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consequently thought to be related to abnormalities of  its 
physiological properties or functions.

Among the so-called functional disorders, one of  the 
most common is functional constipation, whose diagnostic 
criteria according to Rome Ⅱ classification[4] are reported 
in Table 1. Patients with functional constipation may be 
further classified in three subgroups: normal transit consti-
pation, disorders of  defecatory or rectal evacuation (outlet 
obstruction), and slow transit constipation (STC)[5,6]. This 
latter condition affects mainly women, it is characterized 
by an often intractable constipation , a heavily delayed co-
lonic transit up to true colonic inertia[7,8], and it is usually 
attributed to disorders of  colonic motor function[9,10]. In-
deed, several abnormal motor aspects have been described 
in STC, such as alterations of  rectosigmoid contractile ac-
tivity[11], decreased colonic propulsive function[12,13], abnor-
mal response to food ingestion[14,15], and overall reduced 
electrical or motor activity of  the large bowel[16,17]. It must 
also be taken into account that a further cause of  delayed 
colonic transit may be due to the association with pelvic 
floor dyssynergia; this condition must be identified, since it 
is amenable of  biofeedback treatment, which can normal-
ize colonic transit[18].

However, we still do not know how and why these 
abnormalities are present in STC patients. In recent years, 
clinical and manometric evidence has been accumulated 
that suggests how most of  the motility alterations in STC 
might be considered as a neuropathic type. Moreover, 
other data showed that some subtle alterations of  the 
enteric nervous system, not evident to conventional 
histological examination, may be present in these patients. 
In the present article we will discuss these evidences, 
and will try to put them in relation with the abnormal 
motor function of  the large bowel documented in this 
pathological condition.

STC AS A NEUROPATHY: CLINICAL EVI-
DENCE
In several patients with STC subclinical features of  
autonomic neuropathy may be present[19], and other studies 
described selective sensory and autonomic neuropathy 
in these subjects[20], often with a positive family history, 
suggesting a genetic basis for this condition[21]. Animal 
studies might help in elucidating these issues: for instance, 
transgenic mice with a targeted deletion of  neurturin 
(a neurotrophin) display clinical and tissue phenotype 
similar to that found in STC, and display associated 
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Abstract
Slow transit const ipat ion has been tradit ional ly 
considered and classified as a functional disorder. 
However, clinical and manometric evidence has been 
accumulating that suggests how most of the motility 
alterations in STC might be considered of neuropathic 
type.In addition, further investigations showed that 
subtle alterations of the enteric nervous system, not 
evident to conventional histological examination, may 
be present in these patients. In the present article we 
will discuss these evidences, and will try to put them in 
relation with the abnormal motor function of the large 
bowel documented in this pathological condition.

© 2006 The WJG Press. All rights reserved.

Key words: Constipation; Enteric neuropathy; Functional 
disorders; Slow transit

Bassotti G, Vil lanacci V. Slow transit constipation: A 
functional disorder becomes an enteric neuropathy. World J 
Gastroenterol 2006; 12(29): 4609-4613

 http://www.wjgnet.com/1007-9327/12/4609.asp

INTRODUCTION
In gastroenterology practice, the most frequently 
encountered disorders are represented by those related to 
an abnormal function of  the abdominal viscera, the so-
called functional diseases[1,2]. The term “functional” defines 
several variable combinations of  chronic or recurrent 
gastrointestinal symptoms that do not have an identified 
underlying pathophysiology[3], and that are often also 
labelled as “idiopathic”. Thus, the definition of  functional 
relies on the exclusion of  an organic disease, and it is 
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parasympathetic deficits[22].
Moreover, since in a sizable proportion of  STC patients 

the symptoms start after pelvic surgical procedures[23-25] or 
following childbirth[26] it has been hypothesized (although 
the anatomic proof  has never been given) that pelvic nerve 
injury may occur following hysterectomy and childbirth, 
and that STC could be considered a disorder of  pelvic 
autonomic nerves at least in a subgroup of  patients[27]. 

STC AS AN ENTERIC NEUROPATHY: 
INSTRUMENTAL EVIDENCE
Several manometric studies carried out in patients with 
STC have reported findings that suggest the presence of  
neuropathic-type abnormalities. Such abnormalities have 
been described in many instances with respect to the 
periodic motor activity of  the rectosigmoid area (including 
the so-called rectal motor complex), that appears either 
decreased or disorganized[28-30], the contractile colonic 
motor response following intravenous cholinergic 
stimulation, that in results impaired[31], the early motor 
response following ingestion of  a meal, reported as 
decreased or absent[32], the overall daily colonic motility, 
usually decreased to a lesser or greater extent[33,34], the daily 
organization of  regular contractile colonic patterns, that is 
often impaired[35], and the lack of  propulsive response to 
intraluminal instillation of  bisacodyl (a powerful stimulant 
of  mass movements in healthy subjects)[36]. 

It is worth noting that neuropathic-type abnormalities 
in patients with STC are not necessarily confined to 
the large bowel, but may be also documented in other 
viscera such as the esophagus[37,38], the stomach[39,40], 
the gallbladder[41], and especially the small bowel[42-45], 
suggesting the presence of  a pan-enteric motor disorder 
in these patients, particularly in those with more severe 
symptoms.

STC AS AN ENTERIC NEUROPATHY: 
PATHOLOGICAL EVIDENCE
Most of  the pathologic descriptions related to STC are 
pertinent to the large bowel, and only sporadic reports 
from other gastrointestinal viscera (terminal ileum) exist. 
Therefore, the discussion of  pathological findings will 

focus on the colonic studies.

Conventional histology
Most studies employing routine light microscopy have 
failed to identify consistent abnormalities of  the enteric 
nervous system (ENS) in patients with STC[46-50], apart 
from the presence of  melanosis coli. However, we have 
recently demonstrated that melanosis coli per se does not 
have any relationship with colonic ENS abnormalities (in 
particular with the loss of  enteric neurons, as hypothesized 
in older studies only evaluating the submucosa) in these 
patients[51]. 

Silver staining technique
Morphological abnormalities of  colonic innervation have 
been described in STC patients using the silver staining 
technique introduced by Smith[52]. These studies have 
generally reported a reduction in the total number of  
argyrophilic neurones and morphological neuronal and/
or axonal abnormalities[53,54]. However, the silver staining 
technique has been subsequently replaced by more modern 
and reliable immunohistochemical methods (see below).

Immunohistochemistry
Concerning the hypothesized imbalance of  enteric 
neurotransmitters or the enzyme markers (mostly neuro-
peptides) in STC, the various studies (using immuno-
staining, immunoassays, or both methods) have frequently 
yielded inconsistent results. In fact, looking at the findings 
related to the most commonly investigated neuropeptides 
(VIP, substance P, neuropeptide Y and 5-HT), decreased, 
increased or unchanged levels or immunoreactivity has 
been described in these patients[55-59]. Overall, on the basis 
of  the above reports it might be stated that it is unlikely 
that alterations of  the enteric neurotransmitterns may play 

Table 1  Rome Ⅱ criteria for functional constipation (adapted 
from reference 4)

Two or more of the following for at least 12 wk (not necessarily 
consecutive) in the preceding 12 mo:

• Straining during > 25% of bowel movements;
• Lumpy/hard stools for > 25% of bowel movements;
• Sensation of incomplete evacuation for > 25% of bowel movements;
• Sensation of anorectal blockage for > 25% of bowel movements;
• Manual manoeuvres to facilitate > 25% of bowel movements (e.g., digital   
   evacuation or support of the pelvic floor);
• < 3 bowel movements per week
Loose stools are not present, and there are insufficient criteria for irritable 
bowel syndrome

C D

A B

→

→ → →

→ →

→

→

Figure 1  Interstitial cells of Cajal (arrows) at myenteric plexus level in a 
control subject (A) and in a patient with slow transit constipation (B). Note the 
considerable decrease of these cells in the patient (CD117, original magnification 
x 40). Panels C and D show the enteric glial cells (arrows) in the myenteric plexus 
of a control and of a patients with slow transit constipation, respectively. Note the 
important reduction of these cells in the patient, where only a few ones may be 
identified (S100, original magnification x 40).
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a major role in the pathophysiology of  STC. However, 
more recent observations suggest that an excessive 
production of  nitric oxide in the colonic myenteric plexus 
of  patients with STC could play a pathophysiological role, 
concurring in the persistent inhibition of  contractions[60,61].

More consistent results have been reported with 
respect to enteric neurons, interstitial cells of  Cajal (ICC), 
and enteric glial cells (EGC). In fact, a decrease of  enteric 
neural elements (neurons and/or neurofilaments) seems 
to be a constant feature in studies evaluating patients with 
STC severe enough to require surgery for symptoms’ 
relief[62-66], and these abnormalities are often associated 
with a reduced number of  ICC[67-71], although this latter 
finding is not constantly present[72]. We have recently 
shown in a relatively large and homogeneous group of  
patients with severe and intractable STC, compared to age-
matched controls, that the ICC are significantly decreased 
in patients (Figures 1 A and B), that the enteric neuronal 
loss may be partially due to apoptotic phenomena, and that 
these patients display a significantly decreased number of  
EGC with respect to controls (Figures 1 C and D), in both 
the submucosal and myenteric plexuses[73]. 

STC AS AN ENTERIC NEUROPATHY: 
CLINICAL, INSUMENTAL, AND PATHOLO-
GICAL RELATIONSHIPS
On the basis of  the above evidences, it seems now possible 
to track a link between the clinical picture, represented by 
severe constipation with heavily delayed colonic transit, 
often refractory to medical treatment, the instrumental 
manometric findings, that mostly show impaired motility 
and propulsive activity of  the large bowel (sometimes with 
the participation of  the upper gastrointestinal segments 
too), and the abnormalities of  the colonic ENS.

The neuronal loss is likely to affect the motor activity 
of  the large bowel, reducing the likelihood of  enteric 
neurotransmission. This defect is then strengthened by 
the concomitant reduction of  the number of  ICC, a cell 
population of  paramount importance for the correct 
homeostasis of  gastrointestinal motility. In fact, the 
primary role of  ICC as intestinal pacemakers has been 
established in experimental animal models, where it has 
been shown that a lack of  ICC networks leads to the 
absence of  slow waves and is accompanied by delayed or 
absent intestinal motility[74,75]. A decreased ICC function 
might therefore impair the colonic electrical slow wave 
activity, thereby affecting the contractile response and 
causing delayed transit in STC patients. In addition, it has 
been recently demonstrated that in patients with STC the 
expression of  c-kit mRNA and c-kit protein is significantly 
decreased compared to controls, suggesting that alterations 
in the c-kit signal pathway may play an important role in 
ICC reduction in such patients[76].

An interesting findings, never described before, was 
the significant decrease of  EGC in both the myenteric and 
submucous plexuses in STC patients compared to controls. 
This cell population originates from the neural crest and 
provides both mechanical and physiological support for 
neuronal elements[77]. The chief  known function of  the 

glia in the adult is the formation of  myelin sheaths around 
axons, allowing the fast connections essential for the 
nervous system function. Moreover, EGC maintain the 
appropriate concentrations of  ions and neurotransmitters 
in the neuronal environment and are essential regulators 
of  the formation, maintenance and function of  synapses, 
the key functional units of  the nervous system[78,79]. Since 
EGC are thought to act as intermediaries in enteric 
neurotransmission[80], it is likely that their decrease 
could synergistically act in further weakening the already 
precarious neuroenteric balance due to the decrease of  
neuronal elements and ICC found in patients with STC.

STC AS AN ENTERIC NEUROPATHY: 
CONCLUSIONS
The case for reclassifying STC other than an “idiopathic” 
or “functional” disorder is built. In fact, as seen above, 
clinical, instrumental, and pathological evidences exist that 
all point toward to a (perhaps) more precise definition 
of  this condition as a true enteric neuropathy. It is prob-
ably too early to target STC with a different label, but at 
least we are now aware of  some basic pathophysiological 
mechanisms potentially responsible for the symptoms and 
the manometric abnormalities found in this condition. 
Moreover, apart from mere semantic considerations, the 
demonstration of  such background abnormalities might 
reveal useful for more targeted therapeutic approaches. For 
instance, in a mouse model the blockage of  Kit receptors 
caused transdifferentiation of  intestinal ICC to a smooth 
muscle phenotype[81]: if  the same would occur in the hu-
man colon and if  ICC do not die in STC but rather redif-
ferentiate, it might be possible to create conditions that 
would shift the phenotype back toward ICC.

In conclusion, the advancement of  our knowledge of  
the possible pathophysological mechanisms of  “functional” 
disorders is important for a more correct clinical and 
therapeutic approach. Further studies are obviously needed 
before we can drop the “idiopathic” label from these dis-
orders.
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Abstract
Intestinal failure is a condition characterized by malnu-
trition and/or dehydration as a result of the inadequate 
digestion and absorption of nutrients. The most common 
cause of intestinal failure is short bowel syndrome, which 
occurs when the functional gut mass is reduced below 
the level necessary for adequate nutrient and water ab-
sorption. This condition may be congenital, or may be 
acquired as a result of a massive resection of the small 
bowel. Following resection, the intestine is capable of ad-
aptation in response to enteral nutrients as well as other 
trophic stimuli. Identifying factors that may enhance the 
process of intestinal adaptation is an exciting area of re-
search with important potential clinical applications.

© 2006 The WJG Press. All rights reserved.
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STRUCTURAL AND FUNCTIONAL ADAP-
TATION
T he i n t e s t i n e h a s an i nhe r en t ab i l i t y t o adap t 
morphologically and functionally in response to internal 
and external environmental stimuli. In fact, intestinal 
adaptation may be considered as a paradigm of  gene-
environment interactions. The array of  phenotypic 
adaptations includes the modification of  brush border 
membrane (BBM) fluidity and permeability, as well as 
up- or down-regulation of  carrier-mediated transport. 
In animal models, intestinal adaptation occurs following 
the loss of  a major portion of  the small intestine (“short 

bowel syndrome”, SBS), following chronic ingestion of  
ethanol, sublethal doses of  abdominal irradiation, diabetes, 
aging, fasting and malnutrition[1-5]. Following intestinal 
resection, morphological and functional changes occur 
depending upon the extent of  the intestine removed, 
the site studied, and the lipid content of  the diet[6]. The 
increase in nutrient absorption compensates for the loss of  
absorptive surface area, and minimizes the malabsorption 
that could otherwise potentially occur. Therefore, 
intestinal adaptation has important implications in the 
survival potential and welfare of  the host[7]. However, in 
some cases such as diabetes, intestinal adaptation may 
have deleterious effects, with enhanced nutrient uptake 
exacerbating prevailing hyperglycemia, hyperlipidemia and 
obesity[8].
    The mechanisms of  intestinal adaptation occur at a 
variety of  levels: physiological, cellular and molecular. 
Signals of  adaptation may relate to various hormone 
levels, transcription factors, ATP levels, or changes in 
the concentration of  luminal solutes[5]. The signals and 
mechanisms of  the adaptive process may be different for 
the jejunum and ileum, as well as in the intestinal crypt 
and villous tip, explaining the site-specific alterations and 
differences between crypt and villous enterocytes[3,4]. 
    Rodents are commonly used in well-characterized 
models of  assessing the process of  intestinal adaptation[9]. 
Following small bowel resection in the rat, the remnant 
intestinal mucosa undergoes compensatory alterations 
in an attempt to restore normal absorptive capacity[10]. 
Morphologic and functional changes include increases in 
crypt depth and villous length, enterocyte proliferation, 
as well as increased electrolyte, glucose and amino acid 
uptake[9,10].
    The adaptive process has been defined in terms of  
transport kinetics. Changes usually occur in the value 
of  the maximal transport rate (Vmax) rather than in the 
Michaelis affinity (Km) constant of  specific nutrient 
transporters (sugars and amino acids)[11,12]. Furthermore, 
there may be alterations in the passive permeability 
coefficients of  nutrients transported passively such 
as short-, medium- and long chain fatty acids and 
cholesterol[3,4,13]. The increased Vmax results from either 
an up-regulation of  the total number of  transporters, an 
increased number of  transporting mucosal cells, or an 
increase in the intrinsic activity fo the transporter[14,15]. 
Intestinal resection also selectively changes the passive 
permeability properties of  the BBM, as demonstrated by 
the increased uptake of  fatty acids following intestinal 
resection, an increase that was not due to the changes in 
the mucosal surface area or the effective resistance of  
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the intestinal unstirred water layer (UWL)[16]. Indeed, this 
altered permeability is due to changes in the lipophilic 
properties of  the BBM due to variations in the lipid 
content of  the BBM[17].
    Intestinal adaptation in the rodent model of  chronic 
diabetes involves changes at the transcriptional as well 
as the posttranscriptional level, leading to increased 
Na+-coupled sugar absorption[18]. After inducing acute 
hyperglycemia in rats, there is rapid up-regulation of  
glucose transport across the basolateral membrane (BLM) 
of  the enterocytes[19]. In this model, both the vascular as 
well as luminal glucose infusion causes an increase in the 
glucose transport capacity across the BLM[20]. However, 
no significant increase in BLM cytochalasin B binding or 
in GLUT2 protein abundance was observed, suggesting 
that there may be a post-translational event that increases 
the number of  GLUT2 proteins available for transport, 
such as the movement of  GLUT2 to the BLM from a 
preformed pool within the enterocyte. Alternatively, the 
“intrinsic activity” of  the transporter may be altered in the 
absence of  changes in the protein abundance. Changes 
in the intrinsic activity of  glucose transporters have been 
observed with hyperglycemia[21], diabetes[22], low luminal 
glucose concentrations[14] and following the activation of  
MAPK and PI3K[15].
    Following extensive intestinal resection, there is 
hyperplasia of  the remaining bowel, which may be 
accompanied by the enhanced uptake of  nutrients[23]. The 
alterations in the cell kinetics that result in modification of  
the nutrition status may be specific or non-specific. Non-
specific mechanisms involve alterations that result in changes 
in the intestinal mucosal mass and/or the villous surface 
area, leading to modifications in the uptake of  all nutrients, 
including those that are absorbed passively[24]. On the other 
hand, specific mechanisms involve up- or down-regulation 
of  transporters responsible for the uptake of  particular 
nutrients, such as sugars or amino acids[3,4].
    The observation that morphological modifications may 
accompany intestinal adaptation in the rodent small bowel 
resection model was first made by Dowling and Booth[23]. 
The remaining intestine after resection is hyperplastic, with 
greater villous height and crypt depth, leading to enhance 
mucosal surface area. However, while enhanced nutrient 
absorption is observed, the morphological changes do not 
necessarily explain the alterations in nutrient uptake. For 
example, one week after an 80% small bowel resection, 
the remaining intestine increased its mass to 50%-70% of  
its pre-resection level, yet the uptake of  glucose increased 
only to approximately 33% of  the pre-resection level[10]. 
Thus, enhanced nutrient absorption may not be solely 
explained by intestinal hyperplasia and/or hypertrophy. 
    It is clear that dynamic morphologic parameters of  
the intestine may also adapt. For instance, the crypt 
cell production rates or the enterocyte migration rates 
change in some situations of  intestinal adaptation[25]. It is 
important that morphological alterations are considered 
when estimating the kinetic parameters of  absorption. 
Morphological modifications such as blunting of  the 
mucosal growth or mucosal hyperplasia after intestinal 
resection are observed when Dexamethasone (Dex) 
is given subcutaneously[26]. Both kinetics and dynamic 

morphologic parameters are altered in the adaptive 
process, and the influence of  resection on nutrient uptake 
is due in part to these kinetic alterations. This may be due 
to the altered cell kinetics changing the population of  the 
enterocytes along the villus, thereby leading to variations in 
the number of  cells with transporter, or the activity of  the 
transporters[27,28].
    Many animal models of  intestinal adaptation have been 
described: glucose uptake has been found to be increased 
during pregnancy[24], lactation[30], with the ingestion of  a 
high carbohydrate diet[31], hyperglycemia[32], with diabetes[33], 
high alcohol intake[34] and after intestinal resection[35]. On 
the other hand, glucose uptake is decreased with aging[36], 
external abdominal radiation[37] and with the use of  total 
parenteral nutrition[38]. Most transporters are up-regulated 
by the levels of  dietary substrate levels, whereas toxic 
substances and essential amino acids have the opposite 
effect[9,38-40]. These examples illustrate the diversity and 
variability of  this intestinal adaptive process.
    The adapt ive response in humans is not wel l 
characterized. Increases in nutrient absorption have been 
documented[41-43] in humans following resection. The role 
of  morphological changes in this process, however, has 
not been conclusively demonstrated. Remnant small bowel 
lengthening and dilatation has been noted in patients 
with SBS, suggesting morphologic mechanisms in human 
intestinal adaptation[44]. However, the mucosal adaptation 
typical in rodent models is not seen in the human adaptive 
response[45,46]. Indeed, several studies have shown that no 
increases in villous height or crypt depth were detected 
among patients who underwent intestinal resection, as 
compared to healthy controls[42,47]. 
    With the existence of  various relevant anatomical, 
physiological and biochemical differences between 
the human and rodent gastrointestinal tracts[48], and a 
conspicuous lack of  comparable human studies, the 
clinical adequacy of  the rat as a model of  intestinal 
adaptation remains to be determined. Although the 
morphological and functional changes that occur in the 
rodent following massive small bowel resection have been 
well characterized[23,49], direct evidence for similar changes 
in humans is lacking. Accordingly, caution must be used 
when attempting to extrapolate findings from rodent 
studies to the human population. An alternative model, the 
neonatal piglet, has been used in short bowel studies[50-52]. 
The neonatal pig has recently been used to determine the 
effects of  IGF-1 and dietary manipulations in an intestinal 
resection model[53,54]. The degree to which the results 
obtained using this model reflect human findings has yet 
to be determined, and the rodent remains a popular model 
for studies of  intestinal adaptation. 

DIETARY REGULATION
The topic of  the dietary regulation of  intestinal gene 
expression has been reviewed[31,55]. Dietary constituents 
provide continual environmental signals that elicit the 
expression of  a host of  genes that influence intestinal 
adaptation[56]. Every day, enterocytes are exposed to 
different nutrients that vary according to the nutrient intake 
of  the host. For this reason, the intestine must be able to 

www.wjgnet.com



4616        ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol        August  7,  2006    Volume 12    Number 29

www.wjgnet.com

adapt to variations in the dietary load and composition[31,57]. 
The intestine, like many other biological and engineered 
systems, is quantitatively matched to prevailing peak loads 
with modest reserve capacities. Indeed, physiological 
capacities are optimal and most economical if  they ascribe 
to the adage “enough, but not too much”[57]. Therefore, 
intestinal enzymes and transporters are characterized by 
a “safety factor”, a parameter that represents the ratio of  
its capacity to the load placed on it[58]. The maintenance 
of  this reserve capacity is biosynthetically costly, but 
is necessary given the unpredictable nature of  dietary 
contents. 

Parenteral vs enteral nutrition
Small bowel atrophy is well characterized in rodent models 
using total parenteral nutrition[59-61]. Not surprisingly, the 
presence of  luminal nutrients also contributes greatly 
to the adaptive process. Intestinal adaptation following 
massive small bowel resection is limited, but not entirely 
abolished in the absence of  luminal nutrition[62]. The 
following sections detail the effects of  the type and amount 
of  various luminal nutrients on the adaptive process.

Lipids
Dietary fat content influences the uptake of  hexoses and 
lipids into rabbit jejunum following ileal resection[16]. More 
recently, using a rat model of  SBS, Sukhotnik et al (2003) 
demonstrated that early feeding of  a high fat diet increased 
lipid absorptive capacity of  the intestinal remnant[63]. The 
main mechanisms of  this effect may be an acceleration of  
structural intestinal adaptation, resulting in an increased 
number of  enterocytes. However, at the molecular and 
cellular level, a high fat diet decreased mucosal mRNA 
levels of  the lipid binding protein FAT/CD36 and 
decreased oleic acid uptake by isolated enterocytes. This is 
in contrast to what is seen with the liver fatty acid binding 
protein (L-FABP), a cytosolic lipid binding protein. Mice 
that were chronically fed a diet enriched in sunflower oil 
had increased the liver fatty acid binding protein (L-FABP) 
mRNA levels in their small intestine[64]. The effect was 
specific to this gene, as the intestinal fatty acid binding 
protein (I-FABP) was unaffected. 
    Not only the amount of  fat, but also the type of  dietary 
fat may influence intestinal function. Keelan et al (1996) 
tested the hypothesis that the intestinal morphology and 
uptake of  nutrients after resection of  the distal half  of  
the small intestine in rats responds to alterations in the 
dietary content of  saturated (SFA) and polyunsaturated 
(PUFA) fatty acids[65]. Adult female Sprague-Dawley rats 
were subjected to a sham operation or to the surgical 
resection of  the distal half  of  the small intestine. The 
animals were fed chow for 3 wk, then either chow or 
isocaloric semisynthetic SFA or PUFA diets for a further 2 
wk. The in vitro jejunal uptake of  glucose was twice as high 
in animals that had undergone resection and were fed SFA 
than in those fed PUFA. It was suggested that SFA was 
necessary in the diet to ensure that adequate adaptation 
takes place.
    Thiesen and colleagues examined the effect of  dietary 
lipids on lipid uptake in rats post-resection. Intestinal 
resection had no effect on the mRNA expression of  early 

response genes (ERGs), proglucagon, or the ileal lipid 
binding protein (ILBP), but was associated with reduced 
jejunal mRNA for ornithine decarboxylase (ODC) and 
for the liver fatty acid binding protein (L-FABP)[66]. These 
resection-associated changes in gene expression were not 
linked with alterations in the intestinal uptake of  long chain 
fatty acids or cholesterol. In animals undergoing intestinal 
resection and fed SFA or given control vehicle, there was 
a reduction in jejunal proglucagon mRNA expression as 
compared to those animals fed chow or PUFA. ODC 
mRNA expression in the jejunum of  resected animals was 
reduced. Thus, dietary lipids modify the uptake of  lipids 
in resected animals, and ODC and proglucagon may be 
involved in this adaptive response[67].
    The way by which dietary lipids alter gene expression 
and consequently change membrane composition and/or 
nutrient transport may be through the activation of  per-
oxisome proliferator-activated receptors (PPAR), hepatic 
nuclear factor-4 (HNF-4), nuclear factor κ B (NFκB), and 
sterol response element binding proteins 1c (SREBP1c)[56]. 
By binding to these transcriptional factors, dietary lipids af-
fect the rate of  transcription and consequently the protein 
synthesis of  nutrient transporters[65,68]. It is also known that 
PPARs belong to the superfamily of  receptors that include 
the glucocorticosteroid receptor (GR)[69]. When the locally 
acting glucocorticosteroid (GC) budesonide was adminis-
tered concomitantly with SFA diet, the jejunal uptake of  
glucose was increased but the ileal uptake of  fructose was 
reduced[70]. 
    It has been suggested that dietary lipids participate 
in signal transduction involving the activation of  sec-
ond messengers, such as cAMP, Ca2+ and diacylglycerol, 
thereby changing the mRNA expression[71]. Studies with 
glycosphingolipid have revealed the importance of  these 
lipids and their metabolites in signaling pathways via the 
tyrosine kinase-linked receptors, a signal system mediated 
by protein kinase C (PKC), mitogen activated protein ki-
nase (MAPK), other kinases, as well as mediated by the 
cytosolic Ca2+ concentration[72]. More recently, additional 
new signals involved in the adaptive intestinal response 3 
days after a 50% intestinal resection have been identified 
by cDNA microarray analysis, such as small proline-rich 
protein 2, involved in wound healing; glutathione reduct-
ase, a gene involved in intestinal apoptosis; NF-2 family 
members, also involved in apoptosis; etoposide-induced 
p53-mediated apoptosis; basic Kruppe-like factor, a tran-
scription factor that activates the promoter for IGF-1; and 
prothymosin-α, involved in cell proliferation[73,74]. These 
observations of  altered expression of  signals are useful 
to generate hypotheses that can be tested in future studies 
to establish whether these signals represent a primary or a 
secondary event.
    The glycospingolipid, phospholipid, cholesterol and 
fatty acid composition of  plasma membranes may be 
modified in mammalian cells[75]. For example, Keelan et al. 
(1990) demonstrated that alterations in dietary fatty acid 
saturation influence intestinal BBM phospholipid fatty acid 
composition in rats[76]. The investigators proposed that the 
previously reported diet-associated changes in active and 
passive intestinal transport are due at least in part to these 
alterations in the fatty acid composition in BBM phospho-



lipids. A diet enriched with SFA is associated with increas-
es in the saturation of  BBM phospholipid fatty acids, while 
a diet enriched with PUFA is associated with an increase 
in the unsaturation of  BBM phospholipid fatty acids[3,4]. 
The degree of  fatty acid unsaturation or saturation, as well 
as the cholesterol and ganglioside/glycosphingolipid con-
tent, are factors that influence the fluidity of  the BBM[77,78]. 
Changes in the fluidity of  the BBM may alter the perme-
ation of  molecules and nutrients through this barrier, as 
well as the conformation of  binding sites on transporter 
proteins such as SGLT1 and GLUT5[79]. For example, al-
terations in BBM fluidity influence the passive uptake of  
lipids, as well as the carrier-mediated D-glucose uptake[79,80]. 
While enhancement of  fluidity increases the uptake of  
lipids, fluidization of  BBM from enterocytes located on 
the villous tip decreases the uptake of  D-glucose to levels 
seen in the BBM from enterocytes located on the crypts[81]. 
The explanation for the effect of  BBM fluidity on glucose 
uptake is unknown, but represents a potentially important 
post-translational process.
    The lipid composition of  cell membranes alters the pas-
sive permeability properties and transporter activity across 
the membrane[75]. The altered membrane lipid composition 
may act in part by changing the viscosity or fluidity of  the 
membrane, including the microenvironment surrounding 
the transporter. Meddings (1989) compared in vivo mem-
brane lipid permeability within the same intestinal region, 
under conditions where membrane physical properties 
were radically altered by feeding rats an inhibitor of  cho-
lesterol synthesis[82]. Marked reductions in membrane fluid-
ity were observed due to the replacement of  membrane 
cholesterol with its precursor 7-dehydrocholesterol. Asso-
ciated with these alterations was a pronounced reduction in 
membrane lipid permeability. Therefore, BBM membrane 
lipid permeability, in vivo, appears to be correlated with the 
physical properties of  the bilayer. 
    Recently, two types of  specialized microdomains in the 
BBM have been identified: lipid rafts and caveolae. These 
regions are important in signal transduction as well as lipid 
and protein trafficking[83-85]. They are enriched in saturated 
fatty acids, cholesterol and gangliosides[84-86]. Feeding rats 
a diet enriched with gangliosides increases jejunal glucose 
uptake[87]. Feeding a ganglioside-rich diet increases the gan-
glioside content and decreases the cholesterol content in 
the intestinal mucosa, plasma, retina and brain[88]. Similar 
changes in the lipid composition of  intestinal microdo-
mains, or lipid rafts, occur following ganglioside feeding[89]. 
Although SGLT1 has been localized to these microdo-
mains in renal epithelial cells[90], it is not known if  sugar 
transporters reside in intestinal BBM microdomains. If  
this is the case, local changes in membrane fatty acids may 
affect the activity of  transporter by altering the configura-
tion of  the protein, potentially exposing or masking the 
transporter binding sites and thereby modifying nutrient 
uptake. In addition, gangliosides may influence intestinal 
sugar transport via their effect on pro-inflammatory me-
diators, many of  which are known to influence intestinal 
sugar transport[91-93]. For example, in rats challenged with li-
popolysaccharide, ganglioside feeding reduced the produc-
tion of  intestinal platelet activating factor, PGE2, LTB4, as 
well as reduced plasma levels of  IL-1β and TNF-α[94]. 

Carbohydrates
Dietar y carbohydra te may induce the in tes t ina l 
adaptive response by increasing the abundance of  
hexose transporters to facilitate a higher rate of  sugar 
absorption[11]. In a murine model, intestinal glucose uptake 
was directly correlated with the dietary carbohydrate 
load[31,39,95]. The effect of  dietary carbohydrate on 
nutrient transporter abundance has been reported in 
several animal models. For instance, the abundance of  
SGLT-1 in BBM and GLUT2 in the BLM were elevated 
in animals fed a high carbohydrate diet and associated 
with this enhanced level of  protein was an increase in 
glucose absorption[19,96,97]. As well, the GLUT5 transporter 
abundance was elevated with enhanced dietary fructose, 
leading to increased fructose uptake[98]. 
    The initiation of  the dietary glucose-induced adap-
tive response occurs in the intestinal crypts, where the 
transport capacities of  the nutrient transporters are pro-
grammed[39,40,95,97]. In this mouse model, phlorizin bind-
ing was utilized as a means of  measuring the glucose 
transporter site density. Changing the murine diet from a 
high to a low carbohydrate regimen reduced the amount 
of  glucose transporter, as estimated from the density of  
phlorizin binding. The alteration in the density of  phlori-
zin binding was first observed in the crypt cells, and over 
a three-day period was subsequently seen in the villous 
tip cells. This suggests that the crypt enterocytes respond 
to the high carbohydrate diet to increase their phloridzin 
binding; those cells then migrate up the villous over the 
next three days, contributing to the process of  enhancing 
glucose uptake.
    The enterocytes may adapt to the high carbohydrate 
diet by increasing the crypt cell turnover rate, enhancing 
the enterocyte migration rate, as well as by reprogramming 
the capability of  nutrient transporters in the crypts to ac-
commodate to the requirement for higher monosaccharide 
transporters[97].
    Animals fed a glucose-enriched diet have an increased 
glucose uptake, resulting from up-regulation of  both BBM 
and BLM glucose transporters[19,96,99]. The precocious in-
troduction of  dietary fructose causes enhanced expression 
of  fructose transporters and fructose transport earlier dur-
ing development, without changing glucose uptake[97]. The 
substrates glucose and fructose are both specific in terms 
of  up-regulation of  their corresponding transporters, 
SGLT1 and GLUT5. Therefore, increasing the sugar com-
position of  the diet results in increases in the transport of  
these nutrients. In contrast, increases in essential amino 
acids or other substances that are potentially toxic at high 
levels (such as iron, calcium or phosphorous) are associ-
ated with no change, or even reductions in transport[38,100].
    Furthermore, in many cases other nutrients may be 
equal or even more potent inducers of  the transporter 
than its specific substrate. For example, young animals fed 
a diet enriched with polyunsaturated fatty acids (PUFA) 
have a decline in glucose uptake, as compared to animals 
fed a saturated fatty acid (SFA) enriched diet[70,101,102]. Simi-
larly, Vine et al (2002) studied the effect of  various fatty 
acids on the passive and active transport properties of  rat 
jejunum, and found that an SFA-enriched diet increased 
Na+-dependent glucose uptake when compared to a diet 
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enriched with n6 PUFA[103]. In contrast, in aged rats, glu-
cose uptake is increased by PUFA and not by SFA[36].
    Dietary fiber also modulates intestinal nutrient uptake. 
For example, a diet enriched with fermentable fiber in-
creased glucose uptake and GLUT2 transporter abundance 
in dogs[104]. In vitro studies, in which rat intestinal tissue was 
incubated with β-glucan isolated from barley or oats, show 
reductions in the uptake of  stearic and linoleic acids (Dro-
zdowski et al, 2005, unpublished observations). Further-
more, many studies have investigated the effect of  TPN 
supplemented with short chain fatty acids, the products of  
fiber fermentation. Increases in glucose uptake, GLUT2 
mRNA and protein, and intestinal morphology were seen 
in normal rats as well as in rats following intestinal resec-
tion[105-108].

Protein
Dietary protein also has an impact on the intestinal 
morphology and active amino acid transport[40,109,110]. Both 
in vitro[110] and in vivo[109] rat experiments have shown that 
a high protein diet increases amino acid uptake in the 
jejunum. An alteration in the amount of  dietary protein 
induces reversible adaptation of  the non-essential amino 
acid transport rate[111]. Feeding a high protein diet to mice 
induces a 77%-81% increment in the uptake of  non-
essential amino acids[40], yet only a 32%-61% increase 
for essential amino acids. On the other hand, a protein-
deficient regimen reduces uptake of  non-essential amino 
acids, such as aspartate and proline, and maintains or 
increases uptake for essential amino acids and alanine. 
Thus, the nature of  the adaptive response depends upon 
the type of  amino acid and the needs of  the animal.  
    Glutamine is a key metabolic fuel for enterocytes, 
mediating cellular nucleic acid synthesis and proliferation. 
Parenterally fed rats demonstrate decreased atrophy of  the 
intestinal mucosa following glutamine supplementation[112]. 
Glutamine administration also normalizes the reduced 
levels of  intestinal adaptation in rats receiving total 
parenteral nutrition (TPN) following intestinal resection[113]. 
It is noteworthy that some studies of  oral glutamine 
supplementation in the rat have failed to document 
more than temporary mucosal proliferation[114]. This 
indicates that mechanistic differences that are intrinsic to 
the method of  glutamine administration may exist, and 
suggests that these may be significant in regulating the 
adaptive response.
    Other amino acids may inhibit intestinal adaptation. 
Sukhotnik et al (2005) examined the effects of  the 
parenteral administration of  the nitric oxide precursor 
arginine to rats following 75% small bowel resection[115]. 
Arginine supplementation was associated with lower cell 
proliferation indexes and greater enterocyte apoptosis. This 
observation led the investigators to conclude that arginine 
inhibits structural intestinal adaptation. 

Polyamines
Polyamines are found in all eukaryotic cells[116], and they 
play an important role in growth and differentiation[117]. 
Polyamines are obtained either from the diet, or via 
synthesis from ornithine[118]. Uda et al (2002) demonstrated 
that luminal perfusions of  polyamines rapidly (in less 

than 5 min) enhance intestinal glucose uptake in rats, and 
increase BBM SGLT1 protein[119]. 
    Polyamine synthesis or uptake may be an important 
event that initiates the adaptive hyperplasia seen in the 
intestinal remnant after partial small bowel resection. 
Enteral diets supplemented with ornithine alpha-
ketoglutarate (OKG), a precursor for arginine, glutamine 
and polyamines, enhances intestinal adaptation in 
models of  intestinal resection[120,121]. Indeed, studies by 
both Tappenden et al [122] and Thiesen et al [66] suggest 
that ornithine decarboxylase (ODC), a key enzyme in 
polyamine synthesis, may mediate the adaptive process 
in rats that is stimulated by the administration of  either 
glucocorticosteroids or short chain fatty acids to rats 
following intestinal resection. 
    The role of  polyamines in the adaptation of  the 
intestine during development has also been studied. Wild 
et al (2005, unpublished observations) showed that in 
postnatal rats, oral spermidine treatment resulted in the 
precocious expression of  the intestinal sugar transporters 
(SGLT1, GLUT2 and GLUT5), as well as ODC. This led 
the investigators to conclude that oral polyamines induce 
precocious maturation of  sugar transporters, which may 
be mediated by alterations in ODC gene expression. 

HORMONAL REGULATION
Glucocorticosteroids
In a model of  extensive intestinal resection (50% 
enterectomy), the proximal and distal intestinal remnants 
were adequate to assess the morphology and function at 
these sites[11,112]. The glucocorticosteroid prednisone had 
no effect on the intestinal uptake of  glucose or fructose 
in these resected animals[70]. In contrast, the locally 
acting steroid budesonide increased by over 120% the 
value of  the jejunal Vmax for the uptake of  glucose, and 
increased by over 150% the ileal uptake of  fructose. The 
protein abundance and mRNA expression of  SGLT1, 
GLUT5, GLUT2 and Na+/K+ APTase α 1 and β 1 
cannot explain the enhancing effect of  budesonide on 
glucose and fructose uptake. Budesonide, prednisone and 
dexamethasone reduced the jejunal expression of  the early 
response gene c-jun. In resected animals, the abundance 
of  the mRNA of  ODC in the jejunum was reduced, and 
glucocorticosteroids (GC) reduced the jejunal expression 
of  the mRNA of  proglucagon. These data suggest that the 
enhancing influence of  GC on sugar uptake in resected 
animals may be achieved by post-translational processes 
involving signalling with c-jun, ODC and proglucagon, or 
other as yet unknown signals.
    In contrast, the uptake of  D-fructose by GLUT5 was 
similarly increased with budesonide and with prednisone. 
The increases in the uptake of  fructose were not due to 
variations in the weight of  the intestinal mucosa, food 
intake, or in GLUT5 protein or mRNA expression. There 
were no steroid-associated changes in mRNA expression 
of  c-myc, c-jun, c-fos, of  proglucagon, or of  selected 
cytokines. However, the abundance of  ileal ODC mRNA 
was increased with prednisone. Giving budesonide or 
prednisone to post- weaning rats for four weeks in doses 
equivalent to those used in clinical practice increases 
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fructose but not glucose uptake. This enhanced uptake 
of  fructose was likely regulated by post-translational 
processes[70].

Growth hormone
Growth hormone (GH) has been suggested as possessing 
pro-adaptive properties[123]. In rats and piglets, GH 
administration results in an increase in small bowel length 
and function per unit length[124]. Hypophysectomized 
rats undergo mucosal hypoplasia of  the small bowel, as 
well as a reduced adaptive response following resection 
that is restored by GH[125]. In contrast, transgenic mice 
expressing elevated levels of  GH show hypertrophy of  the 
small intestine[124]. IGF-1 expression in the small bowel is 
regulated by GH and is believed to induce enterotrophic 
effects following resection[113,126]. In a rat model of  
SBS, acute IGF-1 treatment of  TPN fed rats produced 
sustained jejunal hyperplasia, and facilitated weaning from 
parenteral to enteral nutrition[127]. GH administration to 
normal rats has been reported to have positive effects 
on mucosal growth and intestinal adaptation following 
massive resection[128], although contradictory data 
exists[129,130]. Human and rabbit studies have indicated 
that increased nutrient transport activity devoid of  
morphologic changes may be the method of  GH-induced 
intestinal adaptation[131]. 
    GH administration has been shown to inhibit the 
liberation of  glutamine from muscle during catabolic states 
in humans[132], suggesting a possible role for combined GH 
and glutamine provision in adaptive bowel enhancement. 
Trials investigating any such synergism in the rat have 
yielded conflicting results. Some studies have failed to 
demonstrate an additive effect of  GH and glutamine in the 
enhancement of  post-resection intestinal adaptation[133], 
while others have documented a positive synergistic 
effect[134]. 
    The mechanisms of  action by which GH and/or 
glutamine may enhance the human adaptive process 
cannot be clearly surmised from the existing rodent data. 
Many studies have inherent deficits in terms of  nutrient 
controls that could have contributed to the conflicting 
outcomes which have been described. The trophic effects 
of  enteral nutrition on the adaptation process are well 
known[3]. Studies evaluating the contribution of  non-
specific, nutrient-derived augmentation of  the adaptation 
process, as well as the mechanisms of  any such nutrient 
factor interactions, may be useful in defining more accurate 
and therapeutically applicable results. 
    Animal studies have confirmed the enhancing effect of  
GH on nutrient absorption[123,124]. For example, GH has 
been shown to enhance the absorption of  amino acids 
using ex vivo human BBM vesicles[134]. An intestinal mucosal 
GH receptor has been described in rats and humans[135], 
and GH promotes cell differentiation and clonal expansion 
of  these differentiated cells[136]. 
    The use of  growth hormone in human clinical studies 
has been investigated. It has been suggested that the 
efficacy of  GH and/or glutamine therapy in the adaptive 
response of  the small bowel may be based mainly 
upon the clinical status of  the patient (for example, the 

presence of  a portion of  the colon in continuity with the 
remaining resected small intestine)[137]. Evaluation of  the 
effect of  such variables in the rat may facilitate further 
understanding of  the pathology and physiology of  the 
bowel adaptation process, as well as more clearly defining 
positive predictive indicators of  the bowel’s ability to 
be rehabilitated. Furthermore, existing human data has 
indicated that the administration of  high concentrations 
of  GH can actually increase patient morbidity and 
mortality[138], demonstrating a primary need for equivalent 
clinical research in the testing of  these factors.
    In home parenteral nutrition (HPN)-dependent patients 
with SBS, the use of  high dose recombinant human GH 
(0.4 mg/kg per day) in controlled[138,139] and uncontrolled 
studies[140] has led to variable results. These patients were 
given glutamine supplements by mouth or parenterally, and 
their diet was modified. In the randomized and placebo-
controlled study of  Scolapio et al[139], the subjects ingested 
a standardized 1500 kcal/d diet, which is clearly different 
from the hyperphagic diet consumed by many SBS 
patients[140], and which may contribute to the physiological 
adaptation that occurs in the remaining intestine after 
extensive resection. It is unclear whether glutamine is 
beneficial for the adaptive response in humans, and 
in rat models of  SBS, it is unclear whether glutamine 
supplementation is efficacious for the adaptive process[2,141]. 
Furthermore, both a hyperphagic diet and the absence of  
malnutrition are needed for humans to achieve optimal 
intestinal adaptation[44,142].
    When HPN-dependent patients with SBS were 
provided a usual ad libitum hyperphagic diet, and given 
low doses of  GH (0.05 mg/kg per day) for three weeks, 
there was significant improvement in the intestinal 
absorption of  energy (15% ± 5%), nitrogen (14% ± 6%) 
and carbohydrate (10% ± 4%)[143]. The increased food 
absorption represented 37% ± 16% of  total parenteral 
energy delivery. Body weight, lean body mass, D-xylose 
absorption, insulin-like growth factor 1, and insulin-like 
growth factor binding protein 3 increased, whereas uptake 
of  GH binding protein decreased. During treatment with 
GH, improvement in net intestinal absorption compared 
with placebo was 427 ± 87 kcal/d, representing 19% ± 8% 
of  the total energy expenditure required to obtain energy 
balance equilibrium in patients with SBS[140].
    A review of  the literature in this area by Matarese et al[144] 
noted that there were differences in gastrointestinal (GI) 
anatomy, dietary compliance, nutritional status, presence 
of  mucosal disease, and diagnosis both within and between 
the studies. They concluded that “administering recombinant 
human growth hormone alone or together with glutamine with or 
without a modified diet may be of  benefit when the appropriate 
patients are selected for treatment”. 

Insulin-like growth factor 1
Insulin-like growth factor 1 (IGF-1) also proved to be 
efficient in increasing intestinal adaptation following 
resection in rats. IGF-1 treatment fol lowing 70% 
jejuno-ileal resection attenuated fat and amino acid 
malabsorption[145] and increased total gut weight by up to 
21%. The IGF-1 receptor was increased in the jejunum and 
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colon due to resection. Resection also increased circulating 
IGF-binding proteins (IGFBP). IGF-1 treatment had 
no effect on IGF-1 mRNA or IGF-1 receptor density, 
but increased IGFBP5 in the jejunum. This increase in 
IGFBP5 was correlated with jejunal growth after IGF-1 
treatment[146]. 
    More recently, a study was conducted to determine the 
effect of  IGF-1 on enterocyte kinetics following intestinal 
resection[147]. IGF-I treatment in resected rats significantly 
increased jejunal mucosal mass by 20% and mucosal 
concentrations of  protein and DNA by 36% and 33%, 
respectively, above the response to resection alone. These 
changes reflected an increase in enterocyte proliferation 
and an expansion of  the proliferative compartment in the 
crypt. No further decrease in enterocyte apoptosis and 
increase in enterocyte migration were observed. 
    IGF-I treatment may also facilitate weaning from 
parenteral to enteral nutrition. After a 60% jejunoileal 
resection plus cecectomy, rats treated with recombinant 
human IGF-I (3 mg/kg body weight) or control vehicle 
were maintained exclusively with TPN for 4 d and were 
then transitioned to oral feeding. TPN and IGF-I were 
stopped 7 d after resection and rats were maintained with 
oral feeding for 10 more days. Acute IGF-I treatment 
induced sustained jejunal hyperplasia, as demonstrated 
from the presence of  greater concentrations of  both 
jejunal mucosal protein and DNA, and was associated 
with the maintenance of  a greater body weight and serum 
IGF-I concentrations[127].
    A study was done using male transgenic mice with 
targeted smooth muscle IGF-1 overexpression[148]. These 
animals and non-transgenic littermates underwent 50% 
proximal small bowel resection. The results showed that 
growth factor over-expression led to a unique mucosal 
response characterized by a persistent increase in remnant 
intestinal length and an increase in mucosal surface 
area. Therefore, IGF-1 signaling from within the muscle 
layer may be important in resection-induced intestinal 
adaptation.

Epidermal growth factor
Epidermal growth factor (EGF) up-regulates intestinal 
nutrient transport[149]. This effect is mediated by PKC 
and PI3K[150] and involves the redistribution of  SGLT1 
from microsomal pools to the BBM[151]. After massive 
intestinal resection, endogenous EGF is increased in the 
saliva and is decreased in the urine[152]. EGF stimulates 
intestinal adaptation after intestinal resection: the BBM 
surface area and the total absorptive area increased until d 
10, and EGF treatment induced a further increase in BBM 
surface area[153]. In a study by O’Brien and colleagues[154], 
mice underwent a 50% small bowel resection or sham 
operation, and were then given orally an epidermal growth 
factor receptor (EGFR) inhibitor (ZD1839, 50 mg/kg per 
day) or control vehicle for 3 d. ZD1839 prevented EGFR 
activation, as well as the normal postresection increases in 
ileal wet weight, villus height, and crypt depth. Enterocyte 
proliferation was reduced two-fold in the resection group 
by ZD1839. These results more directly confirm the 
requirement of  a functional EGFR as a mediator of  the 

postresection adaptation response. Interestingly, previous 
work has demonstrated that the EGFR is predominantly 
located on the BLM of  enterocytes[155], but after small 
bowel resection the EGFR shows redistribution from the 
BLM to the BBM, with no change in the total amount of  
EGFR[156]. It is not known how this redistribution occurs. 
This is an important point, since modification of  this 
process may represent a useful means to accelerate the 
intestinal adaptive process.
    In a study by Knott et al[157], laser capture microdissection 
(LCM) microscopy was used to elucidate the specific 
cellular compartment(s) responsible for postresection 
changes in EGFR expression. Mice underwent a 50% 
proximal resection or sham operation, and after three 
days frozen sections were taken from the remnant ileum. 
Individual cells from the villi, crypt, muscularis and 
mesenchymal compartments were isolated. EGFR mRNA 
expression for each cell compartment was quantified using 
real-time reverse transcription polymerase chain reaction 
(RT-PCR). EGFR expression was increased two-fold in 
the crypt after resection, directly correlating with the zone 
of  cell proliferation. This supports the hypothesis that 
EGFR signaling is crucial for the mitogenic stimulus for 
adaptation. The additional finding of  increased EGFR 
expression in the muscular compartment is novel, and may 
imply a role for EGFR in the muscular hyperplasia seen 
after massive small bowel resection. As noted previously, 
it is of  interest that the muscle layer also appears to play a 
role in the adaptive response to IGF-1[148].
    The treatment of  resected rats with EGF has been 
studied. In a study by Sham et al[158], male juvenile rats 
underwent either transection or ileocecal resection leaving 
a 20-cm jejunal remnant. Resected animals were treated 
orally with placebo or recombinant human EGF. Resected 
EGF-treated animals lost significantly less weight than 
those in the transection group, absorbed significantly more 
3-0 methylglucose, and had reduced intestinal permeability 
as determined by the lactulose/mannitol ratio. Work 
by Chung et al[159] using rabbits showed that intestinal 
resection altered SGLT1 mRNA and protein expression 
along the crypt-villous axis, with expression being highest 
in the mid-villous region. Oral EGF normalized SGLT1 
expression, resulting in a gradient of  increasing expression 
from the base of  the villus to the villous tip. 
    More recently, Nakai and colleagues[160] investigated the 
role of  EGF in stimulating intestinal adaptation following 
small bowel transplantation. Treatment of  rats with EGF 
(intraperitoneally for three days) following intestinal 
transplantation resulted in increased glucose absorption, 
SGLT1 abundance and the villous height and crypt depth 
in the graft. This has not yet been studied in humans.

Keratinocyte growth factor
In a study by Yang et al[161], adult C57BL/6J mice were 
randomized to a 55% mid-small bowel resection, resection 
with keratinocyte growth factor (KGF) administration 
(SBSKGF), or a sham-operated (control) group, and were 
killed at d 7. Ussing chamber studies showed that KGF 
increased the net transepithelial absorption of  3-O-methyl 
glucose as well as sodium-coupled alanine absorption, but 
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had no effect on epithelial permeability barrier function. 
Epithelial cells were separated along the crypt-villous axis 
with LCM, and epithelial KGF receptor (KGFR) mRNA 
abundance was studied using real time RT-PCR. KGF up-
regulated KGFR mRNA abundance, predominately in the 
crypt and the lower portion of  the villus. 

Leptin
Leptin plays an important role in the regulation of  body 
fat and satiety (reviewed in[162]). Leptin reduces food 
intake[163] and leptin-deficient mice develop obesity[164]. 
Leptin may be a potential growth factor for the normal 
rat small intestine. The effect of  14 d of  parenteral leptin 
administration (2 μg/kg per day) to rats following 80% 
small bowel resection was studied. Leptin was associated 
with a 44% increase in galactose absorption and a 14% 
increase in GLUT-5 abundance, but with no change in 
DNA content or in SGLT abundance. These findings 
suggest that leptin may potentially be clinically useful in 
patients with impaired intestinal function[165].

Ghrelin
Ghrelin is a gastric hormone that is released in response to 
enteral nutrients. It has an opposite effect when compared 
to leptin, as it stimulates food intake[166]. The role of  
ghrelin in intestinal adaptation is unknown.

Glucagon-like peptide 2
Animal studies have demonstrated a potential role for 
GLP-2 in the adaptive response following intestinal 
resection[147]. Several investigators have demonstrated 
increases in plasma GLP-2 levels following intestinal 
resection in rats[167-169]. In a study by Dahly et al[147], rats 
were subjected to 70% midjejunoileal resection or ileal 
transection, and were maintained with TPN or oral 
feeding. Resection-induced adaptive growth in TPN- and 
orally-fed rats was associated with a significant positive 
correlation between increases in plasma bioactive GLP-2 
and proglucagon mRNA abundance in the colon of  TPN-
fed rats and in the ileum of  orally fed rats. While these 
increases were transient in the TPN-fed group, luminal 
nutrients produced a sustained increase detected at 3 and 7 
d post-resection. These data support a significant role for 
endogenous GLP-2 in the adaptive response to mid-small 
bowel resection in both TPN and orally fed rats[147]. 
    Recent ly, fur ther cor re la t ions between post-
resection GLP-2 levels, morphological indices, crypt cell 
proliferation rates and nutrient absorption have been 
made[170]. In this study, an inverse correlation was found 
between post-prandial GLP-2 levels and fat or protein 
absorption as assessed by a 48 h balance study. These 
results, along with data obtained from studies showing 
that GLP-2 immunoneutralization inhibits post-resection 
adaptation[171], further implicate GLP-2 as a post-resection 
mediator of  adaptation. 
    GLP-2 administration in rats increases the adaptive 
response to massive intestinal resection[172]. In this study, 
Sprague-Dawley rats were divided into two groups, with 
a 75% mid-jejunum-ileum resection and a sham operated 
groups. Animals were treated with 0.1 μg/g GLP-2 analog 
(protease resistant human GLP-2) or placebo given 

subcutaneously twice daily for 21 d. The total weight 
of  the rats and the mucosal mass per centimeter were 
compared between the groups. Administration of  this 
peptide or its analogs was associated with an increase of  
the mucosal mass in the proximal jejunum and terminal 
ileum. The absorption and urinary excretion of  oral 
D-xylose is proportional to intestinal mucosal surface 
area and transit time. While resection reduced D-xylose 
excretion and GLP-2 restored D-xylose excretion to levels 
above control values within 21 d of  administration. This 
indicates that GLP-2 has a positive effect on intestinal 
morphology and absorptive function following resection.
    More recently, Martin et al[173] investigated the effects of  
GLP-2 in a TPN-supported model of  experimental short 
bowel syndrome. Juvenile Sprague-Dawley rats underwent 

a 90% small intestinal resection and were randomized to 
three groups: enteral diet and intravenous saline infusion, 
TPN only, and TPN plus 10 μg/kg per hourGLP-2. TPN 
plus GLP-2 treatment resulted in increased bowel and 
body weight, villus height, intestinal mucosal surface area, 

and crypt cell proliferation. Intestinal permeability tests 
showed that GLP-2 reduced the lactulose-mannitol ratio 
indicating that GLP-2 lowered intestinal permeability when 
compared with the TPN alone. GLP-2 increased serum 
GLP-2 levels and intestinal SGLT-1 protein abundance 
compared with either TPN or enteral groups. This study 
demonstrates that GLP-2 is capable of  stimulating 
intestinal adaptation in the absence of  enteral feeding, 

    Because a number of  hormones and growth factors 
have been shown to inf luence intestinal function, 
Washizawa et al[174] compared the effects of  GLP-2, GH 
and KGF on markers of  gut adaptation following massive 
small bowel resection (MSBR). KGF increased goblet cell 
numbers and TTF3, a cytoprotective trefoil peptide, in the 
small bowel and the colon. They also observed that while 
both GH and KGF increased colonic mucosal growth, 
GLP-2 exerted superior trophic effects on jejunal growth. 
GLP-2 also increased the glutathione/glutathione disulfide 
ratio, resulting in improved mucosal glutathione redox 
status throughout the bowel. Because of  the differential 
effects of  GLP-2, GH and KGF on gut adaptation 
following MSBR, the authors conclude that a combination 
of  these agents may be most beneficial.
    A pilot study to determine the efficacy of  GLP-2 in 
patients with SBS has been completed. A non-placebo 
controlled study was conducted in 8 patients with SBS with 
an end-enterostomy type of  anastomasis (6 had Crohn’s
disease and 4 were not receiving HPN)[175]. Treatment 
with GLP-2 (400 μg subcutaneously twice a day for 35 d) 
increased intestinal absorption of  energy, body weight, and 
lean body mass. Crypt depth and villous height were also 
increased in 5 and 6 patients, respectively. 
    A review by Jeppesen[176] on the role of  GLP-2 in the 
treatment of  SBS concludes that “Currently, hormonal therapy 
in short-bowel patients should be considered experimental and it is 
only recommended in research studies. The optimal duration and 
concentration requirements for GLP-2 to induce beneficial effects 
on intestinal secretion, motility, morphology and most importantly 
absorption, are not known. Optimal dosage and administration of  
this new treatment to short-bowel patients may eventually result in 
long-term improvements in nutritional status and independence of  
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parenteral nutrition in a larger fraction of  short-bowel patients”. 

SIGNALS OF INTESTINAL ADAPTATION
A number of  studies have investigated the signals involved 
in intestinal adaptation using animal models of  intestinal 
resection. Dodson et al[177] identified three subsets of  genes 
that were up-regulated by constructing a cDNA library 
from the remnant ileum of  resected rats. This library 
was screened, and subtractive hybridization was used to 
identify genes that were induced following resection. These 
included genes involved with regulating the absorption 
and metabolism of  nutrients. For example, L-FABP, 
apolipoprotein A-IV, cellular retinal binding protein II 
and ileal lipid binding protein were identified as genes that 
were induced following 70% intestinal resection in rats. 
Genes involved in cell cycle regulation were also identified. 
For example, phosphorylation and dephosphorylation 
are important regulators of  the cell cycle, and PP1δ, a 
subunit of  a serine/threonine phosphatase was indeed up-
regulated. Grp78, a member of  the heat shock protein 
family was also increased. Grp78 resides in the ER and 
acts as a chaperone during protein assembly and transport. 
It may also have a protective role, and prevent apoptosis 
as a way of  promoting the proliferative response following 
intestinal resection[178,179].
    Rubin et al[180] further characterized the molecular and 
cellular mechanisms following 70% resection in rats. An 
immediate early gene, PC4/TIS7, was markedly increased 
soon after resection, with levels returning back to normal 
by one week post-resection. Although the function of  this 
protein is unknown, it may be related to cytodifferentiation 
as it is expressed only in the villus and not in the crypts. 
    Erwin et al[74] used cDNA microarrays to gain insight 
into the mechanism of  intestinal adaptation. Mice 
underwent a 50% intestinal resection and three days 
afterwards RNA was extracted from the remnant ileum. 
Multiple genes were induced, and they divided these 
into four categories: (1) Apoptosis, DNA synthesis, 
repair and recombination (10 genes); (2) Oncogenes, 
tumor suppressors, cell cycle regulators (3 genes); (3) 
Stress response, ion channels and transport (4 genes); (4) 
Transcription factors and general DNA-binding proteins 
(1 gene). Many of  the genes (ODC, c-neu, glucose-
related protein, IGFBP-4) that were identified agreed with 
the results of  other studies of  intestinal resection. For 
example, ODC was increased in this study, and this agrees 
with previous findings that showed ODC to be involved 
in the adaptive process[66,122,181]. Some new factors were 
also identified including glutathione reductase (involved 
in apoptosis), Basic Kruppel-like factor (transcriptional 
regulator that activates the IGF promoter), prothymosin-α 
(associated with increased cell proliferation), and eteposide 
induced p53 responsive mRNA (stress response protein 
involved in p53 mediated apoptosis). 
    Stern et al[73] performed a similar analysis of  gene 
expression following 50% intestinal resection in rats. 
The gene with the largest increase was identified as 
sprr2, a novel gene unknown previously to be involved in 
intestinal adaptation. EGF administration post-resection 
further increased sprr2 expression and enhanced the 

adaptive response. This protein plays a role in the terminal 
differentiation of  stratified squamous epithelium. Its role 
in the intestinal epithelium is unclear and warrants further 
investigation. 
    Finally, a variety of  other signals have been described 
as possibly playing a role in the process of  intestinal 
adaptation. These include prostanoids[182], uncoupling 
proteins[183], peroxisome proliferation-activated receptor 
α (PPARα)[184], transforming growth factor-α[185], SPARC 
(secreted protein, acidic and rich in cystine[186], Bcl-2[187], 
endothelin-1[188], erythropoietin[189], the GATA family of  
zinc finger transcription factors[190], hepatocyte growth 
factor[191], the early response genes (ERG)[192], PC4/
TIS7[180] and epimorphin[193]. More recently, augmented 
Wnt signaling has been shown to enhance the adaptive 
response to massive small bowel resection[194]. Several of  
these signals may be useful to modify in a clinical setting to 
enhance the intestinal adaptive response.
    Microarray technology is a powerful tool that is 
constantly developing into a more sophisticated technique 
of  identifying novel genes involved in physiological 
p rocesses. In te s t ina l adap ta t ion awa i t s fu r the r 
characterization by hypothesis-testing studies. From the 
information that is available at this time, it is clear that 
genes regulating the cell cycle, proliferation, differentiation 
and apoptosis are important components of  the adaptive 
process.

CONCLUSION
The process of  intestinal adaptation is complex and 
multifaceted. Although a number of  trophic nutrients and 
non-nutritive factors have been identified in animal studies, 
successful and reproducible clinical trials are lacking. 
However, the functional adaptation of  segmental bowel 
grafts has been studied. Benedetti et al (2001) reported 
a case study in which a segmental graft from a living 
donor demonstrated preogressive functional adaptation, 
as assessed by water and D-xylose absorption as well 
as fecal fat studies[195]. Morphological adaptation has 
been documented in three patients following successful 
intestinal transplantation[196]. In fact, more than 50% 
increases in villous height and absorptive surface area 
were seen at 6 mo, suggesting that functional changes 
in intestinal function are associated with morphological 
changes. Therefore, while human data is limited there is 
evidence indicating that the adapative process occurs. Still, 
additional human studies are required before the clinical 
implications of  the animal data can truly be established. 
Understanding the mechanisms underlying the adaptive 
process in humans may direct research toward strategies 
that maximize intestinal function and impart a true clinical 
benefit to patients with short bowel syndrome. 
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Abstract
The etiology of inflammatory bowel disease (IBD) 
has not yet been clarified and immunosuppressive 
agents which non-specifically reduce inflammation and 
immunity have been used in the conventional therapies 
for IBD. Evidence indicates that a dysregulation 
of mucosal immunity in the gut of IBD causes an 
overproduction of inflammatory cytokines and trafficking 
of effector leukocytes into the bowel, thus leading to 
an uncontrolled intestinal inflammation. Such recent 
advances in the understanding of the pathogenesis of 
IBD created a recent trend of novel biological therapies 
which specifically inhibit the molecules involved in the 
inflammatory cascade. Major targets for such treatment 
are inflammatory cytokines and their receptors, and 
adhesion molecules. A chimeric anti-TNF-a monoclonal 
antibody, infliximab, has become a standard therapy for 
CD and it is also likely to be beneficial for UC. Several 
anti-TNF reagents have been developed but most of 
them seem to not be as efficacious as infliximab. A 
humanized anti-TNF monoclonal antibody, adalimumab 
may be useful for the treatment of patients who lost 
responsiveness or developed intolerance to infliximab. 
Antibodies against IL-12 p40 and IL-6 receptor could be 
alternative new anti-cytokine therapies for IBD. Anti-
interferon-g and anti-CD25 therapies were developed, 
but the benefit of these agents has not yet been 
established. The selective blocking of migration of 
leukocytes into intestine seems to be a nice approach. 
Antibodies against a4 integrin and a4b7 integrin showed 
benefit for IBD. Antisense oligonucleotide of intercellular 
adhesion molecule 1 (ICAM-1) may be efficacious for 
IBD. Clinical trials of such compounds have been either 
recently reported or are currently underway. In this 
article, we review the efficacy and safety of such novel 
biological therapies for IBD.
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INTRODUCTION
Although the etiology of  inflammatory bowel disease 
(IBD), such as, Crohn’s disease (CD) and ulcerative coli-
tis (UC), has not yet been fully addressed, there has been 
remarkable progress in the understanding of  this field in 
the past decade. In normal bowels, the immune reaction is 
sophisticatedly regulated while keeping a balance between 
the effectors and the regulators, and as a result, the ho-
meostasis of  the gut is maintained. A lot of  evidences in-
dicate that mucosal immunity is dysregulated in the bowel 
of  IBD[1]. Two forms of  IBD show distinct profiles of  T 
cell mediated immunity. In the gut of  CD, a strong Th1 
reaction is induced, while the Th2 response is upregulated 
in the colon of  UC[2]. Particularly in CD, it is evident that 
Th1 dominant immunity plays an important role in the 
pathogenesis. In UC, although the relevance of  elevated 
Th2 cytokines to the colonic inflammation has not yet 
been clarified, an increased proinflammatory cytokine pro-
duction is also observed which seems to be related to the 
inflammation. For the development of  intestinal inflamma-
tion, leukocyte trafficking to the gut is an important step[3]. 
Adhesion molecules, such as integrins, mediate the selec-
tive binding between the leukocytes and the endothelial 
cells and thus the migration of  leukocytes into the normal 
and inflamed intestine. The main classical medical treat-
ments for IBD are steroids and immunosuppressive agents 
which non-specifically reduce immunity and inflammation. 
Recent advances in the understanding of  the mechanism 
of  bowel inflammation have led to a recent trend in the 
development of  biological therapies which selectively in-
hibit the action of  molecules essential to the inflammatory 
process. Major targets for such therapies are inflammatory 
cytokines and their receptors, and adhesion molecules. Re-
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cently, numerous challenges have been performed to gen-
erate anti-cytokine and anti-integrin compounds to treat 
IBD. This article reviews the efficacy and safety of  such 
novel biological therapies for IBD targeting cytokines, cy-
tokine receptors and adhesion molecules.

INHIBITION OF TNF
TNF-a is a proinflammatory cytokine which is abundantly 
expressed in the gut of  CD[4-6]. In animal models of  ex-
perimental colitis, treatment with anti-TNF-a antibody has 
been shown to be effective in the suppression of  intestinal 
inflammation[7,8]. As a result, this cytokine was considered 
to be an attractive target for the treatment of  IBD and sev-
eral anti-TNF reagents have thus been developed. These 
reagents include infliximab, CDP571, CDP870, etanercept, 
onercept and adalimumab. Infliximab is a chimeric IgG1 
monoclonal antibody against TNF-a, which was created in 
late 1980s, and it has been demonstrated to be effective in 
reducing intestinal inflammation in CD as described below. 
Most of  the other anti-TNF reagents are modified by a re-
duction of  the mouse peptide sequence or are completely 
humanized in order to reduce the immunogenecity. Not 
all of  the other anti-TNF reagents have been proven to be 
as effective in the treatment of  CD as infliximab, and the 
efficacy of  such reagents seems to be dependent, not only 
on the ability to neutralize soluble TNF-a, but also on the 
capacity to bind to the membrane-bound TNF-a on the 
cell surface, thereby mediating the apoptosis of  the effec-
tor cells[9].

