bacterial flora obviously reduces
carcinogenic agents, and these bacteria are
necessary in the process of metabolism. @ A large
concentration of 1gA produced mainly in the
lymphoid tissue of small intestine, is protective
against tumorigenesis by neutralizing virus and
potential carcinogenicagents. ® TheT-lymphocyte
with strong immunity, accounting for the majority
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of lymphocytes in collecting lymphadens of small
intestines, has a strong ability and specific
characteristics to protect against tumor growing. ©
Benzopyrene hydroxylaseis present in large amounts
in the mucosa of small intestine and may detoxify
carcinogeng®.

Diagnosis

Primary malignant tumor of small intestineis easy
to be misdiagnosed because of its low incidence,
itsvague and nonspecific clinical presentations, and
the limited diagnostic methods. Misdiagnosis rate
in literature reports is 40%-80%'“, and 56% in our
group. We hold that following are the key point sto
increase its diagnostic accuracy and to decrease
itsmisdiagnostic rate.

A better understanding should be acquired in
primary malignant tumor of small intestine. In
clinics the following should be highly
suspicious of the disease : unknown
abdominal pain, abdominal mass, melena, and
obstruction, especially when an abdominal
mass is palpable.

Barium meal roentgenography isthe routine
method for detecting primary malignant tumor of
small intestine, its diagnostic accuracy can be as
high as 50%!2®. We think that for the patients who
are suspicious of tumor in small intestine, barium
meal roentgenography should be performed if
possible. In our studied group, diagnoses were
established by barium meal X-raysin 11 out of 13
cases with an accuracy of 84.6%. Air-barium
contrast roentgenography, in which a large
amounts of barium and air are injected into the
duodenum lumen through a gastric tube, is
suggested to be performed to visualize small
intestine segment by segment, so as to increase
its diagnostic accuracy rate. The distal ileu m
usually is poorly visualized in upper Gl series
studies, but it may be demonstrated through barium
enema in which contrast material from colon is
refluxed into the distal small intestine through the
ileocecal valve. Combination of barium meal
roentgenography and barium enema can achieve
a positive rate of 50%-80%.

Flexibleendoscopi c examination and direct biopsy
are the most reliable methods to establish the
diagnosis, especially in early stage of the disease.
Itisalso helpful andreliablefor diagnosisof tumors
inthe duodenum. In our studied group, the diagnosis
was established in 6 of 7 cases by flexible
endoscopic examination and were confirmed by
pathol ogical examination. Inforeign countries, the
flexible endoscopy for small intestine was used in
clinicin1969. But it devel oped very slowly because
of itstechnical difficultiesininserting and the great
suffering of patients®.

Computed Tomography (CT) scans can show a
good demonstration of the tumor-involved region and
the structures around it. Furthermore, CT scan can
define whether thereislocal or distant metastasis.
Especially for those whose diagnosis ca not be
confirmed by GI barium roentgenography, CT scanis
an effective method®,

Treatment

Surgical resection is so far the most effective
therapeutic method for malignant tumor of small
intestine. If diagnosis is established, radical
resection should be performed as early as
possible, which requires at least segmental
resection of 10cm of the involved region,
including removal of the corresponding mesentery
and itslymph nodes'”. It was reported the 5-year
survival rate of radical resection is 25%-54%!"
8 which is consistent with that (48.1%) in ours
tudy. For carcinomain the duodenum, Whipples
operation should be performed if possible. Tumor
in the distal ileum should be treated by right
hemicolonectomy. Palliative resection of tumor
is somewhat valuable and should not be given up
easily. Its 5-year survival rate is 0%-25%
reportedin literature!™, andis 24.1% in our study.
Bypass operation can temporarily relieve
symptoms but could not prolong the patient’ slife.
Reexploratory resection should be performed for
recurrence if possible®1,

Adjuvant postoperative chemotherapy for maignant
lymphomaisnecessary. Theunresectable malignant
lymphoma of small intestine should be treated
mainly by che motherapy in order to relieve
symptomsand prolong life. Theusual chemot herapy
regimenisCHOP (CTX+VCR+ADM +Prednisone).
Leiomyosarcoma of small intesti ne is partly
sensitive to chemotherapeutic agents. For huge
leiomyosarcoma, preo perative combination
chemotherapy of ADM and CTX can minimizethe
size of tumor and improve resection rate.
Chemotherapy has no effect on adenocarcinoma
of smal | intestine due to its nonsensitivity to
chemotherapeutic agents. In our study, 27 cases
had accepted chemotherapy, but neither
postoperative adjuvant nor palli ative chemotherapy
is effective in prolonging the survival, which is
possibly as sociated with the late stage of the
disease.

Prognostic factors

It was reported that prognostic factors of primary
malignant tumor of the small intestine are chiefly the
operationtype, histological type, tumor siteand tumor
sizel’” and each of them was analyzed by
monovariate analysis. Up to now there have been
no reportsin theworld about the prognostic factors
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studied by multivariate analysismodel. In our study, 12
factorswereandyzed by computer’ sCOX multivariate
andysismoded, including patient sex, age, clinical course,
histological type, tumor Site, tumor size, grosstype, lymph
node metastasis, liver metastasis, invasion to adjacent
organs, operation type, and chemotherapy. The results
showed that significant prognostic factors were
histological type, operation type, patient age and tumor
sitein order, neither tumor size nor chemotherapy had
significant effect on prognosis.
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