Infliximab
Infliximab was demonstrated to be effective in both the 
induction and maintenance therapy for refractory luminal 
and fistulizing CD. In a randomized double-blind placebo-
controlled trial, 108 patients with moderate-to-severe CD 
which is resistant to conventional therapy, were treated 
with the single intravenous infusion of  either placebo or 
infliximab at a dose of  5 mg/kg, 10 mg/kg or 20 mg/kg. 
The rates of  the clinical response at 4 wk were 81% for in-
fliximab 5 mg/kg, 50% for infliximab 10 mg/kg and 64% 
for infliximab 20 mg/kg, all of  which were significantly 
higher than that for the placebo-treated group. The clinical 
remission rate at 4 wk was also significantly higher in the 
infliximab-treated group than that in the placebo-treated 
group (33% vs 4%)[10]. In a randomized, double-blind, 
placebo-controlled trial for the treatment of  fistulizing dis-
ease, 94 CD patients with draining abdominal and perianal 
fistulas refractory to conventional therapy were treated 
with three intravenous infusions at wk 0, 2 and 6 of  ei-
ther a placebo or infliximab at a dose of  5 mg/kg or 10 
mg/kg. The response rates were significantly greater in the 
infliximab 5 mg/kg group (68%) and in the infliximab 10 
mg/kg group (56%) than that in the placebo-treated group 
(26%). The rates of  a complete closure of  the fistulas were 
also significantly higher in the infliximab 5 mg/kg group 
(55%) and in the infliximab 10 mg/kg group (38%) than in 
the placebo-treated group (13%)[11]. The effectiveness of  in-
fliximab for the maintenance therapy for inflammatory CD 
was assessed in a large trial called ACCENT I. Three hun-
dred and thirty-five responders to a single infusion of  inf-

liximab were subsequently treated with 5 mg/kg infliximab 
at wk 2 and 6, followed by infusions of  either 5 mg/kg or 
10 mg/kg infliximab once every 8 wk until wk 54, or they 
were treated with placebo at wk 2 and 6, and subsequently 
every 8 wk. The rates of  clinical response and remission 
at wk 30 and 54 was significantly greater in both groups 
receiving 5 mg/kg and 10 mg/kg infliximab every 8 wk 
than those in the placebo-treated group[12]. In addition, an 
analysis comparing the scheduled and episodic treatment 
strategies of  infliximab for CD was conducted based on 
the ACCENT I data. The efficacy of  the scheduled ther-
apy was better than episodic strategy in terms of  CDAI 
score, clinical remission and response rates, improvement 
in IBDQ score, mucosal healing and CD-related hospital-
ization and surgery[13]. For an evaluation of  the infliximab 
maintenance therapy for fistulizing CD, ACCENT II trial 
was conducted. One hundred and ninety-six CD patients 
with draining perianal and enterocutaneous fistulas who 
responded to the induction therapy with three infusions 
of  5 mg/kg infliximab at wk 0, 2 and 6 received either a 
placebo or 5 mg/kg infliximab every 8 wk. The median 
time to the loss of  response, response rate and complete 
fistula closure rate at wk 54 in the infliximab maintenance 
group were significantly greater than those in the placebo 
group[14].

Regarding the safety of  infliximab treatment, it is well 
tolerated in the majority of  the patients. In randomized 
controlled clinical trials, the rates of  adverse events oc-
curring in infliximab-treated patients were comparable to 
those in placebo-treated patients[10-12,14]. Serious side ef-
fects, however, have been reported and attention must be 
paid to the possible occurrence of  serious infections and 
autoimmune disorders, as well as the theoretical threat of  
cancer and lymphoma. In an analysis of  500 infliximab-
treated patients in Mayo Clinic, serious adverse events were 
observed in 8.6%, of  which 6% was considered to pos-
sibly be related to infliximab[15]. Such events included seri-
ous infections, severe infusion reactions, serum sickness-
like reactions, drug-induced lupus, cancer, non-Hodgkin’
s lymphoma and demyelinating process. The infectious 
complications included fatal sepsis, pneumonia, viral gas-
troenteritis, abdominal abscesses requiring surgery and his-
toplasmosis. Five deaths (1%) were observed which were 
likely or possibly related to infliximab. The reactivation 
of  latent tuberculosis has been reported elsewhere[16], as a 
result, it is recommended that all patients be screened for 
latent tuberculosis before the initiation of  this treatment 
regimen.

Infliximab is a mouse/human chimeric monoclonal 
antibody of  which 25% is mouse peptide sequence. The 
murine component is ascribed to its immunogenecity, such 
as infusion-related reactions and serum sickness-like dis-
eases. In such immunological reactions, the formation of  
antibodies against infliximab, called human anti-chimeric 
antibodies (HACA) is of  particular concern as the pres-
ence of  HACA is associated with an increased frequency 
of  infusion reactions and the reduction in efficacy[17]. 
Concomitant immunosuppressive therapy and premedica-
tion with 200 mg of  hydrocortisone reduce the frequency 
of  HACA formation[17,18]. The scheduled infusions in the 
maintenance therapy have been shown to be associated 



with the reduction of  the rate of  HACA formation[13]. As a 
result, the regular infliximab-treatment every 8 wk is likely 
to be beneficial for CD patients, not only for the mainte-
nance of  the remission state but also for the avoidance of  
infusion reactions.

The efficacy of  infliximab for the treatment of  UC re-
mains controversial as two randomized controlled trials for 
steroid-refractory UC resulted in opposite results. A study 
indicated the benefit of  infliximab for UC since 50% (4 of  
8 patients) of  the infliximab-treated patients showed treat-
ment success, while none of  the 3 patients receiving a pla-
cebo showed response[19]. However, this study was termi-
nated prematurely because of  a slow enrollment. Another 
study failed to show any benefit of  infliximab over placebo 
as there was no significant difference between patients 
who received infliximab and placebo in the remission rates 
and an improvement in the activity scores[20]. Recently, two 
large multicenter randomized trials, ACT1 and ACT2, have 
been performed. In both trials, 364 patients with active 
UC were randomized to receive placebo or infliximab in a 
dose of  5 mg/kg or 10 mg/kg at wk 0, 2, 6, 14 and 22 in 
ACT1, and at wk 0, 2 and 6 then every 8 wk through wk 
46 in ACT2. In both trials, both 5 mg/kg and 10 mg/kg 
infliximab showed significantly greater percentages in both 
the induction and maintenance of  clinical remission and 
response, and in mucosal healing than placebo at both wk 8 
and 30[21,22]. In addition, it was also recently demonstrated 
that infliximab is effective as a rescue therapy to avoid a 
colectomy or death in severe to moderately severe UC re-
fractory to conventional therapies[23]. As a result, infliximab 
thus appears to also be efficacious for the treatment of  UC 
as well as for CD.

CDP571 
CDP571 is a “humanized” IgG4 antibody against TNF-a, 
created by genetic engineering to replace the murine com-
ponent other than the binding domain with parts of  a hu-
man IgG4 molecule. The resulting molecule is a chimera 
of  95% human and 5% mouse residues. The first study 
of  31 patients with active CD demonstrated that CDP571 
5 mg/kg resulted in a greater decrease in the mean CDAI 
score at wk 2 compared with placebo[24]. After a promis-
ing pilot trial, CDP571 was tested in a placebo-controlled 
dose-finding trial[25]. In this study, 169 patients were ran-
domized to receive a single intravenous infusion of  either 
CDP571 in a dose of  10 or 20 mg/kg, or placebo. At wk 
2, the clinical response rate was significantly higher in the 
patients treated with CDP571 (45%) than in those received 
a placebo (27%). Re-treatment was performed either every 
8 wk with a placebo or CDP571 10 mg/kg, or every 12 
wk with a placebo or CDP571 10 mg/kg (4 groups). The 
clinical remission rates at wk 24 in CDP571-treated groups 
were not significantly different from those of  the placebo-
treated groups. In a subsequent, randomized, double-blind, 
placebo-controlled, multicenter study[26], the efficacy and 
tolerability of  CDP571 in 396 patients with active CD was 
evaluated. Among the patients treated with CDP571 10 
mg/kg every 8 wk, the percentage of  patients achieving 
a clinical response was significantly higher than in those 
receiving a placebo at wk 2 and 4. However, at wk 28 

the difference was not statistically significant. As a result, 
CDP571 therapy showed a short term benefit in induc-
tion therapy, but it is not sufficient to maintain a long term 
effect. In a post-hoc exploratory analysis of  a subgroup 
of  patients with elevated baseline CRP levels, there was 
a significant difference in the number of  patients show-
ing a clinical response at wk 2 (CDP571, 49.5%; placebo, 
15.5%), and at all time points from wk 12 to wk 28, thus 
leaving the possibility that CDP571 is more efficacious in 
a selected group of  patients[26]. CDP571 failed to show a 
steroid sparing effect in patients with steroid-dependent 
CD[27]. CDP571 was well tolerated even in patients with 
CD who developed either infusion reactions or delayed-
type hypersensitivity reactions to infliximab[28]. From these 
results, CDP571 was considered to be safe but not as ef-
fective as infliximab for CD and further clinical develop-
ment of  this antibody for the treatment of  CD has thus 
been discontinued.

CDP870
CDP870 is a pegylated Fab fragment of  humanized anti-
TNF monoclonal antibody. In a placebo-controlled dose-
finding study[29], 292 patients were randomized to receive 
a subcutaneous dose of  CDP870 (100, 200, or 400 mg) or 
placebo at wk 0, 4, and 8. The group that received CDP870 
400 mg showed greater clinical response rates than other 
groups at all time points. The clinical response rates of  
the CDP870 400 mg group were significantly higher than 
those of  the placebo treated group at wk 2, 4, 8 and 10. 
The difference, however, did not reach statistical signifi-
cance at wk 12. A greater dose separation was evident 
in the analysis of  a patient subgroup with elevated CRP 
levels. In an exploratory analysis[30] in 119 patients with 
increased CRP levels (≥ 10 mg/L), the differences in the 
clinical response between the 400 mg/dose (53.1%) and 
placebo (17.9%) were significant at 12 wk. These studies, 
therefore, indicated that CDP870 may be more effective 
in patients with elevated CRP levels. CDP870 seems to be 
safer and less immunogenic than infliximab. The efficacy, 
however, is likely to be lower than that of  infliximab. The 
question arises whether physicians want to compromise on 
efficacy in the scope of  better long-term safety. Further 
clinical trials are ongoing.

Etanercept
Etanercept is a genetically engineered fusion protein con-
sisting of  two recombinant human TNF p75 receptors 
linked to an Fc portion of  human IgG1 fragment. The 
subcutaneous injection of  etanercept at a dose of  25 mg 
twice weekly, which is an effective dose for rheumatoid 
arthritis, is a safe but ineffective dose for the treatment of  
patients with moderate to severe CD[31].

Onercept
Onercept, a recombinant, fully human, soluble p55 TNF 
receptor has showed efficacy to CD in an open-label pilot 
study (n = 12)[32]. A large, placebo-controlled, dose-finding 
study has been completed but the data have not yet been 
published. A press release by Serono (Geneve, Switzerland) 
revealed that the primary endpoint of  this trial was not met.
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Adalimumab
Adalimumab is a fully humanized anti-TNF monoclonal 
IgG1 antibody. This antibody is as efficacious as infliximab 
for the treatment of  rheumatoid arthritis. In vitro studies 
revealed that this antibody is capable of  inducing apopto-
sis in monocytes as infliximab[33]. As adalimumab does not 
contain a mouse peptide sequence, it is expected to be less 
immunogenic and more tolerable than infliximab. Two un-
controlled pilot studies of  adalimumab with CD patients 
who had lost responsiveness or developed intolerance to 
infliximab[34,35] showed that subcutaneous adalimumab was 
well tolerated, thus suggesting a clinical benefit of  adalim-
umab. In a phase 3, multicenter trial for active CD, clini-
cal remission rates of  patients who received adalimumab 
160 mg at wk 0 and 80 mg at wk 2 was significantly higher 
than that of  placebo at wk 4 (36% vs 12%)[36]. From these 
results, adalimumab is likely to be efficacious for the treat-
ment of  CD and it could thus be an alternative therapy for 
the patients who either lost responsiveness or developed 
intolerance to infliximab. 

INHIBITION OF OTHER INFLAMMATORY 
CYTOKINES
Anti-IL-12 p40 antibody
IL-12, a heterodimeric molecule composed of  IL-12 p40 
and IL-12 p35 subunits, plays a central role in Th1 devel-
opment. IL-12 is abundantly produced in the gut of  CD 
patients[2]. In several animal models of  Th1-mediated coli-
tis, anti-IL-12 treatment effectively ameliorates intestinal 
inflammation[37,38]. IL-12 p40 subunit is also a component 
of  another Th1 cytokine, IL-23, in which p40 forms a 
heterodimer with p19 subunit. IL-12 p40 is, therefore, a 
potential target for the treatment of  CD in which intes-
tinal inflammation is Th1-mediated. A double-blind, pla-
cebo-controlled randomized study of  a humanized IgG1 
monoclonal antibody against IL-12 p40 (ABT-874) was 
performed in 79 patients with active CD[39]. The patients 
were randomly assigned to receive seven weekly injections 
of  1 mg/kg anti-IL-12, 3 mg/kg anti-IL-12 or placebo 
subcutaneously either with or without 4 wk intervals be-
tween the first two injections. The patients who received 
3 mg/kg anti-IL-12 for 7 wk showed a significantly greater 
clinical response rate than the patients treated with a place-
bo (75% vs 25%). The rates of  remission were also higher 
in the 3 mg/kg anti-IL-12 group (38%) than in the placebo 
group (0%) but the difference did not reach statistical 
significance. The production of  IL-12 and other Th1 and 
proinflammatory cytokines from patients’ colonic lamina 
propria mononuclear cells dramatically decreased after the 
anti-IL-12 therapy. The most frequent adverse event was 
a local reaction at the injection site, which was observed 
with a greater rate in the anti-IL-12-treated group than in 
the placebo-treated group. Anti-drug antibody was formed 
in some patients who received anti-IL-12 antibody. No 
serious side effects requiring the discontinuation of  the 
treatment, due to the anti-IL-12 therapy, were observed. 
Anti-IL-12 therapy is therefore considered to be a safe and 
effective treatment for active CD.

MRA (Anti-IL-6 receptor antibody)
IL-6 is one of  the major inflammatory cytokines. IL-6 
can transduce signals into cells without IL-6 receptor ex-
pression when IL-6 binds to soluble IL-6 receptor. The 
expression of  IL-6 and soluble IL-6 receptor increases in 
patients with active CD[40,41]. A pilot randomized double-
blind placebo-controlled trial of  a humanized anti-IL-6 
receptor monoclonal antibody, MRA, with active CD 
was performed[42]. Thirty-six patients were randomized 
biweekly to receive either a placebo, 8 mg/kg MRA or 
MRA/placebo alternately for 12 wk. The clinical remission 
rate with biweekly MRA was significantly higher than that 
with placebo (80% vs 31%). The acute phase responses 
such as ESR and CRP levels were rapidly suppressed 2 wk 
after the MRA injection. The incidence of  adverse events 
was similar in all groups, and thus MRA treatment was 
generally well tolerated. It is, therefore, likely that anti-IL-6 
receptor therapy is beneficial for active CD.

Fontolizumab (Anti-interferon-g antibody)
Interferon-g is a key cytokine that enhances the de-
velopment of  a Th1 immune response. Fontolizumab 
is a humanized monoclonal antibody directed against 
interferon-g. A phase 2 study of  fontolizumab at intrave-
nous doses of  4 mg/kg or 10 mg/kg in 133 patients with 
moderate to severe active CD did not demonstrate ef-
ficacy at d 28. However, exploratory analyses based on 91 
patients who received a second dose of  fontolizumab at d 
28 did demonstrate efficacy. This effect was most promi-
nent in patients with elevated baseline concentrations of  
CRP[43]. An additional phase 2 study of  fontolizumab at 
lower subcutaneous doses of  1.0 mg/kg or 4.0 mg/kg in 
196 patients with active CD did not demonstrate efficacy 
at d 28[44]. These results indicate that a single dose may not 
be sufficient to achieve a significant improvement. Fur-
ther clinical studies of  fontolizumab for the induction and 
maintenance of  remission in patients with CD are antici-
pated.

Anti-IL-2 receptor (CD25) antibodies
Daclizumab: IL-2 is a major T cell growth factor, which is 
secreted by activated T cells and acts via the high-affinity 
IL-2 receptor on T cells themselves to promote cell sur-
vival and proliferation. The IL-2 receptor a-chain (CD25) 
is a component of  high-affinity IL-2 receptor and it is 
expressed on activated T cells. Daclizumab is a humanized 
monoclonal antibody to CD25, which blocks the binding 
of  IL-2 to the IL-2 receptor. An open label pilot study of  
daclizumab suggested that it was beneficial for patients with 
active UC[45]. However, a recent placebo-controlled phase 2 
trial of  daclizumab at intravenous doses of  1 mg/kg twice 
with a 4-wk interval or 2 mg/kg every 2 wk for a total of  
four doses in 159 patients with active UC failed to show 
any efficacy[46]. 

Basiliximab: Basiliximab is a chimeric monoclonal an-
tibody against CD25, which blocks the binding of  IL-2 
to the IL-2 receptor. Two uncontrolled pilot studies sug-
gested that basiliximab in combination with steroids may 
be effective for steroid resistant UC[47,48]. A large random-
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ized controlled trial is required to confirm the therapeutic 
benefit of  this compound. 

INHIBITION OF ADHESION MOLECULES
Many adhesion molecules play an important role in traf-
ficking leukocytes into the inflamed gut wall and they are 
up-regulated in both CD and UC[49,50].

a4-integrins, predominantly expressed on lymphocytes, 
usually exist in combination with a b subunit and interact 
with adressins expressed on endothelium. a4b1-integrin 
binds to vascular cellular adhesion molecule 1 (VCAM-1) 
and a4b7-integrin binds to mucosal addressing cell adhe-
sion molecule 1 (MAdCAM-1). The interaction between 
a4b7-integrin and MAdCAM-1 is important in mediating 
lymphocytes homing to the gut mucosa[51].

Leukocyte function-associated antigen 1 (LFA-1) ex-
pressed on leukocytes interacts with intercellular adhesion 
molecule 1 (ICAM-1), which is constitutively expressed 
at low levels on vascular endothelial cells and a subset of  
leukocytes, and they are up-regulated on many cell types in 
response to proinflammatory mediators[52].

Natalizumab
Natalizumab, a humanized IgG4 anti-a4-integrin mono-
clonal antibody, inhibits both a4b7-integrin/MAdCAM-1 
interaction and a4b1/VCAM-1 binding.

In an initial small trial in 30 patients with active CD, 
a single 3 mg/kg intravenous infusion of  natalizumab 
showed a short term effect in inducing remission at wk 
2 and elevated circulating lymphocyte levels after the 
natalizumab infusion. Therefore, it is suggested that the 
natalizumab interrupted lymphocyte trafficking into the in-
testine[53]. In a large placebo-controlled randomized trial in-
cluding 248 patients with moderate to severe CD, patients 
were treated twice at 4 wk intervals with 3 or 6 mg/kg of  
natalizumab or placebo. A significantly higher number of  
patients achieved remission at wk 6 only in the 3 + 3 mg/
kg natalizumab group compared with the two infusions of  
placebo group (44% vs 27%). The clinical response rates at 
wk 6 in all treatment groups were significantly higher than 
that in the placebo-treated group (3 mg/kg natalizumab 
+ placebo: 59%, 3 + 3 mg/kg natalizumab: 71%, 6 + 6 
mg/kg natalizumab: 57% and the two infusions of  placebo 
group, 38%)[54]. A larger phase 3 trial of  ENACT-1 in 905 
patients with moderate to severe CD failed to show a ben-
efit for three intravenous infusions of  300 mg natalizumab 
every 4 wk. In a subgroup analysis, however, natalizumab-
treated patients with concurrent immunosuppressive 
therapies, prior anti-TNF-a therapy or elevated CRP 
levels showed a significant response rate compared with 
placebo-treated patients[55]. Three hundred and thirty-nine 
patients with CD who responded to natalizumab in EN-
ACT-1 were re-randomized to maintenance therapy with 
natalizumab (300 mg) or a placebo for up to 12 additional 
monthly infusions. In this maintenance study (ENACT-2), 
natalizumab demonstrated a significant superiority over 
the placebo in its ability to sustain both the response and 
remission at all consecutive time points over a 6-mo period 
and enabled patients to be successfully withdrawn from 

steroids[56]. In an uncontrolled short term pilot study in 10 
patients with active UC, a single 3 mg/kg intravenous infu-
sion of  natalizumab showed a short term benefit[57]. 

Natalizumab is efficacious in multiple sclerosis (MS) as 
well[58]. In MS, a4b1 integrin/VCAM-1 binding appears 
to be a crucial step because antia4b1 integrin antibody 
prevented the development of  experimental autoimmune 
encephalomyelitis, a model of  human MS[59]. Against 
these effects of  natalizumab in IBD and MS, 3 patients 
receiving repeated treatment with natalizumab developed 
JC virus related progressive multifocal leukoencephalopa-
thy (PML)[60-62]. PML, which almost invariably occurs in 
patients with AIDS or leukemia or in organ-transplant 
recipients, is a fatal opportunistic infection of  the central 
nervous system caused by the reactivation of  a clinically la-
tent JC polyomavirus infection. Two patients with MS had 
been receiving the concomitant administration of  interfer-
on b-1a[60,61] and 1 patient with CD had been treated with 
natalizumab monotherapy[62]. These observations force us 
to reconsider both the efficacy and the potential risks as-
sociated with an inhibition of  lymphocytes trafficking by 
anti-a4 integrin therapy.

MLN-02
MLN-02, a humanized anti-a4b7-integrin blocks specifi-
cally the a4b7-integrin/MAdCAM-1 interaction. 

A randomized placebo-controlled trial in 185 patients 
with mild to moderately active CD treated with placebo, 0.5 
mg/kg MLN-02 or 2.0 mg/kg MLN-02 intravenously on 
d 1 and 29 demonstrated that on d 57, 2.0 mg/kg MLN-02 
showed significantly greater remission rates over the pla-
cebo (36.9% vs 20.7%). There was no significant difference 
between the actively treated and placebo-treated groups re-
garding the clinical response rates. No obvious differences 
in adverse events were noted among the three groups[63].

A randomized placebo-controlled trial in 181 patients 
with moderately active UC treated with placebo, 0.5 mg/kg 
MLN-02, or 2.0 mg/kg MLN-02 intravenously on d 1 and 
29 demonstrated that on d 43 the remission rates were sig-
nificantly higher in the actively treated groups (0.5 mg/kg: 
33%, 2.0 mg/kg: 34%) than in the placebo-treated group 
(15%). An infusion reaction occurred in one MLN-02-
treated patient who developed mild angioedema[64]. 

MLN-02 appears to be a generally well-tolerated and 
effective therapy especially for active UC, but further trials 
are necessary to confirm the efficacy of  MLN-02 therapy 
for IBD. 

Alicaforsen (ISIS 2302)
ISIS 2302 is a 20 base phosphorothioate oligodeoxynucle-
otide designed to specifically hybridize to the 3’-untrans-
lated region of  the human ICAM-1 mRNA. Treatment of  
ISIS 2302 in vitro resulted in a highly specific reduction in 
ICAM-1 mRNA and, consequently, a marked decrease in 
ICAM-1 protein expression[65]

A pilot trial in patients with moderate CD (including 15 
patients treated with 13 intravenous infusions of  0.5, 1.0 
or 2.0 mg/kg ISIS 2302 vs 5 patients with placebo over 26 d) 
demonstrated a higher remission rate in ISIS 2302-treated 
group compared with the placebo-treated group on d 33 
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(47% vs 20%)[66]. However, a placebo-controlled trial in 75 
patients with steroid refractory CD failed to demonstrate 
efficacy was showed that the subcutaneous administration 
of  ISIS 2302 induced only 3% of  ISIS 2302-treated pa-
tients to clinical remission with complete steroid taper ( 0% 
in placebo-treated patients)[67]. Another larger randomized 
placebo-controlled trial also failed to show any benefit of  
ISIS 2302 for active CD[68]. Two hundred and ninety-nine 
patients with moderately active, steroid-dependent CD re-
ceived placebo or ISIS 2302 (2 mg/kg intravenously three 
times a week) for 2 or 4 wk in mo 1 and 3. There were 
no differences in the steroid-free remission rates at wk 14 
between the ISIS 2302-treated groups (2 wk: 20.2%, 4 wk: 
21.2%) and the placebo-treated group (18.8%). However, a 
subgroup analysis using the area under the curve (AUC) of  
ISIS 2302 plasma concentration demonstrated an improve-
ment of  the clinical response for the highest AUC group 
(AUC > 65 µg × h/mL). This suggested that ISIS 2302 
may be effective when given in adequate doses. As a result, 
a dose ranging pilot trial of  high dose ISIS 2302 in 22 pa-
tients with active CD was conducted. The patients, who 
were infused with high dose ISIS 2302 (250 mg to 350 mg) 
intravenously three times a week for 4 wk, showed a 41% 
remission rate. Five patients, however, withdrew due to 
infusion-related symptoms[69].

A randomized placebo-controlled trial in 40 patients 
with mild to moderately active distal UC treated with 60 
mL alicaforsen enema (0.1, 0.5, 2, or 4 mg/mL or placebo) 
once daily for 28 consecutive days showed a beneficial ef-
fect at the highest dose. Four mg/mL alicaforsen enema 
group showed a significant improvement in the disease 
activity index on d 29 and mo 3 in comparison to the pla-
cebo enema group[70]. An open-label, uncontrolled study in 
12 patients with chronic unremitting pouchitis treated with 
240 mg alicaforsen enema nightly for 6 wk demonstrated 
a significant improvement in the pouchitis disease activity 
index and an endoscopic mucosal appearance at wk 6[71].

The most consistently reported side effects of  ISIS 
2302 in all clinical trials were infusion reactions and a mod-
erate increase in activated partial thromboplastin time.

CONCLUSION
Infliximab has changed the medical treatment of  CD dra-
matically. This agent has been proven to be clearly effective 
for the induction and maintenance of  remission for active 
CD meanwhile it is also generally well-tolerated. However, 
there are some patients who fail to respond to infliximab. 
In addition, some responders either lose responsiveness to 
infliximab during long-term therapy or develop intolerance 
to infliximab. The next issue will therefore be how to treat 
such patients who cannot be treated with infliximab. Adali-
mumab may be an alternative to infliximab. Anti-IL-12 
and anti-IL-6 receptor therapies seem to be promising. 
The selective blocking of  a4 integrin and a4b7 integrin 
also demonstrated promising results, however, the side ef-
fects still need to be fully elucidated. We await the results 
of  further clinical trials to include such novel compounds 
in the algorithm for the treatment of  CD. Infliximab is 
likely to also be beneficial for UC. In addition, some other 
agents seem to be effective for the treatment of  UC and 

further clinical development is also underway. As a result, 
the management of  UC may also dramatically improve in 
the near future owing to the use of  such novel agents. The 
systematization of  novel biological therapies for UC is 
therefore an issue that needs to be addressed in the future.
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Abstract
With the many changes that have taken place in people’
s diet and lifestyle, colorectal cancer (CRC) has become 
a global concern. There were approximately 950 000 
new cases diagnosed and 500 000 deaths recorded 
worldwide in 2000. It is the second most common 
type of cancer in the Western world, and it is the third 
most common type of digestive tumor in China. It is 
reported that the morbidity of CRC is 4.08/100 000 for 
men and 3.30/100 000 for women in China. Despite 
the rate of improvements in surgery, radiotherapy and 
chemotherapy, the overall five-year survival is around 
50%. Therefore, novel treatment need to be developed 
in order to add to the therapeutic armamentarium. 
RNA interference (RNAi) is a sequence-specific post-
transcriptional gene silencing mechanism, which is 
triggered by double-stranded RNA (dsRNA) and causes 
degradation of mRNA homologous in sequence to the 
dsRNA.This new approach has been successfully adopted 
to inhibit virus replication and tumorigenicity. Recent 
reports have described DNA vector-based strategies for 
delivery of small interfering RNA (siRNA) into mammalian 
cells, further expanding the utility of RNAi. With the 
development of the RNAi technology and deeper 
understanding of this field, a promising new modality of 
treatment appeared, which can be used in combination 
with the existing therapies .We reviewed the proceedings 
on the actualities and advancement of RNAi technology 
for colorectal cancer therapeutics.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
When viruses infect eukaryotic cells, or when transposons 
and transgenes are randomly integrated into host 
genomes, double-stranded RNA (dsRNA) is frequently 
produced from the foreign genes. Most eukaryotes, 
including humans, possess an innate cellular immune 
surveillance system that specifically responds to the 
presence of  dsRNA and activates processes that act 
post-transcriptionally to silence the expression of  the 
interloping genes[1-4]. This mechanism is now commonly 
referred to as RNA interference or RNAi[5]. During RNAi, 
long transcripts of  dsRNA are rapidly processed into 
small interfering RNAs (siRNAs), which represent RNA 
duplexes of  specific length and structure that finally guide 
sequence-specific degradation of  mRNAs homologous 
in sequence to the siRNAs[6,7]. siRNAs may be the best 
tools for target validation in biomedical research today and 
cancer therapeutics, because of  their exquisite specificity, 
efficiency and endurance of  gene-specific silencing. Some 
researches about RNAi technology for colorectal cancer 
has been reported in recent years. However, these new 
approaches face serious problems before they can offer a 
useful adjuvant role for the clinical trials for patients with 
colorectal cancer.

MECHANISM OF dsRNA INTERFERENCE
The key enzyme required for the processing of  long 
dsRNAs to siRNA duplexes is the RNase Ⅲ enzyme Dicer, 
which was characterized in extracts prepared from insect 
cells, C. elegans embryos, mouse cells and mast cells[8-10]. 
Dicer contains an N-terminal RNA helicase domain, a 
Piwi, Argonaute, Zwille/Pinhead (PAZ) domain[11], two 
RNase Ⅲ domains, and a C-terminal dsRNA-binding 
motif. The PAZ domain is also present in Argonaute 
proteins, whose genes represent a poorly characterized 
fami ly present in dsRNA-respons ive organisms. 
Argonaute1 (AGO1) and Argonaute2 (AGO2), two of  the 
five Argonaute proteins of  D. melanogaster, appear to be 
important for forming the mRNA-degrading sequence-
specific endonuclease complex, also referred to as the 
RNA-induced silencing complex (RISC)[12,13]. Dicer and 
AGO2 appear to interact in D. melanogaster Schneider 2 
(S2) cells, probably through their PAZ domains; however, 
RISC and Dicer activity are separable, and RISC is unable 
to process dsRNA to siRNAs, suggesting that Dicer is not 
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a component of  RISC. Possibly, the interaction between 
Dicer and AGO2 facilitates the incorporation of  siRNA 
into RISC [14]. The endonucleolytic subunit of  RISC 
remains to be identified. 
    siRNA duplexes produced by the action of  Dicer 
contain 5’-phosphates and free 3’-hydroxyl groups. 
The central base-paired region is flanked by two-to-
three nucleotides of  single-stranded 3’-overhangs. 
The 5’ -phosphate termini of  siRNAs is essential for 
guiding mRNA degradation[15]. Nevertheless, for their 
application in gene targeting experiments, siRNAs may 
be used without 5’-phosphate termini because a kinase 
activity in the cell rapidly phosphorylates the 5’ ends of  
synthetic siRNA duplexes. Under certain circumstances 
(e.g., injection experiments in D. melanogaster), 5’
-phosphorylated siRNA duplexes may have slightly 
enhanced properties as compared with 5’-hydroxyl 
siRNAs[16].
    In C. elegans, introduction of  approximately 300 bp 
dsRNA corresponding to a segment of  the targeted 
gene may also give rise to the phenomenon of  transitive 
RNAi[17]. Transitive RNAi is characterized by the spread 
of  silencing outside of  the region targeted by the initiator 
dsRNA. Presumably, targeted mRNA serves as template 
for RNA-dependent RNA polymerase (RdRP) and forms 
new dsRNA that is processed by Dicer. Thus, secondary 
siRNAs are generated which may cleave the mRNA out of  
the region targeted by the ancestral dsRNA.
    Until recently, the application of  siRNAs in somatic 
cells was restricted to the delivery of  chemically or 
enzymatically synthesized siRNAs[18-20], but methods for 
intracellular expression of  small RNA molecules have 
now been developed. Endogenous delivery is possible 
by inserting DNA templates for siRNAs into RNA 
polymerase Ⅲ (pol Ⅲ) transcription units, which are based 
on the sequences of  the natural transcription units of  the 
small nuclear RNA U6 or the human RNase P RNA H1. 
Two approaches are available for expressing siRNAs: (1) 
The sense and antisense strands constituting the siRNA 
duplex are transcribed from individual promoters[20-22], 
or (2) siRNAs are expressed as fold-back stem-loop 
structures that give rise to siRNAs after intracellular 
processing by Dicer[23,24].The transfection of  cells with 
plasmids that encode siRNAs, therefore, represents an 
alternative to direct siRNA transfection. The insertion of  
siRNA expression cassettes into (retro)viral vectors will 
also enable the targeting of  primary cells refractory to 
transfection or electroporation of  plasmid DNA. 

siRNAs AS NOVEL THERAPEUTIC PLAT-
FORM TECHNOLOGY
VEGF is one of  the archetypal angiogenic growth factors 
and has received considerable attention. VEGF is a 
homodimeric 45 kDa glycoprotein, 5 different isoforms of  
which are reportedly expressed by endothelial cells. VEGF 
specifically acts on endothelial cells binding to a growing 
number of  endothelial tyrosine kinase receptors including 
VEGFR-1 and VEGFR-2. Inhibition of  VEGF activity 
or disabling the function of  its receptors has been shown 
to inhibit both tumor growth and metastasis in a variety 

of  animal tumor models[25,26]. Given the different isoforms 
and their various functions, the development of  this RNAi 
technology and its ability to target specific VEGFs should 
facilitate both a greater understanding of  this field and also 
the development of  improved therapeutics
    Single base pair mutations that alter the function of  
tumor suppressor genes and oncogenes occur frequently 
during oncogenesis. The guardian of  the genome, p53, 
is inactivated by point mutation in more than 45%-60% 
of  human colorectal cancers. Synthetic small inhibiting 
RNAs (siRNAs) are highly sequence-specific reagents 
and discriminate between single mismatched target RNA 
sequences, and may represent a new avenue for gene 
therapy. Martinez LA[27] demonstrated that a single base 
difference in siRNAs discriminates between mutant and 
WT p53 in cells expressing both forms, resulting in the 
restoration of  WT protein function. Therefore, siRNAs 
may be used to suppress expression of  point-mutated 
genes and provide the basis for selective and personalized 
antitumor therapy.
    The products of  bcl-2 genes are involved in the 
regulation of  apoptosis and proliferation and are associated 
with prognosis in several malignancies, including 
colorectal adenocarcinoma. A statistically significant 
inverse association was found between Bcl-2 score and 
tumor recurrence. It is reported that some researchers use 
mRNA-cDNA interference for silencing bcl-2 expression 
in human LNCaP cells[28]. These findings indicate that a 
novel gene silencing system may play a useful adjuvant role 
in the majority of  patients with colorectal cancer.
    One of  the major limitations of  current chemotherapy 
regimes is the bone marrow toxicity associated with these 
drugs. However, it is well recognized that subpopulations 
of  tumor cells are resistant to particular chemotherapeutic 
agents and continue to grow in a selective manner in the 
presence of  such drugs. These cells contain specific genes 
which render them resistant to particular compounds. One 
such gene is the multiple drug resistance (MDR1) gene 
which confers resistance to vinca alkaloids (vinblastine, 
vincristine), anthracyclins (adriamycin, daunorubicin), 
etoposide and paclitaxel. For reversal of  MDR1 gene-
dependent multidrug resistance (MDR), two small 
interfering RNA (siRNA) constructs were designed to 
inhibit MDR1 expression by RNA interference. Some 
data indicate that this approach may be applicable to 
cancer patients as a specific means to reverse tumors with 
a P-glycoprotein-dependent MDR phenotype back to a 
drug-sensitive one[29].
    Telomerase is an attractive molecular target toward 
which to direct cancer therapeutic agents because 
telomerase activity is present in most malignant cells but 
undetectable in most normal somatic cells. Kosciolek BA, 
et al[30] evaluated the ability of  siRNA to inhibit telomerase 
activity in human cancer cells. In their research, human 
cancer cell lines were transfected with 21 nt double-
stranded RNA homologous to either the catalytic subunit 
of  telomerase (human telomerase reverse transcriptase) or 
its template RNA [human telomerase RNA(hTR)]. Both 
types of  agents reduced telomerase activity in a variety 
of  human cancer cell lines representing both carcinomas 
and sarcomas. Inhibition was dose-dependent. Telomerase 
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inhibition by siRNA is notable because telomerase is 
regarded as restricted to the nucleus, whereas RNA 
interference is commonly regarded as restricted to the 
cytoplasm. Their results showed that telomerase activity 
in human cancer cells can be inhibited by short dsRNAs 
(siRNAs) targeting telomerase components. Inhibition 
was shown in a variety of  carcinoma cell lines (HCT-15 
colon carcinoma, HeLa cervical carcinoma, NCI H23 lung 
carcinoma, and A431 epidermoid carcinoma).
    CRC typically develops over decades and involves 
multiple genetic events. This has led to the development 
of  a multistep model of  colorectal tumorigenesis  In order 
to identify genes that are important in the development 
of  CRC, RNAi was used to disrupt expression of  two 
of  the genes identified by microarray analysis in a colon 
tumor cell line, HCT116. HCT116 cells were derived 
from a human colon carcinoma, and showed mutations in 
β-catenin and K-ras, but possessed wild-type p53[31]. By 
examining the growth characteristics of  these cells after 
RNAi both in vivo and in vitro, they hoped to identify 
targets critical for growth, apoptosis, and/or metastasis. 
It is clear from these results that siRNA directed against 
c-myc and survivin lowers the levels of  these proteins 
without affecting the levels of  a control protein, β-tubulin. 
Furthermore, transfection of  siRNA oligonucleotides 
directed against both genes was as effective in reducing 
protein expression, as were experiments targeting each 
gene separately. In summary, they have demonstrated that 
the use of  RNAi when coupled with microarray analysis 
provides an excellent system to define the role of  specific 
genes that are dysregulated in cancer on both the in vitro 
and in vivo growth of  the tumor[32].
    Somatic changes in CpG dinucleotide methylation 
occur quite commonly in human cancer cell DNA. 
Relative to DNA from normal human colonic cells, 
DNA from human colorectal cancer cells typically 
displays regional CpG dinucleotide hypermethylation 
amid global CpG dinucleotide hypomethylation. The role 
of  the maintenance DNA methyltransferase (DNMT1) 
in the acquisition of  such abnormal CpG dinucleotide 
methylation changes in colorectal cancer cells remains 
obvious. Some research indicated that human colorectal 
carc inogenes is i s accompanied by a prog ress ive 
dysregulation of  DNMT1 expression and suggest that 
abnormalities in DNMT1 expression may contribute to 
the abnormal CpG dinucleotide methylation changes 
characteristic of  human colorectal carcinoma cell DNA[33]. 
Recently, there is a report that the controlled knockdown 
of  DNA methyltransferase 1 (DNMT1) in human cancer 
resulted in growth arrest[34]. Thus the method allows for a 
highly controlled approach to gene knockdown.

CONCLUSION
Since biotechnologists have adopted RNAi, it has already 
earned a place among the major technology platforms. 
Despite promising data, there are several challenges that 
need to be faced before RNAi can be used in patients. 
These include mode of  delivery, the precise sequence 
of  the siRNA or shRNA used, and cell type specificity. 
There are possible toxicities related to silencing of  partially 

homologous genes or induction of  global gene suppression 
by activating the interferon response. Another potential 
problem is the inhibition of  the function of  endogenous 
miRNAs through competition for the RNAi machinery. 
Despite these hurdles, RNAi provides the opportunity 
to pursue an exciting new therapeutic approach to treat 
colorectal cancer[35].
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Abstract
AIM: It is known that thyroid hormones alter the 
bile acid metabolism in humans, however the effect 
on individual enzymes has been difficult to elucidate. 
This is mainly due to the lack of human liver cell lines 
producing bile acids. We used cultures of primary human 
hepatocytes to study the effects of triiodothyronine (T3) 
on bile acid synthesis.

METHODS: Primary hepatocytes were isolated from liver 
tissue obtained from three different patients undergoing 
liver resection due to underlying malignancy. The 
hepatocytes were cultured under serum-free conditions 
and treated from d 1 to d 5 with culture containing 0.1 - 
1000 nmol/L of T3. Bile acid formation and mRNA levels 
of key enzymes were analysed.

RESULTS: The lowest concentration of T3 decreased 
cholic acid (CA) formation to 43%-53% of controls and 
chenodeoxycholic acid (CDCA) to 52%-75% of controls 
on d 5. The highest dose further decreased CA formation 
to 16%-48% of controls while CDCA formation remained 
at 50%-117% of controls. Expression of mRNA levels 
of cholesterol 7α-hydroxylase (CYP7A1) and sterol 
12α-hydroxylase (CYP8B1) dose-dependently decreased. 
Sterol 27-hydroxylase (CYP27A1) levels also decreased, 
but not to the same extent.

CONCLUSION: T3 dose-dependently decreased total 
bile acid formation in parallel with decreased expression 
of CYP7A1 and CYP8B1. CA formation is inhibited to 
a higher degree than CDCA, resulting in a marked 
decrease in the CA /CDCA ratio.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The effect of  thyroid hormone on human bile acid synthesis 
is still unclear. Several in vivo observations have suggested 
that thyroid hormone influences the bile acid synthesis[1-3]. 
However, due to the lack of  human in vitro tools such as 
cell lines synthesizing normal bile acids, investigators have 
not been able to study this at a cellular level. We have pre-
viously shown that primary human hepatocytes cultured 
under serum-free conditions in the presence of  matrixgel 
(EHS) synthesize and conjugate normal bile acids[4,5]. We 
also showed that under these conditions they synthesize 
bile acids with the same capacity and composition as under 
similar in vivo conditions. 

In the conversion of  cholesterol into bile acids two 
main pathways are recognized[6-8]. The neutral pathway 
is initiated by the 7α-hydroxylation of  cholesterol, cata-
lyzed by the microsomal rate-limiting enzyme cholesterol 
7α-hydroxylase (CYP7A1). The acidic pathway is initi-
ated by the 27-hydroxylation of  cholesterol, catalyzed 
by the mitochondrial enzyme sterol 27-hydroxylase (CY-
P27A1). In the acidic pathway the microsomal oxysterol 
7α-hydroxylase (CYP7B1) mediates the 7α-hydroxylation. 
Humans synthesize two primary bile acids, cholic acid (CA) 
and chenodeoxycholic acid (CDCA). CA has a hydroxyl 
group at the 12th carbon distinguishing it from CDCA. 
The hydroxyl group is introduced by the microsomal en-
zyme sterol 12α-hydroxylase (CYP8B1). Therefore, the 
total amount of  intermediates (from either pathway) that 
undergoes 12α-hydroxylation determines the ratio of  CA 
to CDCA. Both pathways can synthesize CA and CDCA, 
however the acidic pathway is believed to produce mainly 
CDCA. The most important mechanism for regulation of  
bile acid synthesis is the portal flux of  bile acids returning 
to the liver. The loss of  bile acids in the intestine (5%-10%) 
is compensated by de novo synthesis. 

In this study we examined the effect of  different doses 
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of  triiodothyronine (T3) on bile acid formation and on 
mRNA levels of  CYP7A1, CYP8B1 and CYP27A1 in 
cultures of  primary human hepatocytes.

MATERIALS AND METHODS
Materials
RPA ⅢTM kit and pTRI-cyclophilin-Human antisense 
contro l t empla te were purchased f rom Ambion 
Inc.(Huntingdon, UK). 35S-UTP was purchased from 
Hartmann Analytic GmbH(Braunschweig, Germany). 
Wi l l iam’s medium E with g lutamax, gentamycin, 
pen ic i l l in - s t r ep tomyc in , Du lbecco ’s phospha te 
buffered saline, Trizol reagent and Superscript Ⅱ
RT were purchased from Invitrogen (Täby, Sweden). 
Actrapid (insulin) 100 IU/mL was from Novo Nordisk 
Pharma(Malmö, Sweden). Collagenase XI-S (Cat. No. 
C7557), methylthaizolyldiphenyl-tetrazolium bromide 
(Cat. No. M5655) and triiodothyronine (Cat. No. T6397) 
were purchased from Sigma-Aldrich (Sweden). Random 
hexamers (Cat. No. C1181), recombinant RNasin 
ribonuclease inhibitor (Cat. No. N2511) and RQ DNase 
I (Cat. No. M6101) were purchased from Promega 
(Southampton, UK). Taqman universal master mix (Cat. 
No. 4304437) and human cyclophilin pre-developed 
assay (now discontinued and replaced by Human 
PPIA endogenous control (Cat. No. 4310883E) were 
purchased from Applied Biosystems (Stockholm, Sweden). 
Dithiothreitol (Cat. No. 708984) was purchased from 
Roche(Bromma, Sweden).

Isolation of primary human hepatocytes
Human liver tissue was obtained from three different 
patients undergoing reduction hepatectomy for metastatic 
cancer to the liver where normal liver tissue was resected 
due to the localization of  the tumor. Patient A was a 62 
year old female, patient B a 47 year old male and patient C 
a 49 year old female.

Approval to use par ts of  resected human l iver 
specimens for research was given by the ethics committee 
at Huddinge University Hospital and the patient’s informed 
consent was obtained.

Hepatocytes were isolated by a two-step perfusion 
technique, utilizing EGTA and collagenase as described in 
detail by Li et al[9]. In brief, liver tissue weighing between 
20-150 g was cannulated in 1-2 vessels depending on 
the size and appearance. The tissue was then perfused 
with EGTA buffer for about 15 min at a flow rate of  20 
mL/min, followed by perfusion with CO2 (5%) buffered 
solution containing collagenase XI-S (200 mg /L) at 40℃
for approximately 75 min.

Culture conditions
Hepatocytes (3.5 × 106) were cultured under standard con-
ditions in 60 mm culture dishes containing 200 μL EHS 
matrigel and 3 mL William’s E medium with glutamax, 
supplemented with insulin (2 IU/L), penicillin G sodium 
(100 U/mL), streptomycin sulphate (100 μg/mL) and gen-
tamycin (85 μg/mL). Cell culture media were collected and 
renewed everyday. Three 60 millimeter culture dishes each 
containing 3.5 × 106 hepatocytes were used for each treat-

ment. The cells and media from three dishes were pooled 
when harvested. The cells were subjected to different con-
centrations of  T3 (0.1, 1, 10, 100 and 1000 nmol/L) during 
four days, from d 1 to d 5. On d 5 cell culture media were 
collected for bile acid analysis and the cells were harvested 
for RNA isolation and subsequent quantification of  spe-
cific mRNAs. 

Analysis of bile acids in cell culture media 
Bile acids in cell culture media were analysed as previously 
described[4]. Brief ly, 2 mL of  the harvested culture 
medium, together with deuterium labelled cholic acid (D5) 
and chenodeoxycholic acid (D4), was subjected to basic 
hydrolyzation to remove conjugates and the bile acids 
were extracted using acidic ether. Bile acids were analysed 
by gas chromatography-mass spectrometry, as described 
previously[1,10].

Isolation of total RNA
Total RNAs were isolated using Trizol reagent as described 
by the manufacturer. RNA concentration was determined 
by spectrophotometry at 260 nm. The purity of  the RNA 
was determined by spectrophotometry at 280 nm and the 
integrity checked by agarose gel electrophoresis stained 
with ethidium bromide.

Quantification of CYP7A1 by real time PCR
mRNA levels of  CYP7A1 were determined using 
quantitative single-plex real time PCR. From each group, 
40 μg of  total RNA was incubated with 5 U of  RQ 
DNase, 5 μL 10 × RQ buffer in a total volume of  50 
μL at 37℃ for 20 min, at 20℃ for 15 min and finally at 
70℃ for 10 min. From this, 4 μg of  DNase treated RNA 
was used for cDNA synthesis by mixing together with 2 
μL random hexamer primers (100 ng/μL), 1 μL dNTP 
(10 mmol/L of  each) in a total volume of  12 μL. After 
incubation at 65℃ for 5 min, 25℃ for 10 min and 42℃ 
for 2 min, 2 μL of  DTT (0.1 mol/L), 1 μL of  RNasin (40 
U/μL), 4 μL 5 × first strand buffer and 1 μL superscript 
II (200 U/μL) were added. The incubation was continued 
at 42℃ for 50 min and at 70℃ for 10 min. For real time 
PCR 3 μL undiluted cDNA/sample was used in triplicates.

Sequences for CYP7A1 primers and probe were kindly 
provided by Dr. Hermansson, AstraZeneca, Mölndal, 
Sweden. Reversed primer is: 5’AGA GCA CAG CCC 
AGG TAT G 3’; forward primer, 5’ TGA TTT GGG 
GGA TTG CTA TA 3’ (300 mmol/L); and probe 5’ TGG 
TTC ACC CGT TTG CCT TCT CCT 3’ (200 mmol/L). 
The taqman probe was labelled with FAM and TAMRA. 
The assays were performed according to ABI user bulletin 
#2 protocol in a total volume of  25 μL. VIC labelled 
human cyclophilin pre-developed taqman assay from 
Applied Biosystems was used for internal control. The 
assay was performed and analysed using ABI Prism 7700 
sequence detector system.

Quantification of CYP8B1 and CYP27A1 by RNase 
protection assay
Abundance of  specific mRNA was quantified using RPA 
IIITM. cRNA probes were synthesized using T3- or T7-
polymerase and labelled with 35S-UTP. Cyclophilin was 



used as an internal standard and gave a protected fragment 
size of  103 bp.

The protected fragment s ize of  the probe for 
CYP27A1 was 297 bp and for CYP8B1 442 bp. The assay 
was performed according to the manufacturer’s protocol. 
In brief, 10-15 μg of  total RNA was co-precipitated in 2.5 
volumes of  ethanol and 0.5 mol/L NH4OAc with about 
80 000 cpm of  each probe at -20℃ for 15 min. Following 
centrifugation at 15 000 rpm for 15 min the pellets were 
dissolved in 10 μL hybridisation buffer, heated to 95℃ for 
3 min and incubated at 46℃ overnight. The hybridised 
RNA samples were then treated with RNase A and 
RNase A/T1 diluted 1:50 in RNase solution at 37℃ and 
inactivated after 30 min by adding inactivation/precipitation 
solution. Following precipitation at -20℃ for 15 min the 
samples were centrifuged at 15 000 r/min for 15 min and 
the pellets were air dried and dissolved in 10 μL of  loading 
buffer.

The protected fragments were separated on a 
denaturing 5% polyacrylamide urea gel and detected and 
quantified using a Fuji BAS 1800 Phospho-imager.

Statistical analysis 
The significance of  differences between groups for the 
mRNA analysis was tested by a one-way ANOVA followed 
by a post-hoc test. To stabilize the variances, data were 
logarithmically transformed. Due to variances between pa-
tients, statistical analysis of  the bile acid formation could 
not be performed.

RESULTS
Purity of hepatocyte preparations
We have analyzed the purity of  the preparation of  
hepatocytes that we plated. Following the final low speed 
centrifugation step the cell pellet was resuspended in 
plating media and samples of  the cell preparation were 
spotted onto microscopic glass slides, air dried and 
fixed in formalin. Preparations from 2 separate human 
cases were analyzed. Duplicate slides were exposed 
to antibodies for low molecular weight cytokeratins 
(AE1/AE3), albumin or hepatocyte specific antibody 
HEPR. The results showed that 93% of  the cells in the 
preparation reacted with antibodies to cytokeratin, albumin 
and HEPR, indicating that 93% of  the cells plated on 
culture dishes were epithelial (cytokeratin positive) and 
parenchymal hepatocytes (HEPR and albumin positive). 
Most of  the remaining cells were small and appeared to be 
hematopoietic. Hematopoietic cells would not be expected 
to attach to culture dishes and would be removed by media 
changes.

Patient A
The cells were treated for 4 d (from d 1 to d 5) with 
different concentrations of  T3. The cell culture media were 
changed daily and collected on d 5 of  culture after 24 h 
incubation. In control cells the total bile acid formation 
was 1515 ng/mL of  culture media (920 ng CA and 595 ng 
CDCA per mL) and the CA/CDCA ratio 1.5. Treatment 
with 0.1 nmol/L of  T3 decreased total formation by 

53% to 710 ng/mL and lowered the CA/CDCA ratio 
to 1.3 (Table 1). Higher doses of  T3 decreased bile acid 
formation even further in a dose dependent manner, down 
to 36% of  control with a CA/CDCA ratio of  0.8 for the 
highest dose, 1000 nmol/L.

Expression of  CYP7A1 mRNA levels was decreased 
by all doses of  T3 tested. Addition of  0.1 nmol/L of  
T3 decreased CYP7A1 mRNA levels from 4.45 to 0.54 
(arbituary value) (12% of  control), 10 nmol/L to 0.44 
and 1000 nmol/L further down to 0.34 (8% of  control). 
Two of  the measure points were lost due to human error 
(Figure 1). 

Similarly, expression of  CYP8B1 mRNA decreased 
with T3 treatment. Addition of  0.1 nmol/L of  T3 
decreased CYP8B1 from 0.226 to 0.056 (arbituary value) 
(12% of  control), 10 nmol/L to 0.028 and 1000 nmol/L 
to 0.017 (8% of  control) (Figure 1).

Also CYP27A1 mRNA levels decreased with T3 
treatment. Addition of  0.1 nmol/L lowered CYP27A1 
levels from 1.050 to 0.408 (arbituary value) (39% of  
control), 10 nmol/L to 0.373 and 1000 nmol/L to 0.334 
(32% of  control) (Figure 1).

Patient B
The bile acid formation in hepatocytes from patient B was 
much lower than in cells from patients A and C. In control 
cells the total bile acid formation was 340 ng/mL of  
culture media (280 ng CA and 60 ng CDCA per mL) and 
the CA/CDCA ratio was 4.7. Treatment with 0.1 nmol/L 
of  T3 decreased total formation by 47% to 180 ng/mL, 
and lowered CA/CDCA ratio to 3.0 (Table 1). Higher 
doses of  T3 decreased bile acid formation even further 
down to 34% of  control and CA/CDCA ratio to 0.6 for 

Table 1  Formation of CA and CDCA in primary human 
hepatocytes obtained from 3 patients

                     CA     CDCA             Ratio
Patient      Addition of T3             ng/mL      Medium/24 h    CA/CDCA

A Control 920 595 1.5
0.1 nmol/L 400 310 1.3
1 nmol/L 375 375 1.0
10 nmol/L 340 390 0.9
100 nmol/L 250 285 0.9
1 μmol/L 245 295 0.8

B Control 280   60 4.7
0.1 nmol/L 135   45 3.0
1 nmol/L   95   70 1.4
10 nmol/L   55   60 0.9
100 nmol/L   45   65 0.7
1 μmol/L   45   70 0.6

C Control 805 502 1.6
0.1 nmol/L 430 345 1.2
1 nmol/L 477 392 1.2
10 nmol/L 395 425 0.9
100 nmol/L 372 405 0.9

 1 μmol/L 382 420 0.9

The cells were cultured in a serum-free medium and treated with different 
concentrations of T3 for 5 d. Bile acids were measured in the cell-free 
medium. CA: Cholic acid; CDCA: Chenodeoxycholic acid.
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the highest dose, 1000 nmol/L.
Expression of  CYP7A1 mRNA levels was decreased 

by all doses of  T3 tested but not to the same extent as 
in cells from patient A. Addition of  0.1 nmol/L of  T3 
decreased CYP7A1 mRNA levels from 0.745 to 0.444 
(arbituary value) (60% of  control), 1 nmol/L to 0.373, 10 
nmol/L to 0.086, 100 nmol/L to 0.063 and 1000 nmol/L 
further down to 0.028 (4% of  control) (Figure 2). 

Similarly, expression of  CYP8B1 decreased with 
T3 treatment. Addition of  0.1 nmol/L of  T3 decreased 
CYP8B1 mRNA levels from 0.175 to 0.095 (arbituary 
value) (54% of  control), 1 nmol/L to 0.055, 10 nmol/L 
to 0.030, 100 nmol/L to 0.015 and 1000 nmol/L further 
down to 0.025 (14% of  control) (Figure 2). 

T3 had a modest effect on the expression of  CYP27A1 
in patient B. Addition of  0.1 nmol/L of  T3 changed 
CYP27A1 mRNA levels from 0.420 to 0.480 (arbituary 
value) (114% of  control), 1 nmol/L to 0.370, 10 nmol/L 
to 0.445, 100 nmol/L to 0.365 and 1000 nmol/L down to 
0.315 (75% of  control) (Figure 2).

Patient C
In control cells total bile acid formation was 1308 ng/mL 
of  culture media (805 ng CA and 502 ng CDCA per mL) 
and the CA/CDCA ratio was 1.6. Treatment with 0.1 
nmol/L of  T3 decreased the total formation by 41% to 
775 ng/mL and lowered the CA/CDCA ratio to 1.2 (Table 
1). Higher doses of  T3 decreased bile acid formation to 
61% of  control and lowered the CA/CDCA further down 
to 0.9 for the highest dose, 1000 nmol/L.

Expression of  CYP7A1 mRNA levels was decreased 
by all doses of  T3 tested, but not as strongly as in patients 
A and B. Addition of  0.1 nmol/L of  T3 decreased 
CYP7A1 mRNA levels from 3.15 to 1.64 (arbituary value) 
(52% of  control), 1 nmol/L to 2.06, 10 nmol/L to 1.06, 
100 nmol/L to 0.81 and 1000 nmol/L further down to 0.65 
(21% of  control) (Figure 3). 

Similarly, expression of  CYP8B1 mRNA decreased 
with T3 treatment. Addition of  0.1 nmol/L of  T3 
decreased CYP8B1 mRNA levels from 0.093 to 0.070 
(arbituary value) (75% of  control), 1 nmol/L to 0.040, 10 
nmol/L to 0.050, 100 nmol/L and 1000 nmol/L both to 

0.033 (35% of  control) (Figure 3). 
Also CYP27A1 mRNA levels decreased with T3 

treatment. Addition of  0.1 nmol/L lowered CYP27A1 
levels from 0.245 to 0.160 (arbituary value) (65% of  
control), 1 nmol/L to 0.150, 10 nmol/L to 0.140, 100 
nmol/L to 0.110 and 1000 nmol/L to 0.133 (54% of  
control) (Figure 3).

Following logarithmical transformation, statistical 
analysis of  mRNA levels from all three patients showed 
that the highest dose (1000 nmol/L) of  T3 significantly 
decreased CYP7A1 mRNA levels (P < 0.05). CYP8B1 
mRNA levels was significantly decreased by 10 and 100 
nmol/L of  T3. Treatment with T3 did not significantly 
decrease CYP27A1 mRNA levels.

DISCUSSION
In accordance with our previous studies[4,5,11,12], CA and 
CDCA, constituted more than 95% of  total sterols and the 
ratio between the two bile acids averaged 2.6. 

T3 dose-dependently decreased formation of  bile 
acids to 44% of  controls. The reduction of  CA formation 
was greater than the decline in CDCA formation and 
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Figure 1  Patient A, effect of T3 on CYP7A1, CYP8B1 and CYP27A1 mRNA levels 
normalized to cyclophilin and expressed as % of control.
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Figure 2  Patient B, effect of T3 on CYP7A1, CYP8B1 and CYP27A1 mRNA levels 
normalized to cyclophilin and expressed as % of control.
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Figure 3  Patient C, effect of T3 on CYP7A1, CYP8B1 and CYP27A1 mRNA levels 
normalized to cyclophilin and expressed as % of control.
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resulted in a marked decrease in the CA/CDCA ratio. 
These results are in reasonable agreement with previous 
in vivo studies. Angelin et al[13] studied bile acid metabolism 
in hypothyroid patients before and during replacement 
therapy to euthyroid state and found that CDCA synthesis 
was stimulated by approximately 40%, whereas CA did 
not change with hormone treatment. However, the relative 
concentration of  deoxycholic acid (DCA) in bile decreased 
from 30% to 19% and CDCA concomitantly increased 
with hormone therapy. This was confirmed by Kosuge 
et al[2] who concluded that the characteristic effect of  
thyroid hormone on serum bile acid composition in man 
is the shift from the “family” of  cholic to that of  CDCA 
by showing that DCA is the most prominent bile acid 
in hypothyroid patients and that CDCA is the most 
prominent bile acid in hyperthyroid patients. Paulezki 
et al[3] studied bile acid metabolism in hyperthyroid patients 
before and during treatment to euthyroid state and showed 
that thyroid hormone excess caused a 34% reduction in 
CA synthesis with no apparent change of  CDCA synthesis 
and a 20% decrease in total bile acid synthesis. The 
authors suggested that thyroid hormone inhibited hepatic 
12α-hydroxylation.

In contrast to this, Sauter et al failed to show any 
effect of  T3 treatment on the serum levels of  the bile 
acid intermediate 7α-hydroxy-4-cholestene-3-one (C4) 
(believed to reflect CYP7A1 activity in vivo) in hypo- and 
hyperthyroidism before and after treatment to euthyroid 
state[14]. A recent study by Galman et al showed that 
there are marked diurnal changes of  C4 levels during the 
day[15]. The authors could also see a weak but significant 
correlation of  C4 with cholesterol and therefore corrected 
C4 levels for cholesterol. These findings make it difficult 
to evaluate the results of  the C4 levels of  the mentioned 
study. Also, the fact that C4 is the main substrate for 
CYP8B1 and that one study suggested that CYP8B1 might 
be inhibited by thyroid hormone needs to be considered.

The mRNA levels of  the rate- l imit ing enzyme 
CYP7A1 in the neutra l pathway were a lso dose-
dependently decreased by T3. Our data support the human 
promoter studies by Wang et al who found that thyroid 
hormone repressed CYP7A1 activity[16]. Furthermore, 
Drover et al found a distinct thyroid hormone response 
element that mediates T3 repression in the human 
CYP7A1 promoter[17]. This is in contrast to the study in 
rats where Crestani et al failed to demonstrate an effect 
of  thyroid hormone on the Cyp7a1 promoter activity[18]. 
However addition of  1 μmol/L of  T4 to primary rat 
hepatocytes increased the transcriptional activity of  Cyp7a1 
by 3.7 fold but did not alter steady state mRNA levels[19].

In the present study we did not measure the enzyme 
activity of  CYP7A1 because of  lack of  material, but since 
the effects on the mRNA levels were in agreement with 
the effects on the bile acid formation we believed that it 
would be unlikely that T3 would have an opposite effect on 
the enzyme activity.

Similar to CYP7A1, the CYP8B1 mRNA levels were 
also dose-dependently decreased by T3. Although previous 
in vivo data pointed towards an effect on CYP8B1, this is 
to our knowledge the first report of  the effects of  T3 on 
human CYP8B1 mRNA levels. In rats however, T3 has 

been shown to suppress both Cyp8b1 activity and mRNA 
levels[20]. 

Treatment with T3 also decreased CYP27A1 levels, 
but to a much lower degree than CYP7A1 and CYP8B1. 
This finding is in line with the contention that CYP27A1 
is regulated to a lower degree than CYP7A1 in humans, 
as has been shown in connection with bile acid mediated 
feedback regulation[21]. According to a previous study 
by Stravitz et al[22] Cyp27a1 is not regulated by thyroid 
hormone at all in rat. 

In a previous study[4] we investigated the effect of  
the combination of  T3 and dexamethasone on bile 
acid synthesis in rat vs human hepatocytes. Since it was 
previously shown that T3 and dexamethasone had a 
synergistic effect on Cyp7a1 mRNA levels in primary rat 
hepatocytes[19] and since neither T3 nor dexamethasone 
alone had any effect in rat hepatocytes, we did not focus 
on the effect of  T3 or dexamethasone alone in primary 
human hepatocytes. However, we could see that T3 
and dexamethasone alone tended to decrease bile acid 
formation but had no consistent effect on CYP7A1 
mRNA levels (data not shown). The results of  the 
present study and the fact that combination of  T3 and 
dexamethasone did not change human bile acid formation 
or CYP7A1 mRNA levels in our prior study, suggest 
that dexamethasone might have an effect on human bile 
acid synthesis. This is very interesting and needs to be 
elucidated in future studies. 

The concentrations of  T3 used in this study ranged 
from 0.1 nmol/L to 1000 nmol/L. The highest dose 
was included because this is a dose commonly used in 
combination with dexamethasone in cultures of  primary 
rat hepatocytes. Reduction of  methylthaizolyldiphenyl-
te razo l ium bromide (MTT) showed no s igns of  
cytotoxicity in the dose range used here (data not shown). 
It should be emphasized that the most dramatic effects 
were seen with the lowest T3 concentration, supporting 
that the effects observed are physiological.

In conclusion, it has been shown that T3 dose-
dependently decreases bile acid formation and expression 
levels of  CYP7A1 and CYP8B1 mRNAs in primary 
human hepatocytes. CYP27A1 is also decreased, but to a 
lower degree. CA formation is inhibited to a higher degree 
than CDCA formation, resulting in a marked decrease in 
the CA/CDCA ratio. 
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Abstract
AIM: To demonstrate the feasibility of using woodchuck 
samples on human microarrays, to provide insight 
into pathways involving positron emission tomography 
(PET) imaging tracers and to identify genes that could 
be potential molecular imaging targets for woodchuck 
hepatocellular carcinoma.  

METHODS: Labeled cRNA from woodchuck tissue 
samples were hybridized to Affymetrix U133 plus 2.0 
GeneChips®. Ten genes were selected for validation 
using quantitative RT-PCR and literature review was 
made. 

RESULTS: Testis enhanced gene transcript (BAX 
Inhibitor 1), alpha-fetoprotein, isocitrate dehydrogenase 
3 (NAD+) beta, acetyl-CoA synthetase 2, carnitine 
palmitoyltransferase 2, and N-myc2 were up-regulated 
and spermidine/spermine N1-acetyltransferase was 
down-regulated in the woodchuck HCC. We also found 
previously published results supporting 8 of the 10 most 
up-regulated genes and all 10 of the 10 most down-
regulated genes. 

CONCLUSION: Many of our microarray results were 
validated using RT-PCR or literature search. Hence, we 
believe that woodchuck HCC and non-cancerous liver 
samples can be used on human microarrays to yield 
meaningful results.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Patients with chronic hepatitis originating from infection 
with hepatitis B virus (HBV) are among those with the 
highest risk for hepatocellular carcinoma (HCC). The 
role of  HBV in hepatocarcinogenesis has been studied 
by many investigators, but still not entirely understood. 
The first case of  hepatocellular adenomas in a woodchuck 
was reported by Fox in 1912[1].  The model of  hepatitis-
induced HCC was later described by Summers in 1978[2] 
and is now an accepted animal model for studying HBV-
induced HCC[3]. We have performed PET imaging with 
various positron-emitting radionuclide-labeled imaging 
tracers involved in the woodchuck hepatitis virus (WHV)-
induced HCC animal model (details of  the imaging 
study will be reported separately). Early studies in this 
project include investigating the genetic basis of  pathways 
involving the tracers and looking for new genetic targets 
for molecular imaging.  

In the past decade, microarray experiments have paved 
the way for thorough studies of  gene expression. To date 
there has been no commercially available microarray to 
study gene expression in the woodchuck largely because 
the genome of  this species has not been sequenced and it 
is not among the common animal models. Cross-species 
hybridization analysis is one of  the methods to investigate 
genetic regulation of  unusual species. Some authors 
have succeeded in using porcine samples on human 
Affymetrix GeneChips®[4,5]. One group has demonstrated 
the feasibility of  using normal woodchuck samples on 
commercially available human nylon membrane arrays that 
have since been discontinued[6].  

To the best of  our knowledge, there have been 
no studies that used woodchuck samples on human 
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oligonucleotide arrays to explore differential gene 
expression in non-cancerous woodchuck liver versus HCC.  
In this study, we analyzed the woodchuck gene expression 
using human Affymetrix GeneChips® with validation of  
differential expression of  selected genes with quantitative 
RT-PCR and literature search.  

MATERIALS AND METHODS
RNA isolation
All animals received humane care and the study protocol 
complies with the institutional guidelines. Woodchucks 
were euthanized after PET imaging and the livers were 
immediately removed from the animal. A pathologist 
separated non-cancerous liver and HCC. Tissues were 
snap-frozen in liquid nitrogen and stored at -80℃. RNA 
was extracted with RNeasy Midi Kit from Qiagen (Valencia, 
CA) according to the recommended protocol. An RNA 
integrity number (RIN) was found using a Bioanalyzer 
2100 from Agilent (Palo Alto, CA).  

Preparation of cRNA and microarray hybridization
RNA analyses were performed in the Gene Expression 
Array Core Facility at Case Western Reserve University.  
cRNA was prepared and hybridized to Affymetrix Human 
U133 plus 2.0 GeneChips® (Santa Clara, CA) according to 
the manufacturer’s instructions. Microarray results were 
delivered in the form of  cab files.  

Microarray data analysis
Two sample t tests of  quality control data were performed 
using R 2.0.1 statistical software. Hybridization results were 
analyzed using GeneChip® Operating Software (GCOS) 
1.2 from Affymetrix (Santa Clara, CA). All microarrays 
were scaled to the same average signal intensity so that 
they could be compared to one another. Microsoft Excel 
and Access (Redmond, WA) were used to screen the data 
for significant results. Significantly changed genes were 
found using a modified version of  the criteria outlined 

for a Comparison Analysis in the GeneChip® Expression 
Analysis: Data Analysis Fundamentals Manual from 
Affymetrix (Santa Clara, CA). The only criteria modified 
was to include signal fold changes for genes that were up-
regulated by at least 1.5 or down-regulated by at least -1.5 
in the HCC compared with the non-cancerous tissues.  

RT-PCR 
Available sequence information for woodchuck genes was 
found in the nucleotide database in the National Center for 
Biotechnology Information website (www.ncbi.nlm.nih.
gov). These sequences were put into Applied Biosystems 
(Foster City, CA) for determination and production of  
optimal Custom Taqman® Gene Expression Assays. The 
Taqman® primer and probe sequences for our genes of  
interest are listed in Table 1. The Taqman® Assays and 
total RNA were given to the Gene Expression Array Core 
Facility. Assays were run in triplicate in a 15 µL reaction 
volume in a 384-well plate using a PRISM® 7900HT 
Sequence Detection System from Applied Biosystems 
(Foster City, CA). The RT-PCR assay consisted of  a 
2-minute incubation at 50℃, a 10-minute incubation at 
95℃ followed by 40 cycles of  a 15-second incubation at 
95℃, and then a 1-minute incubation at 60℃. Results were 
provided to us as values relative to a baseline sample. HCC 
was compared with the non-cancerous baseline sample 
from each animal, and > 2.5 or < 2.5 fold gene expression 
was considered up- or down-regulated, respectively.

RESULTS
Quality control
The first step in determining the usefulness of  the results 
from a microarray study is to examine the quality control 
data. Table 2 shows some of  RNA and microarray quality 
control data that we examined in this study. Two sample 
t tests were performed to see if  there were differences 
between normal liver samples and HCC samples in any 
of  the categories listed in Table 2. The “Percentage of  

Table 1  RT-PCR primer and probe sequences for select genes

Target gene                 Forward primer sequence           Reverse primer sequence                             Reporter probe sequence

Testis enhanced gene transcript 
(BAX inhibitor 1) (TEGT)

GCCACCTGTAATGTGTGCAAAG ACTTTCCCAGTTTGACTTCCTCTTC CTCCACCCCTCATGTCC

Acetyl-CoA synthetase 2 
(thiokinase) (ACAS2)

TGCTGAGGACCCACTCTTCAT AGCATGTAACCGCCAACTGT CCACAGGCAAACCCA

Alpha-fetoprotein (AFP) AGGCTGTCATTGCAGATTTCTCT GGACCCTCTTCTGCAAAGCA CTGGCAGCATGTCTCC
C-myc (CMYC) CAGAAGGTCAGAATCGGTGTCA AGGACCAGTGGGCTGTGA CCACAGCAAACCTC
Hexokinase (glucokinase 
regulatory protein) (GCKR)

ATGCTGCAGCGGTTCTCT GGATCGCTTGGAGGAGACTCT AAGGCCCGATGCATTG

Isocitrate dehydrogenase 3 
(NAD+) beta (IDH3B)

TCTCAGCGGATTGCAAAGTTTG CTTGTGGACAGCTGTGACCTT CCCGCCCCTTCTTG

Fatty-acid-Coenzyme A ligase, 
very long-chain 1 (FACVL1)

GCGGGATGACACAGCAAAA TCTTTCTGGAAATGTGAGTTATCCTTCTG TCTGAAAATCTGAATATCCC

Spermidine/spermine 
N1-acetyltransferase (SSAT)

TTTCATGCAACACTTGGTCTCTCT CACTGGACTCCGGAAGGTAAC CCCTCACCCAATCCAG

Carnitine palmitoyltransferase 
II (CPT2)

TGCCTATTCCCAAACTTGAAGACA TCTTCCTGAACTGGCCATCATTC TCAATGCACAGAAACCT

N-myc 2 (NMYC2) GGACGCGCTGAGTGGAT GCTCTCGTTCGGCTCCAA TTCCCAGGAGACCCC



Genes Called Present” and the “Scaling Factor” showed 
a statistically significant difference (P < 0.05) between the 
normal and the tumor samples. Housekeeping control and 
spiked control genes were qualitatively examined to have 
similar signal values and similar 3’-to-5’ ratios across all of  
the samples.  

Significantly changed genes
A number of  the genes was found to be significantly 
changed in the HCC tissues compared with the normal 
portion of  the liver from the same animal (Table 3). Sixty-
six genes were found significantly changed in all three 
animals and 286 genes changed in 2 out of  the 3 animals.  
Some genes with multiple probes on the microarray 
were also markedly changed. Of  the 18 gene probes 
that were down-regulated in all 3 tumors, 5 presented 
metallothioneins, 3 for early growth response 1, and 2 for 
spermidine/spermine N1-acetyltransferase. Five genes 
were up-regulated in 2 probes in all 3 tumors: H2A histone 
family member Z, F-box protein 9, a disintegrin and 
metalloproteinase domain 10, butyrate-induced transcript 1, 
and ribophorin II.  

We studied further into the 10 most up- and down-
regulated genes that were common to all three HCC versus 
normal liver sample pairs (Table 4). Eight of  the top 10 
up-regulated genes found previously in literature are in 
agreement with our findings[7-14]. We were unable to find 
any publication describing the up-regulation in any cancer 
for 2 of  these genes, one of  which was an open reading 
frame, but found published data supporting all of  the 10 
most down-regulated genes[15-21].  

One group used normal human and normal woodchuck 
liver samples on human nylon membrane arrays[6]. To 
compare our results to theirs, we looked into 48 genes 
which were found to be commonly expressed in both 
normal human and normal woodchuck livers. We used 
2 normal woodchuck liver samples from uninfected 
woodchucks on the Affymetrix human U133 plus 2.0 
GeneChip® and found 21 of  the 48 previously reported 
genes to be expressed. We were unable to find any probes 
on the GeneChip® for 3 of  the 48 genes. We also explored 
the normal portion of  the liver from 3 woodchucks with 
HCC and found 22 of  the 48 genes were present in all 3 
animals, 26 were present in 2 animals and 34 were present 
in at least 1 animal. Eighteen genes were present in both the 
normal liver from an uninfected woodchuck and the non-
cancerous liver samples from all 3 woodchucks with HCC.  

RT-PCR
Ten genes were selected for RT-PCR analysis. Two 
genes were selected to validate the microarray analysis 
because the microarray analyses demonstrated they were 
significantly changed (TEGT and SSAT). RT-PCR was also 
performed on other genes due to their role in metabolic 
pathways and hepatocellular carcinogenesis. The RT-PCR 
results along with the corresponding microarray results are 
shown in Table 5. It should be noted that the terms “no 
change” and “undetermined” are not the same. A sample 
with no change shows similar expression in the normal 
and tumor samples, whereas the undetermined means that 
expression could not be measured in either the normal or 
tumor sample using RT-PCR.  

DISCUSSION
PET imaging allows clinicians to view in vivo distribution 
and uptake of  a radiolabeled compound, or imaging 
tracer. It is a useful diagnostic tool when a tracer is used 
that is highly specific to its target. We investigated the 
performance of  various tracers and their metabolism 
regulated at multiple levels in the woodchuck model of  
hepatitis virus-induced HCC. We conducted a microarray 
study to explore the transcriptional regulation of  
interesting genes.  

There is a logical rationale to explain the disparity in 
quality control data between normal and tumor samples.  
In the normal tissue, there were fewer genes called 
“Present” and a larger scaling factor as shown in Table 2. 
More genes were up-regulated in the tumors than were 
down-regulated. Therefore, more genes were expressed 
in the tumors compared with the non-cancerous portion 
of  the liver, hence the larger ‘Percentage of  Genes Called 
Present’. The fact that fewer genes were called ‘Present’ 
in the non-cancerous samples is the likely reason for the 
lower overall average signal intensity, which would also 
mean that a larger scaling factor is needed to reach a target 
value compared with the tumor samples.  

To determine if  our microarray results were consistent 
with other studies, we compared our results using normal 
woodchuck liver samples from 2 uninfected animals on 
Affymetrix U133 plus 2.0 GeneChips® to the results of  
another group that used similar uninfected woodchuck 

Table 2  Quality control data for cross-species hybridization Table 3  Significantly changed genes

             RNA integrity    Average                 Percentage of   Scaling
 Samples       number      background    Noise   genes called     factor
             (max = 10.0)                       present   (scaled to 15)

W904Nb 7.5 33.750 1.00   9.0 2.959
W361N 7.8 34.170 0.97   9.5 2.970
W380N 9.7 32.089 0.93   9.9 2.955
W904T 9.8 36.880 1.07 10.3 2.206
W361T 9.2 35.720 1.05 10.5 2.355
W380T 9.9 31.610 0.94 10.8 2.463

 Sample pair             Number of up-   Number of down-  Total number of 
(tumor vs  normal)    regulated genes1  regulated genes1   changed genes

W904 596 205 801
W361 359 242 601
W380 215   81 296
W904, W361 142   47 189
W904, W380   66     3   69
W361, W380   19     9   28
W904, W361, W380   48   18   66 

1The data is presented as HCC vs normal portion of the liver sample where 
the normal sample is the baseline.

4648          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      August 7, 2006    Volume 12     Number 29

www.wjgnet.com



l iver samples on human nylon membrane arrays[6]. 
Using the standard microarray protocol according to the 
manufacturer’s instructions, we have demonstrated a large 

overlap of  results from the two studies as well as a high 
degree of  similarity between the normal liver tissue from 
uninfected woodchucks and those of  woodchucks with 

Table 4  Top 10 up- and down-regulated genes in common on all three tumor/normal sample pairs

Fold change1         Gene title                           Gene symbol Location                Process                                         Agreement

14.3294 Stearoyl-CoA desaturase (delta-9-desaturase) SCD 10q23-q24 Fatty Acid Biosynthesis [7]
11.6297 ELOVL family member 6, elongation of long chain 

fatty acids (FEN1/Elo2, SUR4/Elo3-like, yeast)
ELOVL6 4q25 Fatty Acid Biosynthesis [8]

7.7381 Chromosome 9 open reading frame 41 C9orf41 9q21.13 none
5.1036 Cytochrome P450, family 51, subfamily A, 

polypeptide 1
CYP51A1 7q21.2-q21.3 Electron Transport/ Cholesterol Biosynthesis [9]

4.1746 H2A histone family, member Z H2AFZ 4q24 DNA Replication [10]
3.4227 H2A histone family, member Z H2AFZ 4q24 DNA Replication [10]
3.3977 TATA box-binding protein-like 

protein 1, TBP-like 1
TBPL1 6q22.1-q22.3 Transcription none

2.9307 Diacylglycerol O-acyltransferase 
homolog 2 (mouse)

DGAT2 11q13.5 Triacylglycerol biosynthesis [11]

2.8134 ARP2 actin-related protein 2 homolog (yeast) ACTR2 2p14 Protein Binding/Structural Molecule Activity [12,13]
2.8134 Calcium binding protein P22 CHP 15q13.3 Potassium Ion Transport/Small GTPase 

Mediated Signal Transduction
[14]

-3.6151 Metallothionein 1H MT1H 16q13 Metal Ion Binding [15,16]
-3.6353 Metallothionein 2A MT2A 16q13 Metal Ion Binding [15,16]
-3.9071 Metallothionein 1X MT1X 16q13 Metal Ion Binding [15,17]
-4.1870 EST similar to early growth response 1 [18,19]
-4.5774 Metallothionein 1F (functional) MT1F 16q13 Metal Ion Binding [15,16]
-4.9625 Early growth response 1 EGR1 5q31.1 Regulation of Transcription [18,19]
-5.5956 Metallothionein 1F (functional) MT1F 16q13 Metal Ion Binding [15,16]
-5.7266 Sprouty homolog 2 (Drosophila) SPRY2 13q31.1 Cell-Cell Signaling/ Development/ Organogenesis/ 

Regulation of Signal Transduction
[20]

-10.3842 Early growth response 1 EGR1 5q31.1 Regulation of Transcription [18,19]
-24.2139 Insulin-like growth factor 

binding protein 2, 36 kDa
IGFBP2 2q33-q34 Regulation of Cell Growth [21]

1This is the average fold change for all 3 HCC vs normal sample pairs.

Table 5  RT-PCR and microarray results

                                                                              W904               W361           W380
Gene                                 Process                              RT-PCR    Microarray   RT-PCR       Microarray       RT-PCR   Microarray

Testis enhanced gene transcript 
(BAX inhibitor 1) (TEGT)

Negative regulation of 
apoptosis 

No change Up Up Up Up Up

Spermidine/spermine 
N1-acetyltransferase (SSAT)

Polyamine metabolism Down Down Down Down No change Down

Acetyl-CoA synthetase 2 
(thiokinase) (ACAS2)1

Metabolism, lipid 
biosynthesis

Up Up Up Up Up No change

Alpha-fetoprotein (AFP) Immune response, transport Up No change Up No change Up Up
Isocitrate dehydrogenase 
3 (NAD+) beta (IDH3B)

Tricarboxylic acid cycle Up Up Undetermined No change Up Up

Carnitine palmitoyltransferase 
II (CPT2)

Lipid metabolism, fatty acid 
metabolism, transport

Up No change Up No change No change No change

N-myc 2 (NMYC2) Unknown Undetermined N/A Up N/A Undetermined N/A
C-myc (CMYC)2 Regulation of transcription, 

DNA-dependent
Up Up Down Up No change No change

Fatty-acid-Coenzyme A ligase, 
very long-chain 1 (FACVL1)

Lipid metabolism, fatty 
acid metabolism

Down Down Undetermined Down Up No change

Hexokinase (GCKR)3 Carbohydrate metabolism Undetermined No change Undetermined Up Up No change

1RT-PCR results are for ACAS2, microarray results are for a hypothetical protein similar to ACAS2.  2RT-PCR results are for c-myc, microarray results are for a 
c-myc binding protein and a downstream target.  3RT-PCR results are for glucokinase regulatory protein, microarray results are for an EST similar to hexokinase 
domain containing 1.
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HCC.  
We found supporting data for 8 of  the top 10 up-

regulated genes and all 10 of  the top 10 down-regulated 
genes (Table 4). The top two up-regulated genes (steroyl-
CoA desaturase and elongation of  long chain fatty acids, 
family member 6) are involved in fatty acid biosynthesis, 
which suggests that fatty acid synthesis is up-regulated in 
HCC compared with the surrounding non-cancerous liver 
tissues in woodchucks.  

Due to the limited number of  woodchuck genes that 
have been sequenced (fewer than 600), we could not 
perform RT-PCR on all of  the genes of  interest, and in 
some cases the sequence was not available for the exact 
gene. FACVL1, AFP, IDH3B, CPT2, and SSAT had 
specific probes on the microarray; ACAS2, CMYC, GCKR, 
and TEGT were similar to what we had microarray 
probes for; and there was no probe on the microarray for 
NMYC2. The microarray results showed expression of  a 
hypothetical protein similar to the 5’ region of  ACAS2, a 
c-myc binding protein, a c-myc downstream target, an EST 
similar to hexokinase domain containing 1, and an EST 
similar to TEGT. Of  the 66 probes on the microarrays that 
significantly changed in all 3 pairs of  samples, we validated 
2 genes with available sequence information. TEGT was 
up-regulated and SSAT was down-regulated in the tumors 
as shown by both the microarray and RT-PCR analysis.  
TEGT is a negative regulator of  apoptosis and has been 
shown to be up-regulated in cancer cells[22] and SSAT, 
which is the rate limiting step in polyamine catabolism, has 
been shown to be induced at the transcriptional level to 
sensitize tumors for adjuvant treatment[23].  

We also investigated genes involved in carcinogenesis 
and various metabolic pathways. IDH3B, the rate-limiting 
enzyme in the tricarbocylic acid cycle, was up-regulated in 
2 probes in the same 2 tumors and expression validated 
with RT-PCR. A hypothetical protein similar to ACAS2, 
which catalyzes the conversion of  acetate to acetyl-CoA 
for use in many metabolic and biosynthetic pathways, 
was up-regulated in 2 tumors according to the microarray 
results and shown to be up-regulated in all 3 tumors with 
RT-PCR.  ACAS2 is of  particular relevance because of  the 
usage of  the PET imaging tracer [11C]-Acetate. Currently, 
it is not entirely known what pathways are responsible 
for the high uptake of  acetate which can be seen in HCC 
compared with surrounding normal liver tissues in the 
PET images. We have demonstrated high up-regulation 
of  the enzyme that catalyzes the formation of  acetyl-CoA 
from acetate, so we hypothesize that this may be the first 
step involving [11C]-Acetate.  

An EST similar to hexokinase was up-regulated in 1 
tumor according to the microarray results, and glucokinase 
regulatory protein (GCKR) was up-regulated in a different 
tumor based on RT-PCR. Sequence information for the 
woodchuck glucokinase gene was not available, so RT-
PCR was performed on a GCKR, a negative regulator of  
glucokinase. Glucokinase is important for its role in PET 
imaging of  [18F]-fluorodeoxyglucose (FDG). Glucokinase 
catalyzes the phosphorylation of  FDG, thereby trapping 
it in the cell according to previous kinetic modeling 
data[24]. Up-regulation of  glucokinase or down-regulation 
of  GCKR would be expected to result in higher uptake 

of  FDG in HCC compared with the non-cancerous liver 
tissues. However, our results were not conclusive and 
future work will require sequencing of  the woodchuck 
hexokinase gene or examination of  glucokinase regulation 
at the protein level.  

CPT2, a protein that facilitates transport of  long-chain 
fatty acids to the inner mitochondrial membrane for fatty 
acid metabolism, did not show any change according to 
the microarray results, but was found to be up-regulated 
in 2 of  the 3 HCCs using RT-PCR. In the target sequence 
used to create the probes on the human microarray, there 
is a 436 residue overlap with 40.4% homology between 
the microarray CPT2 target sequence and the woodchuck 
CPT2 sequence used for RT-PCR. The lack of  homology 
between the sequences might be the reason for not 
obtaining significant microarray results.  

AFP, a serum marker for HCC in humans[25], was up-
regulated in one tumor and showed no change in the other 
two on the microarrays, while it was up-regulated in all 
three tumors as measured by using RT-PCR. NMYC2, 
which was found highly expressed in 60% of  woodchuck 
HCCs[26], was up-regulated in one tumor by using RT-PCR.  

T hese re su l t s f rom us ing human Affymet r ix 
GeneChips® provide a part of  the foundation for our 
imaging work to explore the woodchuck model of  virus-
induced HCC. Future work will include more investigations 
of  the regulation of  pathways involving PET imaging 
tracers using enzyme assays and immunohistochemistry.  
Additional efforts will be focused on developing new 
radiolabeled antibodies and/or ligands for potential 
imaging targets found to be up-regulated in woodchuck 
HCC compared with sur rounding non-neoplast ic 
woodchuck hepatic tissues.
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Abstract
AIM: To clarify the safety and feasibility of hepatectomy 
for huge hepatocellular carcinoma (HCC).

METHODS: A total of 4765 patients with HCC operated 
at Tongji Hospital were retrospectively studied, of them, 
780 patients had huge HCC (10 cm or more in diameter). 
Hepatectomy was carried out on 634 patients (81.2%). 
The majority of the liver resection were major resec-
tions, and combined resection of the adjacent organs or 
structures was common (17.2%). The liver resection was 
combined with portal vein thrombectomy in 139 patients 
(21.9%).

RESULTS: Postoperative complications were common 
(26.8%) and required another laparotomy to prevent 
the complications in 5 patients (0.8%). The 30-d mortal-
ity was 2.2%. The main causes of postoperative deaths 
were liver failure (n = 9), postoperative bleeding (n = 4) 
and septic complication (n = 1). The 3-, 5- and 10-year 
survival rates after liver resection were 35.1%, 18.2% 
and 3.5%, respectively. 

CONCLUSION: Hepatectomy for huge HCC is safe and 
effective. It should be used to treat patients with low 
surgical risks and resectable tumours.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 
Hepatocellular carcinoma (HCC) is one of  the most 
common malignancies worldwide, with an annual 
occurrence of  at least one million new cases[1-3]. 
    Hepatic resection is the mainstay of  treatment for 
resectable tumours because of  the proven impact 
of  adequate tumor removal on prognosis. Recent 
improvements in perioperative management have made 
partial hepatectomy safe. 
    Growing indications are related to the resection extent 
and the approach of  surgery in patients with HCC, and the 
maximum prognosis benefit can be combined with optimal 
safety. Therefore, surgeons should balance the benefits 
of  oncological clearance against the risks of  inadequate 
parenchymal preservation after liver resection.
    A non-cirrhotic liver can tolerate up to 80% liver 
resection. The regenerative capacity of  the liver enables 
a functional compensation within a few weeks and 
regeneration to roughly 75% of  the preoperative liver 
volume within 1 year. Such a favourable outcome, however, 
cannot be extrapolated to cirrhotic liver resection which is 
commonly carried out for HCC.
    Hepatectomy for huge HCC is associated with a higher 
operative morbidity and mortality because of  the extent of  
liver resection, and a histological margin of  over 1 cm is 
usually recommended to cut down on intrahepatic tumor 
recurrence[4-6]. Of  the many prognostic factors associated 
with long-term survival, the size of  tumor has a positive 
association after ‘curative’ resection for HCC[6-10]. The 
aim of  this retrospective study was to find out whether 
liver resection for huge HCC (tumor bigger than 10 cm in 
diameter) is efficacious and safe.

MATERIALS AND METHODS
A retrospective study was done on 4765 patients with 
HCC who were treated surgically at the Tongji Hospital, 
Wuhan, China from January 1972 to December 2002, 
and 780 (16.8%) patients had huge HCC over 10 cm in 
diameter. Liver resection was carried out on 634 patietns 
(81.2%).
    The criteria for liver resection for huge HCC with 
curative intention were good general condition of  the 
patient, good cardiopulmonary and renal functions, Pugh-
Child’s A and B, normal indocyanine green test, tumor 
confined to one lobe of  the liver, and no extrahepatic 
spread of  disease with the exception of  local invasion to 
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adjacent organs.
    Liver resection for huge liver tumours was performed 
as previously described[11,12]. In brief, we routinely used 
the Pringle’s manoeuvre to occlude the hepatic inflow. 
We divided the porta hepatis pedicle supplying the side 
of  the liver to be resected as described by Launois[13]. 

We then transected the liver parenchyma using finger-
fracture technique with a haemostat along the plane of  
transection. The hepatic vein draining the part of  the liver 
to be resected was ligated and divided intrahepatically. 
Then the portion of  the liver to be resected by division 
of  the ligaments was mobilized. This method of  liver 
resection prevented laceration of  the major vessels during 
mobilization of  the liver, avoided rupturing of  the huge 
tumor due to excessive traction, and excessive bleeding 
from the venous collaterals due to cirrhosis and portal 
hypertension by leaving mobilization of  the liver near the 
end of  liver resection. Oncological principles of  ligating 
the vessels prior to manipulation of  tumor were followed 
to diminish shedding of  tumor cells into the blood stream.

RESULTS
Of  the 780 patients with huge HCC of  over 10 cm in 
diameter treated surgically, 634 (81.2%) underwent liver 
resection. The remaining 146 patients had unresectable tu-
mors at laparotomy. The reasons for unresectability were: 
tumours too extensively involving the liver (n = 27), mul-
tiple secondary tumors (n = 56), severe liver cirrhosis (n = 
44), and tumor infiltration into major vascular structures 
including the main portal vein, common hepatic artery or 
the hepatic veins (n = 19). These patients with unresect-
able HCC were treated with intraoperative transhepatic or 
transportal vein chemotherapy, or with chemotherapy via 
a totally implantable drug infusion system (n = 57), intra-
operative microwave coagulation (n = 36), intraoperative 
cryotherapy (n = 45), or a biopsy of  the liver tumor (n = 8).
    The demographic data of  the 634 patients who under-
going liver resection are shown in Table 1. Majority of  the 
patients underwent major liver resection. The terminology 

of  the liver resection used was included according to the 
recommendation by the International Hepato-Pancreato-
Biliary Association. Combined resection of  adjacent or-
gans involving the tumor was common. A significant pro-
portion of  patient had tumor thrombi in the portal vein 
(Table 2).
    The operative time was 98 ± 41 min, inflow occlusion 
time was 10.5 ± 2.7 min. Blood loss was 440 ± 250 mL 
and transfusion requirement was 480 ± 350 mL. Postop-
erative complications were common, such as reactive right 
pleural effusion (n = 135 , 21.4%), significant ascites (n = 
30, 4.7%)，bleeding from stress ulceration (n = 11, 1.7%), 
postoperative hemorrhage on the surface of  liver (n = 7, 
1.3%), infected wound (n = 10, 1.6%), bile leakage (n = 
7, 1.1%) and intraabdominal abscess (n = 6, 0.9%). Re-
laparotomy to deal with the complications was required in 
5 patients (0.8%). The 30-d mortality rate was 2.2%, 9 of  
14 patients died of  liver failure, 4 of  14 died of  postopera-
tive bleeding, and 1 died of  septic complication. The 3-, 
5- and 10-year survival rates were 35.1%, 18.2% and 3.5%, 
respectively (Figure 1).
    Univariate analysis showed the following prognostic fac-
tors associated with significant improvement in survival: 
female sex, low serum alpha fetoprotein of  less than 400 
ng/mL, presence of  tumor capsule, absence of  extensive 
capsular infiltration by tumor, absence of  tumor throm-
bus in main portal vein and satellite nodules (Table 3). On 
multivariate analysis, the significant prognostic factors for 
long-term survival were extensive capsular infiltration, tu-
mor thrombus in portal vein, satellite nodules and intraop-
erative blood loss (Table 4).

DISCUSSION
HCC usually presents at a very late stage in its natural 
history because of  the lack of  symptoms in the early 
stage. The large size and the position of  the liver behind 
the costal cartilages preclude the tumor from being 
readily palpable during early stage. Furthermore, the large 
functional reserve of  the liver delays clinical presentation 

Table 1  Demographic data of 634 patients with huge 
hepatocelular carcinoma who underwent liver resection

Sex (male:female)    563:71
Age (yr)1    39 ± 9.5
Total bilirubin (μmol/L)1 12.5 ± 2.8
Alanine aminotransferase (U/L)    36 ± 8.5
Albumin (mmol/L)1   3.8 ± 0.15
Prothrombin times (seconds prolonged)1 1.48 ± 0.8
Maximum size of tumor (cm)1 14.1 ± 2.6
Pugh-Child’s grading, n (%)
   A 559 (88.2%)
   B 75 (11.8%)
   C 0
Alpha fetoprotein ≥ 400 ng/mL 310 (58.9%)2

HBsAg positive 469 (74.0%)
Satellite nodules 139 (26.5%)
Tumor thrombi in portal vein 139 (21.9%)
Associated cirrhosis 547 (86.3%)

1 mean ± SD. 2 number of patient studied = 498.

Table 2  Type of operation  (n  = 634)

Type of liver resection  n    %
   Resection of right three lobes   30      4.8
   Resection of right half   44      6.9
   Resection of left three lobes   39      6.2
   Resection of left half   63      9.9
   Segmentectomy 4, 5, 6   33      5.2
   Segmentectomy 4, 5, 8   27      4.2
   Segmentectomy 5, 6, 7   87    13.7
   Segmentectomy 2, 3 128    20.2
   Non-anatomical resections 183    28.9
      Total 634 100
Combined organ resection 
   Partial diaphragamectomy     12      1.9
   Right adrenal gland resection     9      1.4
   Distal gastrectomy     5      0.8
   Transverse colectomy   11      1.7
   Splenectomy   31      4.9
   Splenectomy + devascularization   41      6.5
   Portal vein thrombectomy 139    21.9
         Total 248    39.1
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with functional disturbances of  the liver. Some patients 
present with large tumors in the liver in their first visits.
    The tumor size is a s ignif icant r isk factor for 
intrahepatic and extrahepatic spread[14-16]. Whether the 
tumor’s greatest diameter impacts on the disease-free 
interval and the overall survival remains unclear. Even 
when small HCCs are examined as a specific group, a 
better survival can still be observed with decreasing size of  
the tumor after resection[7,9]. The frequency of  intrahepatic 
metastasis increases by almost a third between HCC 
smaller and larger than 5 cm and the rate of  portal vein 
tumor thrombosis is almost doubled[15,16]. There is little 
information showing that patients with huge HCC over 
10 cm in diameter without any extrahepatic metastases 
have long-term results after liver resection. Our study on 
634 patients showed a 5-year survival of  18.2%. It is low 
when compared with reported series of  patients with HCC 
unselected for the tumor size, the overall 5-year survival 
of  these series ranges from 11% to 76% with a median 
around 30%, which might be due to the more advanced 
stage of  cancer at the time of  surgery. 
    One of  the major concerns in operating on huge HCC 
is the operative mortality because of  the extent of  the 
liver resection, which is commonly involved in these huge 
tumors. The 30-d mortality of  our patients was 2.2% 
which is low compared with that reported in the medical 
literature on HCC ranging from 0.5% to 21.5%, with a 
median of  around 5% to 10%. Our low operative mortality 

is probably related to the surgeons’ experience and careful 
case selection.
    Intraopertive blood loss can adversely affect the 
perioperative mortality of  patients undergoing liver 
resection[18-20]. There is evidence that blood transfusion 
may be associated with an increased risk of  recurrence 
in patients operated for a hepato-biliary malignancy, due 
to impairment of  the patient’s immune response[21]. Our 
method of  liver resection[11,12] can offer much to patients 
with huge HCC. As discussed previously, our technique 
not only cuts down the intraoperative bleeding, but also 
follows oncological principles. The other factor related 
to our good results is careful selection of  patients. In 
cirrhotic liver resection, the onset of  postoperative 
liver failure and mortality is related to the degree of  
preoperative liver failure[22] and the extent of  non-tumor 
liver parenchyma removed[23]. An ideal candidate for liver 
resection in a patient with huge HCC is a patient with 
good liver function without ascites (Pugh-Child A).
    Using univariate and multivariate analyses, we identified 
several prognostic factors, associated with a better long-
term survival for patients with huge HCC after live 
resection. However, all these factors reflect the biologic 

Table 3  Univariate analysis on prognostic factors associated 
with long-term survival in patients with huge hepatocellular 
carcinoma undergoing liver resection

      Variable Patients  
   (n )

Survival rates (%)
1 yr 2 yr 3 yr 5 yr

Patients
Sex     Male 332 65.1 43.7 33.7 15.1 P < 0.05
           Female   24 83.3 70.8 45.8 37.5
Age    < 50 yr 206 64.5 42.7 32.0 15.1 NS
           ≥ 50 yr 150 68.7 46.3 38.0 18.7
1AFP < 400 ng/mL 130 68.4 49.2 37.7 19.2 P < 0.05
     ≥ 400 ng/mL 154 62.3 32.5 26.0 9.1
Tumor size
          10-15 cm 281 71.5 46.6 39.5 17.4 P < 0.05
          > 15 cm   75 46.7 41.3 16.0 0
Capsule
          Positive 270 71.0 48.1 44.0 21.9 P < 0.05
          Negative   86 48.8 37.2 4.7 0
Extensive capsular infiltration
          Positive 224 67.4 40.6 39.3 12.1 P < 0.05
          Negative   46 93.5 84.8 76.1 69.6
Tumor thrombus in portal vein
          Positive   62 38.7 22.6 6.5 0 P < 0.05
          Negative 294 72.1 50.3 40.5 20.1
Satellite nodules
          Positive   87 36.8 23.0 12.6 0 P < 0.01
          Negative 269 75.8 52.8 41.6 21.9
Surgical resection margin
           ≤ 10 mm 251 64.1 40.2 34.3 13.9 NS
           > 10 mm 105 71.4 58.1 35.2 22.9
Intraoperative blood loss
          ≤ 800 mL 260 69.6 43.8 33.5 15.4 NS
          > 800 mL   96 57.3 50.0 37.5 19.8

1n = 498.

Table 4  Multivariate analysis on prognostic factors associated 
with long-term survival in patients with huge hepatocellular 
carcinoma undergoing liver resection (n = 356)

Factor 
(variable)

Coefficient of 
  regression

Relative
  risk

Standard
  error

 Wales 
statistic

P

Capsule
   Positive     -1.5152 1.3521 0.5078 9.543 < 0.05
   Negative
Extensive capsular infiltration
   Positive     -2.5237 1.4152 0.4035 10.321 < 0.05
   Negative
Tumor thrombus in portal vein
   Positive     -3.1012 2.4240 0.7122 7.543 < 0.05
   Negative
Satellite nodules
   Positive     -2.5158 1.7852 0.8055 7.257 < 0.05
   Negative
Intraoperative blood loss
   ≤ 800 mL     -5.5257 1.5023 0.7211 15.15 < 0.05
   > 800 mL

Figure 1  Survival curve for patients who underwent liver resection for huge 
hepatocellular carcinoma (n = 634). The 3-, 5-, and 10-yr survival rates were 
35.1%,18.2% and 3.5%, respectively.
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behavior of  the tumor, and cannot be used to exclude 
patients from liver resection with an intention for a cure. 
They can be used as a guide to make decisions in balancing 
the risks of  the operation against the potential benefits 
in a patient who has increased risks of  mortality because 
of  his general condition or borderline liver functions. In 
cirrhotic liver resection, resecting too generous a margin 
can result in a higher chance of  postoperative liver failure. 
However, a negative histological margin is the only factor 
that the surgeon can control the long-term survival results. 
Therefore the tumor should be resected aiming at a 1cm 
gross margin although our study showed resection margin 
of  above or below 1 cm had no impact on long-term 
survival provided that the histological margin was clear.
    In conclusion, in carefully selected patients, liver 
resection in patients with HCC of  10 cm or more in 
diameter is safe.
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INTRODUCTION
Hepatocellular carcinoma (HCC) ranks fifth in frequency 
of  cancers worldwide[1-3]. As the prognosis of  HCC is 
extremely poor and effective treatment for patients with 
advanced HCC has not yet been established, the early 
detection of  HCC is important for its effective treatment. 
Chronic hepatitis B and C as well as cirrhosis, irrespective 
of  their etiology, are recognized as the major factors 
increasing the risk of  HCC[4-7]. Thus, HCC screening has 
been extended to include patients with chronic hepatitis B 
or C as those with cirrhosis[8,9]. The most important tumor 
marker for HCC is alpha-fetoprotein (AFP). The common 
method for screening high risk patients using AFP marker 
can detect more early tumors and prolong the survival of  
patients[10]. Although HCC screening test has become an 
accepted procedure among high risk populations, there are 
still some arguments about its effectiveness because there 
is no randomized controlled study showing a decrease in 
disease mortality[11,12]. In addition, the usefulness, frequency 
and cost-effectiveness of  HCC screening may differ in 
different areas, which may reveal a different prevalence 
of  hepatitis B or C. The aim of  this study was to evaluate 
the usefulness of  a screening system in early diagnosis of  
HCC and to assess the risk factors for HCC development 
in patients with chronic liver diseases.

MATERIALS AND METHODS
Patients
From June 1995 to June 2005, all data of  patients undergone 
US for HCC or chronic liver diseases in our hospital were 
collected into a special database program. A total of  14 968 
patients had 29 926 examinations during a period of  10 
years. We excluded patients with a history of  liver cancer 
or other diseases that might affect survival. In addition, 
patients with focal hepatic lesion detected at admission 
or within 3 mo after enrollment were also excluded. All 
patients were periodically followed up for occurrence of  any 
liver disease. A total of  6089 patients enrolled in this study 
had US periodically for at least 1 year more.

To assess the risk factors for HCC development, the 
clinical parameters were collected from 1982 patients. 
We entered all detailed data into the database program. 
The age distribution was mostly between the fifth and 
seventh decades (data not shown). Seventy-seven percent 
of  subjects were positive for hepatitis B surface antigen 
(HBsAg), 15.5% were positive for anti-hepatitis C virus 
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Abstract
AIM: To evaluate the effectiveness of ultrasonographic 
screening for early detection of hepatocellular carcinoma 
(HCC).

METHODS: The data of 14 968 patients who had 
ultrasonography (US) for chronic liver diseases were 
collected into a database program from June 1995 to 
June 2005. The risk factors for HCC were also studied. 
A total of 6089 patients who had repeated US were 
enrolled, 264 patients were diagnosed with HCC during 
follow-up (mean, 39 mo).

RESULTS: The detection rate of small HCC (≤ 3 cm 
in diameter) was 67.7%. The tumor size detected by 
screening at the intervals of 6 mo was significantly 
smaller than that at longer intervals. Only 29.3% of HCC 
patients had an elevated serum alpha fetoprotein (AFP) 
level above 400 ng/mL. The risk of HCC development 
during follow-up was higher in patients with liver 
cirrhosis (10.9%) and hepatitis C (9.0%) than in patients 
with chronic hepatitis (4.2%), hepatitis B (4.9%) and 
non-B, non-C hepatitis (NBNC, 3.9%).

CONCLUSION: US screening at a interval of 6 mo is 
beneficial to high-risk patients over 40 years old and the 
early detection of HCC prolongs survival.

© 2006 The WJG Press. All rights reserved.
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(anti-HCV), 0.5% were positive for both and 8.4% were 
negative for both.

Al l pat ients were prospect ive ly monitored by 
measurement of  serum AFP and US at the intervals of  3 
mo or 12 mo according to the status of  underlying liver 
disease. The mean follow-up time was 39 ± 28 mo. The 
duration of  HCC development was calculated by the 
time interval between the date of  initial US and diagnosis 
of  HCC. When US showed a new focal lesion or the 
serum AFP was increased, additional investigations 
were performed, such as a repeated AFP test, contrast 
computed tomography, or magnetic resonance imaging. 
HCC was diagnosed by histology or typical imaging 
features and elevated serum AFP level (≥ 400 ng/mL).

Serum AFP level was measured by a commercial 
enzyme-linked immunosorbent assay kit (Abbott, North 
Chicago IL, USA). US was performed by internal 
physicians.

Statistical analysis
The data were analyzed using the chi square test, logistic 
regression, or Kaplan-Meier method. All statistical analyses 
were done with SAS program and SPSS for windows (7.5.1) 
(Kaplan-Meier method and Cox regression hazard model).

RESULTS
HCC was found in 264 patients by screening during 
follow-up, and the annual detection rate was 2.1%. At 

enrollment, cirrhosis was found in 201 patients (76.1%), 
chronic hepatitis was diagnosed in 63 patients (23.9%). 
However, most patients (96.6%) progressed to liver 
cirrhosis when HCC was detected (Table 1). Of  the 264 
HCC patients, 190 (72.1%) were associated with hepatitis B, 
50 (18.9%) with hepatitis C, and 19 (7.0%) not associated 
hepatitis B or C (Table 2).

The mean diameter of  tumor at diagnosis was 3.1 ±
1.7 cm, and the detection rate of  small HCC (≤ 3 cm) was 
67.7%. Of  the 260 patients, 27 (10.4%) had a tumor larger 
than 5 cm in diameter (Table 3). The mean diameter of  the 
detected tumors at the intervals of  6 mo was significantly 
smaller than that at longer intervals (2.7 cm vs 3.4 cm, P 
< 0.01). However, there was no difference in tumor size 
at different time intervals (Table 4). The median survival 
time was 31 mo (Table 5) and the smaller the tumor size 
the longer the survival time. Of  the 263 HCC patients, 70 
(29.3%) had an elevated serum AFP level above 400 ng/
mL (Table 6). However, the serum AFP levels were below 
20 ng/mL in 107 patients (41.1%).

The incidence of  HCC was higher in patients with liver 
cirrhosis (10.9%) than in those with chronic hepatitis (4.2%) 
and HBsAg carriers (1.5%). No patient with fatty liver 
developed HCC. The incidence of  HCC was higher in 
hepatitis C-related group (9.0%) than in hepatitis B- (4.9%) 
and NBNC-related group (3.9%). However, there was no 
significant difference between hepatitis C and B patients 
older than 40 years. 

Table 1  Comparison of liver status at initial screening and 
detection of HCC

                                                    Patients, n  (%)                            

Liver status              At initial screening              At detection of HCC

CH                                          63 (23.9)                                         9 (3.4)
LC                                         201 (76.1)                                     255 (96.6)
   Child A                               85 (42.2)                                     122 (47.8)
   Child B                               38 (19.0)                                       58 (22.7)
   Child C                              78 (14.9)                                       75 (26.1)

Table 2  Underlying liver diseases at initial US of patients with 
HCC, n  (%)

Liver status HBV (+)     HCV (+)       BC          NBNC          Total

CH               45 (17.3)          13 (4.9)           3 (1.1)           3 (0.6)            42 (23.5)
LC              145 (54.8)          37 (14.0)         2 (0.9)         17 (6.4)          201 (76.1)
Total       190 (72.1)          50 (18.9)         5 (2.0)         19 (7.0)          264 (100.0)

Table 3  Tumor size at diagnosis

Diameter (cm)                                  Patients, n  (%)

≤ 2                                                                  106 (40.8)
> 2-3                                                                   70 (26.9)
> 3-5                                                                   57 (21.9)
> 5                                                                      27 (10.4)
Total                                                             260 (100.0)

Table 4  Tumor size according to US interval

US interval (mo)       Patients, n  (%)                  Tumor size (cm)

≤ 6                                   124 (47.2)                                     2.7 ± 1.3a

≤ 3                                     26 (10.0)                                     3.4 ± 1.8
4-6                                        98 (37.2)                                     2.5 ± 1.1
> 6                                      140 (52.8)                                     3.4 ± 2.0
7-12                                      90 (34.0)                                     3.0 ± 2.1
> 12                                      50 (18.8)                                     4.4 ± 1.7
Total                                  264 (100.0)                                    3.1 ± 1.7

 aP < 0.01 vs > 6-mo group.

Table 5  Median survival according to tumor size

Diameter                         Patients, n  (%)            Median survival (mo)

≤ 2                                            106 (40.8)                                         42
> 2-3                                             70 (26.9)                                         35
> 3-5                                             57 (21.9)                                         20
> 5                                                26 (10.4)                                         10
Total                                           260 (100.0)                                       31

Table 6  Serum AFP level at detection of HCC

AFP level (ng/mL)                                Patients, n  (%)

≤ 20                                                                     107 (41.1)
≥ 1-400                                                                 86 (29.6)
> 400                                                                       70 (29.3)



DISCUSSION
The prognosis of  HCC is poor especially in Africa and 
China[13]. By contrast, the disease runs a more benign 
course in patients in low risk regions, although they have 
a mean survival time of  only about 6 mo[14]. The role of  
chronic infection with HBV and HCV in the etiology 
of  liver cancer is well established[15]. Some 360 million 
people are chronically infected and at risk of  death due 
to cirrhosis and HCC. Five hundred thousand to 700 000 
people die of  HBV-related liver diseases each year[16]. More 
than 170 million people worldwide are chronically infected 
with HCV, which is responsible for more than 100 000 
cases of  liver cancer per year[17]. 

The usefulness, frequency, and cost-effectiveness of  
HCC screening may differ in different geographic areas or 
in different underlying liver disease populations because 
there may be differences in the incidence and growth 
characteristics[9,11]. Although US screening for HCC is still 
controversial, it is a generally accepted strategy in East 
Asian countries. As patients with chronic hepatitis or 
cirrhosis may develop HCC, emphasis has been placed on 
the early detection of  HCC when it is small, asymptomatic 
and potentially curable, by screening patients at high risk[18]. 
Several trials in areas of  high and low HCC incidence 
have demonstrated that screening can detect patients at 
early stage of  the disease, increase the resection rate and 
prolong survival time. Randomized prospective studies 
in China on high risk patients showed that the survival 
rate of  patients after HCC resection is 52.7% after three 
years[19,20]. 

Cirrhosis is recognized as the major risk factor for 
HCC, and the annual risk of  developing HCC is between 
1% and 6%[21-25]. In our study, the annual risk of  HCC 
development in cirrhosis patients was 3.5%. Reported 
screening studies showed that 20%-56% of  HCC patients 
have undiagnosed cirrhosis[26,27]. Screening has been 
extended to include patients with chronic viral hepatitis as 
well as those with cirrhosis. The overall annual detection 
rate of  HCC in surveillance studies including chronic 
hepatitis varies from 0.8% to 4.1%[11,28-31]. In our study, the 
annual detection rate of  chronic hepatitis was 1.19%.

If  the sample size of  the target population or the 
number of  HCC cases is not large enough, it is difficult 
to evaluate the effectiveness of  screening in a high-
risk population with different status and etiology of  
liver diseases. Therefore, a large target population and 
a sufficient number of  HCC cases can avoid sampling 
bias. In our study, the study subjects were enrolled from 
29 926 patients who had US for HCC screening or for 
various chronic liver diseases. We enrolled 6089 patients 
who had US periodically for a period of  at least 1 year by 
using a database program. Our study included a variety of  
liver diseases such as hepatitis B or C, fatty liver and liver 
cirrhosis-related hepatitis B and C, or non-B and C. Two 
hundred and sixty-four patients were found to have HCC 
during a mean 39-mo follow-up, and the annual detection 
rate was 2.0%.

As the sample s ize was large enough to a l low 
estimation, we tried to evaluate the efficacy of  HCC 
screening. Because our study was a clinic-based screening, 

the incidence of  HCC was higher than that of  Sherman 
et al[9]. In our study, 76.9% of  patients with HCC had liver 
cirrhosis and 23.1% had chronic hepatitis. Furthermore, 
most of  these cases progressed to liver cirrhosis before 
development of  HCC. Although the incidence of  HCC 
was higher in liver cirrhosis patients (10.7%) than in 
chronic hepatitis patients (4.0%), chronic hepatitis B or 
C might progress to cirrhosis and HCC, suggesting that 
surveillance is needed to include patients with chronic viral 
hepatitis over the age of  40 years in China.

Reported screening intervals vary from 3 to 12 mo. A 
6-mo interval is generally accepted as a rational choice. 
However, some others prefer shorter intervals in high-risk 
patients[32,33]. In our study, the mean diameter of  tumor 
size at diagnosis was 3.1 ± 1.7 cm and the detection rate 
of  small HCC (< 3 cm) was 67.7%. However, there was no 
difference in tumor size between different time intervals 
(Table 4). Although a shorter screening interval can detect 
earlier HCC, it decreases cost-effectiveness.

Whether early detection of  tumors can prolong 
survival time remains unclear[11]. In our study, the overall 
median survival of  the screened group was 31 mo, 
suggesting that survival time correlates well with tumor 
size. Furthermore, survival time was remarkably improved 
when the detected tumor size was equal or smaller than 
2 cm (Table 5). Although the resection rate was relatively 
low in our study, most tumors, especially those less than 3 
cm in diameter, were amenable to non-surgical curative or 
effective therapy.

Only 70 of  the 264 HCC patients (29.3%) had an 
elevated serum AFP level above 400 ng/mL. In addition, 
the serum AFP level was below 20 ng/mL in 41.1% of  
patients. Trials in China have shown that combination of  
US and AFP can achieve better results in screening HBsAg 
positive subjects[21,34].

The incidence of  HCC was higher in liver cirrhosis 
patients (10.9%) than in chronic hepatitis patients (4.2%). 
None of  the patients with fatty liver developed HCC. 
The incidence of  HCC was higher in hepatitis C-related 
group (9.0%) than in hepatitis B- (4.9%) and NBNC-
related groups (3.9%). However, the incidence was not 
significantly different between hepatitis C and B in 
the group over 40 years of  age. As the risk of  HCC is 
negligible in hepatitis B patients under the age of  30 years 
and in hepatitis C patients under the age of  40 years, the 
screening would be better restricted to patients over the 
age of  40 years.

In conclusion, US screening at the intervals of  6 mo 
is beneficial to high-risk patients over the age of  40 years 
and prolongs survival. According to risk factors, the 
necessity for a screening test and a proper interval should 
be reconsidered.
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Abstract
AIM: To study CD34, CD105, inducible nitric oxide 
synthase (iNOS), endogenous nitric oxide synthase 
(eNOS), and hypoxia-inducible factor 1 (HIF-1) α 
expression in human colorectal carcinomas. 

METHODS: The tissue microarrays (TMAs) were made 
up of 80 cases of colorectal carcinoma and 80 cases 
of non-neoplasm colorectal mucosa. The expression 
of CD34, CD105, NOS and HIF-1α was detected by 
immunohistochemistry (S-P).

RESULTS: iNOS and HIF-1α expression in colorectal 
carcinoma was significantly higher than in non-neoplasm 
colorectal mucosa (χ2 = 43.166, P < 0.01; χ2 = 10.4278, 
P < 0.01); eNOS expression in colorectal carcinoma 
was significantly lower than in non-neoplasm colorectal 
mucosa (χ2 = 11.354, P < 0.01). The expression of iNOS 
correlated with differentiation (χ2 = 18.141, P < 0.01), 
invasive depth (χ2 = 4.748, P < 0.01), and Micro vessel 
density (MVD) (t  = 2.327, P < 0.05). The expression of 
HIF-1α was correlated with infiltrating depth (χ2 = 4.397, 
P < 0.05), Duke’s staging (χ2 = 4.255, P < 0.05), and 
MVD (t  = 2.272, P < 0.05). No correlation was found in 
eNOS expression. 

CONCLUSION: Over-expression of iNOS and HIF-1α 
in colorectal carcinoma is correlated with the biological 
character MVD.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Angiogenesis is an important step in the growth and me-
tastasis of  solid malignant tumors. To adapt to hypoxia, 
angiogenesis is essential for tumor growth. Tumor must 
over-express genes that encode angiogenic factors to in-
duce new blood vessels[1]. A number of  angiogenic factors 
have been found, and there is interrelation among them, 
which has been widely researched. Nitric oxide synthase 
(NOS) and hypoxia-inducible factor 1 (HIF-1) α are two 
of  these factors which may be correlated with angiogen-
esis. To screen out angiogenic factors is time-consuming 
and expensive. Tissue microarray (TMA) brings to pa-
thologists a completely new method to solve this problem. 
TMA has many excellent features such as small volume, 
high information content, and assembling differently ac-
cording to different needs. A number of  results can be 
obtained through one experiment[2], which reduces re-
search time and improves efficiency greatly. Moreover, the 
most important advantage is a decrease of  experimental 
error, because TMA can make all samples under the same 
experimental condition. To study NOS and HIF-1α as an-
giogenic factors, we used immunohistochemistry to detect 
the expression of  CD34 and CD105 and the expression 
of  inducible NOS (iNOS), endogenous NOS(eNOS), and 
HIF-1α in human colorectal carcinomas. TMAs consisting 
of  80 colorectal carcinoma and 80 non-neoplasm colorec-
tal mucosa were employed to accomplish these studies. 

MATERIALS AND METHODS
Patients
Eighty specimens were collected from 80 patients with 
colorectal carcinoma (median age 62.2 ± 5.9 years, range 
29-88 years) who were operated in Qingdao Municipal 
Hospital (Shandong, China) from Oct 2003 to Mar 2004. 
Carcinoma and non-neoplasm colorectal mucosa (located 
at least 8 cm away from the margins of  cancers) were 
taken from each sample. There were 6 cases of  well-differ-
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entiated adenocarcinoma, 59 cases of  moderately differen-
tiated adenocarcinoma and 15 cases of  poorly differenti-
ated adenocarcinoma. Among them, 30 cases had regional 
lymph node metastasis and 12 cases had distant metastasis. 
None of  the patients received any chemotherapy or radia-
tion therapy before surgical operation. The pathological 
diagnosis was made on the basis of  the size, infiltrating 
depth, histological grade of  the carcinoma, and lymph 
node and distant metastasis. The grading standard was in 
accordance with that established in the book Practical and 
Surgical Pathology[3].

Tissue microarray 
HE staining sections of  all samples were observed firstly, 
and typical lesion positions were marked. Then the corre-
sponding positions to these lesions were marked on paraf-
fin wax. The empty TMA paraffin wax (45 mm × 28 mm
× 7 mm) was holed through Tissue Arrayer (each diam-
eter was 2 mm), and the tissues taken from marked posi-
tions were put in these holes tidily (each diameter was also 
2 mm). The process was repeated for many times and the 
TMA paraffin wax was ready (Figure 1A). A different kind 
of  tissue was put in it as a marker, which was kidney tissue 
in this experiment. Each TMA paraffin wax was sliced into 
4 μm thick sections. 

Immunohistochemistry
The expression of  CD34, CD105, NOS and HIF-1α was 
stained by immunohistochemistry (S-P). The reagent kits 
were purchased from Fuzhou Maxim Co. Micro vessel 
density (MVD) was counted with different vessel mark-
ers CD34 and CD105 respectively. CD34 and CD105 
antibodies were supplied from Neomarker Company, and 
working consistence was 0.2 mg/L, and 0.4 mg/L. iNOS 
and eNOS multi-clonal antibody was purchased from 
Neomarker Company; working consistence was 20 mg/L, 
and 20 mg/L, respectively; multi-clonal HIF-1α antibody 
was from Santa Cruz Company; working consistence was 
0.8 mg/L. Homogenous animal IgG that contained the 
same protein quantity was used instead of  first antibody in 
negative control. 

NOS and HIF-1α staining was classified into two 
groups. Positive group includes: +++, most carcinoma 
cells were stained with a very strong intensity, and distrib-
uted in clusters; ++, a large number of  carcinoma cells 
were stained with a moderate intensity, and distributed in 

clusters occasionally; +, a few carcinoma cells were stained 
with a slight intensity. Negative group is defined as: -, no 
staining of  carcinoma cells. 

Counting of  MVD in carcinoma tissues was in accor-
dance with Weidner’s standards with a minor modifica-
tion. The sections were searched for the hot spots rich in 
vessels, which were located in or near the area of  tumor 
tissues under a low power microscope (100 × ). MVD was 
counted under a high power (400 × ) microscope accord-
ing to the standards that any stained endothelial cell or 
cells were identified as an independent vessel. These ves-
sels must be clearly separated from each other. However, 
apparent vasa or vasa with red blood cells could be regard-
ed as vessels. Three different HP vision fields were chosen 
on each of  the sections. Stained vessels were counted by 
two pathologists under multi-ocular microscope simultane-
ously. The results were averaged as the relative value of  the 
amount of  vessels per unit area. 

Statistical analysis
The difference of  MVD between CD105 and CD34 stain-
ing was analyzed with paired sample t-test. The relation 
between MVD and expression of  NOS and HIF-1α was 
analyzed with t-test. Pearson-chi-square test was used for 
statistical analysis of  the relation between clinical-patho-
logical parameters and expression of  NOS and HIF-1α.

RESULTS
Tissue microarray evaluation 
Every TMA section consisted of  36-46 samples, which 
were arrayed orderly. The shape of  these samples was 
rounded or elliptoid, and a few samples were crimpled or 
lost (Figure 1B). After TMA wax was sliced consecutively, 
one section was picked out for HE staining to make sure 
that the tissue still kept its histological feature. In fact, 
almost all samples could keep their histological feature in 
TMA wax which total depth was about 3 mm. Adjacent 
sections that contained all samples were selected. After an-
tigen retrieval and IHC staining, 1-2 samples fell off  from 
the sections. Therefore, the number of  available samples 
was 78, and the availability was 97.5%. 

Expression of CD34/CD105 and MVD
CD105 was mainly expressed in cytoplasm and plasmalem-
ma of  newborn endothelial cells. These positive cells were 

A B
Figure 1  Tissue microarray. 
A: Block; B: Section (HE).



shown as one cell or a group of  cells, and most of  them 
ranged in a line or an irregular goblet while a few of  them 
formed lumen. CD105 was weakly expressed or absent in 
native blood vessels with thick walls or large lumina (Fig-
ure 2A). The vessels with positive CD34 staining formed 
lines or had obvious lumina. Endothelial cells of  many 
large vessels with thick walls and smooth muscles showed 
positive staining, which was distinct from the sections 
of  CD105 staining (Figure 2B and C). t-test showed that 
MVD by CD34 staining was significantly different from 
that by CD105 staining (27.5 ± 10.3 vs 14.0 ± 5.8, t = 4.782, 
P < 0.01). 

Expression of iNOS and eNOS 
The positive rate of  iNOS was 78.2% (61/78) in colorectal 
carcinoma, and 25.6% (20/78) in non-neoplasm mucosa 
of  colorectal tissue. The difference between them was 
significant (χ2 = 43.166, P < 0.01). The positive granules 
of  iNOS were mainly located in cytoplasm diffusely (Fig-
ure 2D). The positive rate of  iNOS decreased with the 
descending of  differentiation grade. Most ring carcinoma 
showed negative expression. The expression of  eNOS 
showed positive or weak positive in non-neoplasm mucosa 
of  colorectal tissue. The positive rate was 60.3% (47/78). 
The positive granules also located diffusely in cytoplasm, 
and some expressed in cell nucleus (Figure 2E). The ex-
pression of  eNOS in colorectal carcinoma was 33.3% 
(26/78), which was statistically different from that in non-
neoplasm mucosa of  colorectal tissue (χ2 = 11.354, P < 
0.01). The positive rate of  eNOS also decreased with the 
descending of  differentiation grade. (Table 1)

Expression of HIF-1α
The positive rate of  HIF-1α was 69.2% (54/78) in colorec-
tal carcinoma, and 43.6% (34/78) in non-neoplasm mucosa 

of  colorectal tissue (χ2 = 10.4278, P < 0.01). The positive 
granules mainly located in cell nucleus and cytoplasm (Figure 
2F). A small number of  HIF-1α granules were expressed 
in inflammatory cells in the stroma of  tumor. 

Relation between NOS/HIF-1α and MVD
Pearson-Chi-square test showed that the expression of  
iNOS was correlated with differentiation (χ2 = 18.141, P 
< 0.01), and infiltrating depth (χ2 = 4.748, P < 0.01). The 

A B C

FED

Figure 2  CD105, CD34, iNOS, eNOS and HIF-1α expressions in colorectal carcinoma (SP × 400). A: CD105 in vessels; B: CD105 not in vessels; C: CD34; D: iNOS; E: 
eNOS; F: HIF-1α.

Table 1  Relation between expression of iNOS, eNOS, HIF-1α 
and clinical pathology, n  (%)

Pathology                             n         iNOS         eNOS         HIF-1α          

Histological grade
   Well differentiation   6   5 (83.3)b   3 (50)   2 (33.3)
   Moderate differentiation 58 51 (87.9) 21 (36.2) 43 (74.1)
   Poor differentiation 14   5 (35.7)   2 (14.3)   9 (64.3)
Infiltrating depth
   Serous membrane (-)   9   4 (44.4)d   2 (22.2)   3 (33.3)a 
   Serous membrane (+) 69 57 (82.6) 24 (34.8) 51 (73.9)
Lymph node metastasis
   (+) 29 24 (82.8) 11 (37.9) 23 (79.3)
   (-) 49 36 (77.9) 15 (33.3) 31 (63.3)
Distant metastasis
   (+) 12 11 (91.7)   5 (41.7) 11 (91.7)
   (-) 66 50 (75.8) 21 (31.8) 43 (65.2)
Duke’s stage
   A, B 45 35 (77.8) 18 (40.0) 27 (60)c

   C, D 33 26 (78.8)   8 (24.2) 27 (81.8)

a: P < 0.05 between serous membrane positive group and negative group;
c: P < 0.05 between Duke’s stage A&B group and C&D group;
b: P < 0.01 between different histological grade groups;
d: P < 0.01 between serous membrane positive group and negative group.
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expression of  eNOS had no significant difference in dif-
ferent groups. However, the expression of  HIF-1α was 
correlated with infiltrating depth (χ2 = 4.397, P < 0.05), 
and Duke’s staging (χ2 = 4.255, P < 0.05). MVD of  iNOS 
positive group was significantly higher than that of  the 
negative group (14.3 ± 6.1 vs 10.6 ± 4.0, t = 2.327, P < 0.05); 
HIF-1α staining showed the same result (15.2 ± 5.4 vs 11.5 
± 4.3, t = 2.272, P < 0.05), while the MVD between the 
two groups of  eNOS staining had no significant difference 
(13.8 ± 5.4 vs 11.9 ± 4.7, t = 1.523, P > 0.05).

DISCUSSION
Angiogenesis refers to the formation of  new blood ves-
sels from native blood vessels, which is very important to 
the growth and invasion of  malignant solid tumors[4]. In 
1971, Folkman firstly put forward the viewpoint that the 
growth of  tumor depends on angiogenesis[5]. In tumor mi-
croenvironment angiogenesis needs many steps, which is 
a continuous process. The characteristics of  micro vessels 
in tumors are different from that developed under normal 
physiological conditions. In fact, MVD has been exten-
sively investigated and was found to be a useful prognostic 
marker in many types of  cancers[6].

At present, most researchers use immunohistochemistry 
(IHC) to study new blood vessel in tumors. Therefore it is 
necessary to select an appropriate marker of  endothelial 
cells[7]. Previous reports have demonstrated that MVD-
CD34 is a better prognostic marker than MVD assessed by 
many other endothelial markers, such as von Willebrand 
factor (vWF), CD31. However, CD34 is a pan-endothelial 
cell marker, thus it is difficult to distinct newborn vessels 
from native vessels, and it may not be able to reflect the 
exact angiogenesis activity in a tumor. According to some 
previous reports, CD105 is an endothelial marker that 
appears to react only with the endothelial cells in the 
newly formed vessels, and in particular, the immature 
tumor blood vessels[8]. Based on our study, we suggest 
that CD105 has a higher rate of  positivity and stronger 
reactivity on the endothelial cells of  new blood vessels[9]. 
Therefore CD105 is a better marker for the endothelial 
cells of  new blood vessels. In addition, CD105 monoclonal 
antibody in the experiment was suitable for paraffin 
sections. It overcame the limit that usual antibody is only 
used in frozen sections. Because frozen sections were 
more difficult to observe than paraffin sections, it led to 
the inconvenience for MVD counting under microscope. 
Using this antibody, we saved time and materials, and 
obtained better staining effect. Moreover, the result of  the 
experiment was more reliable and accurate.

NOS includes eNOS and iNOS, which have different 
functions. eNOS is involved in many physiological 
functions of  neural system, such as regulating the 
angioectasis and smooth muscle hyperplasia. iNOS 
expression in human diseases has long been investigated. 
NO produc t i on by iNOS in t umor i n f i l t r a t i ng 
macrophages may be part of  their anti-tumoral cytotoxic 
potential[10]. On the other hand, the expression of  iNOS 
in endothelial cells of  tumor vessels and in cancer cells 
itself  supports the assumption that the cancer uses this 
form to regulate the tumor vascularisation and blood flow. 

eNOS exists in normal condition and only produce a slight 
number of  NO, while iNOS is induced by activated cells 
to produce more NO which can promote the construction 
of  tumor vessels. NO has been found to be a mediator of  
angiogenesis and blood flow[11,12]. 

Hypoxia-inducible factor 1 (HIF-1) is a heterodimeric 
transcriptional factor composed of  two basic-helix-
loophelix (bHLH)-PAS α and β subunits. HIF-1α is 
the unique, O2-regulated subunit that determines HIF-1 
activity[13]. A series of  genes and proteins that may increase 
the survival of  tumor cells under hypoxia conditions, 
including vascular endothelial growth factor (VEGF), 
insulin-like growth factor (IGF), iNOS, platelet-derived 
endothelial growth factor (PDEGF), glucose transporter 
1, lactate dehydrogenase, erythropoietin and nitric oxide 
synthase gene, are regulated by HIF-1α. Thus, HIF-
1α may play important roles in tumor progression. 
Furthermore, HIF-1α is a critical factor of  transcription 
in the pathway of  vascular growth signals. It can activate 
many genes of  angiogenic factors, which can lead to 
angiogenesis. Most studies about the effects of  HIF-1α  
on the neovascularization in malignancies have been done 
in vitro or in animal models. It has been confirmed that in 
many cancer cell lines, hypoxia can induce the expression 
of  some proangiogenic factors, including VEGF, IGF, 
and PDEGF, through HIF-1α-dependent manner. It has 
also been proven through the method of  gene knockout 
that the loss of  HIF-1α may significantly suppress the 
growth of  tumors including glioblastoma and malignant 
teratoma and most importantly, it may decrease the 
neovascularization of  those malignancies. This provides a 
new approach for the treatment of  tumor[14].

Tissue chip is also called tissue microarray, which is a 
special biological chip invented by Kononen in 1998[15]. 
Its principle is to remove hundreds of  minute tissues 
from different primary blocks and place them into one 
arrayed block with high density. Tissue microarray is 
suitable for all analyses in situ such as antibody staining, 
immunohistochemistry, fluorescence in situ hybridization, 
Western blot. Thus we can investigate the different 
expression of  tissues either at DNA and RNA level or 
protein level. Tissue microarray is characterized with small 
bulk and high-throughput, which can produce many results 
through one experiment[2,16]. It can decrease experiment 
errors, greatly improve the efficiency of  histopathological 
study, save experimental materials and reagents, and 
at the same time make the results more reliable and 
comparable[17-19]. Bubendorf  et al[20] made a large amount 
of  tissue microarrays of  tumor, in which ten blocks had 
4788 samples from 130 kinds of  tumor. These microarrays 
can be used to analyse the difference of  newly found 
genes between normal tissues and tumor, from which we 
can acquire reliable results. By using the same method, 
Fernebro et al[21] also found that Ki67 positive cell index of  
rectal carcinoma was 0.5-1.0 (average 0.85) by the method 
of  microarray, being not significantly different from that 
of  routine examination method (0.54-1.0, average 0.81); 
moreover, both methods had the same result on p53 
(average 75%). These indicate that we could get reliable 
and appropriate results with tissue microarray for IHC 
staining. We have made tissue microarrays consisting of  
80 cases of  colorectal carcinoma, each of  which has 40-50 
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samples, arranging orderly. Its shape is round or oval, with 
few crimples and it does not fall off  easily. By using tissue 
microarrays, it is feasible to examine clinical tissue samples 
on large-scale and with high efficiency, which is rapid, 
convenient, economical and precise.
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by others (19%). Nearly one fifth of the patients did 
not share information about their disease with others to 
avoid being stigmatized. Lower levels of social support 
were significantly associated with living alone, being 
unemployed, being excluded from antiviral therapy, hav-
ing psychiatric comorbidities, contracting HCV through 
intravenous drug use, having high levels of anxiety and 
depression as measured by the HAD and negative mood 
state as measured by the SIP. Patients reporting lower 
levels of social support also noted more physical symp-
toms as measured by the SIP. 

CONCLUSION: Patients with hepatitis C often face 
significant social problems, ranging from social isolation 
to familial stress. The most common concerns reflect a 
limited insight of patients and their relatives and friends 
about the disease, the risk factors for its spread, and 
about potential consequences. Our data suggest that 
educational interventions targeting support persons and 
the stressors identified in our findings may lessen or 
alleviate the social strains patients with hepatitis C expe-
rience.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection, a common and slowly 
progressing liver disease, negatively affects quality of  life. 
Most studies addressing the important impact of  HCV 
focus on patients undergoing antiviral therapy[1-6]. However, 
even HCV-infected individuals outside of  treatment 
have lower quality of  life scores compared to uninfected 
controls[7-9]. Negative social interactions may play a unique 
role as a determinant of  quality of  life in patients with 
HCV, as they often face stigmatization in their professional 
and private environment[10-12]. Patients living with AIDS 
and stigmatizing diseases such as tuberculosis and leprosy 
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Abstract 
AIM: To systematically examine the impact of the hepa-
titis C virus (HCV) diagnosis on patients’ level of social 
support in a large-scale study. 

METHODS: Patients evaluated and treated for HCV in a 
tertiary referral center were enrolled in a cross-sectional 
study. Demographic data, functional and emotional sta-
tus as measured by the Hospital Anxiety and Depression 
Scale (HAD) and the Sickness Impact Profile (SIP), se-
verity of liver disease, mode of acquisition, and physical 
and psychiatric comorbidities were collected from pa-
tients or abstracted from the medical record. All partici-
pants completed a semi-structured interview, addressing 
questions of social support.

RESULTS: A total of 342 patients (mean age 45.2 years; 
37% women) were enrolled. Ninety-two (27%) patients 
described lower levels of support by family and friends. 
Nearly half of the participants (45%) noted the loss of at 
least one relationship due to the disease. Fears related 
to transmitting the disease (25%) were common and 
often associated with ignorance or even discrimination 
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experience a deterioration or even complete collapse of  
their social support network[13-15]. Despite recent evidence 
of  negative stereotyping in patients with HCV, few studies 
have focused on the effect of  the disease on the patients’ 
interactions with family, friends or other important 
groups[16]. Relatively little is known about possible 
correlations between social support and demographic 
and psychosocial or physical characteristics, or of  the 
specific difficulties that patients experience in their lives[17]. 
In this analysis we hypothesize that poor social support 
is associated with emotional and physical difficulties in 
patients with HCV both in and outside of  treatment. 
Using mixed quantitative and qualitative methods, we 
propose to characterize the nature and the causes of  social 
problems as an important first step in alerting healthcare 
providers of  the major stressors these patients face.

MATERIALS AND METHODS
Patients
The schedules of  all hepatologists practicing at a large 
Midwestern teaching hospital were reviewed daily between 
October 1998 and May 2003 for patients meeting the 
study inclusion criteria. Patients younger than 18 years of  
age, prisoners, those unable to communicate verbally, or 
provide informed consent were excluded from the study. 
No exclusions for concurrent liver disease (hepatitis A or 
B) or HIV status were made. Patients with a confirmed 
diagnosis of  HCV were invited to participate on the day 
of  their clinic visit.

Data collection 
Once informed consent was obtained, participants were 
asked to provide demographic information, to undergo an 
extensive interview addressing psychosocial and health-
orientated questions (see Appendix), and to complete 
health status and psychosocial survey measures. The inter-
view was designed to range in length from 30 min to two 
hours. Each interview was recorded with a hand-held tape 
recorder and transcribed verbatim. After the interview, 
patients provided demographic information (age, gender, 
race, marital status, education, population of  home town), 
and completed the Hospital Anxiety and Depression Scale 
(HAD), a self-assessment scale for mood disturbances in 
a non-psychiatric patient population[18], and the Sickness 
Impact Profile (SIP), a behaviorally based health status 
measure including sub-scales for physical symptoms (Body 
Care and Movement, Ambulation, Mobility), psychosocial 
difficulties (Emotional Balance, Social Interaction, Alert-
ness Behavior, physical ability to Communicate), as well as 
physical and psychosocial summary scores[19]. 

A physician abstracted from the electronic medical 
record pat ients ’ psychiatr ic d iagnoses, Char lson 
Comorbidity Index[20], Child-Pugh score, dates of  
treatment for HCV infection (before, during, after 
interview), substance abuse, mode of  transmission 
(drug use, blood transfusion/needle stick, tattoo/other/
unknown), and response to treatment (durable responder, 
nonresponder/disease recurrence, naïve). Patients who 
were naïve either self-excluded from treatment or were 

excluded based on physical comorbidities, psychiatric 
disease, or substance use. Based on clinical records from 
the attending hepatologist, no patient was determined to 
remain naïve based on a lack of  social support.

Coding
For the construction of  our codebook[10,21] we used 
the quasi-statistical method as outlined by Miller and 
Crabtree[22]. We also employed the qualitative computer 
software program Atlas.ti (version 4.2, Berlin, Germany) 
to aid in the management and analysis of  data. Twenty 
trained interviewers, each with over one year of  experience 
in interviewing, read 50 out of  150 randomly selected 
interviews and ranked the top ten themes in terms 
of  overall frequency and importance. The primary 
investigator and two trained coders then synthesized this 
list to create the master codebook which included the 
central themes related to social support, stigmatization, 
and quality of  life. Using this codebook, each transcript 
was then coded by two independent coders, one who had 
undergone a minimum of  three weeks formal training 
and a master coder with at least one-year experience. The 
initial coding sheets of  each coder were converted into a 
spreadsheet to determine a final kappa score that assessed 
the agreement between the evaluators. The coders then 
met and processed the codes for each case until 100% 
agreement was achieved between them. From this a master 
code databank was developed which was then used for the 
statistical calculations. 

For this analysis, the chief  code was for social support, 
noting where patients described a dominantly negative 
environment (coded as ‘unsupportive’) versus all others 
(coded as ‘supportive’). We defined social support as 
involving sexual partners, family members, and friends. 
An ‘unsupportive’ social environment was defined as 
dominantly negative (e.g., ‘They have basically excluded 
me; so I’m all alone now,’ ‘Relations with my husband are 
just not good any more.’) Conversely, a ‘supportive’ social 
environment was defined as either positive or mixed (e.g., 
‘They are always there for me,’ ‘My in-laws won’t have 
me in the house, but my wife and kids are okay with it.’) 
When the interview was too conflicted or when too few 
details were provided, the code of  ‘cannot judge social 
situation’ was used. These interviews were then excluded 
from the final analysis. The ordinal code of  social support 
had an inter-coder reliability kappa score of  0.72, or what 
Landis and Kock label as a ‘substantial’ agreement between 
coders[23]. 

Two coders then conducted a close textual analysis of  
each discussion of  social support present in the interviews. 
For the purpose of  this analysis we concentrated on two 
main domains: (1) the negative impact of  HCV on social 
support, and (2) the reasons for this negative impact. 

Statistical analysis   
All analyses were performed using SPSS version 12.0 
(SPSS, Inc. Chicago, Illinois, USA). We first summarized 
the demographics and clinical characteristics of  the patient 
sample, excluding anyone with missing data on social 
support. We then examined demographic, psychosocial, 
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and clinical characteristics of  the patient sample, both 
overall and by level of  social support, treating the level of  
social support as binary (‘supportive’ versus ‘unsupportive’). 
We tested for differences between groups using ANOVA 
for the means of  continuous variables (age, Child-Pugh 
score, HAD, SIP) and Chi-Square and Fisher’s Exact for 
categorical variables, where appropriate. We then examined 
factors associated with social support. P < 0.05 was 
considered statistically significant. 

RESULTS
Patient characteristics
A total of  499 patients were approached, with 96 declining 
to participate, largely due to time constraints. Of  the 
403 patients successfully entered into the study, 61 were 
excluded due to either a technological failure in recording 
the interview (n = 12) or an inability to judge the social 
support code (n = 49). This left 342 patients in the total 
sample with a code for social support. This sample was 
(Table 1) predominantly male, white, and had acquired the 
disease mostly through intravenous drug use. Two hundred 
and fifty patients (73%) were categorized as having a 
‘supportive’ and 92 (27%) as having an 'unsupportive' 
environment. Of  all the patients in the study only 4 (3 with 
hepatitis B and 1 with HIV) had another chronic, sexually 
transmittable disease.

Bivariate analysis
Considering the cross-sectional design, participants were 
interviewed at different points during the evaluation of  
and/or treatment for HCV (pretreatment, treatment, 
post-treatment, naïve). Naïve patients (typically excluded 
from treatment due to psychiatric illness or substance use) 
reported more negative social experiences compared to 
patients in the pretreatment, treatment, and post-treatment 
groups (Table 2). Marital status (living without partner) 
and employment status (unemployed) were significantly 
associated with level of  social support, while all other 
demographic and disease-related variables did not correlate. 
Psychiatric comorbidity and prior substance abuse as the 
mode of  acquisition for HCV were associated with lower 
levels of  support. The category of  unsupportive social 
support also correlated with greater physical symptoms as 
measured by the physical summary scores of  the SIP and 
all physical sub-scales (Body Care and Movement, Mobility, 
Ambulation). Similarly, lower support was associated with 
the psychosocial summary scores and all psychosocial sub-
scales of  the SIP (Emotional Balance, Social Interaction, 
Alertness, Communication), as well as higher scores for 
the depression and anxiety scales of  the HAD (Table 2).  

Thematic analysis
Two domains emerged as patients discussed their 
problems. First, they described the negative impact of  
the infection on their social support; second, they gave 
potential reasons for negative changes.

Negative impact of HCV on social support 
Deterioration of  relationships: One hundred and fifty-

five patients (45% of  the total sample) noted that having 
HCV had resulted in the breakdown or loss of  at least 
one relationship. The deterioration of  their social network 
affected sexual relationships (59 patients, 17% of  the 
total sample) and interactions with family members (56 
participants, 16% of  the total sample): “I am estranged 
from my family. My wife and I divorced a year and a half  
ago. I didn’t understand what was going on with me. One 
element of  this disease is depression and an inability to 
think coherently sometimes. Being irrational, it’s hard on 
relationships.” Forty individuals (12% of  the total sample) 
noted that they had experienced the loss of  at least one 
friend.  

Twenty-nine patients (8% of  the total sample) 
mentioned multiple sources of  loss: “Basically I do not 
have any good relationships with anyone.” For these 
patients, the HCV diagnosis led to what they described 

Table 1  Demographic and clinical characteristics of the study 
population 

Patient characteristics                     n  (%) of total study population

Demographic characteristics
Mean age in years (SD)      45.2 (9.2)
Women   128 (37.4)
Racial/ethnic background
     White   310 (90.6)
     Black   19 (5.6)
     Other1   13 (3.8)
Marital status
     Living with partner 212 (62.0)
     Living alone 130 (38.0)
Education
     K-12 137 (40.1)
     College 205 (59.5)
Employment prior to diagnosis
     Employed 296 (90.0)
     Unemployed   33 (10.0)
Current employment
     Employed 217 (65.0)
     Unemployed 117 (35.0)
Population of hometown
     Rural 220 (64.3)
     Urban 122 (35.7)
Interview to treatment status
     Before   32 (9.4)
     During     93 (27.2)
     After     94 (27.5)
     Naïve   123 (36.0)
Clinical characteristics
Current substance use
     Yes   24 (7.0)
Total psychiatric diagnosis
     0   251 (73.6)
     1     74 (21.7)
     2   14 (4.1)
     3-5     2 (0.6)
Advanced liver disease (cirrhosis)     81 (23.8)
HCV due to IV drugs   177 (62.3)
HCV due to other methods of 
transmission

  107 (37.7)

Mean Child-Pugh score (SD)         5.46 (1.2)

SD: Standard Deviation; HCV: Hepatitis C virus; IV: Intravenous. 1Other 
ethnicity includes Hispanic, Native American, Asian and Pacific Islander.
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as widespread social isolation. This feeling negatively 
impacted nearly all aspects of  their social lives: “Well, it 
has affected my family, like even my parents and stuff. My 
mother’s afraid to kiss me; she thinks it’s like AIDS, you 
know. It caused a divorce.” In 25 additional cases (7% of  
the total sample), it was the patients themselves who chose 
to withdraw from families or friends: “When I first found 
out that I had something wrong with my liver I was very 
upset and didn’t want anyone around me and tried to keep 
people from me…Right at the moment I have spent a lot 
of  time away from my family. I’m not really wanting to go 
around them until I find out for sure what’s going on.”  
Underlying reasons for a loss of  social support: Three 
dominant themes emerged when patients explained why 
their social support had been lessened because of  their 
HCV infection. (1) Transmission of  the virus: First, 
concerns about possible transmission of  the virus were 
described as a major stressor by 84 patients (25% of  
the total sample). Most of  these concerns, voiced by 69 
patients (20% of  the total sample), focused on sexual 
partners and family members: “I live with a woman who’s  
deathly afraid of  contracting HCV from me, so there’s  
friction there.” A smaller number of  patients (n = 36; 
11% of  the total sample) were afraid that they might 
infect friends. Because of  fears related to maternal-fetal 
transmission, 2% of  the total sample mentioned concerns 
about having children, which included the decision to 
forgo having a family: “(I feel) like I am cootied- like I 
have cooties. I feel like even if  I wanted to have children, 
I couldn’t.” However, these often excessive concerns also 
led to some appropriate precautions. Forty participants 
(12% of  the total sample) stated that they had started 
using various precautions, including barrier methods for 
contraception as well as keeping all wounds bandaged, 
utensils clean, and/or warning others of  potential infection 
risks. (2) Ignorance surrounding the disease: Ignorance, 
sometimes leading to frank discrimination, was described 
by 66 participants (19% of  the total sample) as directly 
disrupting relations with family and/or friends. One young 
man stated: “I lost probably half  my friends as they don’
t know what the disease is. They just automatically put 
up a front. I just don’t see them anymore-fear of  what 
may happen. So ignorance is how I like to put it.” In 

SD: Standard Deviation; HCV: Hepatitis C virus; IV: Intravenous; HAD:  
Hospital Anxiety and Depression Scale; SIP: Sickness Impact Profile.  † Other 
ethnicity includes Hispanic, Native American, Asian and Pacific Islander. 
1Denotes statistically significant P value.

Table 2  Characteristics of groups categorized by social support 

Social support group P  value

Supportive 
environment 
(n  = 250)

Unsupportive 
environment 
(n  = 92)

Demographic characteristics
Mean age in years (SD)    45.33 (9.82)    44.88 (7.52) 0.49
Women      91 (71.1)      37 (29.0) 0.52

Racial/ethnic background 0.09
     White    229 (73.9)      81 (26.1)

     Black
     Other†

     15 (79.0)        4 (21.0)

       6 (46.2)        7 (53.8)

Marital status < 0.0011

     Living with partner    171 (80.7)      41 (19.3)

     Living alone      79 (60.8)      51 (39.2)

Education 0.59
     K-12      98 (71.5)      39 (28.5)
     College    152 (74.1)      53 (26.0)

Employment prior to 
diagnosis

 0.63

     Employed  218 (73.6)      78 (26.4)   

     Unemployed    23 (70.0)           10 (30.0)

Current employment     0.011

     Employed    169 (78.0)      48 (22.0)

     Unemployed      75 (64.1)      42 (36.0)

Population of hometown  0.29

     Rural    165 (75.0)      55 (25.0)

     Urban      85 (70.0)      37 (30.0)

Interview to treatment status     0.031

     Before      23 (72.0)        9 (28.0)

     During      72 (77.4)      21 (23.0)

     After      76 (81.0)      18 (19.1)

     Naïve      79 (64.2)       44 (36.0)1

Clinical characteristics
Current substance use 0.8
     Yes      17 (71.0)        7 (29.0)
Total psychiatric diagnosis
     0    197 (78.5)        54 (22.0) < 0.0011

     1      42 (57.0)        32 (43.2)

     2      10 (71.4)          4 (29.0)

     3-5      0 (0.0)            2 (100.0)

Advanced liver disease 
(cirrhosis)

     63 (78.0)        18 (22.0) 0.27

HCV due to IV drugs       117 (66.0)          60 (34.0)    0.0021

HCV due to other methods 
of transmission

     89 (83.2)          18 (17.0)

Mean Child-Pugh score (SD) 0.68
     Normal      234 (69.0)         85 (25.0)

     Elevated      15 (4.4)        7 (2.1)

Mean HAD summary 
scores (SD)
     Depression score   4.04 (3.47)   6.95 (4.48) < 0.0011

     Anxiety score   6.57 (3.86)   8.95 (4.40) < 0.0011

Mean SIP summary scores (SD)
     Physical score   4.64 (7.03) 10.4 (12.17) < 0.0011

     Psychosocial score 10.81 (13.67) 22.9 (18.82) < 0.0011
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Social support group P  value

Supportive 
environment 
(n  = 250)

Unsupportive 
environment 
(n  = 92)

Mean SIP subscale scores (SD)
     Social interaction 18.86 (25.40) 34.17 (27.72) < 0.0011

     Emotional balance   8.76 (12.06) 19.3  (16.30) < 0.0011

     Alertness   5.15 (8.69)   9.79 (11.24) < 0.0011

     Body care and movement   7.06 (12.56) 16.09 (23.73)   0.0021

     Ambulation   9.60 (16.53) 22.38 (24.48) < 0.0011

     Mobility   4.34 (7.67) 11.19 (13.36)       < 0.0011

     Communication   2.32 (6.41)   7.91 (12.63)   0.0011
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conjunction with these feelings, 61 patients (18% of  the 
total sample) had decided that they would not tell others 
of  their disease to decrease the chance of  experiencing 
a negative reaction: “I don’t tell anybody ‘cause…people 
are stupid about this disease. Just like they’re stupid about 
AIDS.” A small group of  patients (n = 11; 3% of  the 
total sample) did not experience discrimination, but rather 
sensed that those around them simply did not understand 
that HCV was a serious disease that could affect physical 
and emotional functioning: “Family members still don’
t understand because you don’t look sick, so therefore, 
you should still be able to do everything.” (3) Stress 
caused by the disease: Eighty-three participants (24% of  
the total sample) experienced problems in their social 
environment, which they attributed to disease related 
stress. Such HCV related stress took several forms. One 
was the unpredictability of  the infection’s outcome, which 
left family members and/or friends worrying about the 
patient: “It’s sort of  depressing for my family members, 
because they’re all really concerned. I’ve got daughters and 
they’re worried that I’m going to die.” For some patients, a 
major stressor of  living with HCV was their own personal 
concerns for family and/or friends: “I’ve got to make sure 
that my family is provided for, ‘cause I don’t know if  I’m 
going to croak here anytime.” 

Another f requent ly ment ioned problem wi th 
detrimental effects on relationships was fatigue (n = 49, 
14% of  the total sample). Treatment or disease related 
fatigue limited the patient’s ability to spend time with 
others: “Basically I am just non-functioning; cannot 
maintain relationship with my wife; I cannot work. I have 
two little boys I am not able to spend quality time with. I 
can spend time with them, but...I don’t have the energy to 
go out and play baseball with them or any of  that stuff.” 

A final source of  stress, especially for families, was the 
financial burden that came either through a loss of  work 
and/or through the cost of  the antiviral medication (n = 
16, 5% of  the total sample). One patient explained the 
reaction of  her husband to the treatment of  her disease: 
“Not good, it’s a lot of  strain on him and stress and he’s  
emotionally upset because of  everything. And he’s had 
to hold the whole road as far as work and we’re in debt 
$40 000. You know, that’s the big one, the debt and money 
‘cause we don’t have insurance. How are we ever going to 
pay for it?”

DISCUSSION
This is the first analysis to display the frequency and to 
characterize the nature of  the relationship challenges that 
patients with HCV experience. About one third of  this 
large group of  HCV infected patients described a negative 
impact of  their disease on personal relationships. The 
most devastating consequences were with breakups or 
major stressors on sexual relations as experienced by about 
17% of  the participants, and the loss of  relationships with 
family members in an additional 16% of  cases. Our results 
are consistent with prior studies focusing on patients 
with HIV/AIDS or tuberculosis, who also felt rejected by 
relatives and friends[24,25]. While all chronic diseases can 

potentially tax a social support network, a diagnosis with 
HCV appeared to carry with it unique challenges. Patients 
feared interactions with others, especially sexual partners, 
because of  the perceived risk that they might infect them. 
Patients also complained that those close to them lacked 
information about HCV, that they harbored prejudices 
or simply did not consider the disease to be “real” and, 
therefore, serious. As a result, 7% of  HCV positive 
patients in our study personally chose to withdraw from 
social contact with others.  

A similar breakdown occurred outside of  the home, 
with participants reporting that friends had shied away 
from them. As reported in prior studies, a substantial 
number of  patients experienced frank stigmatization[26-29]. 
Changes in employment, sometimes attributed to per-
ceived stigmatization[10], sometimes fatigue, created ad-
ditional strains, as patients were facing financial problems 
exacerbated by the significant costs of  the antiviral treat-
ment.

Concerns about quality of  life emerged with patients’ 
estrangement from family and friends. Relationship dete-
rioration can constitute an important stressor, which can 
limit a patient’s ability to cope with a disease[30-32]. Several 
studies have previously found that a lack of  social support 
and personal coping resources can affect mood and trigger 
depression[33-36]. 

Our bivariate analysis is consistent with the above men-
tioned theoretical considerations. Similar to prior reports, 
we noted an association between emotional problems, 
including depression, as measured by the HAD, and lower 
levels of  social support[37-39]. A lower level of  support was 
also associated with higher scores for anxiety, as measured 
by the HAD, more psychiatric diagnoses as listed in the 
medical chart, and lower psychological well-being as mea-
sured by sub-scales and summary scores of  the SIP. While 
studies have consistently found antiviral therapy to be as-
sociated with higher levels of  depression[40-45], our cross-
sectional data did not show differences in the level of  
social support of  those currently on therapy, as compared 
to those who were pre or post treatment. This may be sur-
prising at first glance because of  the known effects of  an-
tiviral therapy on mood. Yet our thematic analysis pointed 
to specific challenges-transmission risks, unpredictable 
outcomes, feelings of  isolation and the perceived need to 
withdraw from others-that are not unique to patients un-
dergoing treatment.  

Interestingly, patients with lower levels of  social sup-
port were also more likely to report more severe physical 
symptoms, as shown in higher SIP scores on Body Care 
and Movement, Mobility, and Ambulation. While we did 
not notice a relationship with the presence of  cirrhosis or 
the Child Pugh score, a prognostic indicator for advanced 
liver disease, most of  the patients did not have cirrhosis or 
had well compensated disease, thus, limiting the discrimi-
nating value of  these variables. The underlying mecha-
nisms for the relationship between poor social support 
and physical functioning are unclear[46-49]. One explanation, 
as noted by patients in our study, was that worse physical 
functioning limited their ability to meet expectations of  
family and/or friends.  
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This study was shaped by the belief  that patients’ ac-
counts accurately reflected their lived experience of  hav-
ing HCV. As such, the narrative findings were limited to 
patient recall. However, we maintain that an open account 
by patients is the best way to understand the breadth and 
depth of  the problems affecting their social support. In 
addition, we interviewed a very large group of  patients 
with HCV, enabling us to see which themes appeared most 
dominant, thereby decreasing the anecdotal nature of  most 
qualitative findings.  

The study was also cross-sectional in nature, thereby 
limiting causal evidence of  whether social support difficul-
ties actually resulted in worse mental and physical health. 
Future studies should assess patient’s social support level 
prior to HCV testing in order to determine whether the 
knowledge of  having the disease results in negative in-
terpersonal consequences or whether patients with risk 
factors for HCV are instead prone to having social dif-
ficulties. Finally, the study population was representative 
of  the non-urban Midwest of  America. Our age and sex 
distribution are similar to those reported in many of  the 
prominent studies on HCV[50-53]. Also, our results found 
no significant association between social support and ru-
ral/urban living or ethnicity. However, as the majority of  
our participants were Caucasians, the study is not an ideal 
vehicle for examining the role of  race or ethnicity in social 
support.   

In conclusion, as far as we are aware, our results are the 
first to characterize in a large patient sample the negative 
consequences of  carrying a diagnosis of  HCV on patients’ 
social support. Providers and case managers need to be 
aware of  the themes expressed in this analysis, as fears of  
contamination, feelings of  isolation or withdrawal from 
others may reduce the emotional willingness of  patients 
to initiate and remain on antiviral therapy. Structured edu-
cational sessions for both the patient and their partners 
and families could help reduce the misunderstandings 
expressed here, such as the ignorance of  the disease or 
the view that the disease is somehow not “real,” which 
can further burden the resilience of  patients with HCV to 
cope with their disease.  
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AppENDIx
1 Can you tell me what your condition is exactly? What 

physical limitations do you have and when were you 
initially diagnosed? 

2 Could you tell us a little bit about yourself: the things 
you’ve done, your roles in life, who you are? What in 
your life are you most proud of? 

3 Can you share with us anything specific that might 
have caused or helped cause your illness?

4 Have any of  your family members had similar health 
problems?  Does this family history worry you?  

5 What impact has your physical condition had on the 
quality of  your life? Would you say that your quality 
of  life as compared with 1 year ago is better, about the 
same, or worse? 

6 As you go through this experience, have you begun to 
think about yourself  differently? 

7 What has been the hardest thing for you to cope with 
related to this experience? How do you go about 
coping with your condition?

8 How does this illness make you feel emotionally? If  
there was one emotion that you would use to express 
how you feel, what would that be? 

9 Since you were diagnosed, what would you say has 
been your biggest regret? Would you say you feel 
emotionally worse since you were diagnosed, about the 
same as before, or emotionally better off  than before?

10 Can you share what health related worries you have? 
Do you worry more about your health than you do 
other aspects of  your life? Did you share these worries 
with your doctor or nurse?  

11 How would you describe your outlook or thoughts as 
you look to the future? 

12 What are the various things that make your life 
meaningful for you? What do you turn to when you 
are in need of  strength?
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13 We are interested in the impact this illness has 
had on your relationships:

      (1) If  you were in a crisis, who would you turn to? 
(2) Do you have a spouse or significant other? 
How has that person reacted to your situation of  
being ill? When you think about when you were 
healthy, would you describe the two of  you as 
closer, somehow further part, or just as close as 
you always were? (3) Can you describe the level 
of  support you can find in your family? Can you 
explain why are you able or not able to rely on 
your family to help you through difficult times?  (4) 
Would you say that you are close to others outside 
of  your family? Why would you say that? What 
about co-workers, are they understanding and 
supportive?  

14 Have you encountered any negative judgments 
from others because of  your disease?  If  yes, 
can you say who has made you feel this way and 
under what circumstances?

15 How has your disease affected your sense of  control 
in your life?  What are the situations where you feel 
you’re not in control?

16 What has been your experience with your doctors 
here or elsewhere? Would you describe it as positive 
or negative and what has made it positive or negative? 
What in your eyes makes a good doctor?

17 Do you feel that you can ask your doctor or nurse any 
question? Do you worry that you may be taking their 

time with your concerns? 
18 Where do you get most of  your medical information? 

Is there a source you tend to rely or believe in the 
most? In general, are there other things about your 
health condition that you would like to learn from 
your doctor?

19 What is the most difficult part of  following the 
treatment the doctor recommended for you? Can you 
describe situations where you are unable to follow 
the doctor’s treatment, such as taking your medicines, 
watching your diet, or exercising?

20 Did you feel comfortable with your treatment 
decisions? Do you feel you had choices in your 
treatment and that they were respected?  Who did 
you discuss your treatment decisions with; what really 
helped you to make up your mind?

21 Do you use other or supplemental , herbal , or 
alternative medicines, and if  yes, what are those? 

22 If  you were to describe yourself  as something- it 
can be anything in this world--an object, an animal, 
anything-- before when you were healthy and now, 
what two things would you choose?

23 Is there anything else that you would like to add that 
would help us to understand your experience?

24 Finally, is there anything you would like us to share 
with a social worker, a pastor, or your health care team 
about the way you are feeling?

Interviewing Question Guideline (Bold indicates primary 
questions used in this analysis)

S- Editor  Wang J    L- Editor  Zhu LH    E- Editor  Ma WH
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or after induction of endogenous p53 by UV irradiation. 
Repression by endogenous p53 was partially reversible by 
stably expressed HBx in both cell lines.

CONCLUSION: Stable expression of HBx leads to 
deregulation of apoptosis induced by UV irradiation 
depending on the cell line used. In an immortalized 
hepatocyte line HBx acted anti-apoptotic whereas 
expression in a carcinoma derived hepatocyte line HBx 
enhanced apoptosis. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The epidemiological association between chronic HBV 
infection and the development of  hepatocellular carcinoma 
is well established[1]. However, the molecular mechanism 
of  transformation by HBV is unsolved. Among many 
potential factors, a viral regulatory protein named Hepatitis 
B virus protein X (HBx) is believed to contribute to 
oncogenesis in conjunction with other mechanisms. Stable 
expression of  HBx showed a weak transforming effect 
in cell lines of  liver origin[2-5], in murine fibroblasts[6,7] and 
in rat fibroblasts[8-12]. Neither the molecular actions set in 
motion by HBx during the process of  transformation, nor 
the role of  HBx for HBV replication are well understood. 
HBx is dispensable for replication in vitro[13], but under 
certain conditions HBx can enhance replication in vitro[14-16]. 
In the woodchuck, a related virus of  the same family 
of  viruses, the hepadnaviridae[17], the analog of  HBx is 
essential for the establishment of  infection[18,19]. A plethora 
of  in vitro activities and interactions with cellular partners 
by HBx have been reported[22,23].

In the development of  cancer, the delicate balance 
between cell proliferation and programmed cell death is 
often disturbed[24]. Several functions of  HBx are linked to 
transformation: HBx transactivates the transcription of  
cellular proto-oncogenes[25-27], and is able to override cell 
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Abstract
AIM: Hepatitis B virus protein X (HBx) has been shown 
to be weakly oncogenic in vitro . The transforming 
activities of HBx have been linked with the inhibition of 
several functions of the tumor suppressor p53. We have 
studied whether HBx may have different effects on p53 
depending on the cell type.

METHODS: We used the human hepatoma cell line 
HepG2 and the immortalized murine hepatocyte line 
AML12 and analyzed stably transfected clones which 
expressed physiological amounts of HBx. P53 was 
induced by UV irradiation.

RESULTS: The p53 induction by UV irradiation was 
unaffected by stable expression of HBx. However, the 
expression of the cyclin kinase inhibitor p21waf/cip/sdi 
which gets activated by p53 was affected in the HBx 
transformed cell line AML12-HBx9, but not in HepG2. 
In AML-HBx9 cells, p21waf/cip/sdi-protein expression and 
p21waf/cip/sdi transcription were deregulated. Furthermore, 
the process of apoptosis was affected in opposite ways 
in the two cell lines investigated. While stable expression 
of HBx enhanced apoptosis induced by UV irradiation in 
HepG2-cells, apoptosis was decreased in HBx transformed 
AML12-HBx9. P53 repressed transcription from the HBV 
enhancer I, when expressed from expression vectors 
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cycle check points[28,29]. As the oncoproteins of  many tu-
mor viruses influence the course of  apoptosis in order to 
transform their target cells[30-32], several reports described 
the influence of  stable and transient transfection of  HBV 
products on apoptosis. Transfection of  replication compe-
tent constructs of  HBV[33] and the closely related hepad-
navirus woodchuck hepatitis virus[34] enhanced apoptosis 
induction. This pro-apoptotic activity of  hepadnavirus 
genomes was dependent on the integrity of  the HBx-
ORF[33,34]. Several groups described a pro-apoptotic activ-
ity of  HBx after transient and stable transfection[33,34-48] 
whereas other groups described anti-apoptotic effects of  
HBx[49-59].

The cellular tumor suppressor protein p53 is one of  
the key players in the induction of  apoptosis after geno-
toxic events[60,61]. Thus, besides influencing programmed 
cell death the transforming proteins of  DNA tumor vi-
ruses target and inactivate p53 in quite diverse and elabo-
rate ways[31,32]. Several lines of  evidence connect HBx 
with a disturbance of  p53 functions. HBx binds to p53 in 
vitro[62,63], the intracellular distribution of  p53 appears to 
be affected by HBx[4,64,65], p53-dependent and independent 
DNA repair functions are affected by HBx[66-70]. Further-
more, HBx relieves the repression of  transcription by 
the tumor suppressor p53 in transient reporter gene as-
says[71-73], and influences the expression of  the p53 induced 
cyclin kinase inhibitor p21waf/cip/sdi[74].

However, most of  the experiments in these reports 
were done in transient transfection or even cell free in vitro 
systems. Because the number of  HBx molecules in natu-
rally infected cells is assumed to be low[75-77] and transient 
transfections of  HBx expression constructs yield very high 
amounts of  HBx protein, we established cell lines stably 
expressing low amounts of  HBx. Next, we studied the 
effect of  HBx expression on several functions of  p53 in-
duced by stimuli that were designed to yield physiological 
p53 amounts in our cell lines. Using these bona fide natural 
conditions we were able to find that even low levels of  
HBx altered or even antagonized p53 functions.

MATERIALS AND METHODS
Cell lines
AML12: The highly differentiated murine hepatocyte line 
AML12[78] derived from mice transgenic for TGFα can be 
transformed by HBx[3]. AML12 clones stably transfected 
with and transformed by HBx and the control cell lines 
stably transfected with pSV2neo were obtained from N. 
Fausto. AML12 clones were cultured in Dulbecco’s MEM/
Nutrient Mix F12 supplemented with 10% FCS, 0.1 µM 
Dexamethason, and ITS (Insulin, Transferrin, and Selene, 
5 µg/mL each).
HepG2: The differentiated but already transformed 
human hepatoblastoma line HepG2[79] was cultivated in 
Mixed Medium/10% FCS.

CAT assay
For CAT assays, the cells per well were transfected with 
Lipofectamine (Life Technologies, Karlsruhe). Detection 
of  CAT protein was done with the CAT-ELISA Kit 

(Roche, Mannheim) according to the instructions of  the 
manufacturer. 

UV irradiation
All cell lines were plated out one day before irradiation. 
Directly before irradiation, the medium was removed 
and the cultures were washed with PBS. UV irradiation 
was done in the UV-Stratalinker (Stratagene, Leimen, 
Germany) at 254 nm. The cells were exposed to UV after 
removing the cover of  the dishes.

For induction of  apoptosis, 1000 cells were plated 
in triplicates on culture dishes with a diameter of  95 
mm. After irradiation with the indicated energy in the 
stratalinker, the cell cultures were grown for 5-15 d, until 
colonies visible by eye were detected. After washing with 
PBS, the colonies were stained and fixed with 1% crystal 
violet in 20% methanol for 5 min. After washing with H2O, 
the surviving colonies were counted. Each experiment was 
done in triplicate and repeated at least thrice.

Western blot
For the lysis of  cells, 450 µL of  ice cold lysis buffer 
were added to each well of  a six-well plate for 30 min 
on ice. The lysis was based on RIPA-buffer (0.01 mol/L 
Tris-HCl, pH 7.4; 0.15 mol/L NaCl; 1% (w/v) sodium 
desoxycholate; 0.1% (w/v) SDS; 1% Triton X-100) 
supplemented with Leupeptin and Aprotinin. To digest 
disturbing chromosomal DNA 250 U/mL Benzonase 
(Novagen, Merck, Darmstadt) was added to the lysis 
buffer. After the incubation period, the lysate was cleared 
by centrifugation at 20 000 g for 5 min. The protein 
content of  the lysates was determined using the BCA 
assay and equal amounts of  protein (20-50 µg) were 
separated on an SDS gel. After blotting and incubation 
with the appropriate primary and secondary antibodies, 
the membranes were developed using Chemiluminescence 
Blotting Substrate from Boehringer Mannheim, Germany 
according to the manufacturer’s instructions.

Antibodies
The following antibodies were used for the detection of  
the indicated proteins: murine p53: AB7 (biotinylated 
polyclonal sheep antibodies from Oncogene Science, via 
Dianova, Hamburg, Germany); human p53: mAb PAb1801 
(Pharmingen, Hamburg, Germany); murine p21: mAb 
AB4 (OP76 Oncogene, via Dianova, Hamburg, Germany); 
human p21: p21 (187) (sc-817), St Cruz Biotechnology.

As secondary antibody, we used POD-labeled anti-
murine IgG from donkey (Jackson ImmunoResearch, 
via Dianova, Hamburg, Germany) or POD-strepatividin 
(Calbiochem, Bad Soden, Germany) for murine p53. 

Northern blot
For Northern blot, total cellular RNA was extracted 
from the cells using TRIzol (Gibco). Twenty micrograms 
of  DNase I digested RNA was separated on a glyoxal 
agarose gel (1% in 10 mmol/L Na2HPO4) and blotted 
onto positively charged nylon membrane. The blot was 
hybridized with a 32P labeled p21-specific probe derived 
from pCMVp21 (murine). 
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Ribonucleotide protection assay (RPA)
For RPA, an RNA probe complementary to human 
p21 was transcribed with Maxiscript, Ambion from the 
construct pCMVsdi[80] according to the instructions of  
the manufacturer. As an internal control, we used actin 
transcribed from pTRI-β-Actin (Ambion, Austin, TX, 
USA).

The RNA probe was purified by electrophoresis in 5% 
acrylamide/8 mol/L urea gel. The probe (0.5-2 µg) was 
labeled with biotin using the BrightStarTM Psoralen-Biotin 
kit (Ambion, Austin, TX, USA).

The RPA was performed with the HybSpeedTM RPA kit 
from (Ambion, Austin, TX, USA). After digestion of  the 
samples as described in the manual of  the kit, the samples 
were run on 5% PAGE/8 mol/L urea in TBE and blotted 
onto a positively charged nylon membrane (Amersham, 
Braunschweig). Signal detection was performed with 
streptavidin labeled with alkaline phosphatase using the 
BrightStarTM BioDetectTM kit from Ambion, Austin, TX, 
USA.

RT-PCR
For RT-PCR, 2 µg of  total cellular RNA extracted with 
Qiagen RNeasy was digested with DNase I for 45 min. 
One microgram of  DNase I digested RNA was reverse 
transcribed with superscript (Gibco). One quarter of  the 
reverse transcribed RNA was amplified with Taq poly-
merase (1´ 94℃, 1´ 54℃, 1´ 72℃: × 35 cycles) using HBx-
specific primers, which had been used for cloning the 
complete HBx ORF into pRcCMV.

Constructs
pRcCMVX: The complete HBx ORF of  an HBV 
genotype A genome (serotype adw2; isolate 991; EMBL 
accession no.: X51970) was cloned with the help of  PCR 
into the EcoRI and XbaI-site of  pCDNA3, Invitrogen, and 
controlled by sequencing.
pRcCMVXM: Identical to pRcCMVX except for two 
stop codons introduced by a G to A exchange of  nt 1443 
(GAA→TAA)[2] and a C to A exchange of  nt 1684 (TCA
→TAA). Thus, translation of  full-length HBx is stopped 
by exchange of  nt 1443 after 23 aa and expression of  
presumed small HBx proteins is made impossible by 
exchange of  nt 1684, which introduces a stop directly after 
the third start codon in frame in the HBx-ORF.
PS9: HBV enhancer I (nt 1040-1374 from EMBL 
accession no.: X51970) was cloned into pBLCAT3[81].
pC53SN3: Expression vector for wt-p53[82]. P53 is 

expressed from the CMV enhancer in the vector pCMV. 
pcDNA3p21 (murine): Murine p21 was cloned by RT-
PCR with primers waf-AS and waf-S[33] from total cellular 
RNA derived from AML12 cells. After EcoRI digestion, 
the amplicon was cloned into pCDNA3. Sequencing gave 
complete identity with murine p21 from GenBank.

RESULTS
Establishing HBx-expressing HepG2-cell lines
HepG2 cells-a completely transformed hepatoma cell line- 
were stably transfected with the HBx-expression construct 
pRcCMVX. As a negative control, HepG2 cells were 
transfected with the isogenic HBx protein expression-
negative construct pRcCMVXM. Clones obtained after 
G418 treatment were analyzed for the expression of  
HBx-RNA expression by RT-PCR (Figure 1). 11/13 wt-
HBx transfected and 11/11 HBxM transfected clones 
expressed HBx RNA detectable by RT-PCR. While all 
HBxM transfected clones expressed similar amounts of  
HBx RNA as judged by RT-PCR, it appeared as if  HBx 
RNA expression in wt-HBx transfected clones varied 
significantly (Figure 1). This reminds of  the findings in 
stably HBx transfected clones of  rat fibroblast origin, 
where HBx expression was downregulated in most 
clones[33]. 

Clone HepG2X8 expressing wt-HBx and control clone 
HepG2 XM2 transfected with the HBx-expression minus 
construct pRcCMVXM expressed similar amounts of  
HBx-RNA and were chosen to be studied in detail.

In comparison, we analyzed the immortalized murine 
hepatocyte line AML12[78] and the AML12-clone HBx9 
transformed by HBx[3].

Analysis of HBx functions in HBx-expressing AML12 and 
HepG2 clones
One well-characterized function of  HBx is its potential 
to transactivate virtually any promoter or enhancer. We 
were unable to detect HBx protein in stably transfected 
AML12 and HepG2 clones (data not shown and Ref. [3])-a 
problem encountered by many other groups. In order to 
show the presence of  active HBx, we analyzed whether 
transcriptional activation by HBx could be detected in cell 
lines stably expressing HBx RNA. Indeed, the expression 
from HBV enhancer I was approximately sevenfold 
stronger in the HBx expressing cell line HepG2-X8 than in 
the control cell line HepG2-XM2 (Figure 2B). In AML12 
cell transactivation by HBx was lower (Figure 2A).

HBx→
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Figure 1  RT-PCR for the detection of HBx-RNA in HepG2 cells stably transfected HBx-expression constructs. Total cellular RNA from clones obtained after stable 
transfection with expression vector pRCCMVX for wt-HBx (X1, X2, X3, X8, X10, and X18) or for inactive HBx (pRCCMVXM, XM1, XM2, XM6, XM12, XM14, and XM20) was 
amplified by RT-PCR with primers used for cloning the complete HBx-ORF.
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HBx acts pro-apoptotic in HepG2- and anti-apoptotic in 
AML12-cell lines
To analyze the extent of  apoptosis quantitatively, 
we investigated the survival of  the cell lines under 
investigation after UV irradiation. Five hundred cells in 
triplicate were plated and irradiated with the dose indicated. 
Surviving colonies were counted after about 14 d. Table 1 
shows that stable expression of  HBx acts pro-apoptotic 
in HepG2-derived and anti-apoptotic in AML12-derived 
cell lines. The pro-apoptotic effect of  HBx in HepG2-X8 
was most obvious in cell lines irradiated with 20 J/m2. 

For example in one experiment 17.7% ± 8.0 cells of  the 
control cell line HepG2-XM2 survived irradiation with 
20 J/m2, whereas only 1.1% ± 0.6 of  identically treated 
HBx expressing HepG2-X8 cells were able to grow out to 
visible colonies. AML12 cells were more sensitive against 
UV irradiation. Expression of  HBx acted anti-apoptotic 
in the HBx expressing AML12 cell line and enhanced the 
survival rates to similar levels as in HepG2XM control 
cells.

No influence of HBx on induction of p53 in HepG2- and in 
AML12-cell lines
p53 is a central protein in the induction of  apoptosis[83]. 
After many sublethal stimuli, a complex set of  events takes 
place that results in an increased expression of  p53 in the 
nucleus. Thus, we analyzed by immune blots of  whole cell 
extracts whether HBx was able to modulate expression 
of  p53 after UV irradiation of  the cell lines. Irradiation 
with increasing doses (0-50 J/m2) of  UV led to enhanced 
expression of  p53 in control and HBx expressing cell lines 
(Figures 3 and 4). HBx had no effect on the induction 
of  p53 in cell lines of  AML12 and HepG2 origin. p53 
expression was easily detectable after irradiation with 
20 J/m2 and maximal expression was reached after 
irradiation with 40-50 J/m2 in the HepG2 and AML12 
cell lines investigated (Figures 3 and 4). These data are in 
accordance with reports on p53 expression in HepG2-
cells[84], human[85], and murine[85,86] fibroblasts and primary 
rat keratinocytes[87].

We also analyzed the kinetics of  p53 induction after 
UV irradiation with 40 J/m2. p53 levels increased after 1 
h to reach a maximum 18 h after irradiation. Thereafter, 

Table 1  Survival of HepG2- and AML12-derived HBx-
expressing and control cell lines after irradiation with UV 

0 J/m2 20 J/m2 50 J/m2

HepG2-XM2 100 ± 1.4 17.7 ± 8.0   1.0 ± 0.9
HepG2-X8 100 ± 20.9   1.1 ± 0.6   0.2 ± 0.1
HepG2-XM2 100 ± 11.8 15.8 ± 7.1 1.38 ± 1.5
HepG2-X8 100 ± 20.3   2.7 ± 1.5        0.0
HepG2-XM2 100 ± 15.6 13.5 ± 6.9   3.7 ± 0.8
HepG2-X8 100 ± 7.4   6.8 ± 0.5   1.7 ± 1.2

AML12 100 ± 5.1   4.3 ± 0.6   1.1 ± 1.0
AML12-HBx9 100 ± 14.2 13.5 ± 8.9   6.0 ± 2.2
AML12 100 ± 27.2 17.0 ± 6.3   0.6 ± 0.04
AML12-HBx9 100 ± 3.8 28.0 ± 7.0   6.8 ± 2.4
AML12 100 ± 4.4 11.0 ± 4.1   0.4 ± 0.5
AML12-HBx9 100 ± 4.6    17 ± 5.1   3.4 ± 1.8
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Figure 2  HBx activates the HBV-
Enhancer I in vivo and can partially 
counteract a repression by p53 induced 
by UV irradiation. CAT expression 
dr iven by Enhancer  I  o f  HBV is 
indicated as bars. AML12 (A) or HepG2 
(B) derived cell lines expressing HBx 
(HepG2-X8 or AML12-HBx9) are 
indicated in black and the controls 
which did not express functional HBx 
(AML12 or HepG2-XM2) are shown 
in white bars. The cell l ines were 
transfected with a CAT-expression 
vector driven by enhancer I of HBV in 
triplicate. Four hours after transfection, 
the cultures were irradiated with the 
indicated dose of UV. The lysis of the 
cells was done 18 h post irradiation.
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Figure 3  Induction of p53- and p21waf/cip/sdi-protein expression in HepG2-derived cell lines after irradiation with UV by immune blot. The dose of UV used for irradiation is 
indicated. The cells were lysed 18 h after irradiation with UV.
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p53 expression decreased (Figure 5). Again, HBx had 
no influence on the kinetics of  p53 induction after UV 
irradiation.

HBx counteracts a repression by UV irradiation in vivo
We next asked whether HBx may influence functions of  
p53. One extensively investigated activity of  p53 is the 
ability to repress the transcription of  many genes[88]. Thus, 
we analyzed whether expression of  the reporter gene CAT 
from HBV enhancer I is repressed by p53 - or other fac-
tors activated after induction of  programmed cell death - 
in vivo. Irradiation of  HepG2 and AML12-cell lines with 
increasing doses of  UV caused indeed a strong repression 
of  expression from HBV enhancer I (Figures 2A and B). 
The repression was highest at 40 J/m2 (Figures 2A and 
B), the UV dose leading to maximum expression of  p53 
(Figures 2 and 3). However, a strong reduction of  CAT-
repression could already be observed at the lowest UV 
dose of  10 J/m2 administered. Interestingly, in the tumor 
cell line HepG2 (Figure 2B), UV irradiation caused a much 
stronger repression of  expression from enhancer I than in 
AML12 cells (Figure 2A).

In HBx expressing cell lines, the UV-induced repression 
was partially counteracted. This anti-repressive activity of  
HBx was strongest in AML12-HBx9 and still significant 
in HepG2 cells (Figures 2A and B). In the AML-cell 
line HBx9 irradiated with 40 J/m2 the CAT-expression 
was 4.9-fold higher than in the parental cell line AML12 
without HBx. Thus, HBx seems to be able to alleviate 
transcriptional repression by p53. 

Induction of p53 and p21waf/cip/sdi by UV irradiation
Because we observed that HBx influenced the extent of  
transcriptional repression by p53 we also wanted to analyze 
if  HBx had any influence on transcriptional activation by 
p53. After UV irradiation, p53 is stabilized[89] and acts as a 

transcription factor by binding to the promoter of  certain 
target genes leading to enhanced transcription from these 
promoters, for example of  the cyclin kinase inhibitor 
p21waf/cip/sdi[90]. Thus, after UV irradiation, the expression 
of  p21waf/cip/sdi is enhanced[86,91]. We therefore analyzed if  
stable expression of  HBx influenced p53’s transcriptional 
activation of  the endogenous p21waf/cip/sdi-promoter. UV 
irradiation of  the cell lines with increasing doses of  UV led 
to an increase of  p21waf/cip/sdi protein expression (Figures 3 
and 4). As reported by other groups, irradiation with high 
doses of  40-50 J/m2 UV again caused a decline of  the 
induced p21waf/cip/sdiwaf  protein expression[86,91]. An analysis 
of  the temporal regulation of  p21waf/cip/sdiwaf  protein 
expression (Figure 5) after UV irradiation in AML12 cells 
showed an undulation of  p21waf/cip/sdiwaf  protein expression 
in the parental cell line and the HBx transformed clone 9. 
A similar phenomenon was described in the mouse liver 
after 70% partial hepatectomy[92]. However, these authors 
analyzed RNA expression and different time points. 
Interestingly, stable expression of  HBx in HepG2 led to 
a lower expression of  p21waf/cip/sdi-protein. However, in 
the HBx transformed cell line AML12-HBx9, the level of  
p21waf/cip/sdi-protein expression after UV irradiation changed 
from experiment to experiment and no reproducible 
data for p21 could be obtained, although p53-expression 
from identical blots (upper lane) gave reproducible results 
(Figures 4 and 5). It appeared as if  the expression of  
p21waf/cip/sdi-protein was deregulated in a seemingly random 
way by HBx because p21waf/cip/sdi-protein expression was 
reproducible in the parental cell line (Figures 4 and 5). 

Butz et al had described an uncoupling of  the regularly 
inducible p21waf/cip/sdi-RNA expression from the deregulated 
p21waf/cip/sdi-protein expression upon genotoxic stress in 
some cell lines[109]. Thus, we analyzed the induction of  
p21waf/cip/sdi-RNA in the HBx transfected cell lines. Indeed, 
analysis of  p21waf/cip/sdi-RNA expression in the hepatocyte 

AML12                                                                                  AML12-HBx9

20                              0          10          20             30            40               50        J/m2

p53

p21

Figure 4  Induction of p53- and p21waf/cip/sdi-protein expression in AML12-derived cell lines after irradiation with UV by immune blot. The dose of UV used for irradiation is 
indicated. The cells were lysed 18 h after irradiation with UV.

Figure 5  Kinetics of induced p53- and p21waf/cip/sdi-protein expression after irradiation with UV by immune blot in AML12 cell lines. The time in hours after irradiation with 40 
J/m2 UV is indicated.
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lines under investigation gave reproducible results. 
Irradiation with UV increased the expression of  p21waf/cip/

sdi-RNA in the HBx-expressing cell lines HepG2-X8 and 
the control cell lines HepG2-XM2 and AML12 to reach a 
peak at 20-30 J/m2 to decrease thereafter (Figures 6 and 
7). Analysis of  p21waf/cip/sdi-RNA expression in the HBx 
expressing clone AML12-HBx9 - in contrast to analysis of  
p21waf/cip/sdi-protein expression - gave reproducible results. 
However, no decline of  p21waf/cip/sdi-RNA expression was 
observed at higher doses of  UV irradiation as with the 
other three cell lines under investigation (Figure 7). Quite 
in contrast, in the HBx-expressing clone AML12-HBx9 
the amount of  p21waf/cip/sdi-RNA increased continuously 
even at the highest dose of  UV irradiation of  50 UV J/m2. 
Thus, HBx strongly influenced the regulation of  p21waf/

cip/sdi expression in the HBx-transformed cell line AML12-
HBx9.

CONCLUSION
One of  the most important functions of  p53 is the 
induction of  programmed cell death in order to maintain 
the integrity of  the genome by inhibiting the survival of  
cells with damaged DNA[93]. To analyze the integrity of  
p53 function in cell lines stably expressing HBx RNA, 
we investigated several p53 activities during induction of  
apoptosis by UV. Irradiation with 20 J/m2 quite uniformly 
induced massive cell death in all cell lines analyzed. The 
cell death was due to apoptosis because we observed 
nucleosomal DNA fragmentation in all cell lines under 
investigation (data not shown).

However, we observed that induction of  apoptosis was 
enhanced in HBx expressing cell lines of  HepG2-origin 
and reduced in HBx expressing cell lines of  AML12-origin. 
These opposing effects of  HBx are in agreement with the 

published results on the influence of  HBx on programmed 
cell death. Several groups described a pro-apoptotic 
activity of  HBx after transient and stable transfection[33,34-48] 
whereas other groups described anti-apoptotic effects of  
HBx[49-59].

We thus set out to study key events in the induction of  
apoptosis after UV irradiation. We investigated whether 
HBx had an effect on the induction of  p53 in our cell 
lines. No evidence was found that HBx influenced the 
induction of  p53 by UV. Neither p53’s expression by 
stabilization of  p53 as reported for adenovirus E1A or the 
large T-Antigen of  SV40[94] was increased, nor was p53’s 
expression decreased in the presence of  HBx as described 
for E6 of  the papilloma viruses[95]. Our results agree with 
reports from Refs. [85] and [97] who also did not find 
altered p53 induction or expression in HBV expressing 
HepG2 cells. 

A widely accepted hypothesis assumes that a higher 
expression of  the cyclin kinase inhibitor p21waf/cip/sdi after 
DNA damage gives an advantage for survival because cells 
arrest in G1 and gain time to repair DNA damage instead 
of  succumbing to apoptosis[88]. DNA damage induced in 
cell lines with a targeted deletion of  the p21waf/cip/sdi-gene 
led to programmed cell death, whereas the wt-cell line 
survived in cell cycle arrest[97]. After induction, p53 binds 
as a transcription factor to the promoter of  p21waf/cip/sdi 
and increases its transcription[90]. Our results on induction 
of  p21waf/cip/sdi-protein and RNA by UV irradiation in 
the control cell lines (AML12 and HepG2-XM2) are in 
accordance with data from literature[86,87,91]. Interestingly, 
the HBx-expressing clone HepG2-clone X8 expressed 
less p21waf/cip/sdi than the control. A decrease as well as an 
increase of  p21waf/cip/sdi expression in response to HBV 
infection has been described in literature. In microarrays, 
an enhanced expression of  p21waf/cip/sdi was seen in Hep3B 
and HepG2 lines stably expressing HBx[96,98] and in the 
HBV expressing cell line HepG2.2.15[99], decreased 
expression of  p21waf/cip/sdi was seen in HBV associated 
HCC[100], in transiently transfected primary human 
hepatocytes[101] and in two liver samples from patients with 
chronic HBV infection[101].

The reason for the differential effect of  HBx on the 
expression of  p21waf/cip/sdi in AML12 and HepG2 cell 
lines is unknown. However, transduction of  HBx into 
primary human hepatocytes and stably transformed 
hepatocyte lines had reciprocal effects on the expression 
of  several target genes[101]. It appears possible that stable 
expression of  HBx in the immortalized AML12 cell 
line mimics the situation found in acutely infected liver 
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Figure 6  Detection of p21waf/cip/sdi-RNA by ribonuclease protection assay in the 
cell line HepG2-XM2 (A) and -HBx8 (B). Total cellular RNA was isolated from cell 
cultures irradiated with the indicated dose of UV 18 h after irradiation. As internal 
control actin was detected by RPA.

Figure 7  Detection of p21waf/cip/sdi-RNA by northern blot in the cell line AML12 (A) 
and the HBx-transformed clone AML12-HBx9 (B). Total cellular RNA was isolated 
from cell cultures irradiated with the indicated dose of UV 18 h after irradiation.
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with deregulated and in some circumstances enhanced 
p21waf/cip/sdi expression[100], whereas stable expression of  
HBx in hepatoma cell line HepG2 with slightly decreased 
expression of  p21waf/cip/sdi mirrors the situation found 
in HBV associated HCC[100], i .e. in the endpoint of  
hepatocarcinogenesis.

It appears possible that HBx transactivates the 
enhancer of  p21waf/cip/sdi in AML12 cells directly, as has 
been reported for other cell lines[74,96]. In addition, HBx 
may enhance the physiological activation of  p21waf/cip/sdi by 
p53. Haviv et al[102] have shown that HBx can drastically 
enhance p53 mediated transcriptional activation. In 
consequence, HBx expressing AML12 clones would 
express more p21waf/cip/sdi than controls. Furthermore, 
HBx may have a stronger effect on the activation of  the 
transcription factor ets in AML12 cells than in HepG2 
cells, as ets has been suggested to play a crucial role in the 
transactivation of  the p21waf/cip/sdi enhancer by HBx[96]. 
These assumptions would be in agreement with the higher 
and deregulated expression of  p21waf/cip/sdi-RNA in the 
HBx expressing AML12 cell line. An enhanced expression 
of  p21waf/cip/sdi in the HBx transformed cell line AML12-
HBx9 reminds of  findings in HTLV-1 transformed cell 
lines[103,104]. Tax, the transforming protein of  HTLV-1 
virus[105] has many functional similarities with HBx[106]. The 
oncoprotein E7 of  the papilloma viruses also enhances the 
expression of  p21waf/cip/sdi[107,108]. As described for otherwise 
unrelated cell lines[109], we also observed that the expression 
of  p21waf/cip/sdi-protein was deregulated and did not seem 
to correlate with p21waf/cip/sdi-RNA-expression in HBx-
expressing cell line AML12-HBx9 (Figures 4, 5 and 7). 

Our results indicate that HBx is able to partially relieve 
repression of  expression from the HBV enhancer I by 
physiological amounts of  p53 as observed after induction 
by UV irradiation (Figure 2). Other groups reported 
complete relief  of  transcriptional repression by p53 after 
transient transfection of  HBx[71] or HBV-dimers[72] or in 
in vitro transcription assays using in vitro translated p53 and 
HBx proteins[73]. However, transient transfection of  HBx 
expression constructs leads to high expression of  HBx, 
whereas stable expression of  HBx as in our experiments 
only leads to low level expression of  HBx that may be 
more comparable to the natural situation in tissue of  
chronically infected individuals where detection of  HBx is 
rather difficult because of  its low level of  expression[75-77]. 
Moreover, in transient assays using expression vectors 
for p53 and HBx, a complete relief  of  transcriptional 
repression by p53 was only seen when 100-fold more 
HBx expression vector than p53 was used[71]. When equal 
amounts of  expression constructs were used, HBx was 
not able to relieve transcriptional repression by p53[71,110]. 
Our results indicate that stable expression of  HBx in 
hepatocyte lines antagonizes functions of  physiological 
doses of  p53 induced by UV and confirm the results of  
transient transfections[71,72]. 

In summary, we found several p53 linked activities that 
were altered in cell lines stably expressing HBx. By use of  
conditions which closely match the natural situation, we 
were able to show that HBx is able to alleviate some of  
the p53 induced effects taking place after the induction of  
apoptosis by UV irradiation. The differences we observe 

between the HBx expressing immortalized hepatocyte line 
AML12 and the hepatoma cell line HepG2 are due to a 
differential activation of  intracellular signal transduction 
pathways - as found in inducible HBx expressing 
AML12-clones[5,111] - and will be the subject of  further 
investigations.
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P = 0.44). The CD4+/CD8+ ratio in AHA patients (1.17 
± 0.11; P = 0.22) and s-AH (0.83 ± 0.12; P = 0.0002) 
were lower than seen in normal healthy controls (1.52). 
Self-limited cases had peak viral load at the beginning of 
analysis while in s-AH patients this occurred at the 15th 
or 30th d. In acute and severe groups, one patient each 
belonged to genotype IA, with the remaining 8 cases 
belonging to genotype IIIA. The only fulminant hepatic 
failure case belonged to genotype IA. HAV viral load and 
ALT values collected during the entire course of the self-
limited infection were directly correlated but this was not 
the case for s-AH patients. 

CONCLUSION: Based on a small-scale study, the 
persistently higher viral load of s-AH might be due 
to diminished cellular immunity and hemolysis. The 
duration of viremia was dependent on the host, as the 
viral genotype had no apparent role in clinical outcome 
of AVH and s-AH cases.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis A virus (HAV) is a common cause of  acute viral 
infections in humans[1]. It is a ubiquitous virus readily 
transmitted by the feco-oral route[2-5]. Nucleotide sequence 
analysis of  HAV has classified the virus in seven different 
genotypes, which include human (Ⅰ, Ⅱ, Ⅲ, and Ⅶ) and 
simian (Ⅳ, Ⅴ, and Ⅵ) genotypes[6]. HAV infection follows 
a benign course; it is often asymptomatic in younger 
children, but can develop into a fatal fulminant form or 
severe acute hepatitis in older persons[7-9]. 
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Abstract
AIM: To undertake analysis of hepatitis A viral load, 
alanine aminotransferase (ALT), and viral genotypes with 
duration of viremia, and to correlate these parameters 
with CD4+/ CD8+ lymphocyte populations that control 
cell-mediated immunity.

METHODS: Cell counts were carried out using fresh 
whole blood collected in EDTA vials using a fluorescence 
activated cell sorter. Hepatitis A virus (HAV) RNA was 
extracted from blood serum, reverse transcribed into 
cDNA and quantified by Real-Time polymerase chain 
reaction and was genotyped. 

RESULTS: Among 11 patients, 10 could be analyzed 
completely. Of these, 3 had severe acute hepatitis (s-AH) 
and the remainder had a self-limited acute hepatitis 
A (AHA), with one patient with fulminant disease 
(encephalopathy Grade Ⅳ) dying on the 4th d. The ALT 
level was significantly higher both in AHA (1070.9 ± 
894.3; P = 0.0014) and s-AH (1713.9 ± 886.3; P = 
0.001) compared to normal controls (23.6 ± 7.2). The 
prothrombin time in s-AH patients (21.0 ± 2.0; P = 
0.02) was significantly higher than in AHA (14.3 ± 1.1; 
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To date, however, there is limited knowledge of  viral 
load, or the length of  viral persistence both in the blood 
circulation and in fecal excretion. It has been reported 
that a relapse may occur 30-90 d after the initial onset of  
the disease[10-12] and virus has been detected in the stool 
of  patients[13]. Recently, outbreaks of  HAV have occurred 
among hemophiliacs receiving organic solvent and 
detergent-treated factor Ⅷ, a fact that stresses the potential 
usefulness of  a reliable and widely applicable technique for 
quantifying viral load in blood samples[14-18]. The level and 
the length of  HAV viremia involve the additional risk of  
the carrier becoming an infectious source of  hepatitis A[19]. 

We undertook further examination of  hepatitis A 
viremia during the course of  infection to understand 
whether viral load was correlated with cell-mediated 
immunity. The pathogenetic mechanisms underlying 
hepatocellular injury in acute hepatit is are poorly 
understood[20]. There is general agreement that HAV 
infection does not evolve to chronic hepatitis in man[21], 
and immune mechanisms have been suspected of  playing a 
major role in eliminating virus-infected liver cells[22-24]. The 
aim of  this study was to undertake analysis of  HAV viral 
load, alanine aminotransferase, and viral genotypes with 
the duration of  viremia, and to correlate these parameters 
with populations of  CD4+/CD8+ lymphocytes that 
controls cell-mediated immunity.

MATERIALS AND METHODS
Patients and blood samples
Patients attending the Medical Out Patient Department of  
Lok Nayak Hospital, New Delhi, with the characteristic 
symptoms of  acute viral hepatitis such as jaundice, fever, 
general malaise, fatigue, nausea, vomiting, anorexia and 
right upper quadrant discomfort, were screened for the 
study. Ten mL of  blood were collected by venipuncture 
from those patients, who gave consent for five different 
visits. The study was approved by the ethical committee of  
Maulana Azad Medical College, as per the Declaration of  
Helsinki (1995). Consecutive blood samples were collected 
from 10 acute hepatitis A patients on the 0th, 7th, 15th, 30th 

and 45th d between July 2004 and June 2005. No sample 
was collected before the onset of  symptoms. The ‘0th’ d 
was defined as the first day when the patient presented 
after the onset of  jaundice. Ten healthy subjects who had 
no evidence of  liver disease or dysfunction were taken as 
control.

Serological tests
Laboratory examination of  alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), prothrombin 
time (PT), and total bilirubin levels were carried out by 
standard methods. IgM anti-HAV were detected by ELISA 
(HAVAB-MEIA); Abbott Laboratories, North Chicago, 
IL), IgM anti-HEV (Qiagen, Hilden, Germany), HBsAg 
(Qiagen, Hilden, Germany) and anti-HCV (Bio-Rad, San 
Francisco, CA, USA) were measured according to the 
manufacturer’s protocol. 

FACS analysis of T-lymphocyte profile
One milliliter whole blood was collected into a vial 

containing EDTA and was employed for CD4+ (T helper) 
and CD8+ (T suppressor) cell counts within 24 h of  
collection, using a Fluorescence Activated Cell Sorter 
(FACS) (Becton Dickenson Electronics Laboratory, 
Mountain View, California). This system quantifies CD4+, 
CD8+ and CD3+ T lymphocytes as absolute numbers 
of  lymphocytes per µL (mm3) of  blood, and the CD4+/
CD8+ T lymphocyte ratio. Samples from healthy controls 
and patients were also run for cell counts using the 
manufacturer’s protocol and reagents. 

Primers, probe and standard for real-time amplification
HAV RNA was extracted using the QIAampTM viral 
RNA extraction kit (Qiagen, Germany). Viral RNA was 
amplified using primers derived from the most constant 
region, the 5’ non-coding region (5’ NCR)[25,26]. The 
primers used were, forward primer HAV1 (22: 5’-TTT 
CCG GAG CCC CTC TTG-3’), as wild type (M14707) 
reverse primers HAV2 (85: 5’-AAA GGG AAA TTT AGC 
CTA TAG CC-3’) and HAV3 (85: 5’-AAA GGG AAA 
ATT TAG CCT ATA GCC-3’), and HAV-probe (58: 5’
-FAM-ACT TGA TAC CTC ACC GCC GTT TGC CT- 
TAMRA-3’) and RNA standard representing the 5’NCR 
region was constructed according to Costa-Mattioli et al[27]. 
 
Fluorogenic quantitative Real-Time PCR and direct 
sequencing
RT-PCR was carried out with a HAV quantification kit 
(Roche Diagnostics GmbH, Germany) according to the 
manufacturer’s instructions. The total volume of  the 
reaction mixture was 25 µL (15 µL of  mastermix with 10 
µL of  the RNA template) in 0.2 mL tubes. The capillaries 
were sealed, centrifuged, and transferred to the Rotor 
Gene 3000 real-time PCR machine (Corbett Research, 
Sydney, Australia). Reverse-transcription was done for 
15 min at 50℃ followed by 5 min denaturation at 95℃. 
The corresponding cDNA's were amplified by PCR (20 
s at 95℃, 30 s at 50℃ acquiring FAM, and 20 s at 72℃) 
over 45 cycles, and an 87 bp fragment was obtained. The 
CT values from the clinical samples were plotted on the 
standard curve, and the number of  copies was calculated 
automatically.

PCR amplification from part of  the VP1/2A region of  
HAV genome was directly sequenced for genotyping[28-30]. 
Sequencing was done with an ABI Prism 310 Genetic 
Analyzer (ABI, Foster City, CA). Sequencing analysis 
was performed using ClustalW and the phylogenetic 
inference by version 1.81 of  the PHYLIP software 
package (Professor J. Felsenstein, Department of  Genetics, 
University of  Washington, Washington, DC). 

Statistical analysis
All data were analyzed by two tailed tests, and a P value 
less than 0.05 was considered significant. We used chi-
square test and student’s t-test as appropriate. 

RESULTS
Comparison of clinical features between AVH and s-AH 
groups
The average age of  all patients was 20.8 ± 15.5 years 

4684          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      August 7, 2006    Volume 12     Number 29

www.wjgnet.com



and ranged from 3 to 59 years. The average age and sex 
ratio of  two groups of  patients is shown in Table 1. 10 
of  11 patients could be followed completely, of  which 
3 progressed to severe acute hepatitis (s-AH), which 
is defined on the basis of  a prothrombin time (PT) < 
40% of  normal range. The remainder of  patients had 
self-limited acute hepatitis A (AHA) and one died of  
fulminant hepatic failure (Grade Ⅳ encephalopathy) at 
the 4th d of  follow up. There was no difference between 
the groups with respect to clinical symptoms, such as flu-
like prodromes (including arthralgia, or headache), fever, 
nausea, vomiting, abdominal pain, pruritus, and diarrhea. 

Comparison of biochemical features between AVH and 
s-AH groups
In Figure 1, the time course of  viral load and serum 
transaminase ALT levels is presented for all patients. 
ALT values for both groups followed a decreasing trend 
towards normal from the initial to final day of  follow up. 
The mean liver function profile of  s-AH patients was 
higher compared to the AVH cases as shown in Table 1. 
The mean prothrombin time (PT) of  s-AH patients was 
(21.0 ± 2.0; P = 0.02) significantly higher than that of  
acute cases (14.3 ± 1.1; P = 0.44).

Comparison of immunological profiles between AVH and 
s-AH groups
The mean immunological (CD4+/ CD8+) ratio in patients 
with acute viral hepatitis A was (1.17 ± 0.1) higher than that 
in the severe acute cases (0.83 ± 0.12). As shown in Table 
1, the CD4+/CD8+ ratio in normal controls (NC) (1.52 ± 
0.11) ratio was almost twice as high as in s-AH (P = 0.0002). 
There was no significant decrease in the immunological 
ratio of  AVH cases compared to normal controls. 

Comparison of viral load between AVH and s-AH groups
In the acute case, Ind-301, the viral load on the initial day 
was 4.5 × 105, and decreased further to > 103 copies/mL. 
As shown in Figure 1, Ind-303 and Ind-306 followed 
almost similar trends with viral loads of  2.6 × 105 and 
1.2 × 105 respectively at 0th d while < 102 copies/mL 
still persisted at the end of  follow up. The viral load of  
Ind-304 was 1.0 × 105 at start and complete elimination 
of  the virus with zero copies/mL was seen at the end 
of  follow up, as shown in Figure 1. Patients Ind-308 and 
Ind-310 displayed a peak viral load at 0th d like the cases 
described above, while Ind-309 peaked on the 15th d, but 
values then decreased to less than 100 copies/mL in all 
three. In the severe cases Ind-302 and Ind-305, the viral 
load on the initial day of  follow up was 1.2 × 105 and 1.1 
× 105 respectively, and reached a peak on the 30th d, quite 
different from the acute case shown in Figure 1. At the 
end of  follow up, the viral load was significantly higher (> 
1.0 × 105) as compared to AVH. In-patient Ind-307, viral 
load reached the peak (4.6 × 105 ) at 15th d and decreased 
subsequently to 4.3 × 104 copies/mL at the end of  the 
follow up. 

Comparison of genotype (s) between AVH and s-AH 
groups
In Table 2, the maximal viral load was compared with 
genotyping and geographical distribution. As shown 
in phylogenetic tree (Figure 2), the patients Ind-301 
(DQ179131) and Ind-302 (DQ179132) were categorized 
as genotype IA, while the remainder Ind-303 (DQ179133), 
Ind-304 (DQ179134), Ind-305 (DQ179135), Ind-306 
(DQ179136), Ind-307 (DQ179134), Ind-308 (DQ182495), 
Ind-309 (DQ182496), and Ind-310 (DQ182497)) were 
classified as the ⅢA genotype. The only fulminant hepatic 
failure case, Ind-274 (DQ182500), belonged to genotype 
ⅠA.

DISCUSSION
Hepatitis A remains the most frequent form of  viral 
hepatitis observed in a large number of  countries[31,32]. 
Recent publications have demonstrated that the duration 
of  the viremic phase is much longer than assumed[10,27]. A 
serum HAV viral load assay could therefore be helpful in 
the management of  severe hepatitis A. Real-Time reverse 
transcription (Rotor Gene 3000, Corbett Research, Sydney, 
Australia), was used for the quantitative detection of  the 
HAV genome in human sera in individuals who displayed 
varying disease courses[27,33,34]. The fluorescence signal due 
to the cleavage of  the fluorogenic probe is generated only 
if  the target sequence for the probe is amplified by the 
PCR. Therefore, no signals are generated by non-specific 
amplification. 

The alanine aminotransferase level of  AVH cases on 
the initial day was significantly higher (≥ 103) and the 
decreased upon subsequent follow up, which corresponds 
to earlier findings that demonstrate a direct correlation 
of  viral load with serum ALT[27,35]. In our study, the mean 
prothrombin time in AVH was not higher while severe 
cases showed significant elevations compared to normal 
controls. This could be due to anemia (hemolysis) as this 

Tab le  1   C l in i c a l ,  b iochemica l  and  immuno log i ca l 
characterization of different groups (AVH, s-AH, and normal 
control)

Characteristic      AVH1               s-AH2           Normal Control3       

No. of cases                 07                          03                              10 
Sex (M/F)         3/4                        3/0                           7/3    
Age       0.4 ± 17.9            27.7 ± 2.08               26.2 ± 3.6
(mean ± SD)
ALT                    1070.9 ± 894.3      1713.9 ± 886.3             23.6 ± 7.2     
(mean ± SD; IU/L)        
AST                                 621.3 ± 242.8         1614 ± 234.7             23.8 ± 5.8    
(mean ± SD; IU/L)
T. Bilirubin                         9.8 ± 3.8              24.5 ± 3.0                 0.74 ± 0.43
(mean ± SD; mg/dL)
Prothrombin Time          14.3 ± 1.1              21.0 ± 2.0                 12.5 ± 0.5
(Seconds)
Mean CD4+/CD8+            1.17 ± 0.11            0.83 ± 0.12               1.52 ± 0.11

ALT: AVH vs s-AH P = 0.29 (not significant); AVH vs NC P = 0.0014 (highly 
significant); s-AH vs NC P = 0.001 (highly significant); AST: AVH vs s-AH 
P = 0.0034 (highly significant); AVH vs NC P = 0.00014 (highly significant); 
s-AH vs NC P = 0.00044 (highly significant); T. Bil: AVH vs s-AH P = 0.076 
(significant); AVH vs NC P = 0.00017 (highly significant); s-AH vs NC P = 
0.0023 (highly significant); PT: AVH vs s-AH P = 0.11 (not significant); AVH 
vs NC P = 0.44  (not significant); s-AH vs NC P = 0.02 (significant); Mean 
CD4+/CD8+: AVH vs s-AH P = 0.46 (not significant); AVH vs NC P = 0.22  (not 
significant); s-AH vs NC P = 0.0002 (highly significant). Note: AVH1 (Acute 
viral hepatitis); s-AH2 (Severe acute hepatitis); NC3 (Normal Control).
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is not uncommon during viral hepatitis[36]. We excluded 
glucose-6 phosphate dehydrogenase (G6PD) deficiency as 
a cause of  hemolysis and anemia in our cases[36,37].

The immunological changes in acute cases was not 
significantly different from those in severe hepatitis A. 
The lymphocyte ratio (mean CD4+/CD8+) of  the severe 
patients was, however, significantly lower, which could 
be due to diminished cellular immunity as compared to 
the normal controls. Previous studies have also shown 
that generation of  CD4+ T cells in the thymus is severely 
impeded as either a direct or indirect consequence of  
active viral replication[35,38]. We speculate that severe HAV 
infection may be triggered by diminished cellular immunity 
in susceptible patients, which may have increased the liver 
damage due to hepatitis A. 

On the basis of  our results, genome quantities 
measured on the first (0th) d of  clinical diagnosis in HAV 
infected humans reached peaked copies/mL in acute 
viral hepatitis and attained normality towards the end 
of  follow up. The kinetics of  peak viral load attainment 
in s-AH was quite different from that in the acute self-
limited cases since at the end of  follow up high copies/mL 
still persisted, as shown in Figure 1. The acute results 
confirm the levels recently estimated by Chudy et al[15]. 
The progression of  severity due to diminished cellular 
immunity and hemolysis might be directly linked to high 
viral persistence throughout the follow up.

Most of  the patients examined during acute self-limited 
illness belonged to genotype ⅢA, other than Ind-301 
who belonged to ⅠA[6]. Among the severe cases, Ind-302 
belonged to ⅠA while other two belonged to ⅢA, which 
means genotypic variations likely do not play a crucial 
role in determination of  the viral load as described earlier 
by Normann[35]. The only FHF case, who died at the 4th 
d of  follow up, belonged to genotype ⅠA. The question 
arises whether the duration of  viremia is dependent on 
the genotype, or the immunological and/or biochemical 
profile. Our results showed that the duration of  the 
viremia was dependent on the host, as the viral genotype 
had no role in acute self-limited illness and severe acute 
hepatitis A cases. This differs considerably from earlier 
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Figure 1  Relationship of hepatitis A virus (HAV) viral load (●) to levels of alanine 
aminotransferase (ALT) (▲) in serum at different day of follow up.

Table 2  Comparison of patient’s genotypes to viral load and 
geographical distribution

Patients       Genotype          Maximal viral load           Geographical
                         Copies/mL                 distribution
Ind-301              ⅠA                           4.5 × 105                         New Delhi
1Ind-302              ⅠA                           6.0 × 105                         New Delhi
Ind-303                    ⅢA        2.6 × 105                         Uttar Pradesh
Ind-304                    ⅢA                           1.0 × 105                         Delhi
1Ind-305                   ⅢA                           5.0 × 105                         Delhi
Ind-306                    ⅢA                           1.2 × 105                         New Delhi
1Ind-307                   ⅢA                           4.6 × 105                         Uttar Pradesh
Ind-308                    ⅢA                           4.1 × 103                         New Delhi
Ind-309                    ⅢA                           3.4 × 104                         Haryana
Ind-310                    ⅢA                           9.8 × 104                          New Delhi

1Represents severe acute hepatitis.

Acute hepatitis A

Severe acute hepatitis A
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findings which showed that a long duration of  viremia was 
found in patients infected with HAV genotype IA[35].

In conclusion, HAV viral load and alanine aminotrans-
ferase (ALT) values collected during the entire course 
of  a self-limited acute infection were directly correlated, 
but this was not found in s-AH cases. The duration of  
viremia was dependent on the host (biochemical and 
immunological profiles), as the viral genotype had no role 
in the various groups studied. The mean prothrombin time 
in severe acute hepatitis was higher than seen in acute self-
limited illness. The immunological (CD4+/CD8+) ratio 
of  s-AH was quite low compared to the acute self-limited 
illness, and s-AH patients showed diminished cellular 
immunity and complications. There was no difference in 
the final clinical outcome and recovery of  liver function 
was seen in all patients. The limitation of  the study is that 
the number of  patients examined was relatively small. 
Therefore, there is a need for further research on the 
duration and magnitude of  HAV viremia in a large cohort 
of  human patients to properly document complications 
and management.
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Abstract
AIM: To investigate the role of MHC class Ⅱ in the 
modulation of gastric epithelial cell apoptosis induced by 
H pylori  infection.

METHODS: After stimulating a human gastric epithelial 
cell line with bacteria or agonist antibodies specific for 
MHC class Ⅱ and CD95, the quantitation of apoptotic 
and anti-apoptotic events, including caspase activation, 
BCL-2 activation, and FADD recruitment, was performed 
with a fluorometric assay, a cytometric bead array, and 
confocal microscopy, respectively.

RESULTS: Pretreatment of N87 cells with the anti-MHC 
class Ⅱ IgM antibody RFD1 resulted in a reduction in 
global caspase activation at 24 h of H pylori  infection.  
When caspase 3 activation was specifically measured, 
crosslinking of MHC class Ⅱ resulted in markedly reduced 
caspase activation, while simple ligation of MHC class 
Ⅱ did not. Crosslinking of MHC class Ⅱ also resulted in 
an increased activation of the anti-apoptosis molecule 
BCL-2 compared to simple ligation. Confocal microscope 
analysis demonstrated that the pretreatment of gastric 
epithelial cells with a crosslinking anti-MHC class Ⅱ IgM 
blocked the recruitment of FADD to the cell surface.

CONCLUSION: The ability of MHC class Ⅱ to modulate 
gastric epithelial apoptosis is at least partially dependent 
on its crosslinking. The crosslinking of this molecule has 
anti-apoptotic effects during the earlier time points of 
H pylori  infection. This effect is possibly mediated by the 
ability of MHC class Ⅱ to modulate the activation of the 
pro-apoptotic receptor Fas by blocking the recruitment of 

the accessory molecule FADD, and this delay in apoptosis 
induction could allow for prolonged cytokine secretion by 
H pylori -infected gastric epithelial cells.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori infects over half  of  the people in the world.  
Seropositivity may reach 80%-100% in underdeveloped 
nations. This g ram negative bacterium is a major 
contr ibutor to chronic gastr i t i s and pept ic ulcer 
formation, and is strongly associated with gastric 
carcinoma and lymphoma[1,2]. Gastric carcinoma remains 
the second most deadly form of  cancer[3]. While much 
is known about the clinical manifestations of  H pylori 
infection, how this pathogen manipulates gastric epithelial 
cells in the host to its advantage are unknown. Previous 
reports by our group have demonstrated that MHC class
Ⅱexpressed on the surface of  gastric epithelial cells serve 
as a receptor for H pylori[4,5]. A potential consequence 
of  bacterial interaction with MHC class Ⅱ proteins is 
the subsequent crosslinking of  these molecules. This 
may impact cellular responses key to the initiation and 
propagation of  H pylori pathogenesis that results in tissue 
damage of  the gastro-duodenal mucosa.

One such clinically significant cellular response to H pylori 
infection is apoptosis. The induction of  apoptosis in MHC 
class Ⅱ+ host cells able to direct the immune response 
would represent a mechanism by which the bacteria could 
impair local antigen presentation to T cells. Furthermore, 
induction of  apoptosis would cause “leakiness” of  the 
epithelium, leading to inflammation that could upregulate 
the expression of  H pylori receptors on surrounding cells. 
For example, IFNγ, an inflammatory cytokine produced 
by CD4+ T cells within the infected gastric mucosa, 
upregulates class Ⅱ MHC expression in gastric epithelial 
cells. However, uncontrolled epithelial apoptosis would 

H pylori
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quickly lead to the destruction of  H pylori’s niche within 
the gastric mucosa. Thus, mechanisms by which these 
bacteria could moderate the host apoptotic response must 
also be considered.

Previous reports show that CD95 (Fas) plays an 
important role in H pylori-mediated apoptosis of  the 
gastric epithelium[6,7]. Once Fas is activated on the cell 
surface, the FADD (Fas associated death domain) protein 
is recruited to the cytoplasmic domains of  the trimerized 
Fas on the plasma membrane. FADD is then responsible 
for the activation of  caspase 8. However, the interaction 
between H pylori receptors and pro-apoptotic death 
receptors such as Fas has not been well investigated. 
Combined with our previous data demonstrating the 
role of  MHC classⅡin H pylor i binding to gastric 
epithelial cells (GEC), it might be suggested that the 
complex dynamics regulating apoptosis during infection 
might be due to either complementary or antagonistic 
interactions between multiple signaling receptors on the 
cell surface. Furthermore, the possibility that MHC class 
Ⅱ crosslinking modulates pro-death accessory molecules 
within the cytoplasm must also be investigated.  

MATERIALS AND METHODS
Cell and Bacterial Culture
The human gastric epithelial cell line N87 was obtained 
from ATCC and cultured in RPMI containing 100 mL/L 
fetal calf  serum and supplemented with glutamine.  H pylori 
cag+ clinical isolate LC-11[8] was grown on blood agar base 
(Becton Dickinson) at 37℃ under microaerobic conditions 
and harvested into Brucella broth containing 100 mL/L 
fetal bovine serum. Bacteria in broth were rocked gently 
overnight at 37℃ under microaerobic conditions prior 
to centrifugation. H pylori was resuspended in PBS and 
concentration was determined by absorbance at 530 nm 
using a spectrophotometer (1 A = 2 × 108 cfu/mL) (DU-65 
Becton Dickinson Instruments, Fullerton, CA).

Antibodies 
Monoclonal anti-human MHC class Ⅱ IgM (clone RFD1) 
was obtained from Serotec, Raleigh, NC. Monoclonal IgM 
antibody against CD-95 (clone IPO-4) used to induce 
apoptosis was obtained from Kamiya Biomedial Co., 
Seattle, WA. The hybridomas secreting anti-human MHC 
class Ⅱ IVA-12 and L243 (mIgG) were obtained from 
ATCC and were used to produce ascites fluid in mice and 
the antibodies were purified with a protein G column.  
Anti-human CD95-PE was obtained from Becton 
Dickinson/Pharmingen, San Jose, CA. Alexa-conjugated 
secondary antibodies were obtained from Molecular 
Probes Inc., Eugene, OR.

Global Caspase Activation Assay
The global (non-specific) activation of  caspases in our 
cell line was quantified using the Homogeneous Caspase 
Activation kit from Roche Applied Science, Indianapolis, 
IN. Cells were grown in serum containing media in 96-well 
plates at a seeding density of  104 cells/well for 18 h prior 
to treatment. After treatment, the media was aspirated and 

a substrate-containing lysis solution was applied to the 
cells. After a 2 h incubation at 37℃, the cleaved substrate 
product resulting from the action of  activated caspases 
was quantitated using a fluoremeter (λ = 521 nm).

Caspase 3 and BCL-2 activation
Caspase 3 act ivat ion and BCL-2 expression were 
quantitated using the Human Apoptosis Cytometric 
Bead Array kit from Becton Dickinson, Franklin Lakes, 
NJ. The experiments were conducted according to the 
kit instructions. Briefly, bead populations with distinct 
fluorescent intensities were coated with antibodies specific 
for activated caspase 3 and BCL-2. The capture beads, 
sample lysates, and PE-conjugated detection reagent were 
incubated together to form sandwich complexes. After 
washing, the beads were run through a flow cytometer 
to generate MFI data, which was then analyzed with 
Becton Dickinson CBA Analysis Software. Sample data 
was normalized with specific protein standards to provide 
quantification of  the proteins of  interest.

Confocal microscopy
Cells were grown on Collagen I-coated tissue culture 
inserts (BD Biosciences) to 50%-75% confluency. After 
cell permeabilization and intracellular staining, the inserts 
were mounted on glass slides with coverslips. Images 
were obtained on a Zeiss LSM510 META advanced laser 
scanning confocal microscope (LSCM). Approximately 
50 separate images were obtained at 0.5-0.6 micron 
increments for X-Z axis reconstruction.

Statistical analysis
Data is presented as the mean ± SE and analyzed using 
Student’s t test. Significance is defined as P < 0.05.

RESULTS
Global Caspase Activation Assay
To determine the effect of  MHC class Ⅱ crosslinking at 
the cell surface on the activation of  caspases, we cultured 
the gastric epithelial cell line N87 in the presence of  100 
kU/L IFNγ for 48 h to induce the upregulation of  surface 
MHC class Ⅱ. Cells were then rested in serum containing 
medium alone for 2 d prior to bacterial and antibody 
treatment. Cells pretreated with antibody were exposed 
to RFD1 (10 mg/L) for 30 min prior to the addition of  
H pylori. Camptothecin (10 μmd/L) was used as a positive 
control for caspase activation and an isotype antibody, 
which had no effect on the cells, was another control.  
After 24 h of  infection, crosslinking MHC class Ⅱ prior 
to the addition of  H pylori significantly (P < 0.05) reduced 
global caspase activation compared to H pylori infected 
samples with no pretreatment (Figure 1). 

Apoptosis Cytometric Bead Array
Caspase 3 is an effector caspase whose activation is central 
in the apoptosis pathway triggered by Fas trimerization.  
To specifically examine the activation of  caspase 3 as a 
result of  MHC class Ⅱ ligation versus crosslinking, we 
used a cytometric bead array that incorporates antibodies 
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to the activated form of  caspase 3. At 4 and 8 h treatment 
of  IFNγ-treated N87 cells, crosslinking MHC class Ⅱ
with biotinylated anti-MHC class Ⅱ IgG antibodies L243 
and IVA12 resulted in a reduced activation of  caspase 
3 activation compared to ligating MHC class Ⅱ with 
unbiotinylated cocktail. After 4 h of  treatment, ligation 
of  MHC class Ⅱ resulted in a 103% increase in caspase 3 
activation compared to a 33% increase after crosslinking.  
At 8 h of  treatment, crosslinking MHC class Ⅱ resulted in 
a negligible increase in caspase 3 activation compared with 
control, while ligation with the antibody cocktail increased 
caspase 3 activation by 33% over control (untreated) 
samples (Figure 2). 

The expression of  the anti-apoptotic BCL-2 molecule 
was measured simultaneously with caspase 3 activation. As 
crosslinking of  MHC class Ⅱ resulted in reduced activation 
of  the pro-apoptotic caspase 3 compared to MHC class 
Ⅱ ligation, MHC class Ⅱ crosslinking but not ligation 
produced an increase in the expression of  BCL-2. MHC 
class Ⅱ crosslinked samples showed a 169% increase over 
control in BCL-2 expression at 4 h treatment. After 8 h 
treatment, the MHC class Ⅱ crosslinked samples contained 
over 30 ng/L of  BCL-2 while the untreated and MHC 
class Ⅱ ligated samples had no detectible BCL-2 (Figure 3).

Confocal microscopy analysis of FADD recruitment
Fas aggregation induces the recruitment of  the adapter 
protein Fas-associated death domain (FADD) to the 
cytoplasmic tail of  Fas. To determine whether MHC class 
Ⅱ crosslinking affects FADD recruitment, we did confocal 
microscopy in gastric epithelial cells treated with anti-
Fas with and without pretreatment with anti-MHC class 
Ⅱ. N87 cells were treated with 100 kU/L IFNγ for 48 h 
to increase the surface expression of  MHC class Ⅱ and 
Fas. Cells were then seeded onto filter inserts with media 
alone for 24 h before treatment. Prior to permeabilization, 
fixation, and staining, samples were A: left untreated 
(control), B: treated for 1 h with the anti-Fas IgM clone 
IPO-4 or C: pretreated with the anti-MHC class Ⅱ IgM 
clone RFD1 for 30 min prior to adding IPO-4. After 
washing, the cells were then permeabilized and fixed to 
allow staining of  intracellular FADD. The filter inserts 
were then mounted onto slides and immediately visualized 
with a confocal microscope. The large square panel 
represents an X-Y axis “top-down” perspective on the 
adherent N87 cells. The top and side rectangular panels 
in each figure represent X-Z axis reconstructions, which 
provide an elevation view of  the apical and basolateral 
sides of  the cell section (Figure 4).

DISCUSSION
Apoptosis accounts for most of  the cell loss in the 
gastrointestinal tract[9]. Because cellular turnover rate in the 
gut epithelium is so high, disturbances in the homeostasis 
of  cell proliferation and cell death can potentially 
lead to disease states. If  apoptosis were induced at a 
higher rate than new cell generation, tissue atrophy and 
ulceration might occur. Conversely, downregulation or 
blocking of  apoptotic pathways might result in neoplasia.  
Furthermore, it is possible that hyperplasia is a response 
to pro-apoptotic stimuli or that increased apoptosis results 
from an induced hyperproliferative stimulus[10]. These 
potential scenarios, and the molecular dynamics responsible 

Figure 1  Total caspase activation detected using a colorometric assay. (means of 
the treatments / control (untreated) samples.
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for them, become particularly important when considering 
the divergent clinical manifestations of  H pylori infection.  
Two clinical observations support the concept of  mutually 
exclusive disease states resulting from a disturbance in the 
delicate balance between apoptosis and proliferation of  the 
mucosal epithelium. The first stems from multiple studies 
that demonstrated patients exhibiting duodenal ulcers 
have a lower risk of  developing gastric cancer[11,12]. The 
second suggests an inverse association between H pylori 
infection and esophageal adenocarcinoma[13,14]. Although 
these correlations continue to be scrutinized, clearly, any 
factor affecting the apoptotic levels within or causing the 
formation of  ulcerative or neoplastic epithelial tissue is 
critical in influencing the ultimate disease state. Therefore, 
the divergent and somewhat mutually exclusive nature 
of  H pylori disease pathology provides a strong incentive 
to elucidate the epithelial receptors for H pylori during 
infection, and to investigate results of  receptor ligation 
and crosslinking on host cell apoptosis.      

The apoptosis-inducing effect of  H pylori on gastric 
epithelial cells has been thoroughly demonstrated[4-7,10,15-18]. 
Furthermore, our group’s findings demonstrated that 
MHC class Ⅱ not only binds H pylori, but also can initiate 
signals affecting apoptotic pathways. It suggests an 
important role for this molecule in influencing H pylori 
pathogenesis. The literature offers conflicting reports on 
the apoptotic vs anti-apoptotic effects of  MHC class Ⅱ 
binding. More specifically, there are opposing reports on the 
effect of  MHC class Ⅱ ligation on the Fas death pathway 
in mouse and human B cells[19,20]. Previous studies from our 
group have revealed that signals induced by the long term 
(72 h) crosslinking of  MHC class Ⅱ are pro-apoptotic[4,5]. 
However, the results we have reported here indicate that 
crosslinking of  MHC class Ⅱ can induce anti-apoptotic 
effects at time points less than 24 h. Furthermore, we have 
demonstrated the ability of  MHC class Ⅱ crosslinking to 
inhibit a key component of  the Fas death pathway. Our 
findings that MHC class Ⅱ crosslinking inhibits H pylori-
induced caspase activation, that ligation vs crosslinking 
of  MHC class Ⅱ has differential effects on apoptotis-
associated molecules, and that MHC class Ⅱ crosslinking 

inhibits FADD recruitment are intriguing because of  
their potential role in the divergent pathophysiologic host 
response to this human pathogen. By acting as a bacterial 
receptor, as well as modulating the important apoptotic 
processes during infection, MHC class Ⅱ becomes a 
critically important molecule in the context of  H pylori 
pathogenesis. Nonetheless, it is important to continue to 
study all GEC surface molecules that have the potential 
to influence the signal events initiated by H pylori binding.  
There is significant evidence that other surface molecules 
in addition to MHC class Ⅱ are capable of  binding H 
pylori; there have been numerous studies demonstrating 
the role of  Lewis b (Leb) blood group antigen in H pylori 
adherence to the epithelium[22,23]. More recently, it has been 
suggested that the dimeric form of  the trefoil protein 
TFF1 avidly binds H pylori[24]. The implications of  each of  
these findings in the physical interaction between bacterium 
and host is important because of  the need to understand 
the molecules responsible for bacterial adhesion. They are 
also important because of  the possibility that a particular 
bacterial receptor influences the downstream signal 
transduction events initiated when H pylori binds to a 
secondary receptor, or activates a death receptor.

Deciphering the complexity of  H pylori pathogenesis in 
order to reduce its contribution to human gastric disease 
will require continued investigation into the interactions 
between bacterial receptors and their effects on the host 
epithelial cell homeostasis.
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Abstract
AIM: To study the effects of hepat ic ischemia/
reperfusion (I/R) injury on store-operated calcium 
channel (SOC) currents (ISOC) in freshly isolated rat 
Kupffer cells, and the effects of Ca2+ channel blockers, 
2-aminoethoxydiphenyl borate (2-APB), SK&F96365, 
econazole and miconazole, on ISOC in isolated rat Kupffer 
cells after hepatic I/R injury. 

METHODS: The model of rat hepat ic I/R injury 
was established. Whole-cell patch-clamp techniques 
were performed to investigate the effects of 2-APB, 
SK&F96365, econazole and miconazole on ISOC in isolated 
rat Kupffer cells after hepatic I /R injury. 

RESULTS: I/R injury significantly increased ISOC from 
-80.4 ± 25.2pA to -159.5 ± 34.5pA (bP < 0.01, n = 30). 
2-APB (20, 40, 60, 80, 100 µmol/L), SK&F96365 (5, 10, 
20, 40, 50 µmol/L), econazole (0.1, 0.3, 1, 3, 10 µmol/L) 
and miconazole (0.1, 0.3, 1, 3, 10 µmol/L) inhibited ISOC 
in a concentration-dependent manner with IC50 of 37.41 
µmol/L (n = 8), 5.89 µmol/L (n = 11), 0.21 µmol/L (n 
= 13), and 0.28 µmol/L (n = 10). The peak value of ISOC 
in the I-V relationship was decreased by the blockers in 
different concentrations, but the reverse potential of ISOC 
was not transformed.

CONCLUSION: SOC is the main channel for the influx 
of Ca2+ during hepatic I/R injuries. Calcium channel 
blockers, 2-APB, SK&F96365, econazole and miconazole, 

have obviously protective effects on I/R injury, probably 
by inhibiting Isoc in Kupffer cells and preventing the 
activation of Kupffer cells.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
In clinical practice of  hepatobiliary surgery, various factors, 
such as shock, inflammation, hepatic trauma, operation of  
liver and biliary tract (in case of  necessities of  interrupting 
hepatic portal vein), liver transplantation, are mutually 
related to common pathophysiological procedures, named 
hepatic ischemia/reperfusion (I/R) injury. Kupffer cells 
play an important role in hepatic I/R injury, hepatic I/R 
injury can be relieved when Kupffer cells are inactivated, 
and store-operated Ca2+ channels (SOC) are present both 
in almost all non-excitable cells and in some excitable 
cells[1-4], but there is no report about SOC in Kupffer cells. 
2-APB, SK&F96365, econazole and miconazole have 
been used as the blockers of  SOC in many cells. In the 
present study, we investigated the effects of  hepatic I/R 
injury on store-operated calcium channel currents (Isoc) 
in freshly isolated rat Kupffer cells, and the effects of  
calcium channel blockers, 2-APB, SK&F96365, econazole 
and miconazole on Isoc in isolated rat Kupffer cells after 
hepatic I/R injury.

MATERIALS AND METHODS
Materials
Male Sprague Dawley rats (Shanghai Institutes for 
Biological Sciences, Chinese Academy of  Sciences), 
weighing 200-300 g, were used in all experiments. 
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Thapsigargin was obtained from Alexis Company. 
2-aminoethoxydiphenyl borate (2-APB), SK&F96365 
were obtained from Merck KcaA (Darmstadt, Germany). 
Collangenase IV, HEPES, EGTA, trypan blue, econazole, 
miconazole, CsCl, CsOH and the other chemicals were 
from Sigma (USA). The pipette solution contained 120.0 
mmol/L CsCl, 1.0 mmol/L MgCl2, 10.0 mmol/L EGTA, 
10.0 mmol/L HEPES, 2 µmol/L thasigargin, pH 7.3 
(adjusted with CsOH). The bath solution contained 145 
mmol/L NaCl, 2.8 mmol/L KCl, 10.0 mmol/L CaCl2, 1.0 
mmol/L CSCl, 2.0 mmol/L MgCl2, 10.0 mmol/L glucose, 
10.0 mmol/L HEPES, pH 7.3 (adjusted with NaOH). 
Ca2+-Mg2+-free Krebs-ringer-HEPES buffer solution 
contained 5 mmol/L KCl, 1 mmol/L KH2PO4, 115 
mmol/L NaCl, 25 mmol/L HEPES, 0.5 mmol/L EGTA, 
pH 7.3 (adjusted with NaOH).

Hepatic I/R injury model
The model of  rat partial hepatic I/R injury was established 
according to the procedures reported by Colletti et al[5] 

with minor modifications. Briefly, adult animals were 
anesthetized with pentobarbital sodium (50 mg/kg) and 
heparinized (1 U/g) via an intraperitoneal injection. A 
midline laparotomy was performed, then an atraumatic 
clip was used to interrupt the arterial and portal venous 
blood supply to the cephalad three lobes of  liver. After 20 
min for hepatic ischemia, the clip was removed followed 
by 40 min for hepatic reperfusion. Sham-operated control 
animals were treated in an identical fashion with the 
omission of  vascular occlusion.

Cell preparation
Rat kupffer cells were enzymatically isolated from SD rats. 
Briefly, after the model was achieved, the portal vein and 
inferior vena cava were cannulated. The liver was initially 
perfused at a flow rate of  20-30 mL/min with a constant-
flow system with modified oxygenated Ca2+-Mg2+-free 
Krebs-ringer-HEPES buffer solution (37℃) for about 5 
min, followed by Krebs-ringer-HEPES buffer solution 
(37℃) containing collagenase IV for 10 min. After the 
perfusions, cephalad three lobes of  the liver were excised 
and minced in Ca2+-Mg2+-free Krebs-ringer-HEPES 
solution (37℃) for 20 min. The cells were filtered through 
a 200 µm nylon mesh, and washed by centrifugation at 
700 g for 7 min. Then we reserved sediment and poured 
about 20-30 mL PBS into the sediment, washed it by 
centrifugation at 50 g for 4 min, reserved supernatant and 
washed it by centrifugation at 700 g for 5 min, plated the 
sediment on glass cover-slips and incubated it at 37℃ in 
DMEM for 1-2 h. Then the cells were washed 3-5 times 
with the bath solution. The cells attached to the bottom of  
glass cover-slips were kupffer cells. The spherical, smooth 
cells were used for the whole-cell patch-clamp studies. 
All experiments were performed at room temperature 
(20-24℃).

Electrophysiological recordings
An automatic micropipette puller (Model P-97, Sutter 
Instruments, Novato, CA) was used to pull the electrodes. 
The resistance of  the capillary glass electrodes (GG217, 

Would Precision, USA) used was 4-8 MΩ when filled with 
internal solution. An Axopatch 200B amplifier (Axon 
Instruments, USA) was used to record whole-cell currents 
with the filter set at 3 kHz, digitized at 5 kHz. The 
protocol of  a series of  depolarizing pulses from a holding 
potential of  0 mV to different membrane potentials (-120 
mV to +80 mV) with a 20 mV increment was used for 
voltage clamp. Data analysis was performed using software 
(pCLAMP9.0, Axon Instruments, USA). The data were 
stored in computer for subsequent analysis. The blockers 
were added to the place around the cells with a rapid 
solution changer to investigate their effects on Isoc. 

Statistical analysis
All values were expressed as mean ± SD. Appropriate t-test 
was used for the statistical analysis. aP < 0.05 and bP < 
0.01 were considered statistically significant and apparently 
significant respectively. 

RESULTS
Viability of isolated rat Kupffer cells
The isolated Kupffer cells showed polymorphism with 
typical polygon-like and star-like shapes. The purity and 
adhesion rate were 85% and 39.4%, respectively. The 
viability was over 80%. The isolated rat Kupffer cells were 
suitable for whole-cell patch clamp technique.

Isoc in isolated rat Kupffer cells 
After the whole-cell configuration was established, cell 
membrane potential was clamped at 0 mV, and different 
test potentials from -120 to +80 mV with a 20 mV 
increment at a frequency of  0.2Hz were applied. Following 
break-in, the currents in ischemia/reperfusion group 
(-159.5 ± 34.5 pA, n = 30) were greater than those in 
sham-operated control group (-80.4 ± 25.2 pA, n = 30) 
at the test potential of  -100 mV (bP < 0.01, Figure 1). 

Figure 1  Whole-cell currents measured at the test potential from -120 mV to + 80 
mV in sham-operated control (A) and in rats with ischemia/reperfusion injuries (B).
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But the I-V curve relation and reversal potential were not 
transformed (Figure 2).

Effects of 2-APB on Isoc
In order to observe the effects of  2-APB on Isoc, 2-APB 
with different concentrations (20, 40, 60, 80, 100 µmol/L) 
was respectively added to periphery of  Kupffer cells after 
the whole cell configuration was established. According 
to the whole-cell currents at the test potential of  -100mV 
(Table 1), Isoc was blocked by 2-APB in a concentration-
dependent fashion with the IC50 of  37.41 µmol/L. But 
the I-V curve relation and reversal potential were not 
transformed (Figure 3A).

Effects of SK&F96365 on Isoc 
In order to observe the effects of  SK&F96365 on Isoc, 
SK&F96365 with different concentrations (5, 10, 20, 40, 50 
µmol/L) was respectively added to periphery of  Kupffer 
cells after the whole-cell configuration was established. 
According to the whole-cell currents at the test potential 
of  -100mV (Table 2), Isoc was blocked by SK&F96365 in 
a concentration-dependent fashion with the IC50 of  5.89 
µmol/L. But the I-V curve relation and reversal potential 
were not transformed (Figure 3B). 

Effects of econazole on Isoc 
In order to observe the effects of  econazole on Isoc, 
econazole with different concentrations (0.1, 0.3, 1, 3, 10 
µmol/L) was respectively added to periphery of  Kupffer 
cells after the whole-cell configuration was established. 
According to the whole-cell currents at the test potential 
of  -100 mV (Table 3), Isoc was blocked by econazole in 
a concentration-dependent fashion with the IC50 of  0.21 
µmol/L. But the I-V curve relation and reversal potential 
were not transformed (Figure 3C).

Effects of miconazole on Isoc 
In order to observe the effects of  miconazole on Isoc, 
miconazole with different concentrations (0.1, 0.3, 1, 3, 10 
µmol/L) was respectively added to periphery of  Kupffer 
cells after the whole-cell configuration was established. 
According to the whole-cell currents at the test potential 
of  -100 mV (Table 4), Isoc was blocked by miconazole in 
a concentration-dependent fashion with the IC50 of  0.28 
µmol/L. But the I-V curve relation and reversal potential 
were not transformed (Figure 3D).

DISCUSSION
In this study, a rat hepat ic I/R injur y model was 
established. Kupffer cells were isolated and Isoc in Kupffer 
cells were detected. 
    Isoc can be activated by two ways, one is active way 

Table 1  Effects of 2-APB on Isoc at the test potential of -100 
mV (mean ± SD, n  = 8)

Group (µmol/L)     Peak current (pA)            t         Inhibitive rate (%)
Control                          -227.8 ± 68.5
2-APB (20)                    -139.6 ± 52.9b                     7.6                   39.0 ± 10.3
2-APB (40)                    -109.6 ± 36.4b                     6.2                   50.8 ± 12.2
2-APB (60)                      -88.1 ± 37.6b                     6.7                   61.0 ± 15.1
2-APB (80)                      -72.4 ± 37.1b                     6.8                   67.7 ± 15.1
2-APB (100)                    -57.8 ± 33.4b                     6.9                   73.7 ± 14.3

bP < 0.01 vs control.

Table 2  Effects of SK&F96365 on Isoc at the test potential of 
-100 mV (mean ± SD, n  = 11)

Group (µmol/L)      Peak current (pA)            t        Inhibitive rate (%)
Control                           -161.7 ± 58.7
SK&F96365 (5)                 -82.6 ± 29.5b                    5.3                 46.1 ± 17.3
SK&F96365 (10)               -57.0 ± 24.9b                    6.1                 61.2 ± 20.5
SK&F96365 (20)               -47.1 ± 20.5b                    6.5                 67.2 ± 19.5
SK&F96365 (40)               -35.6 ± 15.4b                    7.1                 74.8 ± 15.2
SK&F96365 (50)               -25.3 ± 11.9b                    7.7                 82.1 ± 11.0

bP < 0.01 vs control.

Table 3 Effects of econazole on Isoc at the test potential of 
-100 mV (mean ± SD, n  = 13) 

Group (µmol/L)        Peak current (pA)             t      Inhibitive rate (%)
Control                             -147.2 ± 35.7
econazole (0.1)                  -83.5 ± 22.8b                      6.7                  42.0 ± 15.1
econazole (0.3)                  -64.7 ± 18.9b                      8.7                  54.6 ± 14.7
econazole (1)                     -56.6 ± 19.9b                      9.8                  60.7 ± 13.7
econazole (3)                     -47.9 ± 18.2b                    10.3                   66.5 ± 13.5
econazole (10)                   -39.9 ± 15.9b                    11.1                   71.9 ± 12.6

bP < 0.01 vs control.

Table 4 Effects of miconazole on Isoc at the test potential of 
-100 mV (mean ± SD, n  = 10)

Group (µmol/L)       Peak current (pA)             t       Inhibitive rate (%)
Control                              -133.2 ± 32.0
miconazole (0.1)                 -86.4 ± 31.7b                   7.1                  35.6 ± 14.9
miconazole (0.3)                 -63.8 ± 23.4b                 10.7                  52.3 ± 10.0
miconazole (1)                    -45.9 ± 13.1b                   9.2                  64.5 ± 10.6
miconazole (3)                    -36.8 ± 11.4b                   9.9                  71.3 ± 10.2
miconazole (10)                  -29.7 ± 10.5b                   9.9                   76.5 ± 9.4

bP < 0.01 vs control.

Figure 2  I-V curve of whole-cell currents measured at -100 mV test potential. bP < 
0.01 vs sham-operated control ( ) ( I/R).
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induced by IP3
[6-8], and the other way is EGTA induced by 

thasigargin[9]. The latter was chosen in our study.
    Hepatic I/R injury can cause calcium overload in 
liver cells [10-12]. Kupffer cells are considered to play a 
major role in hepatic I/R injury. The hepatic partial I/R 
process leads to activation of  kupffer cells in ischemic 
and nonischemic areas of  the liver, superoxide generation 
and proinflammatory cytokine production in Kupffer 
cells [13]. An excess of  reactive oxygen species (ROS) 
is generated by Kupffer cells activated during hepatic 
I/R injuries. All these events cause pathophysiological 
changes initiating a cascade of  hepatocellular injury, 
necrosis, apoptosis, and subsequent inflammation[14-16]. 
Inhibiting activation of  Kupffer cells can relieve hepatic 
I/R injuries. Calcium overload is one of  the important 
reasons for activation of  Kupffer cells. In our study, I/R 
injuries could significantly increase Isoc of  the Kupffer 
cells, suggesting that SOC has a close relation with hepatic 
I/R injuries and is the main channel for the influx of  
Ca2+ during calcium overload. Broad et al[17] showed that 
phospolipase C and polyphosphoinositides can activate 
capacitative calcium entry (CCE). Recent findings indicate 
that receptor-mediated activation of  phospholipase C in 
intact cells activates TRPC3 diacylglycerol production, 
independently of  G proteins, protein kinase C, or inositol 
1, 4, 5-trisphosphate[18]. The last source of  ion channel 
is the transient receptor potential (TPR) channel family, 
which forms non-selective cations[19] all these indicate 
that hepatic I/R injuries activate phospholipase C which 
induces activation of  store-operated calcium channels or 
TRPC3 channels, finally leading to calcium overload of  
Kupffer cells which could exacerbate hepatic I/R injuries.
    Sequentially, Isoc of  Kupffer cells after hepatic I/
R injuries could be blocked by 2-APB, SK&F96365, 
econazole and miconazole in a concentration-dependent 
fashion.

    2-APB has the restraint effect on Isoc in many 
kinds of  cells [20,21] and is a blocker of  SOC and TRP 
channels[22-24]. Our data have shown that Isoc of  Kupffer 
cells after hepatic I/R injuries is blocked by 2-APB in a 
concentration-dependent fashion from 20 µmol/L to 
100 µmol/L. 2-APB inhibits SOC by IP3 way[25,26]. Recent 
studies indicate that 2-APB may act as a direct blocker 
rather than as an IP3 receptor antagonist while Icrac 
activity is rapidly blocked by extracellular 2-APB, but not 
by intracellular 2-APB[27-30]. Furthermore, Broad et al[17] 
showed 2-APB abolishes CCE induced by thapsigargin 
even in DT40 cells deficient for all isoforms of  IP3 
receptor, consistent with a direct action of  2-APB on the 
SOC themselves. Our data also suggest that 2-APB may 
act as a direct blocker for SOC. Therefore, 2-APB protects 
Kupffer cells against being activated after hepatic I/R 
injuries by blocking Isoc.
    SK&F96365 could block Isoc in many cells such as 
HL-60 cells, thyroid gland FRTL-5 cells, thrombocytes 
as well as voltage-dependent Ca2+ channels (VDCCs) in 
GH3 pituitary cells and smooth muscle cells[31], suggesting 
that SK&F96365 can be used as a blocker of  SOC in non-
excited cells without VDCCs. VDCCs have been proved to 
be Kupffer cells, but Ca2+ current induced by EGTA and 
thapsigargin could not be blocked by verapamil (a kind of  
blocker of  VDCCs). In our study, Isoc of  Kupffer cells 
after hepatic I/R injuries was blocked by SK&F96365 in 
a concentration-dependent fashion. The mechanism is 
not completely clear. Since SK&F96365 could block two 
different channels, SOC and VDCCs, it may act on the 
SOC directly.
    Econazole and miconazole decrease intracellular calcium 
levels after activation of  SOC channels[32] and block Isoc 
in Jurkat T-cells, HL-60 leukocytes, HEL cells, etc. Our 
data demonstrate that Isoc of  Kupffer cells after hepatic 
I/R injuries is blocked by econazole and miconazole in a 

Figure 3  I -V curve of whole-cel l 
currents at -100 mV test potential 
affected by 2-APB (A) ( I/R, 20 µmol/
L,  40 µmol/L, 60 µmol/L, 80 µmol/L, 

100 µmol/L), SK&F96365 (B) ( I/R, 
5 µmol/L, 10 µmol/L, 20 µmol/L, 
40 µmol/L,  50 µmol/L), econazole (C) 
and (  I/R, 0.1 µmol/L, 0.3 µmol/L, 

1 µmol/L, 3 µmol/L, 10 µmol/L), 
miconazole (D) in a concentration-
dependent inhibiting fashion ( I/R, 0.1 
µmol/L, 0.3 µmol/L, 1 µmol/L, 3 
µmol/L,  10 µmol/L).
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concentration-dependent fashion.
    In conclusion, hepatic I/R injuries can activate Kupffer 
cells, probably by increasing Isoc in Kupffer cells and 
activated Kupffer cells exacerbate hepatic I/R injuries. 
2-APB, SK&F96365, econazole and miconazole can 
inhibit Isoc of  Kupffer cells after hepatic I/R injuries in 
a concentration-dependent fashion. They have obvious 
protective effects on I/R injury, probably by inhibiting 
Isoc of  Kupffer cells and preventing activation of  Kupffer 
cells.
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while the specificity of the functional histamine release 
to accurately recognise tolerated foodstuffs was found to 
be 78.6%. In comparison with the outcome of blinded 
food challenge tests, sensitivity and specificity of history 
(30.8% and 57.1%), skin tests (47.4% and 78.6%) or 
antigen-specific serum IgE determinations (57.9% and 
50%) were found to be of lower diagnostic accuracy in 
gastrointestinally mediated allergy.

CONCLUSION: Functional testing of the reactivity of 
colorectal mucosa upon antigenic stimulation in patients 
with gastrointestinally mediated allergy is of higher 
diagnostic efficacy.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal complaints after the ingestion of  certain 
foodstuffs often pose diagnostic problems in various 
clinical situations such as food hypersensitivity, enzyme 
deficiencies, irritable bowel syndrome, inflammatory 
bowel disease, dyspepsia, eosinophilic gastroenteritis and 
several others. However, identification of  immunologically 
mediated food hypersensitivity at the gastrointestinal 
level remains problematic, since skin tests and allergen 
specific serum IgE detection (e.g. RAST) may fail to 
show clear signs of  food-specific sensitisation[1-5] and 
do not necessarily indicate symptomatic food allergy. 
This is also valid for functional tests using blood cells 
(basophil histamine, or leucotriene release), lymphocyte 
transformation tests or measurement of  mediators in 
blood or serum[6-8]. Oral provocation, referred to as the 
‘gold standard’ for food allergy diagnosis, is both time 
consuming and cost intensive, may put the patient at a 
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Abstract
AIM: This study evaluated colorectal mucosal histamine 
release in response to blinded food challenge-positive 
and -negative food antigens as a new diagnostic 
procedure.

METHODS: 19 patients suffering from gastrointestinally 
mediated allergy confirmed by blinded oral provocation 
were investigated on grounds of their case history, skin 
prick tests, serum IgE detection and colorectal mucosal 
histamine release by ex vivo  mucosa oxygenation. 
Intact tissue particles were incubated/stimulated in 
an oxygenated culture with different food antigens 
for 30 min. Specimens challenged with anti-human 
immunoglobulin E and without any stimulus served as 
positive and negative controls, respectively. Mucosal 
histamine release (% of total biopsy histamine content) 
was considered successful (positive), when the rate of 
histamine release from biopsies in response to antigens 
reached more than twice that of the spontaneous 
release. Histamine measurement was performed by 
radioimmunoassay.

RESULTS: The median (range) of spontaneous 
histamine release from colorectal mucosa was found 
to be 3.2 (0.1%-25.8%) of the total biopsy histamine 
content. Food antigens tolerated by oral provocation did 
not elicit mast cell degranulation 3.4 (0.4%-20.7%, P  = 
0.4), while anti-IgE and causative food allergens induced 
a significant histamine release of 5.4 (1.1%-25.6%, P  
= 0.04) and 8.1 (1.5%-57.9%, P  = 0.008), respectively. 
12 of 19 patients (63.1%) showed positive colorectal 
mucosal histamine release in accordance with the 
blinded oral challenge responding to the same antigen (s), 
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more or less severe risk, allows only one food to be tested 
per day, is often difficult to evaluate and is without doubt 
an unpopular and irritating procedure for the patient[1,5,8].

Consequently, different methodical approaches have 
emerged for the improvement and acceleration of  the 
cumbersome diagnostic way to identify patients with 
food allergy primarily involving the gastrointestinal 
tract. Already in 1942, 1984 and 1997, direct endoscopic 
observation has repeatedly been claimed to be of  
diagnostic value for recognition of  food allergy when 
antigenic solutions were applied to the intest inal 
mucosa[9-11]. However, direct endoscopic evaluation of  
allergen application and endoscopic or fluoroscopic 
balloon perfusion techniques harbour similar disadvantages 
to those experienced in oral provocation tests. All of  
these tests require special conditions with strict medical 
supervision because of  the risk of  allergic reactions in vivo 
during endoscopy or allergen perfusion[10-12]. Only a few 
allergens can be tested during one examination and, in 
case of  an endoscopic allergen injection, the endoscopic 
procedure is prolonged by at least 20 min, providing a 
higher risk of  procedure-related complications, bacterial 
translocation and discomfort to the patient[10-14]. Finally, 
the outcome of  these endoscopic methods and the results 
obtained from double-blind, placebo-controlled food 
challenge procedures have never been directly compared 
on a scientific basis. Nevertheless, this is absolutely 
necessary for an appropriate evaluation in routine practice 
with respect to their diagnostic effectiveness[1,5,8]. 

Another possibility to identify food allergy at the 
gastrointestinal tract was described in 1989. Baenkler et al 
used endoscopically taken samples from the duodenum to 
show antigen-induced histamine release ex vivo[15,16]. Since 
many patients with suspected gastrointestinally mediated 
allergy (GMA) have to undergo endoscopic procedures 
for differential diagnostic reasons, this approach has the 
advantage that the principle demonstration of  a food-
induced mediator release can be performed outside of  
the patient, thus avoiding the risk of  allergic reactions 
in vivo. In addition, several food antigens can be tested 
simultaneously without further burden to the patient[15-17]. 
However, performance of  functional histamine release 
experiments requires certain laboratory equipment and, 
initially, should be compared with the ‘gold standard’ for 
food allergy diagnostics before introducing this approach 
into clinical practice. 

Similar to Baenkler’s approach using duodenal mucosa, 
functional histamine release should also be expected from 
mucosa of  other regions of  the intestine[15-17], provided 
that these tissue samples contain large enough numbers 
of  (mucosal) mast cells. However, ex vivo histamine release 
from viable tissue samples of  the lower gastrointestinal 
tract in response to nutritive antigens has not yet been 
studied together with the standardised in vivo oral challenge 
tests in order to provide a direct comparison of  the two 
diagnostic methods. For this reason, this study investigated 
the rate of  histamine release from colorectal mucosal 
samples in a group of  patients with proven food allergy 
and compared the results of  ex vivo mucosa oxygenation 
with the outcome of  standardised blinded oral provocation 
tests.

MATERIALS AND METHODS
Patients 
A total of  19 patients (7 male, 12 female; median age 38.0, 
range 19-51 years) were included in this study (Tables 1 
and 2). All patients gave their informed consent and the 
study protocol was approved by the local ethics committee 
(No. 331). All patients (100%) reported abdominal 
symptoms, nausea, pain, vomiting and/or diarrhoea (98%) 
after certain meals, while postprandial extraintestinal 
signs of  allergy such as skin reactions, asthma bronchiale 
and allergic rhinoconjunctivitis occurred only in a small 
percentage of  patients (32%). Every patient was assessed 
on grounds of  their history and detailed skin prick tests of  
environmental allergens (moulds, fibres, bacteria, pollen, 
dust) and food allergens (fish, fruit, vegetables, grains and 
different types of  wholemeal, flour, bran, tea, coffee, eggs, 
milk, and cheese). Serum IgE detection of  the putative 
allergens was performed according to the patients’ history 
or skin tests (Tables 1 and 2). In the case of  uncertainties 
about non-tolerated foods, tests were conducted for basic 
foodstuff. Case history, skin test reactions and RAST 
results were then compared with the outcome of  oral 

Table 1  Patient data, allergens used for oral provocation, 
colorectal mucosal histamine release, skin prick test, serum IgE 
detection (RAST test), and patient’s history 

Pat.                Oral       Colorectal    Skin   RAST  
No.     Sex   Age   Allergen   provocation       HR        test    IgE    H

1WT     F     44       Cheese  +    +           -          +      ?
                Rye bran   -     - +         + ?
2DF      F     49       House dust  +    + +         + ?
                Rye pollen   -    +  -          + ?
3OL      M     41       Soya flour  +    + +         + +
                Rye flour   -     -  -          + ?
4CG      M     23       Rye flour  +    +  -           - -
5NA     F     42       Wheat flour  +     - +         + ?
                Soya flour   -     -  -          + ?
6IL        F     43       Wheat bran  +    +  -          + ?
                Barley flour   -     - +          - ?
7GG     F     19       Soya flour  +    + +         + ?
                Wheat flour       -    +  -         + ?
8FJ        F     25       Soya lecithin  +     - +         + +
                Milk   -     -  -          + +
9MR     F                Milk  +     -  -          - -
                Potato   -     -  -          - -
10MB   F     23       Wheat/rye  +     - +         + -
                Egg   -     -  -          - +
11FB     F     51       Wheat flour  +    +  -          + +
12RA   M     38       Spices  +    +  -          - +
                Milk   -     -  -          - +
13KF    M     32       Apple  +    + +         + -
                Potato   -     -  -          - -
14AC   F     40       Nuts  +    +  -          - -
                Maize   -     -  -          + -
15KF    M     38       Nuts  +     - +         + -
16TM   F     28       Nuts  +     -  -          - -
17SJ      F     37       Nuts  +     -  -          - -
18LS     M     44       Nuts  +    +  -          - - 
                Rice   -     -  -          - -
19SL     M     29       Wheat flour  +    + +         - ? 
                Potato   -    + +         - ?

HR: histamine release; no.: number; pat.: patient; H: patients’ history with 
regard to causative allergens and tolerated foodstuff.
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challenge tests.
Food allergy was confirmed in each patient by blinded, 

placebo-controlled food challenge tests (BPCFC) adding 
the putative allergen to a basic diet containing rice, potato, 
oligopeptides (Survimed OPD, Fresenius, Germany) and 
tea. For provocation of  flours (wheat, rye, soya, barley), 
commercially available allergen solutions for skin tests 
were used (Maser, Bochum, Germany). These were applied 
orally, while all other allergens were freshly prepared and 
given to the patients via a nasogastric tube[5,18]. 

BPCFC was performed in a standardised fashion, 
while patients were hospitalised. Food antigen was 
administered in three different doses. Initially, a 1/20 
dilution of  the native allergen solution was administered, 
followed by 1/10 of  the dose 3 h later and finally, a dose 
of  5 mL of  the full strength native allergen solution was 

provided[18,19]. One single food antigen was tested per day. 
Placebo consisted of  an oligopeptide-diet (protein source: 
hydrolysed soybean, Survimed OPD, Germany), which 
was also used for base-line nutrition (minimum: 1800 
kcal/d), in conjunction with a rice-potato diet in order 
to prevent a catabolic state[18,19]. A single blind challenge 
was performed in 42% (patients unaware of  provocation 
protocol), while a double-blind challenge was carried out in 
58% (patients and physicians unaware of  the provocation 
protocol)[18,19]. Blinding of  the food antigens was managed 
by nutritionists, who were responsible for the preparation 
and addition of  the allergens to usually tolerated foodstuff  
or to the oligopeptide solution, respectively. 

Physicians selected the type of  food to be tested either 
on the basis of  the patients’ history, previous results of  
skin prick tests and RAST tests or from a list of  basic 
foodstuff. During the provocation procedure, the patients 
were provided with a peripheral venous line, and all 
medical staff  involved was trained for medical intervention 
in case of  an anaphylactic reaction. For the definition 
of  food allergic reactions, a modified scoring system for 
symptoms was applied[18] and main symptoms of  patients 
evoked by the food challenge are listed in Table 2. 

Food hypersensitivity was diagnosed only when 
food-specific immune events were detected through 
positive skin tests (mean wheal diameter of  3mm or 
greater than negative control[1,9,18,19]), serum RAST-IgE 
(≥ class Ⅱ[8,19]) or through proof  of  intestinal IgE by 
endoscopically guided segmental lavage[18,19] in conjunction 
with a reproducible clinical adverse reaction to the food 
antigen(s) applied[1,5,8,18,19]. During BPCFC, at least one 
reproduction of  an allergen induced clinical reaction and 
one or two placebo challenges were included for every 
patient. Whenever possible, both antigens causing clinical 
symptoms as well as tolerated antigens were applied to the 
patient, or else investigated on grounds of  case history, 
skin tests, RAST and mucosal histamine release. In this 
way, a provocation allergen and a control allergen (Table 1) 
was determined for most patients (14 of  19 patients 74%), 
which enabled the direct comparison of  the mucosal 
histamine release results with those of  the BPCFC.

Before the execution of  food challenge tests, additional 
examinations including endoscopy and histology of  the 
upper and lower gastrointestinal tract were conducted[5,18-20]. 
Patients with macroscopic alterations of  the mucosa or 
with histological signs of  acute inflammation (Crohn’s 
Disease, ulcerative colitis etc) were excluded from the study 
as well as those suffering from other digestive diseases 
(e.g. celiac disease, autoimmunopathy, mastocytosis, 
eosinophilic gastroenteritis etc). 

At least two weeks in advance of  colonoscopy and 
BPCFC, any antiallergenic, immunosuppressive or steroid 
treatments had been discontinued for all patients. Patients 
were prepared for colonoscopy using a commercial 
polyethylenglycol solution. To facilitate colonoscopy, 
benzodiazepins (midazolam, diazepam) and meperidine 
were used at a dose of  2.5-10 mg (midazolam, diazepam) 
and 25-150 mg (meperidine), respectively[20,21].

Colorectal mucosal histamine release
For colorectal mucosal histamine release by mucosa 

Table 2  Clinical symptoms induced by blinded, placebo-
controlled food challenge, atopy status and predominant type 
of allergy according to Coombs and Gell

Atopy status was defined as positive, when history or clinical manifestation 
of the patient gave evidence for milk crust, atopic eczema, asthma 
bronchiale and/or allergic rhino-conjunctivitis. For definition of the allergy 
type,  the most dominant immunological signs were chosen to classify the 
ongoing allergic mechanisms in this population of patients with manifest 
gastrointestinally mediated allergy. However, some patients displayed 
symptoms that suggested more than one definitive type of allergy (see for 
example patient No. 9, 12, 16): Type I allergy (systemic IgE) was recognised 
when positive skin or antigen specific IgE levels were present in serum, type 
I allergy (local IgE) was diagnosed when intestinal lavage fluid contained 
elevated levels of IgE[20]. Type Ⅲ allergy was found in patients no. 9 and 12 
who showed formation of either IgA, IgM and/or IgE  immune complexes 
during or after allergen application by blinded food challenge. Additionally, 
type IV allergy was suspected in patients with heightened serum TNF levels 
during food challenge, and additionally in patient no. 14 who had a positive 
antigen-specific lymphocyte proliferation test.

  Pat. No.  Main symptoms             Atopy   Type of allergy
               status

    1              Diarrhoea, flush, pruritus -         Type I (systemic IgE)
    2              Abdominal pain, loose stools +        Type I (systemic IgE)
                    bloating
    3              Vomiting, diarrhoea  +        Type I (systemic IgE)
    4              Abdominal pain, urticaria -         Type I (local IgE)
    5              Diarrhoea, abdominal pain +        Type I (systemic IgE)
                    dyspepsia, vomiting
    6              Diarrhoea   -         Type I (systemic IgE)
    7              Vomiting, loose stools  +        Type I (systemic IgE)
                    right lower quadrant pain
    8              Profuse watery diarrhoea -         Type I (systemic IgE)
    9              Diarrhoea, bloating, tachy- +        Type III (immune com-
                    cardia             plexes present) or IV (?)
  10              Pruritus, Rhinitis, tachycardia -         Type I (systemic IgE)
                    bloating, diarrhoea
  11              Colitis, diarrhoea, arthragia -         Type I (systemic IgE)
                    rhinitis
  12              Bloody diarrhoea, hypotension, -         Type I (local IgE) and
                    abdominal pain, bloating           /or type III (immune 
              complexes present)
  13              Fever, diarrhoea, hypotension +        Type I (systemic IgE)
  14              Diarrhoea, vomiting, abdominal  -         Type IV (cellular hyper-
                    pain              sensitivity ?)
  15              Bloating, diarrhoea, eosinophilia +        Type I (systemic IgE)
  16              Atopic eczema, diarrhoea, colitis, +        Type I (local IgE) and 
                    abdominal pain             /or type IV (cellular 
               hyper-sensitivity ?)
  17              Rhinitis, vomiting, diarrhoea +        Type I (local IgE)
  18              Diarrhoea, bloating  +        Type I (local IgE)
  19              Eosinophilia, bloating, diarrhoea +        Type I (systemic IgE)
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oxygenation, 138 samples from the left-sided colon were 
obtained from all 19 patients. In 14 of  19 patients (74%), 
10-12 mucosal samples were taken during colonoscopic 
examination. Whenever possible, 8 biopsies (4 repeats) 
were used for mucosa oxygenation and 2-4 for histological 
examination. The biopsies were immediately placed into 
a portable mucosa oxygenator (Intestino-Diagnostics, 
Erlangen, Germany) containing tubes filled with 2000 µL 
of  oxygenated Hank’s solution (pO2 85-95 mmHg, pH 
7.0, 37℃)[16,17,20]. Each incubation medium was bubbled 
with a steady flow of  room air to ensure sufficient oxygen 
pressure inside the biopsy, to facilitate allergen distribution 
into the tissue or mediator release from the tissue and to 
avoid ischemic damage of  the tissue[16,17,20,21].

Histamine release into the culture medium was 
measured at 0, 7.5, 15, and 30 min by removal of  200 µL 
of  the supernatant at each sampling time[17,20,21]. To obtain 
as accurate histamine measurements as possible, each 200 
µL sample was immediately denatured by heating to 95℃ 
for 5 min in order to destroy all histamine metabolising 
enzymes that may have been contained within the drawn 
supernatant[16,17,20,21].

Allergen induced histamine release was achieved 
by addition of  200 µL Hank’s solution containing 5 
µL of  native allergen solution to the culture medium 
at the sampling time of  0 min, thus providing a final 
concentration of  0.01 µg al lergen/mL. The same 
procedure was applied for positive control using anti-
human immunoglobulin E except that 20 µL of  pure anti-
IgE solution (Behringwerke, Marburg, Germany) were 
used for dilution. The final concentration of  anti-human-
IgE was 0.01 µg/mL, which has previously been found to 
be the optimal stimulation concentration[16,17]. For negative 
control (spontaneous mucosal histamine release), only 200 
µL Hank’s solution were added to the culture medium. The 
stimulation procedure of  the 8 samples of  each patient 
was arranged as follows: two samples were studied for 
spontaneous mucosal histamine release (negative control), 
two for anti-IgE induced histamine release (positive 
control), two for a BPCFC-positive allergen (provocation 
allergen) and two for provocation negative, i.e. tolerated 
antigens (control allergen).

After a stimulation period of  30 min, the rest of  
the volume of  1400 µL containing the biopsy (1200 µL 
Hank’s + 200 µL stimulus) was also heated to 95℃ for 
five minutes in order to determine the remaining tissue 
histamine content and to denature tissue histamine 
catabolising enzymes[17,20,21].

Histamine measurement
Histamine was measured using a sensitive and specific 
radioimmunoassay (Histamine RIA, Beckman-Coulter, 
Krefeld, Germany)[17,21,22]. The actual rate of  histamine 
release was expressed as the percentage of  the total tissue 
histamine content of  the biopsy. This was calculated 
from the discharged histamine into the supernatant 
and the remaining histamine content in the tissue at 
the sampling time of  30 min[17,20-22]. Intra-assay and 
inter-assay coefficients of  variation for the histamine 
radioimmunoassay (n > 150 samples) were 6.2% and 8.8% 
for supernatants, and 13.7% and 18.2% for detection of  

the remaining tissue histamine content, respectively. The 
individual rates of  histamine release were found to vary by 
up to 24.0% within the same person.

Histamine content was also measured in native allergen 
solutions to exclude histamine contamination.

Statistical analysis
From each patient, two rates of  histamine release were 
obtained for each of  the parameters spontaneous histamine 
release, anti-IgE, provocation and control allergen. The 
average value for each pair of  release data was calculated 
and used for final statistics as listed in Table 3. 

For descriptive statistics of  the whole group, the 
median and range were chosen. Statistical comparisons 
were made us ing the U - tes t (Wi lcoxon, Mann & 
Whitney) and significance levels are given in brackets. For 
comparison of  the clinical tests, ex vivo biopsy stimulation 
by mucosa oxygenation was considered successful (positive) 
when the antigen containing solution caused an increase 
of  the histamine release up to more than twice that of  the 
spontaneous release. 

RESULTS
Histamine release from colorectal tissue
Spontaneous histamine release from viable colorectal 
mucosal fragments amounted to only 3.2% of  the total 
tissue histamine content, indicating that mast cells are able 

Table 3 Results from colorectal mucosal histamine release (% 
of total tissue histamine content) following ex vivo  mucosa 
oxygenation in patients with GMA

Significance levels: aP = 0.008 vs spontaneous histamine release; bP = 
0.04 vs spontaneous histamine release. HR: histamine release (average 
value from two measurements); no.: number; pat.: patient; anti-IgE: anti-
immunoglobulin E. Control and provocation allergen are allergens, which 
were either tolerated or induced clinical symptoms during blinded oral food 
challenge procedures. Rates of histamine release are expressed as percentage 
(%) of total tissue histamine content. Each release value represents the 
average value from two repeat experiments (two separate biopsies).

Pat.  Spontaneous Control  Provocation
No.   HR          Anti-IgE            Allergen              allergen

  1     1.7        5.4                 3.1         8.7
  2     2.6           12.6                11.5       17.3
  3  3.4         5.2                   4.5         39.1
  4  3.2          6.2                  -             8.8
  5   3.3            6.0                 3.1              3.0
  6  0.5             3.7                 0.9          5.1
  7      4.1              1.6                  8.9         27.6
  8     7.5          2.9                    8.3          3.2
  9         7.0            6.6                   4.9            8.1
10       2.5             3.6                   3.0          4.8
11       0.3            3.6                   -              1.5
12     1.4              7.9                 2.4           11.3
13       5.3               -                     3.7        11.2
14               22.4         25.6                 20.7         57.9
15              25.8         23.0                   -            28.7
16      1.5           -                    -              1.8
17        4.8          9.3                       -              6.7
18       2.9            3.8                 2.8               5.8
19         0.1          1.1                  0.4                2.4
Median:   3.20                     5.40b                      3.40                          8.10a 
(range)     0.1-25.8              1.1-25.6                 0.4-20.7                  1.5-57.9

4702          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      August 7, 2006    Volume 12     Number 29

www.wjgnet.com



to maintain their normal metabolism and their mediators 
within granules during mucosa oxygenation (Table 3). 
Application of  anti-human-IgE induced a clearly enhanced 
rate of  histamine release of  5.4% (P = 0.04) within 30 
min, confirming the functional reactivity of  mucosal 
immune effector-and intestinal mucosal mast cells towards 
IgE-receptor cross-linking[15-17,21,23]. Four of  17 patients 
(23.5%) were found to be unresponsive to the anti-IgE 
concentrations used. Interestingly, these patients had the 
highest rates of  spontaneous histamine release, possibly 
indicating that mast cells had already been degranulated or 
that a high rate of  spontaneous histamine secretion may 
exert some negative feed-back mechanisms on mast cell 
triggering by anti-IgE (Table 3). 

Incubation of  intact colorectal tissue with BPCFC-
negative food antigens did not induce a significant increase 
in histamine release (median increase 1.2 fold; range 
0.6-4.4 fold of  spontaneous mediator release) in patients 
with GMA. Histamine release with control antigens 
amounted to 3.4% and was not statistically different from 
spontaneous histamine release (Table 3).

In contrast, provocation allergens that evoked clinically 
significant reactions in allergic individuals (BPCFC-positive 
food antigens) already induced a 2.6 fold increased rate 
of  histamine release compared to the spontaneous release 
(range 0.9-24 fold) during 30 min of  mucosa oxygenation. 
The percentage of  histamine release in response to 
provocation allergens was 8.1% and significantly different 
from spontaneous histamine release (P = 0.008). 

Colorectal mucosal histamine release in comparison with 
established clinical tests
Colorectal mucosal histamine release was positive in 12 of  

19 patients (sensitivity 63.1%, Table 4), who experienced 
a reproducible clinical reaction in response to the same 
provocation antigen. In contrast, 3 of  14 patients (21.4% 
false positive) discharged significant histamine amounts 
although oral provocation was negative. Control antigens, 
tolerated by the patient during BPCFC, were also found 
to be negative with regard to histamine release in 11 of  14 
patients (specificity 78.6%). 

When comparing established clinical parameters for 
food allergy diagnostics with the outcome from blinded 
provocation tests (gold standard), a lower diagnostic 
accuracy was obtained through reference to patients’ 
history (Table 5), skin test results (Table 6) and allergen-
specific IgE detection in serum (Table 7) than with 
histamine release experiments.

The comparison between patients’ history and 
BPCFC (Table 5) was somewhat impeded, since only 
13 of  19 patients (68.4%) knew their allergen inducing 
clinical symptoms, 7 of  14 patients (50%) with recurrent 
gastrointestinal complaints tried to give exact answers on 
questions about their well tolerated foods, while all other 
individuals had significant uncertainties about adverse 
reactions to or tolerance of  the food antigens tested. 

DISCUSSION
Diagnosis and existence of  gastrointestinal food allergy 
are still a matter of  debate[1,4,5,18]. To date, no exact 
diagnostic and practical relevant means are readily 
available for the gastroenterologist or endoscopist to 
examine the gastrointestinal mucosa for signs of  food 
hypersensitivity, when patients with recurrent episodes 
of  variable gastrointestinal complaints are referred for 
further diagnostics[5,8,10]. One innovative approach for the 
diagnosis of  food hypersensitivity by endoscopy may be 
the use of  a mucosa oxygenation system, which allows 
culturing of  small viable endoscopic samples outside of  

Table 4  Colorectal mucosal histamine release in comparison 
with the outcome of oral provocation tests in patients with 
GMA

  Positive HR         Negative HR    Line sum

Positive BPCFC        12                     7           19
Negative BPCFC         3                   11           14
Column sum       15                   18

HR: histamine release, BPCFC: (double- or single) blinded, placebo-controlled 
oral food challenge. Colorectal mucosal histamine release: Sensitivity 63.1%, 
specificity 78.6%.

Table 5  Patients’ history in comparison with the outcome of 
oral provocation tests in patients with GMA

  Positive H         Negative H Line sum

Positive BPCFC        4                  9                           13
Negative BPCFC        3                  4                            7
Column sum        7                13

H: patients’ history, BPCFC: (double- or single) blinded, placebo-controlled 
oral food challenge. Note: Only 13 of 19 patients (68%) felt confident to 
answer questions concerning suspected provocation antigens, while the 
remaining were uncertain or had no experience of adverse reactions to the 
particular antigen. For evaluation of the specificity of patients’ history, data 
from only 7 patients (37%) were available. Patients’ history: Sensitivity 30.8%, 
specificity 57.1%.

Table 6  Skin prick tests in comparison with the outcome of 
oral provocation tests in patients with GMA

           Positive prick test   Negative prick test     Line sum

Positive BPCFC       9                     10              19
Negative BPCFC       3                     11              14
Column sum     12                     21 

BPCFC: (double- or single) blinded, placebo-controlled oral food challenge
Skin prick test: Sensitivity 47.4%; specificity 78.6%.

Table 7  Allergen-specific serum IgE determinations (RAST test) 
in comparison with the outcome of oral provocation tests in 
patients with GMA

             Positive RAST         Negative RAST       Line sum

Positive BPCFC         11                       8              19
Negative BPCFC          7                       7              14
Column sum        18                     15

BPCFC: (double- or single) blinded, placebo-controlled oral food challenge
Allergen-specific IgE detection in serum: Sensitivity 57.9%; specificity 50.0%.
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the patient for immunological release experiments[15-17,20,23]. 
Since histamine is one important and very early secreted 
mediator of  different types of  IgE and non-IgE mediated 
allergic reactions[1,3,17,24], this study was designed to evaluate 
colorectal mucosal histamine release from patients with 
gastrointestinal food hypersensitivity. In contrast to allergic 
individuals with typical extraintestinal signs of  type I food 
hypersensitivity, diagnostic problems have been repeatedly 
reported in this patient population primarily involving the 
gastrointestinal tract with symptoms of  allergic diarrhoea, 
vomiting, nausea, etc. In addition, the frequency of  local 
gastrointestinal allergy in several important clinical 
conditions is also still unclear[1,4,5,8-11,25-27].

This study demonstrates that a significant histamine 
release can be induced from colorectal mucosa upon 
IgE receptor cross-linking or antigenic stimulation ex 
vivo by mucosa oxygenation using endoscopically taken 
samples[15-17,23]. This confirms that functional antigen-
specif ic tests using histamine as the primary test 
parameter are equally feasible with mucosa from the lower 
gastrointestinal tract as from the upper gastrointestinal 
tract (duodenum[15]) or more long-lived mediators like mast 
cell tryptase or eosinophilic cationic protein[20,23]. However, 
in contrast to previously published work featuring tryptase 
or eosinophilic cationic protein, histamine release tests 
using bioptic tissue bear the distinct practical advantage 
that they can be performed within a short period of  time 
of  only 30 min, providing the appropriate technique to 
rapidly destroy all histamine catabolising enzymes in the 
drawn culture supernatants is applied[16,17,20,21]. The quick 
performance of  mucosa oxygenation using histamine as 
a diagnostic parameter may qualify this test for its use in 
clinical practice, possibly as a refinement or complement 
of  existing endoscopic-diagnostic procedures when 
patients with suspected gastrointestinal food allergy are 
being referred for diagnostic work-up.

Compared to other human tissues or isolated mast 
cells, histamine release from colorectal mucosa was found 
to be of  a smaller magnitude than expected. This could be 
a result of  the short cultivation period and of  the fact that 
colorectal tissue harbours large quantities of  histamine 
metabolising enzymes, which are still active within the 
viable cultured tissue at a physiological rate during mucosa 
oxygenation[6,11,17,20,21,28]. However, compared with the 
spontaneous rate of  histamine release, functional mast 
cell stimulation by anti-IgE or BPCFC-positive antigens 
achieved a significantly higher rate of  histamine release, 
while control antigens showed a similar degree of  
histamine release as the spontaneous secretion. This study 
proved unambiguously the reactivity of  histologically 
normal gut mucosa in allergic patients upon specific 
challenge. In view of  that, gastroenterologists will find 
a valuable addition to their diagnostic methods through 
the establishment of  a functional test using biopsies 
of  the involved and reacting allergic shock organ[15,21,23]. 
Depending on the number of  biopsies taken during 
endoscopy, this functional test allows the simultaneous 
examination of  different food antigens during mucosa 
oxygenation[15-17,21]. In this way, any contact between the  
antigen and the patient’s immune system is avoided and 
the patient is not put at risk of  any allergic symptoms or 

reactions. 
Al though only a smal l g roup of  pat ients was 

investigated in this study, colorectal mucosal histamine 
release was found to yield a diagnostic sensitivity and 
specificity of  63.1% and 78.6%, while skin tests and serum 
IgE detection reached only a sensitivity and specificity of  
47.3% and 78.6% or 57.5% and 50%, respectively. Similar 
low rates of  diagnostic accuracy of  the skin prick tests and 
RAST tests have also been reported by other investigators 
in GMA[1,2,4,5,12,25-27]. This may be explained by the fact that 
sensitisation in the cutaneous and serological compartment 
may not always accurately reflect the immunological 
response of  the mucosal microenvironment at the large 
surface area of  the gastrointestinal tract[1,18,25,27]. The 
presence of  different (immunological) compartments with 
separate mechanisms for local IgE production in food 
hypersensitivity may also account for the known multitude 
of  allergic manifestations in food allergy[1,8,29]. This is 
illustrated by the fact that several individuals in this study 
experienced significant clinical symptoms during BPCFC 
despite negative skin or serum IgE tests, confirming the 
need for further diagnostic means directly targeting the 
involved shock organ[1,5,25-27,29].

Mucosa oxygenation with histamine or more long-
l ived mediators bears the potential to predict the 
outcome of  double-blind, placebo-controlled food 
challenges[17,21,23]. Hence, a future cost-effective approach 
of  the gastroenterologist to diagnose gastrointestinal 
food allergy could possibly be based on the additional 
use of  gut mucosal histamine release (Table 4) to avoid 
time-consuming, cost-intensive and sometimes risky 
challenge procedures. However, the real value of  such 
a diagnostic procedure has yet to be established within 
greater patient populations[21,23]. The rationale of  this 
proposal for future diagnostics is given by the fact that gut 
mucosal histamine release was proven to be of  superior 
diagnostic value compared to that of  the commonly used 
allergological means such as case history, skin prick tests 
or RAST tests, as these are not always concise or do not 
directly examine the involved organ in patients with GMA, 
respectively[1,2,25,27]. The data presented here suggest that 
patients with a food antigen-induced mucosal histamine 
release exceeding more than twice the amount of  the 
spontaneous one be could directly subjected to a specific 
elimination diet. 

As par t of  appropriately provided health care, 
prospective long-term analysis of  the clinical course of  
these patients is always necessary. Diminishing financial 
resources, however, dictate the need for more economical 
invest igat ions, which may be suff iced by mucosa 
oxygenation. Although this approach is more invasive than 
blinded food challenges, it needs only one endoscopic 
examination with testing of  several antigens, while 
DBPCFC needs at least one (in-patient) test day for each 
individual allergen application. The data presented here 
suggest that mucosa oxygenation could perhaps eliminate 
the need to perform DBPCFC in a significant number of  
patients suspected of  having GMA[16,17,21].

However, the fact that colorectal mucosal histamine 
release by mucosa oxygenation did not identify all BPCFC-
positive allergens is more likely to be related to the 
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complex pathophysiology and compartmentalisation of  
gastrointestinal food allergy rather than to inadequately 
applied methods. Patients with positive provocation but 
negative colorectal histamine release, which was the case 
for 7 of  19 patients (36.8%), may develop their allergic 
reactions in more proximal parts of  the gastrointestinal 
tract (e.g. stomach, duodenum). Or else, these patients 
may react only in blood or at extraintestinal sites, respond 
to the tested antigen mainly with other mediators rather 
than with histamine (e.g. arachidonic acid products, 
eosinophilic proteins etc) or may have produced the 
antigenic epitope after passage through the liver[1,5,8,25,29]. 
Conversely, control allergens, which elicited a significant 
histamine release in 3 of  14 patients (21.4%), may fail to 
provoke a clinically significant reaction unless histamine 
catabolism is sufficiently active[1,28]. In addition, the 
demonstration of  food-specific histamine release from 
colorectal mucosa may also explain why some patients 
experience postprandial extraintestinal symptoms (urticaria, 
hypotension, asthma bronchiale etc) despite negative skin 
tests. In such cases, intestinally produced and released 
histamine may reach peripheral extraintestinal organs 
and activate their histamine receptors inducing classical 
extraintestinal allergic symptoms without the presence 
of  food-specific IgE in the periphery. These different 
pathophysiological parameters in combination with several 
yet unknown or ill-defined factors (e.g. neurovegetative 
impulses, gut flora etc) contribute to or induce the great 
variability of  clinical manifestations in GMA[1,3-5,10,18,23,29].
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INTRODUCTION
Tumor suppressor gene, besides oncogene, is involved in 
the development of  cancer, which inhibits cell proliferation 
and formation of  tumor. Normally tumor suppressor 
gene counteracts with oncogene to protect an organism 
against cancer. The p53 tumor suppressor gene is the most 
common mutated gene in human cancer[1-9], occurring in 
approximately 50% cancers[10-12]. Cholangiocarcinoma is 
among the most common malignant tumors. Mutation 
of  p53 is one of  the most frequently encountered genetic 
alterations in cholangiocarcinoma. p53 mutations play a 
central role in carcinogenesis of  cholangiocarcinoma.

Alterations of  the p53 gene can be evaluated by DNA 
sequencing analysis and immunohistochemistry(IHC). P53 
protein overexpression is considered a poor prognosis of  
cholangiocarcinoma[13-17]. But IHC has shown controversial 
results over that of  DNA sequencing analysis. We 
examined mutation status of  p53 gene by automated 
sequencing and IHC in 36 cases of  cholangiocarcinoma 
and studied the correlation of  p53 gene mutation with 
clinical parameters and its clinical significance.

MATERIALS AND METHODS
Patients
A total of  36 unselected, frozen samples were obtained 
from patients with cholangiocarcinoma who had been 
treated by surgical resection from April 2000 to May 2005 
in the Department of  General Surgery of  the First Affili-
ated Hospital of  China Medical University and Hepatobili-
ary Surgery of  the Affiliated Yantai Yuhuangding Hospital 
of  Qingdao University Medical College. The types of  
cholangiocarcinoma included 18 cases of  tubular adeno-
carcinomas, 9 cases of  papillary adenocarcinomas, 4 cases 
of  mucoid carcinomas and 5 cases of  undifferentiated 
carcinoma. Among them, well-moderately differentiated 
was 25 and poorly differentiated was 11 cases respectively. 
There were 16 cases of  T1 stage, 10 cases of  T2 stage and 
10 cases of  T3 stage by the UICC standard. Lymph node 
metastasis was seen in 33 cases. Non- lymph node metas-
tasis was seen in 3 cases. The patients contained 23 males 
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Abstract
AIM: To characterize the tumor suppressor gene 
p53  mutat ions and study the correlat ion of p53  
gene mutation and the expression of P53 protein in 
cholangiocarcinoma. 

METHODS: A total of 36 unselected, frozen samples 
of cholangiocarcinoma were col lected. p53  gene 
status(exon 5-8) and P53 protein were examined by 
automated sequencing and immunohistochemical 
staining, combined with the clinical parameters of 
patients. 

RESULTS: p53  gene mutations were found in 22 of 
36 (61.1%) patients. Nineteen of 36 (52.8%) patients 
were positive for P53 protein expression. There were 
significant differences in extent of differentiation and 
invasion between the positive and negative expression 
of P53 protein. However, there were no significant 
differences in pathologic parameters between the 
mutations and non-mutations.

CONCLUSION: The alterat ions of the p53  gene 
evaluated by DNA sequence analysis is relatively 
accurate. Expression of P53 protein could not act as 
an independent index to estimate the prognosis of 
cholangiocarcinoma.

© 2006 The WJG Press. All rights reserved.
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and 13 females, with age ranging from 36 to 71 (median, 
61.2) years. All of  the samples were frozen at -80℃ until 
DNA extraction and subjected to histological diagnosis by 
a pathologist.

DNA extraction
DNA was extracted from tissues using a QIAamp DNA 
Micro kit: QIA (Germany). Tissue samples weighing less 
than 10 mg were placed into a 1.5 mL microcentrifuge 
tube. Immediately 180 μL buffer ATL and 20 μL protein-
ase K were added and mixed by pulse-vortexing for 15 s. 
Then they were incubated at 56℃ overnight. Two hundred 
microliter buffer AL and 200 μL ethanol (100%) were 
added and incubated for 5 min at room temperature. Af-
ter that, all of  the lysates were applied onto the QIAamp 
MinElute column. Five hundred microliter buffer AW1 
and buffer AW2 were added. After centrifugation, 100 μL 
buffer AE was applied to get DNA. DNA quantity was 
determined by the ratio of  A260/280.

Primer sequences and PCR amplification
Table 1 shows primer sequences used for p53 exons 5-8, 
which was synthesized by Hokkaido Bioscience Co. (Japan). 
PCR used a 20 μL reaction volume containing 1 unit of  
Hot start EXTaq DNA polymerase (Takara, Biochemi-
cal, Japan), 2 μL of  10 × EXTaq buffer, 2 μL of  dNTP 
mixture and each primer (8 pmol each for reaction) and 
1 μL of  DNA template. The condition of  the first PCR 
is as follows: 96℃ for 3 min for denaturation, 40 cycles 
of  96℃ for 30 s, 60℃ for 30 s, 72℃ for 30 s with a final 
elongation step of  4 min at 72℃. Water was used as a 
negative control. Five microliters of  PCR product were 
analyzed on 1% TBE gel electrophoresis. Each sample was 
repeated three times.

DNA sequencing
All of  the PCR products were purified using Auto seq 
TMG-50 (Amersham Biochemical Company, USA). Big-
Dye Terminator Cycle sequencing Ready Reaction (Perkin 
Elmer, USA) was used. The primers of  sequencing were 
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the same as PCR primers. But its concentration was one 
tenth of  PCR primers. The condition is as follows: 95℃ 
for 4 min, 95℃ for 30 s, 55℃ for 30 s, 72℃ for 30 s for 40 
cycles with a final step of  4 min at 72℃. Both sense and 
antisense chains were analyzed on an ABI prism 310 Ge-
netic Analyzer (Perkin Elmer). Each sample was repeated 
three times.

Immunohistochemistry
Five-micron sections were dewaxed in xylene and 
rehydrated. Endogenous peroxidase was destroyed by a 
15-min treatment in 30 mL/L hydrogen peroxide(H2O2) 
in phosphate-buffered saline (PBS) at room temperature. 
The sections were blocked with a combination of  
normal mouse serum and then incubated with anti-p53 
protein(dilution 1:50, mouse anti-p53 protein by Boster 
Co.), followed by biotinylated-conjugated sheep anti-
mouse IgG (Boster Co.). The complex was visualized 
by diaminobenzidine(Boster Co.). The specificity of  the 
reaction was confirmed by use of  negative control, blank 
control and substitution control, in which PBS substituted 
the secondary antibody biotinylated-conjugated sheep anti-
mouse IgG. 

Statistical analysis
The results were analyzed with χ2 test. P < 0.05 was taken 
as significant. 

RESULTS
p53 gene mutations and expression of P53 protein in 
cholangiocarcinoma tissues
Positive band of  exons 5-8 was found in all samples after 
PCR amplification (Figures 1 A-D). p53 gene mutations 
were detected in 22 of  36 patients (61.1%) by DNA 
sequencing. Among them, there were 7 cases of  exon 
5 mutations, which were located on 161,175 and 196 
codons. All were transition (G:C/A:T). Six cases of  exon 
6 mutations were located on 209, 213 and 215 codons, of  
which 4 cases were of  transition(G:C/A:T) and 2 cases 

Table 1  Primers sequences of p53 gene exons 5-8

    Sequences   

Primers                     Sense                                      Anti-sense

Exon 5    5′-TGT TCA CTT GTG CCC TGA CT-3′             5′-CAG CCC TGT CGT CTC TCC AG-3′
Exon 6    5′-ACA GGG CTG GTT GCC CAG GGT-3′       5′-CTC CCAGAG ACC CCA GTT GC-3′
Exon 7    5′-GGT CTC CCC AAG GCG CAC TGG-3′       5′-AGG CTG GGG GCA CAG CAG GCC-3′
Exon 8    5′-ATT TCC TTA CTG CCT CTT GC-3′              5′-AAG TGA ATC TGA  GGC ATA AC-3′

Figure 1   p53 exons 5, 6, 7, 8  PCR product. L : 100 bp DNA ladder; 1-7: Samples. A: Exons 5; B: Exons 6; C: Exons 7; D: Exons 8.

A B C D

H2O    L     1     2     3      4      5     6 L    1      2      3      4     5      6    7   H2OH2O   L     1      2     3      4      5     6 H2O   L    1      2     3     4    5     6    7
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of  tranversion (G-T ). Three cases of  exon 7 mutations 
were located on 248, 252 codons. Six cases of  exon 8 
mutations were located on 282, 287, 289, 306 codons, of  
which 4 cases were of  transition (G:C/A:T) and 2 cases of  
tranversion (G-T) (Figures 2 A-C).

Nineteen cases (52.8%) were positive for P53 protein. 
P53 protein localized in the nuclei of  cholangic epithelial 
cells. Moreover, it was crisp and finely granular (Figure 3).

Correlation of p53 gene mutation and clinical parameters
There were s ign i f icant d i f ferences in deg ree of  
differentiation and invasion between the positive and 
negative samples of  P53 protein expression (P < 0.05, P 

< 0.05). However, there were no significant differences in 
age, gender, degree of  differentiation and invasion, lymph 
node metastasis, stage between the mutations and non-
mutations (P > 0.05) (Table 2).

DISCUSSION
Cholangiocarcinoma is the second most common cancer 
of  the hepatobiliary system. In recent years, the incidence 
and mortality of  cholangiocarcinoma have been increasing 
in China[18,19]. In most patients, the disease is only 
diagnosed at a late stage. Patients with obstructive jaundice 
are frequently at the advanced stage of  the disease, which 
is contraindicated for operation[20-26]. The development 
of  molecular biology, the identification of  molecular 
factors involved in cholangiocarcinoma carcinogenesis, 
and the elucidation of  the mechanisms will significantly 
impact prevention, diagnosis, treatment and prognosis. 
p53 gene is located on the short arm of  chromosome 17, 
which consists of  11 exons. There are four mutation hot-
spots(132-143, 174-179, 236-248, 272-281) within the core 
domain (exon 5-8), which are the key sites of  biological 
activity of  P53 protein[27,28]. p53 gene is an important 
regulator factor of  cell proliferation. It is related to cell 
cycles, DNA repair, cell differentiation and apoptosis. 
In the presence of  DNA damage the expression of  p53 
is enhanced and induces G1 cell cycle arrest until DNA 
is repaired. If  repair is insufficient, p53 gene promotes 
apoptotic cell death. However, p53 gene mutation cannot 
block cell proliferation. Through cooperation with 
inactivation of  tumor suppressor genes and activation 
of  oncogenes, cells transform into malignant ones and 
become a tumor. p53 tumor suppressor gene is the most 
common mutated gene in human cancer and is frequently 
seen in cholangiocarcinoma. Recent studies have found that 
positive expression of  P53 protein is related to invasion 
and lymph node metastasis in cholangiocarcinoma[15,16]. 

Table 2  Correlation of mutation status of  p53  gene  and  
P53 protein expression with pathologic parameters in 
cholangiocarcinoma 

Pathologic                n       p53  gene mutation        P53 protein expression      

character                     Positive (n , %)  P  vaule    Positive (n , %)  P  vaule

Pathologic type
   Tubular                    18      11 (61.1)                                   10 (55.6)
   carcinoma
   Papillary                    9        6 (66.7)                                     5 ( 55.6)
   carcinoma
   Mucoid                      4        2 (50.0)                                      2 (50.0)
   carcinoma 
   Non-differentiated   5       3 (60.0)        > 0.05                    2 (40.0)        > 0.05
   carcinoma
Differentiation                    
   Well -Moderate       25     13 (52.0)                                      9 (36.0)
   Poor                          11       9 (81.8)         > 0.05                 10 (90.9)        < 0.05a

Invasion
   T1                              16       7 (43.8)                                      2 (12.5)
   T2                              10       8 (80.0)                                      8 (80.0)   
   T3                              10       7 (70.0)         > 0.05                   9 (90.0)         < 0.05c       
Lymph node metastasis
   N0                               3        2 (66.7)                                     0 (0)           
   N1                             33      20 (60.6)         > 0.05                19 (57.5)        > 0.05

Figure 2  Tranversion of  p53 exons 5, 6 , 8 in cholangiocarcinoma. A: Exons 5  (G: 
C/A: T); B: Exons 6  (G: C/A: T); C: Exons 8 (G→T).

Figure 3  P53 protein was positive in cholangiocarcinoma (SABC × 400).
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p53 gene mutation could act as an index to estimate the 
prognosis of  cholangiocarcinoma.

We examined mutation status of  p53 gene exons 5-8 by 
automated sequencing in 36 cases of  cholangiocarcinoma. 
We found p53 gene mutations in 22 of  36 (61.1 %) 
patients. Nineteen of  36 (52.8%) patients were positive for 
P53 protein expression. There were significant differences 
in extent of  differentiation and invasion between positive 
and negative expression of  P53 protein. However, there 
were no significant differences in age, gender, extent of  
differentiation, invasion, lymph node metastasis, and stage 
between the mutations and non-mutations.

Wild-type p53 (non-mutated) has a short half-life of  
about 20 min. Mutant P53 protein has a greater stability 
with half-life prolonged up to 1.4-7 h. It can be detected by 
IHC method. But the use of  different P53 antibodies and 
methods can result in a marked difference in the degree of  
overexpression, and varying levels of  overexpression may 
also be noted in the same tumor specimen. IHC has been 
shown to have discordancy rates of  30%-35% compared 
with DNA sequencing. Thus, the determination of  p53 
overexpression is not an accurate measure of  p53 function. 
Although DNA sequence analysis is a cumbersome, time-
consuming and difficult method on archived material, it 
could provide a more accurate means of  detecting p53 
mutations. Thus, we think p53 gene mutation could not 
act as an independent index to estimate the prognosis of  
cholangiocarcinoma.
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Abstract
AIM: Growth hormone (GH) directly interacts with the 
enterocyte stimulating ion absorption and reducing 
ion secretion induced by agonists of cAMP. Since nitric 
oxide (NO) is involved in the regulation of transepithelial 
ion transport and acts as a second messenger for GH 
hemodynamic effects, we tested the hypothesis that 
NO may be involved in the resulting effects of GH on 
intestinal ion transport. 

METHODS: Electrical parameters reflecting trans-
epithelial ion transport were measured in Caco-2 cell 
monolayers mounted in Ussing chambers and exposed 
to GH and cholera toxin (CT) alone or in combination, 
in the presence or absence of the NO synthase (NOS) 
inhibitor, Nω-nitro-L-arginine methyl ester (L-NAME). 
Similar experiments were conducted to determine cAMP 
and nitrite/nitrate concentrations. NOS expression was 
assayed by Western blot analysis. 

RESULTS: L-NAME causes total abrogation of absorptive 
and anti-secretory effects by GH on intestinal ion 
transport. In addition, L-NAME was able to inhibit the 
GH-effects on intracellular cAMP concentration under 
basal conditions and in response to CT. GH induced a 
Ca2+-dependent increase of nitrites/nitrates production, 
indicating the involvement of the constitutive rather than 
the inducible NOS isoform, which was directly confirmed 
by Western blot analysis. 

CONCLUSION: These results suggest that the GH 
effects on intestinal ion transport, either under basal 
conditions or in the presence of cAMP-stimulated ion 

secretion, are mediated at an intracellular level by the 
activity of cNOS. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Intestinal ion fluxes are regulated by several agents includ-
ing neurotransmitters, hormones, or paracrine agents[1]. We 
obtained evidence that growth hormone (GH) and nitric 
oxide (NO) act as modulators in this network[2-5]. GH in-
creases basal intestinal water and ion absorption in in vivo 
and in vitro animal models and is also capable of  substan-
tially reducing ion secretion induced by agonists of  cAMP, 
cGMP, or intracellular Ca2+, the second messengers of  ion 
secretion[4,5]. Using the human intestinal cell line Caco-2, 
we showed that the GH effects on ion transport result 
from direct interaction with the enterocyte[2]. Free radical 
NO acts as a second messenger of  several GH effects on 
human metabolism[6]. NO production is decreased in pa-
tients with untreated GH deficiency, while treatment with 
recombinant human growth hormone (rhGH) increases 
NO formation[7]. In the past decade NO has emerged 
as a signalling molecule mediating a broad spectrum of  
intestinal processes, such as gastrointestinal motility, in-
flammatory changes, malignancy, mucosal blood flow and 
transepithelial ion transport[8,9]. NO is a gas with a half  life 
of  less then 5 s generated through a series of  regulated 
electron transfer steps by a family of  P450-like enzymes, 
termed nitric oxide synthases (NOS)[10,11]. Two NOS are 
continuously present and are termed constitutive nitric 
oxide synthase (cNOS). These two isoforms are Ca2+/
calmodulin-dependent, produce small amounts of  NO in 
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short bursts and are involved in homeostatic processes. A 
third isoform, which is Ca2+/calmodulin-independent, is 
induced by intestinal injury and inflammation. This latter 
isoform, termed inducible nitric oxide synthase (iNOS), 
requires a lag period of  at least 2-3 h and, once expressed, 
produces large amounts of  NO for longer time[13,12]. NO 
can be directly produced by enterocytes through both the 
constitutive and the inducible NOS isoforms[3,13,14]. An 
important feature of  the NO effect is its concentration-
dependence. Leading to the concept that NO often acts as 
a double-edged sword mediator with beneficial as well as 
detrimental effects. While at lower concentrations it main-
tains a basal ion intestinal pro-absorptive tone, it increases 
in several pathologic states such as inflammatory bowel 
diseases, toxic megacolon, and infectious gastroenteritis, 
contributing to ion secretion[8,12,15]. Recently, we showed 
that under basal conditions the intracellular cAMP con-
centration ([cAMP]i) is downregulated in the enterocyte 
by a cNOS-dependent NO production. Furthermore, in 
the presence of  a cAMP-dependent stimulated secretion, 
cNOS is activated functioning as a breaking force of  ion 
secretion[3]. This raised the hypothesis that the enterocyte 
is capable of  self-regulating its own ion transport process 
through the activation of  the cNOS-NO pathway which 
is able to modulate the [cAMP]i level[3]. The aim of  this 
study was to determine whether NO is also involved in 
mediating the ion absorptive effects triggered by an extra-
cellular stimulus. Specifically, we tested the hypothesis that 
the cNOS-NO-cAMP pathway is implicated in the pro-ab-
sorptive and in the anti-secretory effect induced by GH at 
the intestinal level. We used the Caco-2 in vitro cell model, 
previously validated for investigating the GH and the NO 
intestinal effects[2].

MATERIALS AND METHODS
Cell culture
Caco-2 cells were obtained from the American Type 
Culture Collection (Rockville, MD). Cells were grown in 
Dulbecco’s Modified Eagle’s Medium (DMEM) with high 
glucose concentration (4.5 g/L) supplemented with 10% 
FCS, 1% nonessential amino acids, penicillin (50 mU/mL), 
streptomycin (50 mg/mL) and were incubated in 50 mL/L 
CO2-950 mL/L air. Medium was changed daily. 

Ion transport studies
Cells were grown on uncoated polycarbonate transwell 
filters as previously described and used for intestinal trans-
port studies at 15 d post-confluence[3]. The filter area was 
4.9 cm2. Each filter was mounted in an Ussing chamber 
(World Precision Instrument, Sarasota, FL) as a flat sheet 
between the mucosal and the serosal compartment. Each 
compartment contained 10 mL of  Ringer’s solution with 
the following composition (in mmol/L): NaCl (114), 
KCl (10), Na2HPO4 (1.65), NaH2PO4 (0.3), CaCl2 (1.25), 
MgCl2 (1.1), NaHCO3 (15), glucose (19). In experiments 
performed to investigate the role of  Cl- in the electrical 
response, SO4

- substituted Cl- at an equimolar concentra-
tion. The incubation fluid was circulated by a thermostat-
regulated circulating pump and continuously gassed with 

95% O2-5% CO2. Transepithelial potential difference (PD), 
short-circuit current (Isc) and tissue ionic conductance 
(G) were monitored by an automatic voltage-clamp device 
(DVC 1000, World Precision Instrument, Sarasota, FL) as 
described elsewhere[16], before and after mucosal or serosal 
addition of  GH, cholera toxin (CT), and the specific NOS 
inhibitor Nω-nitro-L-arginine methyl ester (L-NAME). Isc 
is expressed as microamperes per square centimeter (µA/
cm2), G as millisiemens per square centimeter (mS/cm2), 
and PD as millivolts (mV). Caco-2 cell monolayers, pre-
incubated for 20 min with GH (4 × 10-9 mol/L) on the 
serosal side, were exposed to CT (6 × 10-8 mol/L) on the 
mucosal side, in the presence or the absence of  L-NAME 
(2 × 10-4 mol/L) added to both sides. The maximal effec-
tive concentrations of  GH, CT and L-NAME were deter-
mined by dose-response experiments (data not shown). 
Cell viability was evaluated at the end of  each experiment 
by measuring the electrical response to the serosal addition 
of  theophylline (5 × 10-3 mol/L).

Intracellular cAMP concentration determination
To test the hypothesis that GH specifically counteracts the 
CT-induced cAMP increase, we determined the modifica-
tions in [cAMP]i after 1 h of  incubation with GH and 
CT, alone or in combination, and in the presence or the 
absence of  L-NAME. [cAMP]i in Caco-2 cells which was 
measured by using a commercial kit (Biotrak cyclic AMP 
assay system; Amersham International, Amersham, UK), 
as previously described[17]. 

Western blot analysis 
Caco-2 cells were stimulated with GH (4 × 10-9 mol/L) 
for 1, 6 or 24 h. Cells were then scraped into PBS buffer 
and lysed in a buffer containing 1% Tergitol (Nonidet 
P-40) with the following composition: KCl, 60 mmol/L; 
β-mercaptoethanol, 14 mmol/L; EDTA, 2 mmol/L; 
HEPES pH 7.9, 15 mmol/L; sucrose, 0.3 mol/L; apro-
tinin, 5 µg/mL; leupeptin, 10 µg/mL; pepstatin, 2 µg/mL; 
phenylmethylsulfonyl fluoride, 0.1 mmol/L. Whole cellular 
extracts were centrifuged at 1500 g for 20 m at 4℃. Pro-
tein content was determined by the Bradford method (Bio-
Rad Laboratories, Munchen, Germany). The supernatant 
containing the solubilized proteins was then boiled for 5 
min in Laemly buffer (tris-HCl pH 6.8, 62.5 mmol/L; SDS 
2%; glycerol 10%; 2-mercaptoethanol 5%; bromophenol 
blue 0.001%). Cell proteins (50 µg/lane) were added to 
an SDS-polyacrylamide gel electrophoresis (PAGE) and 
transferred onto a nitrocellulose membrane (BioBlot-
NC-Costar, Corning Incorporated, Canada). Blots were 
blocked with T-TBS buffer (tris-HCl pH 8.8, 10 mmol/L; 
NaCl, 150 mmol/L; Tween 20, 0.05%) containing 3% 
albumin, and probed for 1 h with affinity purified anti-hu-
man NOS1 (1:2000) dilution ratio, NOS2 (1:200) or NOS3 
(1:1000) rabbit polyclonal antibodies. Bound antibody was 
detected with anti-rabbit immunoglobulin horseradish per-
oxidase-linked whole antibody and developed by chemilu-
minescence reaction (Amersham Pharmacia Biotech, UK). 
Gamma-interferon (50 000 U/mL) was used as a positive 
control in experiments performed using anti-iNOS anti-
bodies. 
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Nitrite/nitrate (NO2
-/NO3

-) production
The combined concentration of  nitrite and nitrate, the 
degradation products of  NO in the culture medium, was 
determined by the Griess reaction after nitrate reduc-
tion[18]. Total nitrite/nitrate production was referred to NO 
production. Experiments were performed using normal or 
Ca2+-free Ringer’s solution to investigate the involvement 
of  the cNOS isoform (the Ca2+/calmodulin-dependent 
isoform or NOS1). The modified Ringer’s solution had the 
following composition (mmol/L): NaHPO4, 1.65; NaH2PO4, 
0.3; NaHCO3, 15, NaCl, 53; KCl, 10; Na2SO4, 30.5; MgCl2, 
2.35; glucose, 19; EDTA, 0.5.

Chemicals 
All chemicals were of  reagent grade and were obtained 
from Sigma Chemicals Co. (St. Louis, MO, USA). Culture 
media were from Life Technologies GIBCO BRL (Mas-
cia e Brunelli, Milan, Italy). Transwell filters and supports 
were from Costar (Costar Italia, Milan, Italy). rhGH was 
obtained from Serono (Industria Farmaceutica Serono, 
Rome, Italy). Anti-cNOS and anti-iNOS polyclonal an-
tibodies were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). Anti-iNOS polyclonal antibodies 
were purchased from Transduction Laboratories (ABD 
Company, Lexington, KY, USA).

Statistical analysis
Each experiment was run in duplicate and repeated at least 
3 times. Results are expressed as mean ± SD. Repeated-
measures ANOVA were applied using the Bonferroni test 
for multiple comparisons. The significance was set at 5%. 
The SPSS software package for Windows (release 11.0.1; 

SPSS Inc., Chicago, IL, USA) was used for statistical analysis. 

RESULTS
Intestinal transport studies 
GH (4 × 10-9 mol/L) and L- NAME (2 × 10-4 mol/L) 
caused opposite effects on basal Isc. GH induced a de-
crease and L-NAME induced an increase in Isc. Both 
effects were totally related to PD modifications, as no 
significant variations of  G were recorded. Pre-treatment 
with L-NAME (2 × 10-4 mol/L) for 5 m almost abolished 
the electrical response to GH (Figure 1). The addition of  
CT (6 × 10-8 mol/L) to Caco-2 cells induced an increase 
in Isc. Both the GH and CT effects were Cl--dependent 
as demonstrated in the experiment done in Cl- free Ringer 
solution. Thus, in the absence of  Cl- the electrical effects 
were virtually abolished indicating that they were entirely 
due to transepithelial Cl- transport modifications (data not 
shown). Pre-incubation with GH for 20 m substantially re-
duced the CT effect on Isc. However, pre-incubation with 
L-NAME resulted in total abrogation of  the antagonistic 
effect of  GH on the CT-induced electrical response (Figure 2).

Intracellular cAMP concentration determination
Incubation with GH (4 × 10-9 mol/L) resulted in signifi-
cant reduction of  basal [cAMP]i. On the contrary, incuba-
tion with CT induced an increase in [cAMP]i. The addition 
of  L-NAME produced a significant increase in basal and 
in CT-stimulated [cAMP]i. Pre-incubation with GH for 20 
min resulted in a reduction of  the CT-induced [cAMP]i 
increase. Finally, the addition of  L-NAME resulted in total 
inhibition of  the GH-induced decrease in basal [cAMP]i as 

Figure 1  A: Time course of the effect on short-circuit current (Isc) of GH (4 × 10-9 mol/L) and L-NAME (2 × 10-4 mol/L), alone or in combination, to Caco-2 cells mounted 
in Ussing chambers; B: Isc peak after L-NAME or GH addition, alone or in combination, to Caco-2 cells mounted in Ussing chambers. Data are mean ± SD of 6 different 
observations. aP < 0.05 GH  vs  L-NAME + GH.
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well as a total abrogation of  the GH effect on CT-induced 
[cAMP]i increase (Figure 3). These results point to a role 
of  NO either under basal conditions or in response to ex-
ternal stimuli which drive ion fluxes toward an absorption 
pattern.

Western blot analysis
Caco-2 cells showed low but detectable basal cNOS pro-
tein expression (Figure 4). Western blot analysis performed 
after 1 h of  incubation with GH revealed the amplification 
of  a 160 kD band corresponding to human NOS 1. Simul-
taneous incubation of  Caco-2 cells with either GH or CT 
resulted in further amplification of  the NOS 1 band (Figure 
4). On the contrary, NOS 2 and NOS 3 protein expres-
sions were undetectable in unstimulated cells and in cells 
exposed to GH and CT alone or in combination for up to 

24 h of  incubation (data not shown).

Nitrite/nitrate (NO2
-/NO3

-) production 
NO production by Caco-2 cells was determined in culture 
medium after 1 h of  incubation with increasing GH doses. 
As shown in Figure 5 a dose-dependent increase in NO 
production was detected in response to the hormone. GH 
doses higher than 4 × 10-9mol/L did not induce further 
increase in NO production, indicating a saturation pattern 
of  the effect. Caco-2 cell stimulation with simultaneous ex-
posure to GH and CT resulted in a further increase in NO 

production compared to each individual substance. The ef-
fect was Ca2+-dependent, since in the absence of  Ca2+, the 
NO increase in response to GH addition was abolished. 
This data suggests an involvement of  the constitutive 
rather than the inducible NOS isoform in the GH effect 
(Figure 6).

DISCUSSION 

We have previously shown that GH is able to increase 
intestinal fluid absorption under basal conditions and 
to inhibit ion secretion elicited by the 3 main intracellu-

Figure 6  Total NO production in Caco-2 cells under basal conditions and after 
stimulation with GH and CT, alone or in combination, in standard or in Ca2+-free 
medium. Data are mean ± SD of 6 different observations. aP < 0.05 vs control.
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lar second messengers of  bacterial enterotoxins: cAMP, 
cGMP and Ca2+[2,4]. The data from this study provides 
new evidence on the ability of  GH to regulate water 
and ion transport and implicates cNOS-NO activity for 
this effect. A complete abrogation of  GH effects on Isc 
was seen in the presence of  the specific NOS inhibitor 
L-NAME. An increase of  cNOS activity and a subsequent 
Ca2+-dependent production of  NO were observed in en-
terocytes treated with GH. These effects were associated 
with a Cl--dependent decrease in Isc, consistent with an 
anion absorptive effect. We have recently demonstrated 
that the CT-enterocyte interaction results in an enhanced 
NO production. Such an effect may be interpreted as a 
homeostatic mechanism operated by the enterocyte and 
functioning as a breaking force to limit ion secretion[3]. 
cNOS-NO system is activated by a yet unknown sensing 
mechanism and reacts to balance the stimulated secretion. 
The data in this work support and extend this hypothesis 
and suggest that the modulation of  the cNOS-NO activity 
could also be dependent on extracellular stimuli control, 
namely on the GH signal transduction. In all instances, the 
target of  cNOS-NO is cAMP. Our results are similar to 
those obtained using NO donors, which are able to inhibit 
forskolin-stimulated cAMP production by adenyl cyclase 
(AC) isoforms AC5 and AC6, in both T84 epithelial cells 
and mucosal scrapings from mouse colon[19-21], and are 
in agreement with those previously obtained in isolated 
cholangiocytes[22]. 
    It has been recently suggested that GH inhibitory effect 
on intestinal ion secretion is related to the transactivation 
of  epidermal growth factor (EGF) receptor and the sub-
sequent activation of  extracellular signal-regulated kinase 
(ERK, also known as p 44/42 mitogen activated protein 
kinase or MAPK) activity[23]. Interestingly, a NO stimula-
tion through ERK-dependent upregulation of  cNOS gene 
transcription has been recently demonstrated for proinsu-
lin C-peptide in endothelial cells[24], and similar effects have 
been shown with the endothelium-derived hyperpolarizing 
factor (EDHF)[25]. Thus, it is possible to also hypothesize 
that the NO-mediated GH effects at the intestinal level 
could involve a MAPK activation. It also remains to be 
clarified whether GH effects are mediated by Ca2+. Overall 
the cNOS-NO system could be viewed as a regulator of  
ion transport acting on the enterocyte via three distinct 
patterns: (1) to keep cAMP production at a low level under 
basal conditions, in order to maintain an intestinal ion pro-
absorptive tone; (2) during stimulation of  ion secretion, 
such as that trigged by CT, to reduce ion secretion; (3) in 
response to extracellular pro-absorptive stimuli, namely 
acting as second messenger of  the GH-induced ion ab-
sorption. In all these 3 instances the target of  cNOS-NO 
is cAMP, the effect is Ca2+-dependent and involves Cl- 
transcellular flux. Thus the cNOS-NO-cAMP pathway 
plays a key role on the enterocyte fluid absorptive/secre-
tory processes. 
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Abstract
AIM: The utility of serum alpha-fetoprotein (a-FP) 
in the detection of hepatocellular carcinoma (HCC) is 
questionable. Very high circulating levels of nociceptin/
orphanin FQ (N/OFQ), a ligand for a novel opioid 
receptor, have recently been reported in HCC. The aim of 
this study was to assess the role of plasma N/OFQ in the 
diagnosis of HCC arising in patients with liver cirrhosis. 

METHODS: Plasma N/OFQ levels were measured by 
ELISA in 58 patients (28 HCC and 30 liver cirrhosis) and 
in 25 healthy controls. The values were correlated with 
clinical and laboratory features including a-FP. Spearman 
index, biserial correlation coefficient, non parametric 
combination (NPC) test and discriminant stepwise 
analysis were used for statistical evaluation of data. 

RESULTS: The upper normal limit of nociceptin was 
122 pg/mL. Plasma levels above this cut-off were found 
in 21.4% of patients with HCC, in 23.3% of those with 
cirrhosis and in 8% of healthy subjects. a-FP serum 
levels > 200 ng/mL were found in 46.4% of the patients 
with HCC and in none of those with cirrhosis. No 
correlation was found between N/OFQ levels and any of 
the clinical and laboratory features, including a-FP. By 
NPC test, HCC and cirrhotic patients were different with 
regard to a-FP (P = 0.000) but not in terms of nociceptin 
(P = 0.595). By point biserial correlation, HCC presence 
was positively correlated with a-FP (rpb = 0.52, P = 
0.000) but not with N/OFQ (rpb = 0.16, P = 0.157). In 
a discriminant analysis, a-FP was significant in the Wilks 
test  (Y = -0.709 + 0.03 a-FP) and properly classified 

81% of all patients and 61% of HCC. N/OFQ had lower 
sensitivity, specificity and predictive values than a-FP. 

CONCLUSION: Nociceptin is increased in patients with 
chronic liver disease, independently of the presence of 
HCC, although the underlying mechanism has yet to be 
clarified.  We conclude it is not a useful marker for HCC.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Nociceptin/orphanin FQ (N/OFQ) is a 17-aminoacid 
neuropeptide with selective binding affinity for a novel 
opioid receptor- l ike 1 (ORL1/NOP) . N/OFQ is 
synthesized in the neurons of  the central and peripheral 
nervous system and is present in the blood and in the 
cerebrospinal fluid. The N/OFQ/NOP system has been 
implicated in a variety of  biological functions at both 
central and peripheral levels: pain modulation, immunity, 
memory, learning, feeding, locomotion, thermoregulation 
and activities of  the gastrointestinal, cardiovascular, renal 
and respiratory systems[1,2]. However, its precise biological 
role in humans has not been fully defined. The presence 
of  N/OFQ/NOP has also been reported in human 
neuroblastoma cell-lines[3]. N/OFQ is detectable in the 
blood and high circulating levels have been reported in 
incidences of  acute and chronic pain, where they are 
correlated with the duration of  symptoms[4]. In Wilson 
disease, probably in relation to altered catabolism caused 
by liver and/or brain deposits of  copper[5], and in cirrhosis 
of  the liver[6] slightly increased circulating levels of  N/
OFQ have recently been found. Moreover, very high 
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levels have been reported in patients with hepatocellular 
carcinoma (HCC) suggesting that plasma N/OFQ level 
might represent a specific marker for HCC[6].

HCC is the leading cause of  death in patients with 
cir rhosis of  the l iver [7]. The most commonly used 
serological marker for HCC surveillance, alpha-fetoprotein 
(a-FP), has highly variable sensitivity and specificity[8] 
while the diagnostic utility of  other markers, such as des-γ-
carboxyprothrombin[9], human hepatocyte growth factor[10], 
and serum chromogranin-A[11] remains unclear.

The aim of  this study was to investigate the utility of  
plasma N/OFQ levels in the diagnosis of  HCC in patients 
with liver cirrhosis. 

MATERIALS AND METHODS
Patients and healthy subjects
Fifty-eight consecutively observed patients, 28 with HCC 
and 30 with liver cirrhosis, and 25 healthy members of  the 
medical staff  were included in the study. Informed written 
consent was obtained from patients and healthy controls. 
The diagnosis of  HCC was based on imaging findings 
and/or histological confirmation. The diagnosis of  liver 
cirrhosis was clinical and/or histological. The demographic 
and clinical characteristics of  the populations studied are 
shown in Table 1. 

Parameters examined
Clinical features (age, gender, etiology, Child-Pugh score, 
HCC size, presence of  pain) and laboratory parameters as 
reported in Table 2 (plasma N/OFQ, serum a-FP, blood 
glucose, blood urea, serum creatinine, K, Na, Ca, bilirubin, 
aspartate aminotransferase, alanine aminotransferase, 
gamma glutamyl transpeptidase, alkaline phosphatase, 
lactic dehydrogenase, creatine phosphokinase, amylases, 
cholinesterase, albumin, erythrocyte sedimentation rate, 
C-reactive protein, fibrinogen, international normalized 
ratio, hemoglobin, red blood cells, white  blood cells, 
platelets) were evaluated through statistical analysis.   

N/OFQ assay
Blood drawn from fasting subjects between 7.30 and 
9.30 AM was collected in tubes containing K-EDTA. 
Aprotinin was immediately added to inhibit proteases. 
Plasma samples, stored at -80℃ for less than one month, 
were loaded onto C-18 containing Sep-columns (Phoenix 
Europe GmbH, Karlsruhe, Germany), washed with 0.1% 
trifluoroacetic acid, eluted with 60% acetonitrile in 1% 
trifluoroacetic acid and freeze-dried. ELISA assay of  N/
OFQ was performed using a commercially available kit 
(Phoenix Europe GmbH, Karlsruhe, Germany). Briefly, the 
lyophilized samples reconstituted with assay buffer were 
placed in microwells, together with rabbit anti-orphanin 
FQ serum and biotinylated peptide. After 2 h incubation 
at room temperature, streptavidin-horseradish peroxidase 
was added followed by a 1 h incubation. After washing, 100 
µL of  substrate solution was added and the reaction was 
terminated after 1 h with 100 µL of  2N HCl. Absorbance 
was read at 450 nm and results were compared to a 
standard curve ranging from 10 to 100.000 pg/mL. 

Statistical analysis
Correlations among the variables studied were calculated 
using non-parametric Spearman index and biserial 
correlation coefficient[12], as appropriate. Differences 
between groups were evaluated using the Non Parametric 
Combination Test, NPC[13]. P < 0.05 was considered as 
statistically significant. Variables discriminating the groups 
of  patients were identified with discriminant stepwise 
analysis (Wilks test and Classification results)[14]. The upper 
normal limit of  N/OFQ was defined as the 95th percentile 
of  the values in healthy controls. Software packages used 
were Methodologica S.R.L. (2001) for non-parametric 
analysis NPC test, Confidence Interval Analysis (CIA) 
Windows version 2.0 (2000) for sensitivity and specificity 
evaluation, and SPPS, Windows 11.0 (2001) for correlation 
index and discriminant analysis.

RESULTS
The upper normal limit of  N/OFQ was 122 pg/mL. 
Plasma levels above this cut-off  were found in 6 patients 
with HCC (21.4%), in 7 patients with cirrhosis (23.3%) and 
in 2 healthy subjects (8%). a-FP serum levels > 200 ng/mL, 
reported in the literature as highly suggestive for HCC[20], 
were found in 13 patients with HCC (46.4%) and in none 
of  the patients with cirrhosis (Figure 1).

In all the groups, N/OFQ levels were not correlated 
with any of  the demographic-clinical features nor with 
the laboratory parameters mentioned in the materials and 
methods section. In particular, N/OFQ levels were not 
correlated with a-FP levels. 

The NPC test showed that patients with HCC and 
patients with cirrhosis were significantly different with 
regard to a-FP (P = 0.000), but not according to N/OFQ 
levels (P = 0.595). Point biserial correlation showed that 
HCC presence was positively correlated with the levels 
of  a-FP (rpb = 0.52 P = 0.000) but not with those of  
N/OFQ (rpb = 0.16 P = 0.157). Within the discriminant 

Table 1  Clinical-Demographic characteristics of the populations 
studied

                                                HCC    Cirrhosis        Controls
Number of patients                                28            30                    25
Mean age ± SD (yr) 70 ± 4.8 65.3 ± 11.1 35.4 ± 13.9
Male/Female   20/8      21/9     10/15
Etiology n (%)
    HCV 24 (85.8) 15 (50)
    HBV       -   3 (10)
    Alcohol   2 (7.1)   8 (26.7)
    Cryptogenic   2 (7.1)   4 (13.3)
Child – Pugh score n (%)
    A 22 (78.6) 19 (63.3)
    B   6 (21.4)   7 (23.3)
    C   4 (13.3)
 Patients with pain (%)   4 (14.3)   5 (16.6)   6 (24)
 HCC diameter min-max (cm)  1.2-12.5

HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular 
carcinoma.



analysis, the Wilks test showed that only a-FP was 
significant in the model (Y = -0.709 + 0.03 a-FP). The 
classification of  results demonstrated that a-FP properly 
classified 81% of  all patients and 61% of  patients with 
HCC. Sensitivity, specificity and predictive values of  N/
OFQ and a-FP in the diagnosis of  HCC are reported in 
Table 3.

DISCUSSION
HCC is the third leading cancer-related cause of  death 
worldwide[15]. In western countries, HCC arises in cirrhotic 
livers with an annual incidence of  3%-5%. Early detection 
of  HCC allows optimal application of  curative treatments. 
The increased survival, after radical treatment in the 
last decade, recommends surveillance for detection of  
early HCC in cirrhosis[16]. Ultrasonography plays a key 
role in the detection of  HCC but its sensitivity for small 
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Figure 1   N/OFQ (pg/mL) and a-FP (ng/mL) values in patients with HCC, with cirrhosis and in healthy controls.

Table 2  Laboratory parameters included in the statistical 
analysis

Mean values ± SD                      HCC       Cirrhosis     Controls

a-FP (ng/mL)    346 ± 461b    9.2 ± 8    3.9 ± 0.4
N/OFQ (pg/mL)    728 ± 1460   515 ± 1205   138 ± 493
Aspartate aminotransferase 
(U/L)

     60 ± 28.5     54 ± 35     26 ± 9

Alanine aminotransferase 
(U/L)

     37 ± 15     53 ± 50.5     33 ± 10.5

γ-glutamyl transpeptidase 
(U/L)

   111 ± 58     78 ± 60     28 ± 11

Alkaline phosphatase (U/L)    325 ± 113.5   285 ± 185   122 ± 75
Cholinesterase (U/L)  3695 ± 1910 4105 ± 2891 9680 ± 2899
Bilirubin (mg/dL)     1.6 ± 1.3    3.7 ± 7    0.5 ± 0.3
Albumin (g/dL)     3.2 ± 0.4    3.4 ± 0.6    3.7 ± 0.4
Lactic dehydrogenase (U/L)    418 ± 53.5   347 ± 89   263 ± 78
Creatine phosphokinase (U/L)    136 ± 61     72 ± 18     87 ± 52
Amylases (U/L)    107 ± 19      90 ± 33     76 ± 45
Blood urea (mg/dL)      44 ± 16     71 ± 42.5     32 ± 11
Creatinine (mg/dL)     1.1 ± 0.3    1.2 ± 0.5    0.9 ± 0.2
Na (mmol/L)    135 ± 3.8   136 ± 6.8   139 ± 5.1
K (mmol/L)     4.4 ± 0.3    4.5 ± 0.5    4.3 ± 0.5
Ca (mg/dL)     9.1 ± 0.5    8.7 ± 0.4    4.9 ± 0.3
Red blood cells (106/mm3)     3.8 ± 0.6    1.9 ± 1.7    4.2 ± 0.2
With blood cells (103/mm3)     4.9 ± 2       5 ± 1.8       7 ± 1.3
Hemoglobin (g%)   11.7 ± 1.5  10.6 ± 2.2  13.6 ± 0.9
Platelets (103/mm3)    116 ± 48     99 ± 47   249 ± 58
Blood glucose (mg/dL)      96 ± 14   111 ± 38     78 ± 11
Erythrocyte sedimentation 
rate (mm)

  66.6 ± 17.7  49.4 ± 17.1    7.4 ± 4.1

C-reactive protein (mg/L)   18.4 ± 29.7  10.3 ± 9.7    2.7 ± 1.4
Internationl Normalized Ratio   1.22 ± 0.2  1.31 ± 0.3    0.8 ± 0.1
Fibrinogen (mg/L)    288 ± 103   243 ± 68   291 ± 93

bP <  0.001 vs cirrhosis and controls.

Table 3  Diagnostic accuracy tests

                          N/OFQ                  a-FP

Sensitivity % (CI) 21.4 (0.06 - 0.36)   46.4 (0.29 - 0.64)
Specificity % (CI) 76.7 (0.61 - 0.91) 100 (0.88 - 1.00)
Positive predictive 
value % (CI)

46.2 (0.19 - 0.73) 100 (0.77 - 1.00)

Negative predictive 
value % (CI)

51.1 (0.36 - 0.65)   66.7 (0.52 - 0.78)

Positive likelihood 
ratio (CI)

  0.92 (0.35 - 2.40)    ∞   (4.01 - ∞)

Negative likelihood 
ratio (CI)

  1.02 (0.77 - 1.35)     0.53   (0.33 - ∞)
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nodules is low[17] and other imaging techniques, such as 
CT and MRI, are too expensive for screening programs. 
An elevation in serum a-FP is associated with HCC but 
it is also elevated in non-hepatic malignancies[18] and in 
hepatitis[19]. Although the diagnostic accuracy of  serum 
a-FP is highly variable in the reported series depending 
on the cut-off  level[20], it remains the most commonly used 
serological marker for HCC surveillance. The diagnostic 
value of  other markers proposed so far, such as des-γ-
carboxyprothrombin[9], human hepatocyte growth factor[10], 
serum chromogranin-A[11], is not well defined. It has 
recently been published that plasma levels of  N/OFQ are 
very high in all patients with HCC, including those with 
normal a-FP[6]. With the aim to define if  plasma N/OFQ 
values represent an indicator of  HCC even in absence of  
increased a-FP, we studied circulating N/OFQ and a-FP 
levels in patients with liver cirrhosis, with and without 
HCC, comparing the diagnostic value of  the two markers. 

Mean N/OFQ values were higher both in patients 
with liver cirrhosis alone and in those with HCC than in 
controls, but did not differ significantly between the two 
patient groups, with a similar percentage of  values above 
the normal range. On the other hand, mean a-FP levels in 
HCC patients were higher than in cirrhotics, with a higher 
percentage of  values > 200 ng/mL. The NPC test showed 
significant differences between patients with and without 
HCC with regard to a-FP but not for N/OFQ. Such data 
are in accordance with the results of  Szalay et al[6] with 
respect to the increase in plasma N/OFQ values seen in 
cirrhotic patients, but do not confirm the unique finding 
of  extremely elevated values in the entire population 
with HCC. Since the demographic and clinical features, 
including size of  the tumor and presence of  pain, are 
similar among the patients enrolled in the two studies, we 
are not able to suggest any explanation other than possible 
genetic differences for the discordant results. 

Receptors for N/OFQ are normally present in the liver 
as shown by detection of  mRNA for the ORL1/NOP 
receptor[21]. Therefore, an increase in plasma N/OFQ 
values in some patients with chronic liver disease, with and 
without HCC, might be due to the chronic liver disorder 
with a reduced ability to bind N/OFQ. 

Transcription of  the N/OFQ gene is enhanced by 
estrogen[22], therefore another explanation for the increase 
of  N/OFQ plasma levels in cirrhotic livers, independently 
of  the presence of  HCC, might be the increase of  
estrogen hormones, common in patients with advanced 
liver disease. 

A higher N/OFQ content has been shown in HCC 
tissue as compared to tumor-free liver tissue in one patient 
with PBC [23] and in rats with experimentally induced 
tumors[24], suggesting that the HCC cells might produce 
N/OFQ or give signals for neuronal production. However, 
we were not able to find any correlation between plasma 
N/OFQ levels and tumor size, in agreement with the 
finding of  Szalay et al[6]. 

Peripheral blood neutrophils express and secrete 
N/OFQ following degranulation[25]; N/OFQ stimulates 
chemotaxis[26] and is present at sites of  inflammation, such 
as synovial exudates[25]. However, in this study, we were not 
able to correlate the amounts of  circulating N/OFQ with 

any of  the inflammatory indices (erythrocyte sedimentation 
rate, C-reactive protein, peripheral leukocytes, fibrinogen, 
platelets).  

It has been demonstrated that N/OFQ plays a role in 
the perception of  pain, inhibiting the release of  various 
neurotransmitters, including pain related peptides[27,28]. 
However, no correlation between plasma values of  N/
OFQ and the presence of  pain in any of  the groups 
studied was found. 

When we compared the diagnostic utility of  N/OFQ 
and a-FP in HCC, a-FP had better sensitivity (46% vs 
21%), better specificity (100% vs 77%), higher positive 
predictive value (100% vs 46%) and negative predictive 
value (67% vs 51%). 

In conclusion, from our experience, N/OFQ cannot 
be recommended as a marker for early detection of  HCC 
in patients with liver cirrhosis. a-FP is very specific when 
a high cut-off  (200 ng/mL) is adopted but its sensitivity 
is low. N/OFQ is increased in patients with chronic liver 
disease, independent of  the presence of  HCC, although 
the underlying mechanism needs to be clarified. In the 
diagnosis of  HCC, further research is needed in order to 
find serum markers more sensitive than a-FP. 
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Abstract
AIM: To study whether CCR5∆32 mutat ion was 
associated with viral infection and severity of liver 
disease. 

METHODS: Two hundred and fifty two histologically 
proven, chronic HCV patients (mean age: 41 ± 14 years; 
M/F: 164/88) were genotyped. PCR based genotyping 
of 32 bp deletion at the CCR5 locus was done. Four-
hundred and eight matched healthy controls were studied 
to assess susceptibility to HCV infection. To assess 
correlation of immune gene polymorphism with severity 
of HCV related liver disease, patients with chronic HCV 
infection were divided into those with a fibrosis score of 
≤ 2 (mild) or > 2 (severe) and histological activity index 
(HAI) of ≤ 5 or > 5. For correlation between CCR5∆32 
mutations and response to therapy, 129 patients who 
completed therapy were evaluated.

RESULTS: The majority (89.4%) of the patients were 
infected with genotype 3. The frequency of homozygous 
CCR5∆32 mutants was comparable to HCV patients as 
compared to the healthy controls (0.7% vs  0%, P  = 0.1). 
Further more, the frequency of CCR5∆32 mutation was 
comparable in patients with mild or severe liver disease. 

(P  = NS). There was also no association observed with 
response to therapy and CCR5∆32 mutation.

CONCLUSION: CCR5∆32 mutation does not have a role 
in disease susceptibility, severity or response to therapy 
in patients with chronic hepatitis C infection.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
HCV is the only known positive stranded RNA virus that 
causes persistent long-life infection in humans. Hepatitis 
C virus is an important cause for chronic liver disease and 
hepatocellular carcinoma in a proportion of  patients with 
persistent infection. The mechanisms of  chronicity and 
progression of  liver disease are probably multifactorial and 
involve a rather complex interplay between the virus and 
the host. There has been a surge of  interest in studying var-
ious immunomodulatory genes to answer these questions. 
    Hepatitis C virus being a hepatotropic virus requires the 
recruitment of  virus specific T cells to the liver for viral 
clearance. Chemokines and interaction with their recep-
tors may regulate the selective recruitment of  primed Th-1 
cells to the site of  inflammation. It has been proposed that 
the immune response in chronic hepatitis C is compart-
mentalized, with a predominantly Th-2 or Th-0 response 
in the periphery and a Th-1 response in the liver[1-5]. In 
contrast, patients who clear the virus have a predominant 
peripheral Th-1 response. Moreover, differences in che-
mokine receptor expression between Th-1 and Th-2 cells 
might explain their selective recruitment to tissue. In par-
ticular, lymphocytes infiltrating HCV infected liver express 
high levels of  the chemokine receptor (CCR5) and CXC 
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chemokine receptor (CXCR3). The CC chemokine mac-
rophage inflammatory protein (MIP)-1α (CCL3), MIP-1β 
(CCL4) and RANTES (CCL5) are important in immune 
surveillance. These chemokines bind to their correspond-
ing receptors CCR1 and CCR5. Both these receptors are 
preferentially expressed on lymphocytes with a Th-1 cyto-
kine secretion pattern. Chronic hepatitis C virus infection 
has been shown to lead to reduced surface expression of  
CCR1 and CCR5 on peripheral blood T lymphocytes[6] 
and more so, on CD8 lymphocytes. While the mechanism 
of  altered chemokine receptor expression and chemokine 
responsiveness is still not clear, reduced expression would 
probably lead to a decrease in T lymphocyte migration in 
response to MIP-1α, MIP-1β and RANTES in chemotaxis 
assays.
    The ∆32 mutation of  the CCR5 gene was reported to 
be associated with inflammatory bowel disease by some 
but not all authors[7]. Furthermore, a negative correla-
tion with susceptibility to rheumatoid arthritis has been 
described[8,9]. In contrast to these weak or contradicting 
correlations, the ∆32 mutation was found to be of  para-
mount importance for protection against HIV infection. 
The β-chemokine receptor CCR5 appears to be the major 
co-receptor for entry of  macrophage-tropic and non-
syncitium-inducing (NSI) variants of  HIV[10]. A 32 bp de-
letion mutation (∆32) of  the CCR5 gene encodes a non-
functional protein. Homozygosity for the ∆32 deletion 
makes the CD4 T cells resistant to infection from NSI 
virus strains or delay HIV-1 disease progression in CCR5
∆32 heterozygotes.
    There is a controversy related to the role of  CCR5∆32 
mutation in susceptibility to HCV infection and disease 
progression. Woitas et al have suggested that a genetically 
determined loss of  CCR5 gene expression is linked to 
chronic HCV infection and high viral load[11]. On the other 
hand, a recent study by Promrat et al has shown that re-
duced expression of  CCR5 and RANTES may lead to re-
duced hepatic inflammation and 59029 -G/A to improved 
response to interferon therapy in chronic hepatitis C[12]. 
Hellier et al also suggested a possible role of  CCR5∆32 
polymorphism in the outcome of  HCV infection[13].
    The present case-control association study was 
undertaken to identify whether CCR5∆32 mutation is 
associated with HCV disease progression and severity. We 
also compared the allele frequencies defined by CCR5∆32 
mutation in HCV patients with a control group of  healthy 
individuals in order to identify a possible association with 
susceptibility to disease. 

MATERIALS AND METHODS
Patients 
Two hundred and fifty two patients with histologically 
proven chronic HCV infection were studied. The inclusion 
criteria were evidence of  chronic hepatitis on liver biopsy 
and HCV RNA positivity on two occasions at baseline. The 
HCV RNA was detected as described elsewhere[14]. HCV 
genotyping was performed with the reverse hybridization 
line probe assay (LIPA; Innogenetics, Ghent, Belgium). 
Patients were excluded if  they had hepatitis B virus (HBV) 
or HIV infection, history of  heavy alcohol consumption 

(> 80 g/d for > 5 years), positivity for antinuclear or anti 
smooth muscle antibody (in 1:80 dilution), autoimmune 
liver disease, thyroid disease, diabetes mellitus or malaria. 
The Institutional Ethical Committee approved the study 
protocol. An informed consent was obtained for enrolling 
the patients. The clinical and biochemical assessment of  
the patients was done according to the study protocol. 
The histological examination of  liver biopsies was done 
according to the modified Knodell scoring system[15].
    Patients received either 3 million IU of  IFN α 2b daily 
for 24 to 48 wk. A group of  patients received pegylated 
IFN-alpha 2b (1 to 1.5 µg per wk) for either 24 or 48 
wk depending on viral genotype. All patients received 
ribavirin given orally (patients with < 65 kg received 800 
mg/d and 65-85 kg received 1000 mg/d). Outcome of  
treatment was classified as follows: End Therapy Response 
(ETR): patients with undetectable HCV RNA at the end 
of  treatment; Sustained Virological Response (SVR): 
patients with undetectable HCV RNA 6 mo after the end-
of-treatment; Non-Response (NR): failure to achieve viral 
clearance at the end-of-treatment or 6 mo there after.

Controls
Unrelated healthy adult subjects, with no previous history 
of  liver disease and negative for HBV and HCV infection 
were included as controls. A total of  408 healthy subjects 
were included as controls. Both patients and control 
groups included Hindus, Muslims, and Christians. Patients 
and controls were prospectively matched for ethnic group.

DNA extraction and PCR- based genotyping of allelic 
variants
Genomic DNA was extracted from whole blood using 
a commercially available kit. The CCR5∆32 deletion 
mutation was detected by PCR based techniques as 
mentioned elsewhere[16]. Primers amplified 2 fragments of  
200 bp and 172 bp corresponding to wt and deleted CCR5 
alleles. Primer sequences were CCR5L-5’ TTA AAA GCC 
AGG ACG GTC AC 3’ CCR5R-5’ GAC CAG CCC CAA 
GAT GAC TA 3’. Cycling conditions were 96℃ for 5 min, 
followed by 30 cycles at 94℃ for 30 s, 58℃ for 30 s, and 
72℃ for 30 s. A final extension step of  72℃ for 10 min 
was applied. Amplified fragments for the CCR5 locus were 
resolved in 2% agarose gel electrophoresis and visualized 
by ethidium bromide staining.

DNA sequencing
The CCR5∆32 mutation was confirmed by sequencing. 
For DNA sequencing, ABI PRISM Dye Terminator Cycle 
Sequencing Ready Reaction Kit (ABI) was used. 

Corre la t ion o f immune gene po lymorphism and 
persistence of HCV infection
To study whether persistence of  HCV infection is linked 
to immune gene polymorphism, patients with chronic 
HCV infection were compared with healthy controls.

Correlation of immune gene polymorphism and severity of 
HCV related liver disease
To study whether immune gene polymorphisms influence 
the course of  HCV related liver disease, patients were 
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categorized on the basis of  the stage of  ALT levels (< 60 
or ≥ 60 IU/L), hepatic fibrosis and histological activity 
index (HAI). Patients were divided into those with a 
fibrosis score of  ≤ 2 (mild) or >2 (severe) and with a 
necroinflammatory score of  ≤ 5 (mild) or > 5 (severe). 

Statistical analysis
The frequencies of  CCR5∆32 mutant a l le le were 
compared between patients with chronic HCV infection 
and controls by Chi-square test. Categorical variables were 
analyzed with χ2 or Fisher’s exact test. Two-sample t-tests 
were used to compare means for continuous variables and 
for non-normally distributed continuous variables, non-
parametric test, Wilcoxon Mann-Whitney-U test was used 
for comparison of  median values. Univariate analysis was 
used to assess associations between the various allelic 
variants and severity of  liver disease.
    Hardy-Weinberg equilibrium was tested by comparing 
expected and observed genotype frequencies by χ2-test. 
The distribution of  genotypes between the patients and 
healthy controls were compared by contingency table 
analysis. 
    For all tests, a 2-tailed P < 0.05 was considered 
significant. The analysis was performed by using statistical 
software SPSS 12.0 software (SPSS, Chicago, IL).

RESULTS
Demographic profile
Two hundred and fifty two patients with chronic hepatitis 
C were studied. The baseline characteristics of  the cases 
and controls in the study group are summarized in Table 
1. The most common source of  HCV infection was blood 
transfusion.

Viral genotype
HCV genotypes could be determined in 209 of  the 252 
(82.9%) patients. The predominant viral genotype was 
genotype 3a/3b. One hundred eighty seven (89.4%) 
patients had genotype 3, 17 (8.1%) had genotype 1, one 
patient had genotype 2 and 4 patients had genotype 4 (Table 
1). No significant difference was observed in immune gene 
polymorphism and patients with different viral genotypes. 

Distribution of CCR5 allelic variants
The frequency of  CCR5∆32 mutations in HCV patients 
and controls is shown in Table 2. Two hundred and forty 
seven (96.6%) HCV patients and 405 (99.3%) healthy 
controls had CCR5 wt/wt homozygosity. 3 (1.2%) of  252 
patients had heterozygous and 2 (0.7%) had homozygous 
∆32 mutations; overall 5 (1.9%) of  the HCV patients had 
∆32 mutant alleles. On the other hand, none of  the healthy 
controls had a homozygous ∆32mt/∆32mt pattern. 
Three healthy controls exhibited heterozygosity (Table 
2). The difference between the patients and the controls 
was comparable but not significant. CCR5∆32/∆32 was 
present in HCV genotype 1 patients. Patients carrying 
CCR5∆32 (CCR5∆32 homozygote and heterozygote) 
mutation had no significant difference in the serum ALT 
level, degree of  hepatic inflammation, fibrosis score and 
viral genotype compared with those patients who had wild 
type CCR5. All the allelic variants were in Hardy-Weinberg 
equilibrium.

Relation to serum alanine aminotranferase
We also used the mean serum ALT concentrations as an 
indicator of  the activity of  liver disease. However, no 
significant difference was observed for any of  the genetic 
markers in patients with normal or without raised ALT (data 
not shown).

Relation to liver histology: Fibrosis and Histological 
inflammation
When patients were categorized based on the severity of  
hepatic fibrosis, 162 patients had mild and 90 patients 
had severe hepatic fibrosis. The frequency of  CCR5∆32 
mutations was comparable in patients with mild or severe 
liver disease (P = NS) and it did not correlate with the 
severity of  the liver disease (Table 3). Similarly CCR5∆32 
mutations did not correlate with histological severity

Response to therapy
Table 4 depicts the response pattern of  the patients 

Table 1  Demographic profile of patients with chronic HCV 
infection and healthy controls

  Patients 
(n  = 252)

      Patients 
(Only genotype 3) 
      (n  = 187)

  Healthy 
  controls 
(n  = 408)

Age (yr)
   Mean ± SD       40 ± 14         40 ± 14     33 ± 7
Male: Female       164:88         118:69     297:111
ALT (IU/L)
   Mean  112.3 ± 68.4       116 ± 70.1     29 ± 2
   Range       (32-330)         (32-330)
S. Albumin (g/L)       36 ± 4         34 ± 5     40 ± 3
HCV genotype (n = 209)
   I       17 (8.1%) -
   Ⅱ         1 (0.5%)
   Ⅲ     187 (89.4%) -
   Ⅳ         4 (1.5%) -
Liver Biopsy
   Fibrosis score         2 ± 1           2 ± 1.2 -
   HAI      5.5 ± 2.4        5.6 ± 2.5 -
Mode of Acquisition of HCV
   Blood transfusion         86 -
   Needle stick injury         54 -
   Intravenous drug use         10 -
   Medical procedure         45 -
   Unclear         57

Table 2  Allele frequency of CCR5 variants in chronic HCV 
patients and healthy controls

CCR5 HCV Patients 
(n  = 252)

Healthy Controls 
(n = 408)

P  value

Wt/wt 247 (98%) 405 (99.3%)   0.07
∆32mt carrier     5 (1.9%) 3 (0.7%) 0.3
   Wt/∆32     3 (1.2%) 3 (0.7%) 0.2
    a∆32mt/∆32mt    2 (0.7%) - 0.1

aThe patients were genotype 1.
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enrolled in the study. When patients were categorized 
on the basis of  the response pattern, no difference was 
observed in the distribution of  alleles with respect to 
response rate. Of  252 patients, 129 patients received 
antiviral therapy. Eighty six patients had attained sustained 
virological response, 34 patients were non-responders while 
7 patients relapsed after discontinuation of  therapy and 
one patient developed decompensation and discontinued 
the therapy. Two patients who were CCR5∆32/∆32, did 
not receive therapy. There was also no difference in the 
response pattern among the heterozygotes.

DISCUSSION
Host genetic factors encoding for gene products, which 
are likely to be involved in the immune response following 
HCV infection, are l ikely to inf luence the disease 
susceptibility and progression. It has been demonstrated 
by studies which correlated polymorphisms or mutations 
of  genes encoding for HLA subtypes[17-19], tumor necro-
sis factor[20-22], interleukin 10[23] or chemokine receptor 5 
(CCR5) with disease susceptibility or treatment outcome in 
HCV.
    In our population 1.9% (5/252) HCV patients were 
carriers of  the CCR5∆32 mutation as compared to 0.7% 
(3/408) of  the general population. This refers to both ho-
mozygous and heterozygous mutations combined. Since 
the frequency of  these mutations is rather low it is difficult 
to make definite statistical analysis between various groups. 
The reason for the variance in our results compared to 
the earlier studies is not easy to explain. This could prob-
ably be because the frequency of  these mutations is rather 
low, thus it is difficult to make definite statistical analysis 
between various groups. An earlier study from India has 
reported a single heterozygote for CCR5∆32 mutants[24]. 
However, the group had only genotyped 150 normal 
healthy individuals for the presence of  ∆32 allele. We had 
adequate number of  controls (n = 408). Woitas et al had 
observed a higher frequency of  CCR5∆32 homozygotes in 
chronic HCV patients[11]. In the present study, we observed 
a 0.7% occurrence of  CCR5∆32 mutants in chronic HCV 
patients but none in healthy controls, however the differ-
ence was not significant.
    Apart from the sample size, a plausible explanation for 
these divergent results might be the differences in comor-
bidity of  patients in the studies by Woitas and Nguyen[11,25], 
who had a substantial proportion of  patients with haemo-
philia and/or concomitant hepatitis B. In the present study 

patients with haemophilia, hepatitis B or HIV were care-
fully excluded. Moreover, we did not detect elevated ami-
notransferase levels in carriers of  the ∆32 mutation, which 
might also be due to the small number of  homozygous 
carriers of  the ∆32 mutants in the present study[26].
    CCR5∆32 mutants did not increase the likelihood of  a 
more severe liver disease in our patients due to HCV infec-
tion (Table 3). Table 5 gives an overview of  the published 
data in chronic HCV patients genotyped for CCR5∆32 
mutation. As shown in Table 5, the correlation of  CCR5
∆32 mutations with histological severity is controversial. 
Significant associations were found between CCR5∆32 and 
reduced portal inflammation and milder fibrosis[13]. Liver 
inflammatory activity was found to be significantly re-
duced in Jewish Israeli patients infected with the hepatitis 
C virus carrying the CCR5∆32 allele[32].Heterozygosity for 
CCR5∆32 has been shown to be significantly associated 
with lower hepatic inflammatory scores[26]. However, other 
studies failed to find an association of  CCR5∆32 muta-
tions with the histological severity.
    Table 5 also shows distribution of  viral genotypes in 
the published data for CCR5∆32 mutation. It is known 
that the distribution of  genotypes could be dependent on 
geographical distribution and possibly susceptibility. In all 
the previous studies, the associations have been studied 
primarily in the population of  HCV patients infected with 
genotype 1. It might be possible that this could influence 
the susceptibility and severity of  liver disease and could 
have led to variations in the results. The present study is 
the first study which has looked into the role of  CCR5∆32 
mutation in genotype 3. 
    In the study population, nearly 161 of  182 (88.4%) pa-
tients in whom genotyping could be done, had genotype 
3 infection. Most studies from the Indian subcontinent 
have reported similar frequency of  genotype 3[34]. HCV 3a 
is a hepatitis virus strain that responds better to interferon 
IFN-α therapy than other HCV strains. IFN-α induces the 
production of  CCL3, a CCR5 ligand, in the liver. It is thus 
possible that CCR5 is involved in a cascade of  events or 
recruitment of  immune cells, which negatively regulate the 
production of  IFN-α in the liver. Loss of  CCR5 expres-
sion due to CCR5∆32 mutation could affect the course 
of  hepatitis C, probably by interfering with cellular im-
mune response. It has been suggested that CCR5∆32/∆32 
mutant has no expression of  CCR5 on the cell surface 
and henceforth is an ineffective HCV-specific immune re-
sponse resulting in an immune imbalance to Th-1→Th-2 
response[27]. 
    It is therefore important to study the role of  CCR5∆32 
mutation with response to therapy. Ahlenstiel et al have 
shown that response rates to interferon-alpha mono-
therapy are reduced in hepatitis C virus infected patients 

Table 3  Correlation of Immune Gene Polymorphism and 
histological severity of HCV Related Liver Disease in Univariate 
analysis

Liver histology CCR5-Genotype P
wt/wt wt/∆32 ∆32/∆32

Fibrosis
      ≤ 2 (n = 162) 154 (98%) 1 (0.6%) 2 (1.2%)
      > 2 (n = 90)     88 (97.8%) 2 (1.2%) 0 NS
HAI
      ≤ 5 (n = 162)         170 (98.3%) 1 (0.6%) 2 (1.2%)   
      > 5 (n = 90)  77 (97.5%) 2 (2.5&) 0                     NS
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Table 4  Response patterns in HCV patients genotyped for CCR5

Response CCR5-Genotype P
wt/wt wt/∆32 ∆32/∆32

IFN+ Riba/
Peg IFN+ Rib

Responders 86 1 - NS
Non-responders 34 1 - NS
Relapsers   7 - - NS



carrying the CCR5∆32 mutation[28]. It is difficult to com-
ment on the role of  CCR5 mutations in HCV infection 
with genotype 3 in our population, since this is the most 
common genotype. Also, we had 0.7% allelic frequency 
of  CCR5∆32 and since 98% of  HCV patients had CCR5 
wt/wt, speculating a higher SVR in 3a genotype is not pos-
sible. Our patients had received combination therapy of  
interferon/pegylated interferon and ribavirin. However it 
has been suggested that the interferon and ribavirin com-
bination treatment may overcome this negative effect of  
CCR5∆32[28]. Thus, in population a infected with genotype 
3 HCV, CCR5∆32 mutations do not influence the response 
to combination therapy with interferon and ribavirin. 
    In conclusion, our results indicate that CCR5∆32 muta-
tion does not influence the susceptibility and severity of  
liver disease in chronic hepatitis C patients. Moreover, 
CCR5∆32 mutation does not influence the response to 
therapy.
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Abstract
AIM: To test the feasibility of delivering a plasmid 
encoding IL-15 as a DNA vaccine adjuvant for improving 
the immune responses induced by hepatitis B virus core 
gene DNA vaccine. 

METHODS: We used RT-PCR based strategies to 
develop IL-15 expression constructs. We first confirmed 
that the gene could be expressed in Escherichia coli  due 
to the poor expression of IL-15. Then the bioactivity 
of IL-15 plasmid expression product was identified by 
CTLL-2 proliferation assay. One hundred micrograms of 
DNA from each of the IL-15 eukaryotic expressed plasmid 
and the recombinant plasmid harboring DNA encoding 
the 144 amino acids of the N-terminus of HBV core gene 
(abbreviated pHBc144) was used to co-immunize C57 
BL/6 mice. The titer of anti-HBcIgG was detected by 
ELISA and the antigen-specific CD8+ T cells (CD8+IFN-γ+ 
T cells) were detected by intracellular cytokine staining 
at different time points. 

RESULTS: After co-immunization by pIL-15 and pHBc144 
DNA vaccine the antigen-specific CD8+ cells of mice 
increased gradually, the first peak of immune response 
appeared 14 d later, then the number of antigen-specific 
CD8+ Ts cells decreased gradually and maintained at 

a steady level in 3 mo. After boosting, the number 
of antigen-specific CD8+ T cells reached the second 
peak 10 d later with a double of the 1st peak, then 
the number of antigen-specific CD8+ T cells decreased 
slowly. IL-15 as a gene adjuvant had no significant effect 
on humoral immune responses induced by hepatitis B 
virus core gene DNA vaccine, but increased the memory 
antigen-specific CD8+ T cells induced by hepatitis B virus 
core gene DNA vaccine.  

CONCLUSION: DNA vaccine constructed by HBc Ag 
1-144 amino acid induces effective cell immunity, and 
cytokine plasmid-delivered IL-15 enhances the longevity 
of CD8+ T cells.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The final goal of  a vaccine is to make body acquire long-
term and effective protection. However the long-term 
and effective protection depends on the quality and 
quantity of  memory T cells. IL-15 mRNA is constitutively 
expressed by various cells and tissues such as placenta, 
skeletal muscle, kidney, epithelial cells, synovial cells, 
and macrophages[1]. IL-15 is essential for CD8+ memory 
T-cell generation and maintenance, and is involved in the 
maintenance of  antigen-specific memory CD8+ T cells. 
The number of  memory-type (CD44highLy6C) CD8+ T 
cells increases significantly in the periphery lymphoid tissue 
of  IL-15 Tg mice, producing IL-15, while the number of  
antigen-specific memory CD8+ T cells declines in IL-15- 
and IL-15R-deficient mice[2].

IL-15 has attracted great attention because of  its 
important effect on memory CD8+ T cells[3-5]. This 
report describes the IL-15 mRNA extraction from 
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human peripheral blood mononuclear cells (PBMCs) 
and the molecular cloning of  IL-15. We demonstrated 
that recombinant IL-15 was expressed in Escherichia coli 
and showed bioactivity in COS cells. Our results suggest 
that IL-15 plasmid has effect on the memory phase 
of  cellular immune response induced by HBc DNA 
vaccine, indicating that plasmid IL-15 functions as a 
candidate adjuvant and can be used in for vaccine or 
immunotherapeutic studies.

MATERIALS AND METHODS
Mice
Female C57BL/6 mice at the age of  6-8 wk were 
purchased from Shanghai Sippr-Bk Company and allowed 
to acclimate for at least 2 wk prior to use. The mice were 
housed in laminar airflow cages with free access to food 
and water ad libitum. Analyses of  specimens from those 
animals revealed no evidence of  exposure to viral, bacterial 
or parasitic pathogens during these studies.

Plasmids and peptides 
The HBcAg-expression plasmid pHBc144 was constructed 
by inserting a gene encoding hepatitis B core antigen N’ 
end 144 amino acid into a vector (pcDNA3, Invitrogen), 
driven by the cytomegalovirus (CMV) immediate early 
promoter. The secreted HBcAg could be detected in the 
supernatant of  cell culture transiently transfected with 
pHBc144[6]. Anti-HBc could be detected in the serum of  
Balb/c mice, which were injected with pHBc144 DNA 
plasmid. 

The HBV core Ag pept ides were synthes ized 
and generously provided by Dr. Rafi Ahmed (Emory 
University, GA)

Cell culture
PBMCs were isolated from peripheral blood of  healthy 
volunteers by density gradient centrifugation over Ficoll. 
Fresh whole blood was drawn, heparinized and gently 
mixed with one volume of  RPMI1640. The diluted blood 
was layered over Ficoll and centrifuged at 800 g, for 20 min 
at 4℃. PBMC were collected from the interface between 
the plasma and the density gradient solution. After being 
washed in PBS, PBMCs were resuspended in RPMI 1640 
supplemented with 5 mg/mL LPS, 200 mmol/L L-guat-
mine, 10% FCS, 20 mmol/L Hepes, 100 U/mL penicillin, 
and 100 μg/mL streptomycin, at a final cell concentration 
of  5 ×106/mL. Then the PBMCs were cultured in 24-well 
plates for 6 h.

RT-PCR and cDNA cloning of Interlukin-15
RNA extraction as well as RT-PCR analysis were per-
formed as previously described[7]. Briefly, total RNA was 
purified using Trizol (Invitrogen Life Technologies) fol-
lowing the manufacturer’s instructions. A 4 μg aliquot of  
total cellular RNA was reverse transcribed using random 
hexanucleotide primers and the Superscript Ⅱ preampli-
fication system (Invitrogen Life Technologies). One-tenth 
of  the cDNA obtained was amplified in a 20-pl reaction, 
using 1 U of  Pwo DNA Polymerase ExpandTM High Fidel-

ity PCR System (Boehringer Mannheim) and the reagents 
provided with the preamplification system. Thirty-five 
cycles of  PCR amplification were performed at 94℃ for 
2 min, at 60℃ for 1 min and at 72℃ for 1 min; followed 
by a final extension at 72℃ for 7 min. Ten microliters of  
the reaction products was analyzed on 1% agarose gel. 
The primer sequences are sense: 5’-GCGGAATTCAT-
GAGAATTTCGAAACCACATTTGAG-3’; antisense: 
5’-GCGCTCGAGAATCAATTGCAATCAAGAAGT-
GT-3’. The amplified cDNA was ultimately digested with 
EcoR I and Xho I and cloned into pcDNA3 and pET2c. 
The sequences of  the IL-15 DNA insert were verified by 
sequencing with the dideoxy chain termination method 
(Bioasia Co., Shanghai). Sequences were analyzed by Vec-
tor NTI Suite software package (InfoMax).

Expression of recombinant protein
Escherichia coli strain BL21(DE3) (Novagen) was trans-
formed by the pET2c-IL-15 plasmid. The detailed pro-
tocol for production of  fusion proteins was as follows. 
E.coli cells were grown to absorbance 0.6 at 600 nm, then 
expression was induced with 0.4 mmol/L isopropyl-D-
thiogalac-toside for 4 h at 37℃. The bacterial cells were 
harvested, the cell pellet was suspended in 50 mL MTPBS 
lysis buffer (150 mmol/L NaCl, 16 mmol/L NaH2PO4, 
4 mmol/L Na2HPO4, pH 7.3, 1% TritonX-100) per liter 
of  culture volume. The cells were sonicated three times, 
10 s each time (Sinifer cell disrupter B-30; Branson Sonic 
Power), and centrifuged at 15 000 g for 10 min at 4℃. The 
supernatant was collected for SDS-PAGE and Western 
blotting.

Western blotting
E.coli cells were cultured for an indicated period of  time, 
lysed by adding 2X Laemmli SDS sample buffer and boiled 
for 5 min in a water bath. The proteins were resolved 
by 15% SDS-PAGE and transferred to a polyvinylidene 
difluoride membrane (Immun-blot PVDF; Bio-Rad). Non-
specific binding sites were blocked by incubating the blot 
in blocking buffer (5% nonfat dry milk in wash buffer) 
for 1 h at room temperature. The blot was washed three 
times (5 min each time) with wash buffer (0.5% Tween 
20, 200 mmol/L NaCl, and 50 mmol/L Tris, pH 7.5), and 
incubated with the appropriate primary Ab overnight at 
4℃. The blot was then washed three times (5 min each 
time) and incubated with the corresponding secondary Ab-
HRP conjugate for 1 h at room temperature. The blot was 
washed three times again (5 min each time), and proteins 
were detected. 

CTLL-2 proliferation assay
For CTLL-2 bioassays, COS cells were transfected with 
30 μg of  IL-15 expression constructs following a standard 
calcium-phosphate-mediated transfection protocol[7]. For 
these studies roughly 2-3 × 105 adherent COS cells/well 
were transfected in six-well 35-mm plates. After 24 h, 
the medium was replaced with fresh complete DMEM, 
supernatants were harvested 72 h after the transfection for 
assay.  

Aliquots (100 μL) of  the supernatant and serial two-
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fold dilution were added to 96-well microtiter plates 
containing 1 × 105 CTLL-2 cells in a final volume of  
200 μL. The cultures were incubated for 18 h at 37℃ 
and pulse-labeled for another 6 h with 0.5 μCi [3H] 
thymidine. Thymidine incorporation was quantified by 
liquid scintillation spectrometry[8] (BD). A standard curve 
was plotted from proliferation induced by standard murine 
rIL-2.

Immunization and sample collection
Plasmids were amplified in Escherichia coli and plasmid 
DNA was purified by using anion exchange column (End-
ofree plasmid purification kit, Qiagen, Chatworth, Calif) 
according to the manufacturer’s instructions. The plasmid 
DNA was dissolved in sterile physiological saline, and the 
final concentration was 1 μg/mL. 

C57BL/6（H-2b
）mice were vaccinated at the age of  

6-8 wk by injection of  DNA in 0.9% saline (w/v), into the 
quadriceps of  each hind limb as previously described[9]. In-
jection volume was 50 μL per leg and total DNA dose was 
50 μg per leg. On d 30, all mice were booster-immunized 
with the same DNA. On d 0, 8, 14, 30, 90 after priming 
and d 90 after boostering, blood samples were collected 
from each mouse by orbital bleeding (Figure 1). Serum was 
separated from each blood sample and used for measure-
ment of  the anti-HBcAb titer. On the other hand, mouse 
blood was obtained using heparin as an anticoagulant. 
The blood was diluted with RPMI 1640. PBMCs were 
obtained by density gradient centrifugation over HIS-
TOPAQUE-1083 (Sigma), washed three times with RPMI 
1640 and counted afterward. The spleens were removed 
for the measurement of  cytokine production.

Detection of anti-HBcIgG and subclasses
Anti-HBc antibody was titrated with ELISA kit (Shanghai 
Infectious Diseases’ Hospital). Each serum sample was 
made in a series of  three-fold dilution. Goat anti-mouse 
IgG-HRP conjugate (The Binding Site Limited Co, Eng-
land) was used as the secondary antibody and O-pheylene-
diamine (OPD) was used as a substrate. The plates were 
read with Titerek Multiskan MCC/340 at A450.The wells 
with an absorbance of  ≥ 0.1 (above background, 0.020) 
were scored as positive.

Intracellular cytokine staining and flow cytometric (FCM) 
analysis
For intracellular cytokine detection of  IFN-γ, PBMCs and 
single suspension of  splenocytes were plated in a 96-well 
plate (Costar) at a density of  1 × 106 cells/well in a final 
volume of  200 μL. Cells were stimulated with peptides 
for 5 h. Brefeldin A (final concentration 2 μg/mL) was 
added to the cultures during stimulation. At the end of  the 

incubation, the cells were washed twice and stained for 30 
min at 4℃ with phycoerythrin (PE)-conjugated anti-mouse 
CD8 (BD Bioscience) in FACS buffer [2% FCS, 0.1% 
sodium azide in phosphate buffered saline (PBS)]. Cells 
were collected, washed and incubated in permeabilization 
buffer for 20 min on ice. The permeabilized cells were 
washed and stained with fluorescein isothiocyanate 
(FITC)-conjugated anti-mouse IFN-γ (BD PharMingen, 
San Diego, CA) for 30 min. Cells were washed, fixed 
with 2% (w/v) paraformaldehyde, and acquired with a 
FACSCalibur flow cytometer (Becton Dickinson, Boston, 
MA). Forward and side scatters were collected on a linear 
scale, while the PE and FITC signals were collected on 
a 4-decade log scale. Overlaps of  emission spectra were 
electronically compensated. The debris were eliminated 
using the threshold on forward scatter and 100 000 events 
were acquired with CellQuest software (BD, Biosciences).

Statistical analysis
Statistical analyses of  data were performed using SPSS 
10.0 for windows (SPSS, Inc., Chicago, IL).  

RESULTS
cDNA cloning
PBMCs were isolated from peripheral blood of  healthy 
volunteers by density gradient centrifugation over Ficoll. 
A total of  5 × 105  PBMCs were transferred into 24-well 
plates and cultured for 6 h with 5 μg/mL LPS. RNA 
extraction and RT-PCR were performed (Figure 2). The 
complete human IL-15 cDNA (GenBank accession No. 
U14407) was 518 bp long and was comprised of  146 bp 
signal peptide (IL-15sp) and a IL-15 mature peptide gene 
sequence (IL-15mp).

Amplified cDNA was ultimately digested with EcoR I 
and Xho I and cloned into pcDNA3. The sequences of  
IL-15 DNA insert were confirmed and this plasmid was 
named pIL-15.

For generation of  the IL-15 prokaryotic expression 
construct, the IL-15 mp coding sequence was PCR ampli-
fied from pIL-15. The resulting fragments were digested 
with EcoR I and Xho I and cloned into pET2c named 
pET-IL-15 (data not shown) .

Expression of IL-15 in Escherichia coli
Escherichia coli strain BL21(DE3) (Novagen) was trans-
formed by the pET-IL-15 plasmid. After induction by 

↓ ↓

Prime 90 d

0          8         14        30                               90 (d)

Figure 1  Immunization schedule of pHBc144 and pIL-15 plasmid.
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Figure 2  Electrophoretogram of PCR 
products.  The human IL-15 coding 
sequence (GenBank U14407) was RT-
PCR amplified from human PBL mRNA 
stimulated with LPS.
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IPTG and temperature, the supernatant of  bacteria lysates 
was taken for SDS-PAGE and Western blotting. IL-15 
fragments could be expressed in pET-32c vector and its 
molecular weight was Mr 26 000 (Figure 3).

Production of IL-15 by COS cells 
The IL-15 was cloned into the pcDNA3 vector with CMV 
promoter (Invitrogen) and transfected into COS cells. 
Forty-eight hours after transfection, the COS supernatants 
were collected and subjected to CTLL-2 proliferation as-
say. CTLL-2 cell 3H-TdR cpm was related to the dilution 
fold of  the COS supernatant. When the dilution fold of  
transfection supernatant increased, the incorporation of  
3H-TdR cpm decreased. The incorporation 3H-TdR cpm 
of  pIL-15-transfected COS supernatant was higher than 
that of  vector-tansfected COS supernatant (Figure 4). So 
we could detect IL-15 activity in the supernatants of  COS 
cells transfected with pIL-15. 

Kinetics of antigen-specific CD8 responses following DNA 
vaccination and cytokine expression profiles of antigen-
specific T cells  
Both primary and memory antigen-experienced CD8+ 
T cells rapidly upregulated cytokine production after en-
countering cells displaying their cognate peptide ligand in 
association with a major histocompatibility complex class 
I molecule. We used ICCS to identify cytokine-producing 
HBc-specific CD8+ memory T cells directly ex vivo after 
DNA inoculation prior to this study, but it was unclear 
how quickly these responses developed when IL-15 as a 
gene adjuvant was coinjected with HBc DNA vaccine. 
Therefore, we used ICCS to directly enumerate antigen-
specific effector CD8+ T cells in the spleens of  mice at 
various time points after DNA immunization (pHBc144 
and/or pIL-15). The average percentage of  peptide-spe-
cific CD8+ T cells detected in three mice analyzed at each 
time point for each mode of  immunization is shown in 
Figure 5A. 

Seven days after-immunization, antigen specific CD8+ 
T cells were present at a frequency of  less than 0.1% in all 
of  the vaccinated mice (both pHBc144 + pcDNA3 group 
and pHBc144 + pIL-15 groups), and therefore accurate 

analysis of  IFN-γ production was not possible (Figure 
5A). By d 14, 2.64% ± 1.07% of  the HBcAg specific 
CD8+ T cells primed by pHBc144 + pIL-15 DNA vac-
cination secreted IFN-γ, and at 30 d after-immunization, 
0.39% ± 0.21% of  the antigen-specific cells were positive. 
A similar transition was observed in CD8+ T cells primed 
by pHBc144 + pcDNA3 DNA vaccination (2.26% ± 2.50% 
on d 14 and 0.42% ± 0.06% on d 30). Thus, the cytokine 
expression patterns of  HBcAg-specific T cells were similar 
regardless of  the pIL-15 immunization.

These proportions decreased gradually, by d 90 post-
priming, 0.48% ± 0.36% of  the antigen-specific CD8+ T 
cells induced by pHBc144 in pIL-15 co-immunized group 
secreted IFN-γ, while 0.16% ± 0.04% of  the antigen-
specific CD8+ T cells in pHBc144 and pcDNA3 co-immu-
nized group were IFN-γ+CD8+ T cells (Figure 6). 

After being boosted, the HBc Ag specific T cells 
expanded rapidly, and by d 90 post-boost the specific 
memory cells could still be detected, sustaining a higher 
level than that for the first response. On d 90 after boost-
ing, 0.28% ± 0.04% of  the antigen-specific CD8+ T cells 
induced by pHBc144 in pIL-15 co-immunized group se-
creted IFN-γ, while 0.11% ± 0.04% of  the antigen-specific 
CD8+ T cells in pHBc144 and pcDNA3 co-immunized 
group were IFN-γ+ CD8+ T cells (Figures 6A and B ).

Kinetics of HBcAg specific CD8+ T-cells in the circulation 
induced by DNA vaccine
For examining the kinetics and distribution of  antigen 
specific CD8+ T-cells in the non-lymphoid tissue induced 
by DNA vaccination, we separated the lymphocytes from 
blood. The kinetics of  HBcAg-specific CD8+ T cells in 
the circulation stimulated with pHBc144 showed a similar 
pattern with that of  the spleen (Figure 5). However the 
number of  HBcAg-specific CD8+ T cells in PBMCs was 
lower than that in the spleen at the same time point. Eight 
days after DNA vaccination, HBcAg-specific CD8+ T cells 
were detectable. By d 14 the number of  IFN-γ+ CD8+ T 
cells in PBMCs reached the peak and then dropped gradu-
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Figure 3  SDS-PAGE and Western blotting of recombinant polypeptides. M: 
polypeptide molecular marker; lane 1: BL21; lane 2: pET32c ; lane 3: pET-15 
uninduced ; lane 4: pET-15 induced.
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Figure 4  IL-15 bioactivity in supernatants of cells transfected with pIL-15 
expression plasmid. COS cells were transfected with pIL-15 (▲) expression 
constructs or vector pcDNA3 (×), and the supernatants were collected 72 h after 
transfection. The supernatants were tested by CTLL-2 bioassay to measure IL-15 
bioactivity. IL-2 (5 × 103 U/ mL) was used as a positive control.
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ally. These proportions decreased gradually until d 90 post-
priming, 0.17% ± 0.05% of  the antigen-specific CD8+ T 
cells induced by pHBc144 in pIL-15 co-immunized group 
secreted IFN-γ, while 0.22% ± 0.01% antigen-specific 
CD8+ T cells in pHBc144 and pcDNA3 co-immunized 
group  were IFN-γ+ CD8+ T cells. 

On d 90, after boosting, 0.20% ± 0.13% of  the anti-
gen-specific CD8+ T cells induced by pHBc144 and pIL-15 
co-immunized group secreted IFN-γ, while 0.12% ± 0.13% 
antigen-specific CD8+ T cells in pHBc144 and pcDNA3 
co-immunized group were IFN-γ+ CD8+ T cells (Figure 
5B, Figure 6 C and D ). The antigen-specific memory cells 
still could be detected directly ex vivo in the circulation on 
d 90 post-boost (Figure 5B, Figure 6D). 

HBcAg specific CD4/CD8 in spleen and PBMCs induced 
by HBcDNA vaccine
At the same time point, we checked the total CD4+ and 

CD8+ cell percentage (Table 1), IL-15 had no big effect on 
the ratio of  CD4+ and CD8+.

HBcAg specific humoral response induced by DNA 
vaccine
The HBcAg specific humoral immune response induced 
by pHBc144 was detected by ELISA for anti-HBc anti-
body in serum. The plates were read with Titerek Multi-
skan MCC/340 at A450.The wells with an absorbance of  ≥
0.1 (above background, 0.020) were scored as positive.

Four weeks after the first pHBc144 immunization, all 
mice underwent anti-HBc seroconversion. The mean titer 
of  anti-HBc IgG in pHBc144 + pIL-15 group reached 
29.81 ± 20.9 on d 30. After being boosted, the mice produced 
a higher titer of  anti-HBc IgG (29.81 ± 20.9) than that of  
the primary response, and anti-HBc maintained at that 
level (29.81 ± 20.9) on d 90. The titer of  anti-HBc IgG2a in 
pHBc144 + pIL-15 group (29.81 ± 20.9) was slightly higher 
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Figure 5   Kinetics of antigen-specific CD8+ T-cell response in spleen (A) and PBMCs (B)  following DNA immunization. Mice were immunized with pHBc144 plasmid DNA 
or vector DNA intramuscularly. At various time points, splenocytes and PBMCs were harvested, stimulated for 5 h with specific peptide, double stained with anti-CD8a-
PE and anti-IFN-γ-APC. A total of 1 × 105 events were acquired by a flow cytometer. The indicated values on the lines of the figure (plotted on a log10 scale) reflect the 
percentage of peptide-specific CD8+ T-cells to total CD8+ T-cells in the spleens or PBMCs (about three mice/group at each time point). The cut-off value was 0.1%.

Table 1  Total CD4+ and CD8+ T-cells detected in spleen and PBMC from mice co-immunized with pHBc144 and pIL-15 following 
DNA immunization

Group                                d 8                               d 14                             d 30                              d 90                           booster d 90
                     CD4      CD8             CD4            CD8             CD4  CD8    CD4       CD8           CD4            CD8

pIL-15+pHBc144 13.35 ± 1.00 8.31 ± 2.08 17.89 ± 0.83 15.15 ± 0.88 22.02 ± 2.12 12.63 ± 0.51 20.23 ± 3.07 23.41 ± 0.65 11.76 ± 2.36 12.10 ± 0.59
pcDNA3+pHBc144 14.08 ± 1.32 8.24 ± 1.08 16.69 ± 2.21 14.75 ± 0.87 19.56 ± 1.23 14.58 ± 0.98 19.77 ± 3.61 22.37 ± 1.53 12.03 ± 2.50 13.43 ± 1.93
pIL-15 14.43 10.12 14.69 ± 2.25 10.31 ± 1.94 19.76 ± 1.41 13.38 ± 1.53 19.04 ± 1.75 15.72 ± 3.08 11.08 ± 0.21 12.76 ± 2.55

A  Spleen

B  PBMC
Group                                d 8                               d 14                              d 30                             d 90                            booster d 90
                       CD4          CD8            CD4            CD8  CD4            CD8       CD4           CD8             CD4             CD8

pIL-15+pHBc144            13.05 ± 1.75 7.42 ± 1.41 15.93 ± 2.95 10.67 ± 1.87 19.10 ± 3.70 10.06 ± 0.47 16.94 ± 1.19 8.61 ± 1.20 8.66 ± 0.13 12.78 ± 1.76
pcDNA3+pHBc144        15.49 ± 4.77 8.35 ± 1.84 18.30 ± 3.56 12.24 ± 1.27 22.97 ±3.17 12.79 ± 4.39 7.50 ± 0.58 7.18 ± 2.93 10.09 ± 5.19 16.20 ± 1.48
pcDNA3+pHBc144 14.85 8.92 17.98 ± 3.20 7.68 ± 3.46 21.70 ± 5.44 12.51 ± 1.16 12.58 ± 0.66 9.43 ± 1.36 8.36 ± 3.53 10.34 ± 2.09

Mice were injected with 100 μg of pIL-15 or pHBc144 or both pIL-15 and pHBc144 plasmids intramuscularly. Single-cell suspensions were prepared. Cells were 
stained with anti-CD4-APC and anti-CD8-PE. The stained cells were analyzed with a FACScan. The data from each group at each time point represent the mean 
± SD (n = 3). (A)  the total CD4 and CD8 in the spleen. (B)  the total CD4 and CD8 in the PBMC.
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than that of  pHBc144 + pcDNA3 group (28.22 ± 20.9), but 
there was no significant difference (P > 0.05).

DISCUSSION
IL-15 plays a pivotal role in the development, survival, and 
activation of  NK cells, NK-T cells and cytokine release 
various subsets of  T and B cells[10-12]. IL-15 maintains the 
homeostasis of  memory phenotype CD8+ T cells[13].  The 
IL-15 response to infectious agents, such as viruses and 
other intracellular organisms, may represent a critical ele-
ment in the host defense against these pathogens. Opti-
mized IL-15 in combin with HIV-1gag DNA constructs 
results in a significant enhancement of  Ag-specific CD8+ 
T cell proliferation and IFN-gamma secretion, and strong 
induction of  long-lived CD8+ T cell responses[14]. pDNA 
encoding IL-15 is capable of  elevating survival rates of  
HSV-1-infected mice when coinjected with 1 μg of  gB 
pDNA[15]. IL-15 has been reported to have a profound ef-
fect on the augmentation of  CD8+ T cell response against 
murine T. gondii infection[16]. Toxoplasma-specific CD8+ T 
cell immunity in mice is depleted over time, but can be res-
cued by IL-15 treatment. These findings suggest that IL-15 

may be useful as an immune adjuvant given with vaccina-
tion to enhance its biologic efficacy.

IL-15 is predominantly regulated posttranscription-
ally at the level of  translation and translocation. Although 
Northern blot analysis can reveal widespread constitutive 
expression of  IL-15 mRNA in a variety of  tissues such as 
placenta, skeletal muscle, kidney, lung, heart, fibroblasts, 
epithelial cells, and monocytes, it is difficult to demonstrate 
IL-15 in supernatants of  many cells that express such 
mRNA. This discordance between IL-15 mRNA expres-
sion and IL-15 protein production is regulated by multiple 
elements including 12 upstream AUGs of  the 50 UTR, 
a 48-aa signal peptide, and the C-terminus of  the mature 
protein. The IL-15 signal peptide is an important factor 
in the negative regulation of  IL-15 protein expression. 
There are two alternative leader peptides, one with 48 aa 
and the other with 21 aa[17]. IL-15 associated with a short 
21-aa signal peptide is not secreted but stored intracellu-
larly, appearing in nuclear and cytoplasmic components[18]. 
The long 48-aa isoform of  the signal peptide might func-
tion as a negative regulator of  IL-15 generation. The total 
quantity of  IL-15 generated (the sum of  IL-15 retained 
within the cells) increases 17- to 20-fold when the IL-15 
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signal peptide is replaced by that of  IL-2. Parallel studies 
showed that the quantity of  IL-2 secreted is reduced 40- to 
50-fold when COS cells are transfected with the reciprocal 
construct in which the IL-2 signal peptide is replaced with 
that of  IL-15. Furthermore, after the IL-15 signal peptide 
is replaced with that of  CD33 [19], translation and secretion 
increase, supporting the view that IL-15 expression is con-
trolled posttranscriptionally at the level of  translation and 
secretion. 

We cloned the classical 48-aa signal peptide isoform of  
IL-15 (LSP-IL-15). When COS cells were transfected with 
the wild-type construct[19], the quantity of  IL-15 protein 
was very low (360 pg per 200 000 cells). Moreover, in most 
cases it was difficult to demonstrate IL-15 in the culture 
supernatants. We could not detect IL-15 protein in culture 
supernatants by Western blot after transfecting COS cells 
with our construct (data not shown). We therefore sub-

cloned the LSP-IL-15 cDNA into expression vector and 
let it translate in E coli. Western blot analysis showed a Mr 
26 000 fusion protein, which was identified with NCBI se-
quence.

The IL-15 associated with the long 48-aa signal peptide 
enters the endoplasmic reticulum where it was glycosylated. 
Nevertheless, IL-15 is secreted after trafficking through 
the Golgi, yielding a cytokine with a fully processed signal 
peptide. We measured the biological function of  the 
construct by detecting the IL-15 in the supernatant of  
transfection. 

Meazza et al[20] and Onu et al[17] found that IL-15 is 
not secreted when IL-15 SP is employed. Nevertheless, 
Waldmann et al [21] assessed cultures from COS cells 
transfected with the wild-type IL-15 coding sequence at 
120 h and found that at least 90% of  the IL-15 protein 
(though at low levels) can be identified in the culture 
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Figure 6  Percentages of HBc specific CD8+ T cells in the spleen after primary (A) and secondary immunization (B) and in PBMCs after primary (C) and secondary 
immunization (D) detected by ICCs directly ex vivo at various time points. C57BL/6 mice were immunized with pHBc144 DNA or pIL-15 DNA and boosted at d 30 later. The 
splenocytes and harvested at various time points. Then the cells were cultured for 5 h in the absence or presence of the HBcAg peptide and double stained with anti-CD8a-
PE and anti-IFN-γ-APC. CD8+IFN-γ+cells are enclosed in ovals, and the numbers in the upper right quadrants represent the percentage of CD8+IFN-γ+ cells to total CD8+ T 
cells. The data from each group at each time point represent mean ± SD (n = 3). Naïve mice were used as negative controls. The cut-off value was 0.1%. 
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supernatants, and 10% is retained within the cells, 
as evaluated by sensitive ELISA assays. Our result is 
consistent with that of  Waldmann et al. Although in COS 
cells transfected with IL-15 expression construct, the levels 
of  IL-15 protein synthesized and secreted were very low 
(3 logs less than those obtained with a comparable IL-2 
construct), LSP-IL-15 could secrete in the supernatant of  
COS cells transfected with IL-15 expression construct and 
have bioactivity, and can induce CTLL-2 cell proliferation. 
This difference between the different studies may be due 
to the fact that the CTLL-2 strain cannot respond to 
IL-15. 

To determine if  the IL-15 plasmid has many effects on 
the humoral and cellular immune response, especially CD8+ 
T cell response induced by DNA vaccination, splenocytes 
and PBMCs from the pIL-15 and HBcAg DNA vaccine 
co-immunized mice were evaluated for IFN-γ expression 
on antigen-specific CD8+ T cells and anti-HBc IgG in 
serum was detected at each time point. We selected them 
for the DNA plasmid format because they are inexpensive, 
noninfectious and can be readily optimized to enhance 
immunogenicity and protective efficacy. Furthermore, 
DNA vaccines can induce robust and durable CD8+ T cell 
responses, and can be used to deliver a large number of  
CTL epitopes[22]. Our results showed that pIL-15 had no 
effect on anti-HBc IgG induced by pHBc144. Although 
antigen-specific CD8+ T cells reached a peak on d 14 after 
priming, pIL-15 had no effect on antigen-specific CD8+ T 
cells in splenocytes or PBMCs induced by HBcAg DNA 
vaccine. pIL-15 could increase the percentage of  antigen-
specific CD8+ T cells induced by HBcAg DNA vaccine 
on d 90 after priming and boosting. These two time points 
belonged to memory phase of  immune response. 

The existence of  the basic effector Th1 and Th2 sub-
sets is now well accepted, and used to plan therapeutic and 
vaccine strategies. Th1 cells produce interlukin 2 (IL-2), 
interferon γ and lymphotoxin (LT), whereas Th2 cells 
produce IL-4, IL-5, IL-6, IL-9 and IL-13[23]. The function 
of  Th1 and Th2 cells correlates well with their distinctive 
cytokines. Th1 cells are involved in cell-mediated inflam-
matory reactions. Several Th1 cytokines activate cytotoxic 
and inflammatory functions, while Th1 clones induce 
delayed-type hypersensitivity (DTH) reactions; and IFN-γ 
is commonly expressed at sites of  DTH reactions Th2 
cytokines promote antibody production, particularly IgE 
responses, and also enhance eosinophil proliferation and 
function. Accordingly, Th2 cytokines are commonly found 
in association with strong antibody and allergic responses. 
Unfortunately, we did not evaluate the effect of  IL-15 on 
antigen specific Th1 cells induced by HBc DNA vaccine. 
But our results showed that IL-15 had no effect on the ra-
tio of  CD4+ and CD8+. 

Chronic HBV infection is one of  the most common 
infectious diseases worldwide and leads to a high morbid-
ity and mortality due to the development of  liver cirrhosis 
and cancer. Virus persistence is believed to be due to an 
insufficient antiviral Th cell and CTL response of  the 
host[24]. Effective HBV-specific CD8+ T cell responses have 
been proven to inhibit virus replication independently of  
liver damage[25,26].

During HBV replication, the nucleocapsid or core 
particle recruits into the pregenomic RNA and viral re-
verse transcriptase, and provides the template on which 
the surface envelope components assemble. Recombinant 
Mr 21 000 (P21) core protein self-assembles into 28-nm 
particles representing the native hepatitis B core Ag (HBc 
Ag)[27]. Since it plays a central role in nucleocapsid forma-
tion and pregenomic viral RNA packaging, HBV core an-
tigen represents another interesting target for DNA-based 
vaccine, although less data are available on DNA immuni-
zation to core antigen protein compared to the envelope 
protein. DNA-based immunization of  mice to the HBV 
core has been shown to efficiently prime specific antibody 
and cytotoxic-T-lymphocyte responses[28].  

Interferon is one of  the most effective drugs for chron-
ic HBV infection[29]. Experiments with HBV transgenic 
mice suggest that intrahepatic secretion of  antiviral cyto-
kines, such as IFN-γ and TNF-α by CTLs and Kupffer 
cells can interrupt the HBV life cycle without lysis of  
infected hepatocytes. The rapid reduction of  HBV-DNA 
before hepatocellular damage in acute infections in chim-
panzees and humans suggests that a similar non-cytolytic 
mechanism is, at least in part, responsible for inhibition of  
viral replication during natural infection[30]. 

In conclusion, DNA vaccine constructed by HBc Ag 
1-144 amino acid induces effective cell immunity, cytokine 
plasmid-delivered IL-15 enhances CD8+ T cell longevity, 
IL-15 is a possible candidate adjuvant for HBV DNA vac-
cine.
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Li-Hua Dai, Bo Xu, Guang-Hui Zhu

INTRODUCTION
Since Mouret performed the successful laparoscopic 
cholecystectomy in 1987, new frontiers have opened for 
minimally invasive surgery[1], and has been expanded 
to more extensive procedures such as resection of  the 
abdominal large viscera[2-4]. The minimally invasive surgery 
is superior to conventional open surgery because it 
offers significant benefits to the patients including much 
shorter incision, less pain and faster recovery. Despite 
instrumentation has dramatically improved over the past 
decade, laparoscopic resection of  abdominal large organ 
still has several concerns regarding the safety, technical 
difficulties, rapidity and complications such as bleeding, 
injury to major adjacent structures, which affect the short-
term and long-term outcomes[5].    

In an effort to largely simplify and shorten the 
procedure, provide an easier, safer approach, and decrease 
patients’ postoperative pain and stay, we have designed 
a method for laparoscopic resection of  abdominal large 
viscera. Usually, several 5-12 mm trocars are placed in the 
abdominal wall in laparoscopic surgery. However, there 
must be 5-6 cm port for extraction of  a resected specimen 
in removal of  abdominal large visceral organ. From “1 
port + 2 trocars” as the minimal invasive wounds, we used 
a quick and safe hand-assisted laparoscopic technique for 
resection of  abdominal large viscera, by taking advantages 
of  both open and laparoscopic techniques.

MATERIALS AND METHODS
Patients
From May 2001 to December 2002, 26 patients, 15 males 
and 11 females with a mean age of  61.8 yeas (range 42-71 
years), underwent hand-assisted laparoscopic surgery 
involving resection of  liver, spleen, colon, jejunum, 
ileocecum, stomach and gallbladder, including 2 emergency 
operations: a 71 year-old female had uncontrolled bleeding 
from multiple diverticulosis of  ascending colon, and 
another 54 year-old female suffered from carcinoma of  
terminal ileum associated with ileus. The procedure was 
carried out endocorporeally and extracorporeally, by 
means of  the HandPort system (Smith & Nephew Inc. 
Andover, Massachusetts), harmonic scalpel (HCS 15 and 
HCS C5, Ethicon, Endo-surgery, Cincinnati, Ohio. Ultra 
shears 5 mm instrument, US Surgical, Tyco Healthcare) or 
Ligasure(10 mm Atlas, Vallylab, Boulder, Tyco Healthcare).  
All procedures were performed with the patients in the 
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Abstract
AIM: To design a hand-assisted laparoscopic approach 
in an attempt to provide an option for laparoscopic 
resection of abdominal large viscera.    

METHODS: A 5-6 cm incision (for HandPort) and 2 
trocars were employed. The main vessel of the target 
organ was taken as a “core”, and all tissues around the 
core were taken as peripheral structures. The peripheral 
structures were dissected first, and the core vessels were 
treated last. Twenty-six patients underwent laparoscopic 
deroofing of the hepatic huge cysts, resection of the 
segments lying at the outer edge of the liver (segments 
2 to 6), splenectomy, hemicolectomy, ileocecectomy and 
subtotal gastrectomy with HandPort device, harmonic 
scalpel, or Ligasure.   

RESULTS: The duration of the procedure was within 2 
hours. Blood loss amounted to 8-120 mL. The conversion 
rate was 3.8% (1/26). All patients had uneventful 
postoperative courses with less pain, earlier oral intake, 
and faster recovery, compared with conventional surgery. 

CONCLUSION: This method combines the advantages 
of both open and laparoscopic techniques, achieving 
better hemostasis effect, shortening the operative time, 
and is beneficial to the patients.

© 2006 The WJG Press. All rights reserved.
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supine position, rotated appropriately, or with rolls under 
the flank of  the appropriate side. The operations and 
indicating diseases are listed in Table 1. 

The location of  HandPort device was preferred to 
be directly over or close to the main (core) vessels of  the 
target organ, in order to provide direct visualization to 
transect the core vessels or dissect the radical lymph notes. 
The location of  ports and positioning of  the operator are 
listed in Table 2. 

Before placement of HandPort device
A 5-6 cm abdominal incision was performed, before 
placement of  HandPort device to allow for introduction 
of  the hand to assist in placing two trocars, similar to 
placement of  abdominal drains in open surgery, and also 
to allow the hands to perform abdominal exploration. 
If  the dissection preceded the resection, the following 
procedures were done under direct vision, including 
mobilizing intraperitoneal adhesion, dissecting the 
peripheral structures, or placing a loop for occlusion of  

hepatic hilar pedicles, in case of  emergency use. 

Following placement of HandPort device
The HandPort device was placed, with the abdomen 
insufflated under a pressure of  13-14 mmHg. The left hand 
was reintroduced. While exposing and retracting or pulling 
tissues with the hand, the peripheral structures including 
adhesions, peritoneum, ligaments, omentum, mesentery, 
as well as the hepatic parenchyma around the “core” 
pedicles were dissected by harmonic scalpel or Ligasure, 
occasionally by combined use of  electrocoagulation 
without any laparoscopic suture or ligation.

Treatment of the core vessels finally 
Once the target organ was mobilized, its core vessels were 
treated openly through the port incision by conventional 
open technique or vascular endo-stapler, as the location of  
the port incision was most direct over or close to the core 
vessels of  the target organ.

Among our patients, a 71 year-old woman suffered 

Table 1  (HALS) operations and indicating diseases (26 cases)

Cases   Operations                                        Indicating diseases
1-2        Left lateral segmentectomy                         Hepatitis B-related cirrhosis supervened hepatocellular carcinoma (HCC), hepatic cavernous hemangioma
3            S 6 segmentectomy                                       Hepatitis B-related cirrhosis supervened HCC
4            S 5 and 6 segmentectomy                             Hepatitis B-related cirrhosis supervened HCC
5            S 5, 6 and partial 4 segmentectomy +        Hepatitis B-related cirrhosis supervened HCC
             cholecystectomy                                         
6            Partial S 4 segmentectomy                           Hepatic cavernous hemangioma
7-11      Deroofing of the hepatic huge cysts           The 4, 6, 7, 8 segmental hepatic cysts; the 4, 5, 6, 7, 8 segmental hepatic cysts; the 5, 6, 7 segmental  
                                                                                       hepatic cysts (2); the 5, 6, 7 segmental hepatic cysts with calcification of cystic wall
12-15    Right hemicolectomy                                    Carcinoma of the ascending colon (3)
                                                                                       1Multiple diverticulosis of ascending colon with massive hemorrhage
16         Left hemicolectomy + partial jejunectomy Carcinoma of the splenic flexure of colon with metastasizing to liver and jejunum,                                   
17         Left hemicolectomy                                       2Carcinoma of the sigmoid with metastasizing to left ureter and common iliac artery
18-19    Ileocecectomy                                                 1Carcinoma of the terminal ileum with ileus, 
                                                                                       multiple diverticulosis of the ileocecum and chronic appendicitis 
20-21    Splenectomy                                                   Idiopathic thrombocytopenic purpura, carcinoma of pancreatic body and tail
22-25    Subtotal gastrectomy                                    Duodenal ulcer (2), gastric ulcer, gastric ulcer with massive hemorrhage                      
26         Half gastrectomy + cholecystectomy          Diverticulitis of duodenum and gall stone

1 Emergency operation; 2Conversion to open operation.

Table 2  Location of the ports and positioning of the operator

1Camera and Scalpel can change places with each other during operation; 2Left hand into abdomen, operator can change places during operation; 3Two incisions 
for HandPort device were at the previous wounds of right upper transrectus abdominis and lower midline involved open partial gastrectomy and caesarean 
operation.respectively; 4Just under the xiphoid process; R: right, L: left.

Operations                                                 HandPort                            Camera1             Scalpel1                                Operator2    
Left hepatic lateral segmentectomy                      R upper transrectus3                   Umbilicus              L upper quadrant                         R
Right hepatic segmentectomy                                R pararectus abdominis             Umbilicus              L upper quadrant                         R 
Deroofing of the hepatic huge cyst                       R subcosta                                     Umbilicus              L upper quadrant                         L
                                                                                    R upper transrectus                    Umbilicus              L upper quadrant                         L
                                                                                    R pararectus abdominis             Umbilicus              L upper quadrant                         R
Splenectomy                                                             Upper midline4                            Umbilicus              L umbilicus level                          R
                                                                                    L upper transrectus                     Umbilicus              L lower umbilicus level              R
Right hemicolectomy                                              Upper midline                              Umbilicus              Lower midline                              R
Left hemicolectomy + partial jejunectomy          Upper midline                              Umbilicus              Lower midline                              R
Subtotal gastrectomy                                              Upper midline                              Umbilicus              L  lower umbilicus level             R
Half gastrectomy +cholecystectomy                    Upper midline                              Umbilicus              R  lower umbilicus level             R
Ileocecectomy                                                           Lower midline3                             Umbilicus              R  middle quadrant                     L 



from hepatitis B-related cirrhosis supervened HCC and 
arrhythmia. She had had an open partial gastrectomy 5 
years ago due to leiomyoma of  stomach. She underwent 
hand-assisted laparoscopic left lateral segmentectomy. 
The HandPort incision of  6 cm in length was located at 
the previous wound scar at the right upper transrectus 
abdominis (the previous incision of  18 cm in length). 
The strategy of  the procedure was to treat the portal 
pedicles of  the left lateral segment as core vessels. First, 
the adhesions between wound peritoneum and omentum, 
liver and stomach were dissected. A loop was then 
placed around hepatic hilar pedicles, in case of  requiring 
interrupting hepatic afferent blood flow. Two trocars for 
camera and harmonic scalpel were introduced by the open 
method of  making abdominal drains. Following placement 
of  HandPort system, the left hand was reintroduced and 
the target segment retracted. Ligament attachments of  
the left lobe were divided until the left lateral segment was 
completely freed, as shown in Figure 1A. The peripheral 

parenchyma around the core vessels was dissected from 
top toward bottom down to the core vessels (portal 
pedicles) with a harmonic scalpel (HCS 15 from Ethicon, 
Cincinati) (Figure 1B). Then, dissection switched from the 
bottom toward top up to the core vessels. The core vessels 
were completely freed (Figure 1C). Finally, the core vessels 
were transected by a vascular endo-stapler through the port 
incision openly (Figure 1D). The resected specimen was 
extracted immediately. There was no active blood oozing 
from the resected raw surface of  the liver, which was 
covered with absorbable hemostasis gauze. The blood loss 
was less than 60 mL, without temporary inflow occlusion 
during operation. There was no need for abdominal drain. 
The resected left lateral segment was 15 cm × 8 cm × 
4 cm.

RESULTS
Twenty-six patients underwent uneventful operation 
courses. One patient was converted to open procedure 
because his left ureter and common iliac artery were 
invaded by the sigmoid cancer. The conversion rate was 
3.8% (1/26). The length of  the procedures was under 
2 hours (range 30 min-2 h). The operative blood loss 
was between 8 to 120 mL. There were no postoperative 
complications except that a 70 year-old man with chronic 
pulmonary emphysema and carcinoma of  ascending 
colon, who underwent hand-assisted laparoscopic right 
hemicolectomy, developed 2 split stitches at the wound 
because of  a violent cough on the 2nd postoperative day, 
and another patient had a wound stitch reaction. After 
operation, all patients felt less pain, resumed earlier oral 
intake of  food, and faster recovery, compared with 25 

Table 3  Indications for conventional surgery (25 cases)

1Emergency operation.

Cases    Operations                                                   Indications                                                

1-2         Left lateral segmentectomy                                     Hepatitis B-related cirrhosis supervened HCC, hepatic cavernous hemangioma  
3-6         Deroofing of the hepatic huge cysts                      Right hepatic huge cysts (4)
7-8         Hepatic S 5 and 6 segmentectomy                         Hepatic cavernous hemangioma, hepatitis B-related cirrhosis supervened HCC 
9-10       Hepatic S 6 segmentectomy                                   Hepatitis B-related cirrhosis supervened HCC, hepatic cavernous hemangioma  
11          Hepatic S 5 segmentectomy + cholecystectomy  Hepatitis B-related cirrhosis supervened HCC 
12-13     Splenectomy                                                             Splenic  infarction, splenic  cysts
14-17     Right hemicolectomy                                              Carcinoma of the ascending colon (3), multiple polyps of ascending colon 
18          Left hemicolectomy                                                 Carcinoma of the descending colon    
19-20     Ileocecectomy                                                           Carcinoma of the terminal ileum, multiple diverticulosis  
21-25     Subtotal gastrectomy                                              Duodenal ulcer(2), 1gastric ulcer with bleeding, gastric ulcer, diverticulitis of duodenum with bleeding

Table 4  HALS compared with conventional open surgery

1One of the 26 patients converting to open operation was not included.
Statistical comparison was performed using the Independent-Samples t-Test 
(P < 0.001).

           Cases  Incision   Time of    Operative   Postoperative   Hospital      
                      (cm)    operation    bleeding    feeding (d)      stay (d)
                                   (min)        (mL)
Open      25        16-33        125-240         80-900              2-6                 7-26      
surgery
(mean)               22.5             190              340                     4                   13  
HALS     251         5-6            30-120            8-120              1-3                 4-15
(mean)                 5.3               86                85                     1.8                  7  

Figure 1  A: F, falciform ligament; P, portal pedicles; L, lateral segment; B: Dissecting from top to bottom till down to core vessels; C: Dissecting from bottom to top till up to 
core vessels; D: Transecting core vessels openly using an endo-stapler.

A B C D
F

P
L

↓

↓
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consecutive corresponding cases of  conventional surgery. 
The data are summarized in Tables 3 and 4.

DISCUSSION
Compared with full minimal laparoscopic large organ 
resection, an incision is often required for extraction of  
the resected specimen. In fact, there are often “1 port + 
more than 2 trocars” abdominal wounds in full minimal 
laparoscopic large viscera resection. By use of  currently 
available tools including HandPort system, harmonic 
scalpel, Ligasure[6], we designed “1 port + 2 trocars” 
specific HALS for safe and quick resection of  large 
abdominal visceral organs.

This technique can be of  real significance in avoidance 
of  vascular bleeding during removal of  the target 
organ, because the final step is transection of  the core 
vessels. There is no need for worrying about bleeding 
as the staplers are taken off. Furthermore, a hand inside 
the abdomen can play an important role in preventing 
or controlling bleeding. On the contrary, for total 
laparoscopic operation, which were several times higher in 
blood loss and longer in operative time, the unmanageable 
bleeding has become the main cause to convert to open 
surgery. Total laparoscopic operation does not equal to the 
minimally invasive surgery. The minimally invasive surgery 
presents not only the minimal abdominal wound, but 
also the minimal surgical intervention and complications 
including bleeding, injury to major adjacent structures, 
conversion to open surgery and operative time. The 
technique we employed is by all means the small ports to 
accomplish the big organ resection with minimal surgical 
stress, better hemostasis and shorter operative time, and 
faster recovery of  the patients.

An excellent combination of laparoscopic and open 
techniques for hemicolectomy
Hand-assisted laparoscopic hemicolectomy by this 
technique is presumed to be an excellent approach 
combining advantages of  laparoscopic and open surgeries. 
The procedure includes: (1) Laparoscopically, the distal 
peripheral structures are mobilized by harmonic scalpel 
or Ligasure with hand-assistance; (2) Conventionally, the 
mobilized target colon is long enough to be extracted 
through the optimal base retractor of  HandPort system, 
through which the major core vessel pedicles are 
transected, or the radical lymph nodes are dissected under 
direct vision, then the specimen is removed and delivered 
to prevent port side “seeding”; (3) Extracorporeally, end 
to end coloileostomy or colocolostomy is performed by 
sutureless biofragmentable anastomosis ring (BAR), or 
single layer anastomosis.  

In our series, the HALS wound length of  5-6 cm (mean 
5.3 cm) was much shorter than the open surgical wound 
length of  16-33 cm (mean 22.5 cm). Other studies have 
reported full laparoscopic wound length of  8.5 cm[7]. The 
operative time in our group was under 2 h. In addition, 
previous studies revealed mean operative times for full 
laparoscopic colectomy, converted procedures, right, 
and sigmoid resection were 164, 203, 121 and 177 min, 
respectively[8].

Advantages over full laparoscopic splenectomy
Our specifically designed HALS in splenectomy has 
advantage over total laparoscopic splenectomy. First, 
through the small incision port, the gastrosplenic ligament 
was dissected as much as possible by open technique 
before pneumoperitoneum. Second, after placement of  
the HandPort device, a hand into the abdomen assisted 
harmonic scalpel or Ligasure to dissect the rest ligaments. 
It seemed the spleen was retracted by hand with more 
safety. It also provided better exposure, easier and faster 
performance than other instruments. Third, splenic pedicle 
was transected by endo-stapler laparoscopically, or through 
the small incision with open visualization. Lastly, the 
resected specimen was extracted immediately after removal 
of  the spleen. However, in full laparoscopic splenectomy 
with about 4 trocars, the specimen is bagged, one port 
incision is extended, and the spleen is broken into pieces, 
and then delivered. 

A definite advantage in terms of HALS in hepatectomy
Our study demonstrates HALS in resection of  the 
segments lying at outer edge of  the liver (segments 2 to 6) 
can be performed with ease, safety and rapidity. Placement 
of  the hand into the abdomen plays an important role, 
because there is no ideal instrument available for grasping 
the liver but the hand, which acts as a comparatively 
atraumatic grasping clamp and retractor providing good 
exposure, and also allows for fingers to identify major 
pedicles after finishing parenchymal division with Ligasure 
or harmonic scalpel. The major pedicles are transected 
using vascular endo-stapler under direct vision through 
the small incision, and the specimen is delivered at once 
without breaking.  

Advantages over full laparoscopic subtotal gastrectomy
First, the greater and lesser omentum are dissected using 
this technique much easier and quicker. Second, the 
stomach is transected and gastrojejunostomy is performed 
by using open staplers, which are much easier, quicker, 
more reliable, and less expensive than using endo-staplers 
in full laparoscopic subtotal gastrectomy. Third, a big and 
hard duodenal ulcer like the one in our cases is not the 
indication for full laparoscopic technique, because such 
duodenal ulcer can neither be transected, nor can the 
stump be closed with staplers. 

The design of  the approach for HALS in resection of  
abdominal large viscera is based on the minimal abdominal 
wound “1 port + 2 trocars”, as well as the minimal surgical 
intervention, combining the laparoscopic benefits with 
the advantages of  a conventional open technique. Even 
though the target organs include parenchymatous and 
hollow viscera, the rules of  resection are the same, which 
allow for first dissecting the peripheral structures, and 
finally transecting the core vessel pedicles. This technique 
is minimal in access, safe, and rapid in laparoscopic 
resection of  abdominal large viscera. 
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INTRODUCTION
Adriamycin (ADM) is extensively used to treat patients 
with hepatocellular carcinoma (HCC). In vitro studies 
have verified that the cytocidal effect of  ADM depends 
on the concentration and duration of  exposure[1]. 
Unfortunately, intravenous administration (iv) of  a high-
dose ADM is often associated with acute toxicity, such 
as myelosuppression, immunosuppression, and dose-
cumulative cardiotoxicity. As a result, drug concentrations 
in hepatomas are limited. During the past few years, many 
researchers have reported on drug delivery systems for 
cancer chemotherapy that aim at the specific targeting 
of  antitumor agents to tumor cells or tumor tissues, thus 
enhancing the efficacy of  chemotherapy as well as reducing 
its toxicity[2]. Among them, liposomes have drawn much 
attention for their excellent bioavailability, biodegradability, 
and targeting, characteristically, to the reticuloendothelial 
system (RES), especially the liver and spleen[3]. 

On the other hand, liver primary tumors receive 
approximately 90% of  their blood supply from the hepatic 
artery. Therefore, transhepatic arterial chemotherapy 
(TAC) is now widely recognized as an effective means 
for the treatment of  HCC. With TAC, a much higher 
drug concentration in the tumor-residing zone can be 
achieved. It was reported that administration of  ADM 
via the hepatic artery (ia) was able to increase the tumor 
ADM concentration three-fold compared to intravenous 
(iv) administration[4]. In patients with cancers, the ia 
administration of  ADM reduced the plasma AUC by about 
30%[5]. On the basis of  these evidences, we hypothesized 
that a further significant therapeutic effect could be 
expected by combining TAC and liposome techniques. The 
current study was carried out to observe the therapeutic 
effects of  liposome-encapsulated adriamycin (LADM) on 
hepatoma in comparison with the treatment results of  
adriamycin solution (FADM) and adriamycin plus blank 
liposome (ADM + BL) administered into the hepatic 
artery in rats.
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Abstract
AIM: To observe the therapeutic effects of liposome-
encapsulated adriamycin (LADM) on hepatoma in 
comparison with adriamycin solution (FADM) and 
adriamycin plus blank liposome (ADM + BL) administered 
into the hepatic artery of rats.

METHODS: LADM was prepared by pH gradient-driven 
method. Normal saline, FADM (2 mg/kg), ADM+BL (2 
mg/kg), and LADM (2 mg/kg) were injected via  the he-
patic artery in rats bearing liver W256 carcinosarcoma, 
which were divided into four groups randomly. The ther-
apeutic effects were evaluated in terms of survival time, 
tumor enlargement ratio, and tumor necrosis degree. 
The difference was determined with ANOVA and Dunnett 
test and log rank test.

RESULTS: Compared to FADM or ADM + BL, LADM pro-
duced a more significant tumor inhibition (tumor volume 
ratio: 1.243 ± 0.523 vs  1.883 ± 0.708, 1.847 ± 0.661, 
P  < 0.01), and more extensive tumor necrosis. The in-
creased life span was prolonged significantly in rats re-
ceiving LADM compared with FADM or ADM+BL (231.48 
vs  74.66, 94.70) (P  < 0.05). 

CONCLUSION: The anticancer efficacies of adriamycin 
on hepatoma can be strongly improved by liposomal 
encapsulation through hepatic arterial administration.

© 2006 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
Liposomal adr iamyc in (LADM) prepara t ion and 
characterization
Large unilamellar vesicles (LUVs) were prepared by the 
extrusion method described by Hope et al[6]. Appropriate 
amounts of  lipid mixtures (EPC/Chol, 55:45 mol/mol) 
in chloroform were dried under a stream of  nitrogen gas 
to form a homogeneous lipid film. The trace amount of  
solvent was then removed under vacuum overnight. The 
lipid film was hydrated in a low pH citrate buffer (pH 4.0, 
300 mmol/L) by vortex mixing. The resulting multilamel-
lar vesicles (MLVs) were frozen/thawed (liquid nitro-
gen/55℃) 5 times and extruded 10 times at 55℃ through 
two stacked 100 nm polycarbonate filters (Nuclepore) 
employing an extrusion device (Lipex Biomembranes, Inc., 
Vancouver, BC, Canada). ADM was then encapsulated by 
pH gradient-driven method as described previously[7]. 

The final product looked like a reddish, semitransparent, 
colloidal solution. Under electron microscope, LADM 
showed a global, regular contour with homogeneous 
size and distribution. The average 120 nm diameters 
of  the liposomes were determined by quasi-elastic light 
scattering (QELS) using a Nicmp 370 submicrom particle 
sizer (Sante Burbara, CA, USA) as shown in Figure 1. 
EPC and Chol were quantified by high performance 
liquid chromatography (HPLC) method (Table 1). HPLC 
analysis was performed using a Perkin Elemer HPLC with 
a PE 200 LC pump, a PE ISS 200 Advanced LC sample 
Processor, PE 900 Series Interface and an Evaporative 
Light Scattering Detector (ELSD, Shimadzu). A YMC, 
PVA 5 m normal phase column was used in this study. 
The chromatograph was run in a gradient mode at a flow 
rate of  1 mL/min with the following program, where 
solution A contained chloroform-isopropanol (50:50, v/v) 
and solution B contained chloroform-isopropanol-water 
(36:55:9, v/v).

The drug-to-lipid ratio was 0.25. The drug-embedding 
ratio was more than 98%. Encapsulation efficiency was 
calculated as the percentage of  ADM incorporated into 
liposomes relative to the initial amount of  ADM in 
solution as shown in the equation below. The free ADM 
was separated by elution over a Sephadex G-50 column. 
Then the free ADM and liposomal ADM were determined 
by HPLC.

                                   (adriamycin/lipid)Encapsulated 
Encapsulation efficiency (%) =   × 100
            (adriamycin/lipid)total

The liposomal particle sizes were identical before and 
after drug loading, and ADM encapsulated liposomes 
were very stable at room temperature for three days. There 
was no significant leakage of  ADM from liposomes. Just 
before use, normal saline was added to adjust the final 
concentration of  total ADM to 1.0 mg/mL. Free ADM 
(FADM) was prepared by dissolution of  ADM in normal 
saline at the same concentration.

Animals and anesthesia
Sixty male Wistar rats weighing 230-270 g (mean, 250 g) 
were provided by Laboratory Animal Center of  Fourth 

Military Medical University and randomly divided into 4 
groups, 15 in each. Sumianxin (Changchun Agricultural 
Pastoral University) was used as anesthetic. 

Establishment of hepatoma model
One milliliter of  suspension containing 107 Walker-256 
(W256) carcinosarcoma cells (Shanghai Medical Industrial 
Institution) was injected into the thigh muscle of  a 
carrier rat (not included in experimental rats). One week 
after inoculation, a palpable tumor was found at the 
injection site. Viable tumor tissue was excised under sterile 
conditions and soaked in 20 mL of  Hanks balanced salt 
solution. Tissue was cut into approximately 1 mm × 1 mm
× 1 mm fragments. Experimental rats were anesthetized 
with intramuscular injection of  Sumianxin at 0.2 mL/kg. 
Median incision beneath the metasternum was made and 
the liver was exposed. The tumor fragment was implanted 
into the left liver lobe. 

Administration through hepatic artery
On the 7th d after tumor implantation, all animals 
received laparotomy again. The longest (a) and shortest (b) 
diameters of  the tumor were measured. The tumor volume 
was calculated as

a × b2

    2
By cannulation method described previously[8], normal 

saline (NS), FADM, LADM, or ADM mixed with blank 
liposomes (ADM+BL) were injected into the hepatic 
artery of  rats in groups 1-4 respectively. The dose of  
ADM in each formulation was 2.0 mg/kg body weight. 
The concentration of  ADM was 1.0 mg/mL. 

Table 1  Detailed solvent gradient program for analysis of EPC 
and Chol by HPLC

Time (min) 0-3 3-11 11-11.5 11.5-30

A% 100    0    0 100
B%     0 100 100     0

Solution A: Chloroform-isopropanol (50:50, v/v); Solution B: Chloroform-
isopropanol-water (36:55:9, v/v). EPC: egg phosphatidyl choline; Chol: Cho 
lesterol.
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Figure 1  The particle size of prepared liposome with EPC/Chol at 55:45 molar 
ratio by the extrusion method. The average diameters were determined by QELS.



Assessment of therapeutic effect 
Tumor growth inhibition: Seven days later, all rats 
received the third laparotomy. The longest (a) and shortest 
(b) diameters of  the tumor were measured again and the 
tumor volume after drug administration was calculated. 
The tumor volume ratio (TVR) was calculated as 

  Tumor volume after administration
TVR =                                                              Tumor volume before administration

Tumor necrosis degree: Seven random rats in each 
group were killed and anatomized. Hepatoma was re-
moved completely and fixed in 10% formalin. Three 5 μm 
thick sections from each tumor were sliced on the maximal 
transverse plane and mounted on glass slides overnight at 
room temperature. After HE staining, the sections were 
examined under microscope. According to the percentage 
of  necrosis area, tumors were graded according to the fol-
lowing criteria: Ⅰ, 0%-30%; Ⅱ, 30%-70%; Ⅲ, 70%-100%.
Increased life span: Survival time of  the remaining 8 rats 
in each group was recorded. The mean survival time of  
NS group was reckoned as control. Increased life span (% 
ILS) was calculated as

    Mean survival of  treated group%ILS = (                                                     - 1) × 100%
    Mean survival of  control group

Statistical analysis
SPSS 10.0 for windows was used for statistical analysis. 
Statistical significance was tested by ANOVA and Dunnett 
test for tumor growth inhibition, log rank test for survival 
time. P < 0.05 was considered statistically significant.

RESULTS
Tumor growth inhibition 
No difference in tumor volume was found among the 
four groups before treatment (P > 0.05, Table 2). After 
treatment, the tumor grew rapidly in rats which received 
NS. The mean tumor volume was 31.55 times greater than 
that before treatment. Metastases were observed in about 
half  of  these rats. In contrast, the rate of  tumor growth 
lowered apparently in rats which received FADM or ADM 
+ BL (P < 0.01). No difference between FADM and 
ADM + BL was observed (P > 0.05). The slowest tumor 
growth was found in rats which received ia administration 
of  LADM. The mean tumor volume ratio on the 7th day 
after LADM infusion was 1.243. Statistics indicated that 
LADM produced a further significant tumor inhibition, 
as compared with FADM or ADM + BL (P < 0.01). In 
addition, no metastasis was found in rats receiving LADM.

Tumor necrosis degree 
Under microscope, W256 tumor cells of  rats that received 
NS showed extensive proliferation and active mitoses. 
Small areas of  necroses were observed in the center of  
tumor tissue accompanied with a few inflammatory cells 
(Table 3). Moderate to severe necroses were found in 
tumors of  rats that received FADM or ADM+BL. Grade 
Ⅲ of  tumor necroses was found in 4 of  7 tumors after 

administration of  LADM, including 2 cases of  complete 
tumor necrosis.

Increased life span 
Compared with the survival time (11.88 d) of  control rats, 
survival time was greatly prolonged in rats that received 
LADM (mean, 39.38 d), or FADM (mean, 20.75 d), or 
ADM+BL (mean, 23.13 d) (Table 4). LADM prolonged 
the l ife span by 231.48%, which was significantly 
longer than FADM (74.66%) and ADM + BL (94.70%) 
(P < 0.01). 

DISCUSSION
Hepatocellular carcinoma (HCC) is by far the third most 
common cause of  cancer mortality throughout the world, 
especially in the Asian-Pacific region, and its incidence 
continues to increase. On the other hand, HCC has a high 
expression rate of  multi-drug resistance gene (MDR1) and 
consequently high levels of  P-glycoprotein (P-gp), resulting 
in its insensitiveness to most chemotherapeutic drugs[9]. 
Few agents show response rates (RRs) above 20%. ADM 
is one of  the most successful anticancer agents to date for 
the treatment of  HCC. Early phase Ⅱ trials and case series 

Table 2  Tumor volume (V) and tumor volume ratio (TVR) 
after treatment (mean ± SD)

Group V (cm3)  TVR

Before After

treatment treatment
NS 0.086 ± 0.049 2.521 ± 0.840 31.550 ± 7.975
FADM 0.083 ± 0.035 0.149 ± 0.072     1.883 ± 0.708b

ADM + BL 0.079 ± 0.036 0.136 ± 0.069     1.847 ± 0.661b

LADM 0.084 ± 0.049 0.105 ± 0.062     1.243 ± 0.523d

b P < 0.01 vs NS;  d P < 0.01 vs FADM, ADM + BL.

Table 3  Tumor necrosis degree after treatment 

Grade NS FADM ADM + BL LADM

Ⅰ 6 2 1  0
Ⅱ 1 3 4  3
Ⅲ 0 2 2   41

1 Complete necrosis in 2 cases.

Table 4  Mean survival time and increased life span after 
treatment (mean ± SD)

Group Mean survival time (d) % ILS

NS 11.88 ± 2.80 -
FADM 20.75 ± 6.34   74.66b

ADM + BL 23.13 ± 7.75   94.70b

LADM  39.38 ± 11.15 231.48a

% ILS : Increased life span. a P < 0.05 vs FADM, ADM + BL;  b P < 0.01 vs NS.
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reported RRs ranging from 25% to 100% with single-
agent ADM[10]. However, despite its excellent antitumour 
activity, ADM has a relatively low therapeutic index, and its 
clinical utility is frequently limited due to acute and chronic 
toxicities such as myelosuppression, immunosuppression, 
and dose-cumulative cardiotoxicity. A retrospective analysis 
of  three phase Ⅲ trials of  patients treated with ADM 
in combination with other cytotoxic agents or radiation 
therapy demonstrates that ADM-associated cardiac events 
may occur more frequently and at lower cumulative doses 
than previously reported[11]. Encapsulation of  ADM into 
liposomes may minimize the side effects and enhance the 
antitumor efficacy by altering its pharmacokinetics and 
biodistribution pattern. Growing evidence supports the 
use of  LADM as a substitute for ADM to increase the 
therapeutic index by maintaining the antitumor efficacy 
while improving the safety profile[12,13]. After intravenous 
(iv) administration, LADM is predominantly uptaken by 
the reticuloendothelial system (RES), especially by the liver 
and spleen[14].

The results of  our experiments demonstrated that the 
antitumor activity of  ADM could be markedly enhanced 
when the drug was encapsulated in l iposomes and 
administered into the hepatic artery. Equivalent or similar 
effects could not be obtained using FADM or ADM + BL. 
Compared with FADM or ADM + BL, LADM produced 
a more significant tumor inhibition and more extensive 
tumor necrosis. The average tumor volume on the 7th 
day after treatment with LADM was 0.105 cm3, about 
70% of  0.149 cm3 of  the volume after treatment with 
FADM. The survival time of  rats that received LADM 
was evidently increased. Compared with saline controls, 
LADM prolonged the life span by 231.48%, which was 
significantly longer than FADM (74.66%) and ADM + BL 
(94.70%).

The likely explanations for the improved therapeutic 
a c t iv i t y o f  LADM a r e a s fo l l ows. F i r s t , W256 
carcinosarcoma proliferated rapidly with abundant vasculo-
genesis, which strongly increased the uptake of  LADM 
by tumor tissues after ia administration. In addition, the 
deformity of  tumor vessels caused significant retention of  
LADM in tumor tissues. Secondly, it has been testified that 
the cytocidal effect of  ADM depends on the concentration 
and duration of  exposure[1]. Increasing ADM concentration 
in tumor cells or slowing its elimination could certainly 
enhance its antitumor efficacy, both of  which could be met 
after ia administration of  LADM. Thirdly, encapsulating 
the drug into liposomes might modify its distribution 
pattern in tissues. After being administered into rats, 
liposomes were taken up selectively by RES, such as 
the liver, spleen, and bone marrow[14]. Accumulation of  
biodegradable liposomes with associated drugs in Kupffer 
cells would create a gradient of  drug concentration for a 
massive and prolonged diffusion of  the free drug towards 
neoplastic tissues. Fourthly, the tiny size of  the liposome 
could increase its contact areas significantly, which might 
result in an apparent improvement in its bioavailability.

We did not include iv administration in the present 

experiment because the ia route is much more efficient 
than iv in the treatment of  liver malignancies. Different 
from the liver parenchyma, which receives more than 70% 
of  its blood supply from the portal vein and the rest from 
the hepatic artery, hepatoma receives approximately 90% 
of  its blood supply from the hepatic artery. The uniqueness 
of  liver blood supply determines the major difference 
between the two routes of  administration. The difference 
does not warrant repeat comparison in our study.

Our experiments support the hypothesis that the 
therapeutic effect of  TAC could be dramatically enhanced 
by combination with nanotechnology. We conclude that 
liposomes can be used as a promising drug carrier in TAC 
for the treatment of  liver primary and metastatic tumors.
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INTRODUCTION
Hereditary nonpolyposis colorectal cancer (HNPCC) 
is an autosomal dominant inheritance syndrome, with 
a penetrance as high as 70%-80%[1], and accounts for 
about 5%-15% of  all colorectal cancer[2] . The molecular 
genetic basis of  the disease is germ line mutation of  the 
mismatch repair (MMR) gene, which causes failure of  
the DNA MMR system to repair errors that occur during 
the replication of  DNA and results in alterations in the 
length of  simple, repetitive microsatellite sequences and so 
called microsatellite instability (MSI). MSI may reflect the 
mutation of  the MMR gene indirectly and can be used as 
a means of  screening gene mutation of  the MMR gene[3,4]. 
Recently, studies showed most patients with HNPCC have 
MSI[5,6] and the ratio is higher than that of  patients with 
sporadic colorectal cancer[7,8]. In the current study, we 
tested microsatellites of  the former paraffin-embedded 
tissue by the method of  polymerase chain reaction-single 
strand conformation polymorphism(PCR-SSCP) of  the 
Chinese patients who fulfilled the criteria for HNPCC 
and ordinary hereditary colorectal cancer and tested its 
application value in the clinic.

MATERIALS AND METHODS
Patients 
HNPCC group (group A) : 20 patients (12 men, 8 
women, mean age 48 years, range 32-70 years) who 
fulfilled the criteria for HNPCC of  Chinese people[9] were 
selected and their family histories were obtained by follow-
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Abstract
AIM: To detect microsatell ite instabil ity (MSI) in 
patients with hereditary nonpolyposis colorectal cancer 
or ordinary hereditary colorectal cancer and to provide 
criteria for screening the kindreds with hereditary 
nonpolyposis colorectal cancer at molecular level.

METHODS: MSI was detected in the specimens from 
20 cases with HNPCC, 20 cases with ordinary hereditary 
colorectal cancer and 20 cases with sporadic colorectal 
cancer by means of polymerase chain reaction-single 
strand conformation polymorphism.

RESULTS: The positive rate of MSI was 85% (17/20) 
in HNPCC group, 40% (8/20) in ordinary hereditary 
colorectal cancer group and 10% (2/20) in the sporadic 
colorectal cancer group respectively. The differences were 
significant. The mean ages of the three groups were 
43.6, 52.2, and 61.8 years respectively, which increased 
gradually. The incidence of right hemicolon cancer was 
64.7%, 37.5%, and 0% respectively, which decreased 
gradually and had significant difference. The expression 
ratio of BAT26 and BAT25 was 94.1% respectively, which 
was highest in the 5 gene sites studied. The incidence 
of poorly differentiated adenocarcinoma was 70.6% 
in HNPCC group among high frequency microsatellite 
instability (MSI-H), which was higher than the other two 
groups, which had 50% and 50% respectively.

CONCLUSION: The incidence of MSI-H is higher 
in HNPCC group. The detection of MSI is simple 
and economical and has high correlation with the 
clinicopathologic feature of HNPCC and can be used as 
a screening method to detect the germ line mutation of 
the mismatch repair gene.
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up study. Among them 9 cases were with carcinoma of  
ascending colon, 2 cases with carcinoma of  transverse 
colon, 1 case with carcinoma of  descending colon, 2 
cases with carcinoma of  sigmoid colon and 6 cases with 
carcinoma of  rectum. 
Ordinary hereditary colorectal cancer group (group 
B): 20 patients (13 men, 7 women, mean age 61 years, 
range 30-83 years) who fulfilled the criteria for ordinary 
hereditary colorectal cancer of  Chinese people[10] were 
selected. Among them 5 cases were with carcinoma of  
ascending colon, 3 cases with carcinoma of  transverse 
colon, 1 case with carcinoma of  descending colon, 2 
cases with carcinoma of  sigmoid colon and 9 cases with 
carcinoma of  rectum.
Sporadic colorectal cancer group (group C) : 20 
patients (10 men, 10 women, mean age 65 years, range 
42-80 years) who were diagnosed with colorectal cancer 
by pathology and with no family history were selected. 
Among them 5 cases were with carcinoma of  ascending 
colon, 4 cases with carcinoma of  sigmoid colon and 11 
cases with carcinoma of  rectum.

Methods 
For MSI analysis, normal and tumor tissues of  the three 
groups were embedded with paraffin, 4-5 slides of  
tissue with thickness of  4 µm were sliced and stained 
with HE. Normal and tumor tissues were selected with 
microscopy. They were transferred to the EP tubes which 
contained 150 µL cell lysates. Then DNAs of  the normal 
and tumor tissues were extracted with DNA extraction 
kit. The primers of  the 5 microsatellite loci of  HNPCC 
(BAT26, BAT25, D2S123, D5S346 and D17S250) were 
selected according to recommendation of  the international 
cooperation organization (Table 1). The primers were 
synthesized by TAKARA Company.
The reaction system: It was consisted of  a total volume 
of  25 µL with 3 µL template DNA, 0.5 µL forward and 
reverse primers, 10 × Buffer 2.5 µL, dNTP 2.0 µL, TaqE 0.2 
µL, DMSO 1.0 µL, ddH2O 15.3 µL. The PCR program 
started with a 95℃ denaturation for 5 min, then at 94℃ 
for 40 s, 53℃ for 30 s followed by 35 cycles of  annealing 
at 72℃ for 1 min, and extension at 72℃ for 40 s, finally 
an extension at 72℃ for 10 min. The PCR products were 
analyzed by electrophoresis on 1.5% agarose gels contain-
ing ethidium bromide.
Detection of  MSI: Single strand conformation polymor-
phism (SSCP) was used to analyze MSI. The PCR products 

of  normal and tumor tissues were mixed with the same 
volume of  alkaline buffer, then started with 97℃ denatur-
ation for 10 min and put in the mixture of  water and ice 
for 5 min. Then electrophoresis was performed vertically 
on the 10% nondenaturing polyacrylamide gel (constant 
power; 60 W) for about 4 h. When the indicating straps 
reached the inferior margin of  the gel or the tracer agent 
disappeared, silver staining, coloration, fixation and termi-
nation were performed. When the film dried 24 h later, the 
imaging was observed.
Results assessment: MSI was defined by the presence 
of  novel bands following PCR amplication of  tumor 
DNA, which were not present in PCR products of  the 
corresponding normal DNA. If  more than 2 of  them 
showing positive results, it was defined as high frequency 
microsatellite instability (MSI-H), and if  only 1 of  them 
showing positive result, it was defined as low frequency 
microsatellite instability (MSI-L), and if  none of  them 
showing positive result, it was named microsatellite stable 
(MSS).

RESULTS
The results of  detection of  MSI are shown in Figures 1 
and 2. and Tables 1 and 2.

The relationship among MSI-H, mean age of  the 
patients and the sites of  cancer are shown in Table 3.

The ratio of  every locus occupying in the MSI-H is 
shown in Table 4.

The clinical pathological characteristics of  colorectal 
cancer are as follows: in the 17 cases with MSI-H of  group 
A, 7 cases had multiple cancers, among which 4 cases 
were with multiple cancers simultaneously, 3 cases were 
with multiple cancers at different times. As to groups B 
and C, none of  the patients were with multiple cancers. 
There were 70.6% (12/17) of  poorly differentiated 
adenocarcinoma in group A, which was more than that of  
groups B (50%, 4/8) and C (50%, 1/2).

DISCUSSION
Microsatellites are long stretches of  apparently redundant 
DNA between genes by 2-6 nucleotides tandemly 
arrayed, within which repetitive sequences may be found. 
Repetition of  two bases(CA/GT) is most common. Under 
normal conditions, the repetitive sequence is constant but 

M         N        T         N         T         N         T

← ← ←

Figure 1  Positive 
r e s u l t s  o f  M S I . 
(arrowhead indicates 
pos i t i ve  resu l t s ) . 
M: normal DNA; N: 
norma l  t i ssue ;  T:
cancer tissue.

4746          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      August 7, 2006    Volume 12     Number 29

M           N            T           N            T            N           T

Figure 2  Negative results of MSI (results of 3 pairs are all negative). M: normal 
DNA; N: normal tissue; T: cancer tissue.
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highly polymorphic and is an ideal mark for localization 
of  genes. Cells lacking normal DNA mismatch repair 
acquire mutations that change the length of  nucleotide 
repeat sequences, termed microsatellite instability (MSI). 
MSI is the pattern of  manifestation of  MMR and has 
a close relationship with HNPCC[11,12], therefore the 
mutation of  MMR results in the incidence of  MSI. About 
70%-90% of  the patients with HNPCC had MSI and 
only 10%-15% occurred in patients with the sporadic 
colorectal cancer. Although the Amsterdam Criteria (the 
International Collaborative Group established in 1991) is 
now used as the diagnostic criteria for HNPCC clinically, 
its determination depends mainly on family history and 
clinical symptoms and cannot reflect the true morbidity 
of  the disease and predict the occurrence of  HNPCC. 
Therefore the detection of  mutation of  MMR genes has 
become the golden standard for diagnosis of  HNPCC. 
However, the MMR gene is very large, it has no mutational 
hot spot, and the cost of  detection is expensive, thus 
it cannot be used as a routine means for screening of  
HNPCC family at present. As a phenotype of  MMR gene 
mutation, MSI can be used as criterium for detection of  
HNPCC, especially in patients whose family history is 
not complete and who do not fit the criteria of  HNPCC 
clinically. Therefore, DNA is extracted from the tumor 
tissue for detection of  MSI. When a patient of  MSI-H is 
diagnosed, detection of  MMR gene should be done. As 
to the choice of  loci of  the microsatellite instability, 5 loci 
of  microsatellite are used for PCR amplification according 
to the recommendation of  the International Collaborative 
Group and the International Cancer Research Institute 
and the Collaborative Group of  the Chinese Genetic 
Colorectal Cancer. However, number of  the microsatellites 
detected is not constant, from less than 3 loci to more 

than 100 loci. The criteria for the number and ratio of  the 
positive locus of  MSI tumor are not uniform. Therefore 
the results of  many different researchers could not be 
compared with each other.

In this study, we amplified 5 loci of  microsatellite 
by PCR according to the criteria of  the International 
Collaborative Group and the International Cancer 
Research Institute and found the positive ratio was as high 
as 85% for MSI-H patients with HNPCC, which is in 
accordance with other research. We found the 5 loci were 
ideal for detection of  MSI of  HNPCC patients. It reflected 
the mutation of  MMR gene objectively and could be used 
as a reliable indicator for screening of  HNPCC family 
just before gene sequencing. If  other loci were selected, 
the type of  MSI could be decided by the percentage of  
positive locus, and MSI-H could be diagnosed when the 
percentage of  positive loci was more than 30%-40% while 
MSI-L was diagnosed when the percentage of  positive loci 
was less than 30%. As to which loci should be selected, 
there are a variety of  viewpoints. Some scholars think 1-2 
microsatellite loci are enough. Hoang[13] believes BAT26 
has high correlation with MSI, and their concordance rate 
is very high. Because the detecting process is relatively 
simple, Stone[14] detected MSI from tumor specimen using 
BAT26 directly and recommended that it should be used 
more extensively. Our study found the positive rate of  
BAT26 was as high as 94.1%, indicating its high sensitivity 
for MSI-H detection. At the same time, the positive rate of  
BAT25 was also 94.1%. Their annealing temperature was 
close to each other and could be carried out in the same 
reaction system. The combined application of  BAT26 and 
BAT25 may elevate the specificity of  the experiment.

Moreover, our research found that about 40% of  the 
patients with ordinary hereditary colorectal cancer were 
classified as MSI-H, although it was lower than that of  the 
HNPCC group, it was higher than that of  the sporadic 
colorectal cancer group (the positive rate was 10%), 
suggesting that about 30% of  the patients with ordinary 
hereditary colorectal cancer had the characteristics of  
HNPCC. Whether these patients were potential HNPCC 

Table 3  Relationship among MSI-H, mean age of the patients 
and the sites of cancer (%)

Group     n  MSI-H Mean age (yr) Right hemicolon  Left hemicolon

A 20 17 (85)         43.6       11 (64.7)         6 (35.3)
B 20   8 (40)         52.2         5 (62.5)         3 (37.5)
C 20   2 (10)         61.8         0 (0)         2 (100)

Table 4  Ratio of every locus occupying in the MSI-H (%)

Locus   Positive ratio of MSI-H    Positive ratio of MSI 

BAT26            94.1 (16/17)             85 (17/20)
BAT25            94.1 (16/17)             90 (18/20)
D2S123            64.7 (11/17)             55 (11/20)
D5S346            52.9 (9/17)             50 (10/20)
D17S250            35.3 (6/17)             40 (8/20)
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Table 1  Primer sequence of MSI and annealing temperature

Locus Primer sequence Annealing
temperature (℃)

BAT26
TGACTACTTTTGACTTCAGCC

53.9
AACCATTCAACATTTTTAACCC

BAT25
TCGCCTCCAAGAATGTAAGT

53.4
TCTGCATTTTAACTATGGCTC

D2S123
AAACAGGATGCCTGCCTTTA

57.4
GGACTTTCCACCTATGGGAC

D5S346
ACTCACTCTAGTGATAAATCGGG

54.0
AGCAGATAAGACAGTATTACTAGTT

D17S250
GGAAGAATCAAATAGACAAT

53.6
GCTGGCCATATATATATTTAAACC

Table 2  Detection of MSI in three groups (%)

Group n  MSI-H   MSI-L   MSS 

A 20 85 (17/20) 10 (2/20) 5 (1/20)
B 20 40 (8/20) 35 (7/20) 25 (5/20)
C 20 10 (2/20) 30 (6/20) 60 (12/20)

www.wjgnet.com

MSI-H: high frequency microsatellite instability; MSI-L: low frequency 
microsatellite instability; MSS: microsatellite stable.



patients needs further study. MSI has been shown to have 
a close relationship with the onset age of  the patients in 
many recent studies. MSI-H shows good consistency with 
early onset of  age. Edmonston[15] found that the patients 
whose onset of  age was less than 41 years were all MSI-H 
positive, and the youngest onset age of  MSI-H was less 
than 26 years. Terdiman[16] found that in the different 
HNPCC families, the final diagnosis age of  MSI-H was 
young and there were more family members with HNPCC 
than other families, and the ratio of  multiple cancers or 
other HNPCC-related cancer increased. Our research 
revealed that the mean onset age of  MSI-H in the HNPCC 
group was 43.6 years, which was younger than that of  the 
ordinary hereditary colorectal cancer group (52.2 years) 
and the sporadic colorectal cancer group (61.8 years). The 
incidence of  multiple cancers or other HNPCC-related 
cancers of  HNPCC group was higher than other groups. 
In addition, MSI had a close relationship with the sites of  
carcinoma. The carcinoma of  MSI-H, either of  HNPCC 
or of  sporadic colorectal cancer, was all likely to occur 
at the proximal half  of  a colon. Just as Altonen’s study 
showed[17], 62% of  the tumors occurred at the proximal 
hemicolon of  the patients with HNPCC while 38% 
occurred at the distal hemicolon, suggesting that MSI had 
a close relationship with cancer of  right hemicolon and 
may play a fundamental role in the pathology of  cancer 
of  right hemicolon. Our research found the incidences 
of  right hemicolon cancer of  the HNPCC group and 
the ordinary hereditary colorectal cancer group were 
64.7% and 62.5% respectively, which were higher than 
those of  left hemicolon cancer. There was no cancer of  
right hemicolon found in the sporadic colorectal cancer 
group, because the occurrence of  rectum cancer was 
higher in North China and the bias was related with the 
cases selected. Our research suggests that MSI had high 
correlation with the clinical and pathological characteristics 
of  the HNPCC.

At present, there have been few reports about MSI 
in typical cases of  Chinese people and no clinical data 
about MSI in patients with ordinary hereditary colorectal 
cancer. Our research demonstrates that the incidence rate 
of  MSI-H in patients with HNPCC, the mean onset age, 
the site of  carcinoma occurrence, and the clinical and 
pathological characteristics of  patients with HNPCC are 
all different from that of  patients with sporadic colorectal 
cancer. Ordinary hereditary colorectal cancer is a special 
type between HNPCC and sporadic colorectal cancer.
It has partial characteristics of  HNPCC but is not the 
same as HNPCC and has many differences from sporadic 
colorectal cancer. Whether it has a special molecular 
genetic mechanism needs further study. In addition, the 
survival rate of  patients with HNPCC is higher than that 
of  patients with sporadic colorectal cancer, which is due 
to the early diagnosis of  some patients with HNPCC[18,19]. 
Recently, studies reported that MSI induced by abnormal 
expression of  MMR may affect the therapeutic effect 
of  chemotherapy and the prognosis of  patients with 
colorectal cancer[20-22]. Therefore, as an important screening 
method for HNPCC, MSI has a promising prospect in 
clinical application.
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Abstract
AIM: To observe the pharmacokinetics and pharmaco-
dynamics of rabeprazole and compare serum gastrin 
concentrations in different CYP2C19 genotype groups. 

METHODS: The CYP2C19 genotype status of Chinese 
Han healthy volunteers was determined by polymerase 
chain reaction-restriction fragment length polymorphism 
method. Twenty H pylori -negative healthy subjects 
voluntary participated in the study. They were divided 
into the following three groups: homozygous extensive 
metabol izers (homEM), heterozygous extensive 
metabolizers (hetEM) and poor metabolizers (PM). After 
they orally received rabeprazole 20 mg once daily in the 
morning of d 1 and d 8, blood samples were collected 
at various time-points until 24 h after administration 
and intragastric pH values were monitored for 24 h 
by Digitrapper pH. Serum gastrin concentrations were 
measured by radioimmunoassay. Serum concentrations 
of rabeprazole were measured by high performance 
liquid chromatography. 

RESULTS: The mean AUC values for rabeprazole after 
a single and repeated doses were significantly different 
between the homEM and PM groups, but not between 
the homEM and hetEM, or the hetEM and PM groups. No 
significant differences in intragastric pH medians were 
observed among the three different genotype groups 
after a single dose or repeated doses. The ratio of pH 
medians between d 1 and d 8 ranged from 84% to 
108%. The mean gastrin AUC values were also different 
among the three genotype groups, with a relative ratio 
of 1.0, 1.2 and 1.5 after a single dose and 1.0, 1.5 and 
1.6 after repeated doses in the homEM, hetEM and PM 

groups, respectively. The gastrin AUC values among the 
three different genotype groups showed no significant 
difference either after a single dose or repeated doses. 
The subject who had lower intragastric acidity showed 
higher serum gastrin levels and concentrations of 
rabeprazole. 

CONCLUSION: In Chinese Han healthy people, the 
pharmacokinetics of rabeprazole are dependent on the 
CYP2C19 genotype status, but acid-inhibitory efficacy 
of rabeprazole and the gastrin level are not influenced 
significantly.

© 2006 The WJG Press. All rights reserved.

Key words: CYP450; Pharmacokinetics; Pharmacody-
namics; Proton pump inhibitors

Hu YM, Mei Q, Xu XH, Hu XP, Hu NZ, Xu JM. Pharmacody-
namic and kinetic effect of rabeprazole on serum gastrin 
level in relation to CYP2C19 polymorphism in Chinese Hans. 
World J Gastroenterol  2006; 12(29): 4750-4753

 http://www.wjgnet.com/1007-9327/12/4750.asp

INTRODUCTION
CYP450 2C19 is a genetically determined enzyme. Its 
phenotypes are either poor metabolizer (PM) or extensive 
metabolizer (EM)[1,2] in the general population. When 
CYP2C19 is the main metabolism enzyme of  a drug, the 
pharmacokinetics and pharmacodynamics of  the drug are 
different between PMs and EMs. Rabeprazole (RPZ), a 
kind of  the newer proton pump inhibitors (PPIs), has been 
reported to be metabolized mainly via a non-enzymatic 
pathway, with only minor CYP2C19 and CYP3A4 
involvement. The pharmacokinetics of  RPZ are expected 
to be less influenced by the CYP2C19 phenotype than 
those of  omeprazole[3-6]. However, it is not clear whether 
the pharmacokinetics and pharmacodynamics of  RPZ 
depend on the CYP2C19 genotype status in Chinese Han 
people. On the other hand, it is well known that gastrin 
is secreted from G cells in the antrum of  the stomach[7], 
and an inhibition of  gastric acid secretion by PPIs can 
stimulate gastrin release from G cells[8]. Until now, little 
is known about the kinetics and pharmacodynamic effect 
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of  RPZ on gastrin levels with respect to the polymorphic 
CYP2C19 in Chinese Han people. Therefore, in the 
present study, we observed the metabolic characteristics 
and pharmacodynamics of  RPZ and serum gastrin levels 
after the single and 8-d repeated doses in the different 
CYP2C19 genotype groups. It showed that acid-inhibitory 
efficacy of  rabeprazole and the gastrin levels were not 
influenced significantly by CYP2C19 genotype.

MATERIALS AND METHODS 

Subjects and CYP2C19 genotypes
Twenty healthy male subjects who were negative for 
H pylori infection were enrolled in the study. None of  
the subjects consumed alcohol or smoked, and none 
had taken any drugs at least 4 wk before or during the 
study. The protocol was approved in advance by the ethic 
committee of  Anhui Medical University. Written informed 
consent was obtained from each of  the subjects before 
participation in the study. 

Genomic DNA was extracted from leucocytes 
of  each individual using a commercially available kit 
(Promeg, USA). The genotyping of  CYP2C19, including 
CYP2C19*wt, CYP2C19*m1 and CYP2C19*m2, was 
performed by polymerase chain reaction and restriction 
fragment length polymorphism (PCR-RFLP)[9]. The age of  
the subjects ranged from 20 to 23 years and body weight 
from 57 to 63 kg. Subjects were genotypically classified 
into the following three groups: homozygous extensive 
metabolizer group (homEM, n = 7), heterozygous 
extensive metabolizer group (hetEM, Wt/m1, n = 4 ;Wt/
m2, n = 2) and poor metabolizer group (PM, m1/m1, n = 7).

Study protocol
Subjects were initially screened for H pylori infection by 
a serological test (Dot-immunogold kit, Lanbo Bio-Tech 
Institute, China) and 13C-urea breath test. Each healthy 
volunteer received 20 mg RPZ (Pariet, Eisai Co. Ltd, 
Tokyo, Japan) orally for 8 d. The medications were taken 
once daily at 8:00 am. The 24-h intragastric pH monitoring 
and the measurement of  plasma concentration of  RPZ 
and gastrin level were performed on d 1 and d 8. Blood 
samples were collected before and 0.5, 1, 1.5, 2, 3, 5, 7, 
10, 12, 24 h after administration on d 1 and d 8. After 
collection, the blood samples were immediately centrifuged 
at 4000 r/min for 10 min. One hundred microliter 1% 
diethylamine solution was added to the 1 mL plasma 
sample for determination of  the concentration of  RPZ. 
All samples were stored at -80℃ until assayed. Plasma 
levels of  RPZ were measured by high performance liquid 
chromatography[10,11] . Serum gastrin levels were measured 
using radioimmunoassay (Gastrin-RIA kit, North Bio-Tech 
Institute, China).

Intragastric pH measurement 
After overnight fasting, a glass electrode was inserted 
transnasally and placed about 5 cm below the cardia. The 
electrode was calibrated with standard buffers (pH 1.07 
and 7.01) before recording the pH with a Digitrapper pH 
(Medtronic). Intragastric pH recordings started after the 
oral dose of  RPZ at 8:00 am on d 1 and d 8. Two standard 

meals (noon, 18:00 pm), prepared at the hospital, were 
provided for each subject.

Pharmacokinetic analysis
Pharmacokinetic analysis was performed in a model-
independent manner, and non-compartmental kinetic 
parameters (AUC) were calculated with 3P87 software. The 
area under concentration-time curve (AUC) for RPZ and 
gastrin in serum was shown from zero to 24 h (AUC0-24). 

Statistical analysis
The data are given as mean ± SD in all analyses. Differ-
ences in AUC and intragastric pH values between three 
genotype groups were compared using one-way analysis 
of  variance (ANOVA) combined with the least significant 
method (LSD). To determine whether the gastrin concen-
trations and AUC values were increased from a single dose 
to repeated doses, the paired t-test was used. Statistical cal-
culations were performed by SPSS 10.0 software. P value of  
less than 0.05 was considered to be statistically significant.

RESULTS
CYP2C19 genotype and AUC of RPZ
The mean AUC of  RPZ is shown in Table 1. The mean 
AUC values for RPZ after a single dose differed among the 
three genotype groups, with a relative ratio of  1.0, 1.3 and 
1.8 in the homEM, hetEM and PM groups, respectively. 
The mean AUC values for RPZ after repeated doses also 
differed among the three groups, with a relative ratio of  
1.0, 1.1 and 1.7 in the homEM, hetEM and PM groups, 
respectively. The mean AUC values for RPZ after a single 
and repeated doses were significantly different between 
the homEM and PM groups, but not between the homEM 
and hetEM, or hetEM and PM groups. No significant 
change in the mean AUC values for RPZ from a single 
dose to repeated doses was observed in any of  the three 
genotype groups. 

CYP2C19 genotype and 24-h intragastric pH 
The median intragastric pH value of  the PM group was 
the highest, followed by that of  the hetEM group, with 
that of  the homEM group being the lowest (Table 2). 
No significant differences in intragastric pH values were 
observed among the three groups after a single dose and 
repeated doses of  RPZ for 8 d. No significant changes 
in intragastric pH values from single to repeated doses 
were observed in the three genotype groups. The ratio of  
intragastric pH median after a single dose and that after 
repeated doses ranged from 84.5% to 107.4%, indicating 
that the metabolism of  RPZ after a single dose could 

Table 1  AUC of RPZ 20 mg after a single and repeated doses

             AUCa (mg/L per h) d 1      AUCa (mg/L per h) d 8

homEM 1150.24 ± 327.34 1445.28 ± 205.16
hetEM 1539.42 ± 190.29 1640.91 ± 249.51
  PM 2015.38 ± 588.88 2495.61 ± 738.61

aP < 0.05 homEM vs PM.



attain maximum acid-inhibitory efficacy.

CYP2C19 genotype and serum gastrin level 
The 24-h mean serum gastrin concentration-time 
profiles are given in Figure 1. The mean serum gastrin 
concentration in PMs was significantly higher during all 
time periods than that in EMs. The mean serum gastrin 
AUC values in hetEMs observed after a single and repeated 
doses were between that of  homEMs and PMs. The mean 
gastrin AUC values differed between the three genotype 
groups, with a relative ratio of  1.0, 1.2 and 1.5 after a 
single dose and 1.0, 1.5 and 1.6 after repeated doses in the 
homEM, hetEM and PM groups, respectively (Table 3). 
The gastrin AUC values among the three genotype groups 
showed no significant differences after a single dose and 
repeated doses of  RPZ 20 mg. Significant increments in 
gastrin AUC values from a single dose to repeated doses 
were observed in the three different genotype groups.

As shown in Tables 1, 2 and 3, the subjects who had 
the lowest intragastric acidity showed the highest serum 
gastrin levels and the concentrations of  RPZ. 

DISCUSSION
PPIs, such as omeprazole and rabeprazole, have been used 
widely in the treatment of  acid-related diseases. Studies 
have found that CYP2C19 is a major enzyme for the 
metabolism of  PPIs in the liver[12], and the inhibitory effects 
of  PPIs are associated with the genotype of  CYP2C19. 
The in-vitro human liver microsomal and in-vivo human 
pharmacology studies have shown that the metabolic 
profile of  RPZ differs somewhat from other PPIs. RPZ 
is metabolized mainly via a nonenzymatic reduction to 
rabeprazole thioether[12-14], and CYP2C19 and CYP3A4 
are partially involved in the metabolism of  RPZ[12-14]. In 
addition, it has been shown that RPZ has a more rapid and 
powerful onset of  pharmacological action[15]. Yasuda[10] 

found that the AUC for RPZ is not significantly increased 
after repeated doses. Our results showed that the AUC for 
RPZ after a single dose exceeded 80 percent of  that after 

repeated doses, and the gastric pH values after a single 
dose reached 84.5 to 107.4 percent of  those after repeated 
doses. These findings suggest that the human body could 
absorb RPZ well, and RPZ could attain better acid-
inhibitory efficacy.

Hora i [16 ,17 ] r epor ted tha t CYP2C19 genotyp ic 
differences affect metabolism and pharmacokinetics of  
RPZ, and influence the gastric pH values and gastrin 
level in plasma. However, the majority of  researchers[3-6] 
believe that the acid-inhibitory efficacy and metabolism 
of  RPZ are not dependent on the CYP2C19 genotype 
status. In our study, the acid-inhibitory efficacy and the 
gastrin level of  rabeprazole were not influenced. This is 
supposed to be related with the small sample size of  our 
study, as the number of  subjects enrolled in each group 
was small. Ieiri[18] reported that the mean AUC values for 
rabeprazole differed among the three genotype groups, 
with a relative ratio of  1.0, 1.7 and 3.8 in the homEM, 
hetEM and PM groups, being significantly related with 
genotype status. However, we found the AUC for RPZ 
was different markedly only between homEMs and PMs. 
Moreover, the intragastric pH, the best or most direct 
pharmacological index when using PPIs, had no significant 
differences among the three genotype groups after a single 
dose. After repeated doses of  RPZ, the intragastric pH 
and AUC for RPZ were not affected by the CYP2C19 
genotype status either. As for the discrepancy between the 
pharmacokinetics and pharmacodynamics of  RPZ, we 
hypothesized that the acid inhibitory effect of  RPZ was 
powerful and rapid, even in the homEM group.

When a PPI inhibits acid secretion, plasma or serum 
gastrin levels will be increased according to the degree 

Table 2  Median (interquartile range) 24 h pH after a single 
and repeated doses of RPZ 20 mg

               HomEM          HetEM         PM

  3.82   4.36      6.09
D 1 (2.1-5.2 ) ( 2.0-6.1) ( 4.9-6.8)

  4.52   4.37     5.67
D 8 ( 3.0-5.5) (2.9-6.0 ) (4.8-6.5 )
D 1/D 8 (%) 84.5 99.8 107.4 G
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Figure 1  Mean serum gastrin concentration-time curve after a single dose (A) and 
repeated doses (B) of rabeprazole 20 mg. 

Table 3  Serum gastrin level with reference to CYP2C19 
polymorphism

                           HomEM               HetEM                       PM
        D 1      D 8    D 1  D 8         D 1         D 8
 Gastrin AUC     812.03 ±  1169.98 ±  964.08 ±  1771.38 ±  1181.06 ±  1897.45 ±
(pg/mL per h)a  147.02      333.70      377.20      1024.90       420.70     1359.59

aP < 0.05, AUC on d 1 vs AUC on d 8.
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of  acid inhibition, and serum gastrin concentration 
correlates well with gastric acid suppression[19]. Therefore, 
plasma or serum gastrin concentration could be viewed 
as an indirect marker of  the pharmacodynamic effects[20]. 
Ieiri[18] reported that the intergenotypic difference in the 
gastrin AUC was seen after the first dose of  RPZ, and 
the AUC of  serum gastrin on d 8 differed significantly 
between homEMs and PMs. However, in our study, 
no significant difference in the mean gastrin AUC was 
observed among the three genotype groups on d 1 and d 
8, nor were significant differences in the median gastric 
pH levels found. We presume that the intergenotypic 
difference in serum gastrin AUC was synchronized with 
that in median gastric pH, which are consistent with the 
findings by Furuta[8]. Previous studies indicated that serum 
gastrin concentrations returned to normal shortly after the 
antisecretory treatment with RPZ was discontinued[21,22]; 
however, this phenomenon seems to be in conflict with 
the longlasting action of  PPIs[23]. Therefore, serum gastrin 
concentrations might not accurately reflect PPI-induced 
changes in intragastric pH, when PPIs were used in the 
different CYP2C19 genotype groups.

In conclusion, our study investigated mainly the 
pharmacodynamic and pharmacokinetic effect of  
rabeprazole on serum gastrin levels in association with  
different CYP2C19 genotypes. The acid-inhibitory effects 
of  RPZ are independent of  the CYP2C19 genotype 
status as well as the pharmacokinetic characteristics in the 
human body. Although the median gastric pH by RPZ 
treatment is related with the serum gastrin level, there is 
no significant difference between the different CYP2C19 
genotype groups. RPZ is not only an effective proton 
pump inhibitor for treating the acid-related disease, but 
also does not affect serum gastrin level in association with 
CYP2C19 genotype status.
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Abstract
Sarco idos i s i s a sys temic d i sease o f unknown 
aetiology that may affect any organ in the body. The 
gastrointestinal tract however is only rarely affected 
outside the liver. Symptoms may be non-specific. 
Irritable bowel syndrome (IBS) is a common diagnosis. 
The recognition of IBS is aided by the use of the Rome II 
criteria - in the absence of organic disease. We describe 
the first case of a patient with gastric sarcoidosis 
who presented with IBS symptoms but subsequently 
responded to immunosuppressive therapy.
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INTRODUCTION
Sarcoidosis is a systemic disease of  unknown aetiology 
characterised by the presence of  non-caseating epithelioid 
granulomas. The lungs, eyes and skin are the most 
commonly affected organs[1]. Liver involvement is 
well recognised but symptomatic involvement of  the 
gastrointestinal (GI) tract occurs in less than 1% of  

cases[2-6]. Presenting GI symptoms in order of  frequency 
are abdominal pain, haematemesis, nausea and vomiting 
and weight loss[1,2,4-6]. This observation is only based on the 
case reports and case series that have been reported[2,4-6]. 
Irritable bowel syndrome (IBS) is a common diagnosis 
and the symptom based Rome II criteria may be used 
to support the diagnosis[7]. However it is essential when 
investigating patients who present with IBS type symptoms 
that organic disease is excluded[7]. We describe the first 
case of  a patient with gastric sarcoidosis who presented 
with IBS symptoms but subsequently responded to 
immunosuppressive therapy.

CASE REPORT
A 27 year old Caucasian man presented to the respiratory 
physicians with chest discomfort and ‘flu-like symptoms 
in 1983. A plain radiograph of  the chest showed bilateral 
hilar lymphadenopathy and left middle zone infiltrates. 
Gallium scanning and a positive Kveim test confirmed 
the diagnosis of  pulmonary sarcoidosis. Remission was 
achieved with oral steroids. Apart from a chronic irritable 
cough, he had no recurrence of  his respiratory symptoms 
over the following 22 years. His previous annual serum 
angiotensin converting enzyme (ACE) and a recent high 
resolution computed tomography (CT) of  the chest was 
normal.

He presented to a gastroenterology department with 
a 6-mo history of  upper/central abdominal pain relieved 
on defaecation. There was a change in frequency of  bowel 
movement - he now opened his bowels less than three 
times per week (prior to this presentation he opened his 
bowels daily). The stool varied between normal and pellet-
like. He described bloating, distension and tenesmus. There 
was no weight loss or any other sinister symptoms. His 
symptoms fulfilled the Rome II criteria for constipation 
predominant IBS. His inflammatory markers (ESR and 
CRP) were normal. Further investigations including an 
upper GI endoscopy, colonoscopy, ultrasound and CT 
of  the abdomen were all normal. The diagnosis of  IBS 
was suggested but the patient still had concerns about the 
cause of  his symptoms. With the consent of  the clinicians 
from the initial centre the patient sought a second opinion. 
Although he had no pulmonary symptoms, (apart from 
a chronic cough) we wondered if  his IBS symptoms 
could be due to gastrointestinal sarcoidosis. Further 
investigations in our centre showed a raised serum ACE 
level of  67 IU/mL (Range 18-55 IU/mL). In addition, 
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he also had a positive IgG antigliadin antibody and a 
serum IgA of  0.52 G/L (0.8-4.0 G/L) but negative IgA 
antigliadin and anti-endomysial antibody (EMA). We 
performed a gastroscopy, which showed antral erythema 
(Figure 1) and a polypoid lesion at the gastro-oesophageal 
junction (Figure 2). Duodenal biopsies were normal. 
Biopsy of  the antrum revealed granulomas consistent 
with sarcoidosis (Figure 3). Biopsy of  the polypoid lesion 
showed chronic inflammatory cell infiltrate only (Figure 
4). His CLO test was negative and there was no evidence 
of  H pylori or alcohol-acid fast bacilli in any of  the biopsy 
specimens.

Oral prednisolone initially achieved some symptomatic 
benefit, but he responded subjectively to a short course 
of  intravenous hydrocortisone. During this time his 
serum ACE normalised and he was discharged on 30 mg 
prednisolone. He has subsequently had an octreotide 
scan showing no activity in the stomach (whilst on 
prednisolone) and was started on oral azathioprine with 
progressive resolution of  his GI symptoms.

DISCUSSION
Sarcoidosis of  the GI tract is rare but when involved the 
stomach is the commonest site. Gastric granulomas have 
coincidentally been reported in up to 10% of  patients 
with pulmonary sarcoidosis[8,9]. However, whether the 
presence of  gastrointestinal sarcoid accounts for GI 

symptoms is controversial. Previous investigators have 
described endoscopic and radiological findings of  peptic 
ulceration, inflammation and gastric outlet obstruc-
tion[2,3,5,10-12]. Diagnosis is achieved by biopsy confirming 
the presence of  granulomas without evidence of  any 
other granulomatous disorders. One series of  67 patients 
with sarcoidosis described 7.5% of  patients as having 
abdominal pains at diagnosis. Further evaluation revealed 
15% had liver involvement (biopsy proven) and 36% had 
luminal GI disease; reflux oesophagitis (21%), IBS (10%) 
and inflammatory bowel disease (4.5%)[13]. Both reflux and 
irritable bowel syndrome symptoms are frequent amongst 
the general population, however, this study suggests that 
the presence of  such symptoms may require investigation. 
The optimal approach would be upper GI endoscopy and 
biopsy of  any abnormal areas.

This is the first reported case of  a patient who fulfilled 
the RomeⅡcriteria for IBS but was subsequently found 
to have gastric sarcoidosis. Although we performed 
antigliadin antibodies (and EMA) to exclude coeliac 
disease-IgG antigliadin lacks specificity and has previously 
been reported in association with gastrointestinal 
sarcoidosis[14,15]. If  we had not performed antral biopsies 
having seen macroscopic evidence of  inflammation, then 
the diagnosis may have been missed. It is possible that in 
our case both gastric sarcoid and IBS co-exist. We believe 
that this is unlikely given the symptomatic and serological 
response to immunosuppression[16,17]. In addition, a normal 

Figure 1   Gastr ic antrum 
v iewed f rom mid body of 
stomach showing widespread 
e r y t h e m a t o u s  c h a n g e s 
consistent with gastritis. 

Figure 2  Gastro-oesophageal 
junct ion showing polypoid 
lesion.

Figure 3  Gastric antral biopsy (HE x 400 magnification) showing surface 
epithelium on the left of the image. The glands are displaced by a central 
granuloma formed from loosely aggregated epithelioid histiocytes, with a few 
surrounding lymphocytes.

Figure 4  Biopsy of polypoid lesion at gastro-oesophageal junction showing 
glandular tissue with active chronic inflammation and reactive epithlelial changes 
(HE x 200 magnification).



octreotide scan whilst on prednisolone (with no areas 
of  increased uptake) also suggests remission and further 
corroborates our view[16].

In conclusion, we report the first case of  gastric sarcoid 
presenting with RomeⅡcriteria for IBS. Our case suggests 
that patients with suspected functional GI symptoms in 
the presence of  pulmonary sarcoid, may have sarcoidosis 
of  the GI tract. It is imperative that the endoscopist is 
aware of  this possibility and performs a biopsy of  any 
macroscopically abnormal areas. By taking this approach 
patients with symptomatic GI sarcoid may benefit from 
early diagnosis and symptomatic relief  with prednisolone 
or immunosuppressive therapy.
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Abstract
A 29-year-old nurse with a hepatitis C virus (HCV) 
infection caused by needle-stick injury was treated with 
interferon-beta starting about one year after the onset of 
acute hepatitis. The patient developed acute hepatitis C 
with symptoms of general fatigues, jaundice, and ascites 
4 wk after the needle-stick injury. When these symptoms 
were presented, the patient was pregnant by artificial 
insemination. She hoped to continue her pregnancy. 
After delivery, biochemical liver enzyme returned to 
normal levels. Nevertheless, HCV RNA was positive 
and the pathological finding indicated a progression to 
chronicity. The genotype was 1b with low viral load. 
Daily intravenous injection of interferon-beta at the 
dosage of six million units was started and continued 
for eight weeks. HCV was eradicated without severe 
adverse effects. In acute hepatitis C, delaying therapy 
is considered to reduce the efficacy but interferon-beta 
therapy is one of the useful treatments for hepatitis C 
infection in chronic phase.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Needle-stick injury is a major cause of  acute hepatitis C in 
health care workers[1]. Acute infection of  hepatitis C virus 
(HCV) frequently progresses to chronic hepatitis, which 
leads to liver cirrhosis and to hepatocellular carcinoma[2].  
Preventing the progress to chronicity is necessary, and 
several treatment strategies of  interferon therapies were 
reported[3,4,5,6]. Early phase treatment is recommended 
in order to obtain a sustained virological response 
(SVR)[5]. On the other hand, optimal timing of  treatment 
is controversial because self-limited hepatitis exists in 
15%-30% of  acute hepatitis C[7]. Several predictive factors 
of  the spontaneous clearance of  HCV were reported but 
these have not been confirmed in larger numbers and 
well-designed prospective studies. As wait & see strategy 
to expect the spontaneous viral clearance, it was reported 
that 8 to 12 wk of  delaying therapies obtained more than 
90% of  SVR rate, however, a delay by one year reduced 
the rate[7,8]. We report a case of  acute hepatitis C infection 
caused by needle-stick injury just before pregnancy. After 
delivery, the patient achieved a SVR by treating with 
interferon-beta in the chronic phase of  acute hepatitis C.  

CASE REPORT
Patient
The patient was a 29-year old Japanese woman. She was 
a clinical nurse. She had a missed abortion at the age of  
26. She admitted occasional alcohol intake but she did not 
receive blood transfusions or operations.  

Present illness
She encountered a skin puncture on the hand from a 
needle contaminated with blood from a patient with 
chronic hepatitis C on September 15th, 2001. She became 
pregnant through artificial insemination on October 2nd.  
She felt general fatigue from October 16th. Her attending 
physician pointed out the abnormal liver function tests, 
and then she was referred to Sendai City Medical Center at 
October 19th. On admission, liver function tests indicated 
elevated aspartate aminotransferase (AST; 549 IU/L, 
normal 12-30 IU/L) and alanine aminotransferase (ALT; 
870 IU/L, normal 8-35 IU/L) activities. Total bilirubin 
(1.0 mg/dL, normal 0.2-1.2 mg/dL), albumin (39 g/L, 
normal 42-53 g/L), and prothrombin time (PT; 93%) 
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Table 1  Laboratory findings at October 19th

indicated that hepatic functional reserve was maintained 
(Table 1). Anti-HCV antibody which was negative before 
the pregnancy, converted to positive, and HCV RNA test 
revealed high viral load with genotype 1b. Therefore, she 
was diagnosed with acute hepatitis C. A small amount 
of  ascites was detected on the surface of  the liver by 
ultrasound imaging.  

She hoped for continuation of  the pregnancy, thus, 
conservative medical management was performed and 
liver function tests improved (Figure 1). After that, HCV 
RNA decreased below detection sensitivity of  the routine 
quantitative method (Cobas Amplicor HCV Monitor 
test, Roche Diagnostic Systems, Branchburg, NY, USA) 
although remaining positive with qualitative method (Cobas 
Amplicor HCV test, Roche). On June 17th, 2002, she 
delivered safely. Liver function tests were within normal 
ranges but HCV RNA still remained positive. At this point, 
spontaneous viral clearance was not expected, thus, she 
was admitted to our hospital to receive anti-viral therapy 
on September 9th 2002.  

Physical findings at administration
Physical examination revealed: height 158 cm; weight 54 kg; 
blood pressure 118/64 mmHg; body temperature 36.3℃; 
and clear consciousness. The bulber conjunctiva was not 
icteric. No peripheral edema, vascular spider, and flapping 
tremor were observed.  

Laboratory findings
The result demonstrated normal liver function, no 
evidence of  coagulopathy, anemia, or thrombocytopenia.  
HCV RNA indicated 1.0 kIU/L, which was under 
detection sensitivity previously.  

Pathology
A liver biopsy specimen taken before anti-viral therapy 
demonstrated chronic hepatitis with mild activity without 
fibrosis. Swollen Kupffer cells were seen in diastase-
periodic acid-Schiff  preparations (Figure 2).  

Clinical course
After informed consent was obtained, the patient 
received six million units of  interferon-beta (Mochida 
Pharmaceutical Co., Ltd., Tokyo, Japan) by intravenous 
drug injection daily for eight weeks. She developed a daily 
fever after the initiation of  treatment but recovered in a 
brief  period of  time. Other adverse effects were not seen 
during the treatment. HCV RNA became negative two 
weeks after the initiation of  treatment (Figure 1). ALT 
increased in slight degree but improved after the end 
of  the treatment (Figure 1). HCV RNA negativity and 
normalization of  ALT level were sustained for 40 mo after 
the end of  interferon treatment.  

DISCUSSION
In Japan, 85% of  hepatocellular carcinoma patients 
are associated with chronic HCV infection[9]. Thus, 
to inhibiting the progression of  acute HCV infection 
to chronicity is very important for the prevention of  

WBC 6530 /μL T-Bil 1.0 mg/dL HCV-Ab positive
Hb 13.0 g/μL D-Bil 0.7 mg/dL HCV-RNA > 850 kIU/L
Plt 200 x 103 /μL Total protein 71 g/L HCV genotype 1b
PT 93% Albumin 39 g/L HAV IgM negative
AST 549 IU/L BUN 6.4 mg/dL HBs-Ag negative
ALT 870 IU/L Creatinine 0.5 mg/dL HBs-Ab negative
LDH 497 IU/L Na 140 mEq/L IgM HBc-Ab negative
ALP 181 IU/L K 4.0 mEq/L EBV IgM negative
g-GTP 259 IU/L Cl 106 mEq/L HSV IgM negative
ChE   94 IU/l Glucose 92 mg/dL CMV IgM negative

WBC: white blood cell; Hb: hemoglobin; Plt: platelet; PT: prothrombin time; AST: asparate aminotransferase; ALT: alanine 
aminotransferase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; g-GTP: gamma glutamyl transpeptidase; ChE: 
choline esterase; T-Bil: total bilirubin; D-Bil: direct bilirubin; BUN: blood urea nitrogen; HCV: hepatitis C virus; HAV: hepatitis 
A virus; HBs-Ag: hepatitis B virus surface antigen; HBc-Ab: hepatitis B virus core antibody; EBV: Epstein-Barr virus; HSV:
herpes simplex virus; CMV: cytomegalovirus.
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Figure 1  Clinical course of an acute hepatitis C patient receiving interferon-beta 
(IFN-β). MU, million units.
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hepatocellular carcinoma. Recently, as the cause of  
post-transfusion hepatitis, HCV infection decreased to 
extremely low levels because of  the establishment of  
diagnostic methods such as HCV-antibody or HCV RNA 
detection[10]. However, acute hepatitis C still exists by 
needle-stick injury in health care workers[1]. Interferon 
therapy has been indicated for acute hepatitis C for many 
years but the strategies were controversial in the points 
of  optimal timing of  starting therapy, treatment regimen, 
duration of  interferon injection, and management of  self-
limited patients.  Therefore the standard therapy for acute 
hepatitis C has not been established.

Treatment reg imen var ies wi th the t imes and 
institutes.  Interferon-beta was indicated in the early 1990’
s[11].  Interferon-alpha based therapies have been widely 
indicated, doses were 3-6 million units, durations were 
24-52 wk, and recently, combination with ribavirin and 
pegylated-interferon were reported[12].

Jaeckel et al reported that they treated acute hepatitis 
C with interferon-alpha (5 million units, thrice weekly 
for 20 wk) and obtained virological response in 98% of  
cases, thus, they suggested early treatment immediately on 
diagnosis[5]. On the other hand, self-limited hepatitis was 
reported in 15%-30% of  acute hepatitis C[7]. identifying 
the patients who recover spontaneously is important 
because interferon therapy involves considerable adverse 
effects, compromises patients’ quality of  life for long-term 
treatment, and is highly expensive.  Predictable factors 
of  self-limited acute hepatitis C were reported. Female 
gender[6], younger age[13], and the lack of  complications 
such as human immunodeficiency virus infection[14] were 
reported as host factors. HCV genotype 3 and 2 were 
reported as virological factors[15].  Clinical features during 
the acute phase of  infection as symptomatic disease[6] and 
fast and continuous decline in viral load were reported 
with a lower rate of  chronicity[7].  Hofer et al reported 
that mean duration of  spontaneous recovery from acute 
HCV infection was 77 d from infection and 35 d from 
the onset of  symptoms[7]. Gerlach et al reported that they 
treated acute hepatitis C patients who could not obtain 
spontaneous viral clearance within 12 wk by interferon-
alpha based therapy (3-5 million units, thrice weekly for 
14-61 wk) and that the overall virological response was 
91% of  cases[6]. A meta-analysis indicated that delaying 
therapy by 60 d after the onset of  symptoms did not 
reduce the efficacy of  treatment[16]. Wedemeyer et al 
defined the course of  acute hepatitis C virus infection as 
five phases which were: phase A, post-exposure; phase B, 
asymptomatic viremic patients with normal ALT, two to 
six weeks post-exposure before the onset of  symptoms; 

phase C, acute hepatitis with ALT elevation and symptoms; 
phase D, spontaneous recovery or partial tolerization; 
phase E, chronic hepatitis after more than six months of  
infection[17]. Nomura et al reported that the SVR to 24 wk 
of  interferon-alpha was 100% when therapy was initiated 
in acute hepatitis phase, but fell to 53% if  treatment was 
applied in chronic phase[8], though it seems a much high 
rate to be compared with the SVR rate of  conventional 
interferon monotherapy in chronic hepatitis C.  

In our case, we initially expected spontaneous recovery 
because the patient was of  female gender, younger age, 
because she developed symptoms of  jaundice and ascites, 
and because a fast and continuous decline in viral load 
was observed.  However, HCV RNA level remained at 
1.0 kIU/L on year after the onset of  the infection. Also 
liver biopsy indicated the progress to chronic hepatitis.  
The patient desired to complete the treatment in a short 
period of  time because she has recently completed delivery 
and she wanted to spend the time with her child and to 
breastfeed the child, thus we treated her with interferon-
beta for eight weeks and obtained the SVR.  

Interferon-beta therapy is a useful treatments for acute 
hepatitis C in chronic phase and is superior to interferon-
alpha based therapy with regard to treatment duration. 
Further studies are necessary to clarify the efficacy of  this 
therapy for acute hepatitis C.  
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Abstract
The presence of vermiform appendix in inguinal hernia 
is rare and is known as Amyand’s hernia. We report an 
Amyand’s hernia, where the appendix was found in a 
right inguinal hernia in one male cadaver aged ninety 
two years.
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INTRODUCTION
Inguinal hernia may display very unusual sac contents. 
Ovary, fallopian tube, urinary bladder, incarcerated 
bladder diverticula, large bowel diverticula with the form 
of  diverticulitis or abscess, Meckel’s diverticulum (Littre 
hernia) or foreign bodies (e.g., fishbones) have been 
rarely reported[1-3]. The presence of  the appendix within 
an inguinal hernia has been referred to as “Amyand’s 
hernia” to honour Claudius Amyand, surgeon to King 
George II. Amyand was the first to describe the presence 
of  a perforated appendix within the inguinal hernial sac 
of  an eleven-year old boy and performed a successful 
transherniotomy appendicectomy in 1735[4,5]. 

Case RepORT
In a male cadaver, 92 years old, at the time of  death, a right 
inguinal hernia was recognized during a student descriptive 
anatomy laboratory. The medical history of  the patient 
included arterial hypertension that had been treated for 
the past twenty years and the right inguinal hernia (without 
herniotomy) that had existed for the past ten years. The 
deep fascia, the external oblique aponeurosis and the 
spermatic cord were identified, as well as the hernial sac. 
Upon opening the hernial sac, the vermiform appendix 
was found free within, without adhesions to the sac (Figure 
1, Figure 2, Figure 3). Macroscopically, the vermiform 
appendix was 8 cm in length with a maximum diameter 
of  0.9 cm. Histological examination did not reveal any 
pathological alterations (Figures 4A and B).   

DIsCUssION
A hernia is defined as the protrusion of  a viscus or part 
of  a viscus through the walls of  its containing cavity. The 
presence of  the appendix within an inguinal hernial sac 
is referred to as “Amyand’s hernia” and is an uncommon 
condition. The incidence of  having a normal appendix 
within the hernial sac varies from 0.5% to 1%, whereas 
only 0.1% of  all cases of  appendicitis present in an 
inguinal hernia, underscoring the rarity of  the condition[6,7]. 
The majority of  the reported cases present with the 
features of  an obstructed or strangulated inguinal hernia. 
Even acute appendicitis or perforation of  the appendix 
within the sac simulates perforation of  the intestine 
within the hernia, and does not have specific symptoms 
or signs. Due to these facts it is very difficult to reach a 
clinical diagnosis of  Amyand’s hernia preoperatively. In 
fact, the diagnosis is made intraoperatively as the patient 
undergoes surgical exploration for a complicated inguinal 
hernia. A preoperative computed tomography scanning 
of  the abdomen could be helpful for diagnosis, but this 
is not a routine practice after the clinical suspicion of  a 
complicated inguinal hernia[8]. However, one case of  a 
three-month old boy has been reported in which a right-
sided sliding appendiceal inguinal hernia was diagnosed 
preoperatively with sonography[9].   

The occurrence of  herniated appendices is mostly 
reported in a right inguinal hernial sac, probably as a 
consequence of  the normal anatomical position of  the 
appendix and also because right sided inguinal hernias 
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are more common than left sided hernias[10]. An extensive 
literature search revealed three reported cases of  left 
sided Amyand’s hernia[11-13]. The occurrence of  left sided 
Amyand’s hernia may be associated with the presence of  
a situs inversus or malrotation as an underlying cause. 
An abdominal computed tomography scan or X-ray 
examination should be performed to exclude these 
entities[14].

Most of  the published cases have been reported as 
appendicitis incarcerated in a hernia. It is difficult to 
determine whether a primary visceral inflammation, which 
could be referred to as appendicitis, is the pathological 

mechanism, or if  the primary event is strangulation of  
the herniated appendix, leading subsequently to ischemic 
necrosis and secondary inflammation[15]. The presence 
or absence of  inflammation of  the appendix is a very 
important determinant of  appropriate treatment. If  
inflammation of  the organ and incipient necrosis are 
present, a transherniotomy appendectomy should be 
performed. The presence of  pus or perforation of  
the organ is also an absolute contraindication to the 
placement of  a mesh for hernia repair. Associated intra-
abdominal abscesses, if  present, may be dealt with either 
percutaneously or by open drainage. The majority of  the 
authors agree that a normal appendix within the hernial 
sac does not require appendectomy, and that every effort 
should be made to preserve the organ found in the hernia 
sac for an uneventful postoperative course[16,17].   

Finally, we conclude that the presence of  the appendix 
in an inguinal hernial sac, referred to as “Amyand’s hernia”, 
is an uncommon entity. Despite its rarity, the fact that the 
majority of  such cases present as a complicated inguinal 
hernia, making preoperative diagnosis difficult, demands 
that surgeons consider this condition in their differential 
diagnosis and so they are able to offer appropriate 
treatment.  
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Figure 1  Right inguinal hernial sac.

Figure 2  Inguinal hernia with vermiform appendix at the opening of the sac.
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a result of  a mutation in a pleiotropic gene. Other reported 
abnormalities include palmoplantar hyperkeratosis, short 
stature, osteoporosis and microcephaly[2-4]. Progression of  
neurological symptoms has been reported with worsening 
of  peripheral neuropathy, dementia, long tract degenera-
tion, dysarthria and ataxia[5,6]. 

Pathological studies from esophageal myomectomy 
specimens of  children afflicted with Allgrove’s syndro-
me show fibrosis of  the intermuscular plane and absent 
myenteric ganglia[3]. Neuronal NO synthase has also been 
found to be deficient and could explain the poor relaxation 
of  the lower esophageal sphincter (LES). Necropsy has 

been carried out in one of  the pairs of  original siblings 
published, which reveals atrophy of  the adrenal cortical 
zona fasciculata and zona reticularis and absence of  

ganglion cells and nerve fibers in the lower esophagus[1].
This syndrome has been mapped to a novel gene on 

chromosome 12q 13 near the type II keratin gene cluster, 
and the gene is designated as the Achalasia-Addisonianism-
Alacrima-Syndrome gene (the AAAS gene)[7]. There is a 
great deal of  variability of  symptoms and severity between 
patients with the same AAAS mutation, implying variable 
expression of  this mutated gene. 

This report describes the clinical presentation of  two 
affected siblings with Allgrove’s syndrome and analyses the 
mutations in the immediate family.

CASE REPORT
A seventeen year old young lady presented along with her 
fifteen year old younger sister with identical symptoms of  
dysphagia, excessive fatigue and skin pigmentation. The 
elder sibling had been symptomatic for eight years and her 
sister for seven years respectively. Both had progressive di-
fficulty in swallowing and regurgitation of  food at the time 
of  presentation. They had extreme tiredness and fatigue. 
The mother had noticed progressive pigmentation in both 
her daughters. The younger sibling had several episodes 
of  sporadic abdominal pain and vomiting. Their milesto-
nes had been normal and they had attained menarche and 
thelarche normally. Their parents were non-consanguinous 
and their father had expired following an accident. One 
elder sister had died of  meningitis at nine years of  age and 
on questioning the mother, she mentioned the daughter 
having similar facial hyperpigmentation. A brother was 
asymptomatic at 16 years of  age. Examination of  both 
patients revealed normal blood pressure and heart rate 
with no postural changes. Both sisters had facial and pal-
mar hyperpigmentation. The younger sibling had bilateral 
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Abstract
The triple A or Allgrove's syndrome is an autosomal 
recessive disorder characterized by the triad of achalasia 
cardia, alacrima and ACTH resistant adrenocortical 
insufficiency. Mutations of the Achalasia-Addisonianism-
Alacrima-Syndrome (AAAS ) gene on chromosome 
12q13 are associated with this syndrome. We report 
an Indian family where two siblings were homozygous 
for a known mutation of the AAAS gene and presented 
with the classical triad of symptoms. The mother and 
the brother were heterozygous and asymptomatic. The 
affected siblings had iron deficiency anemia and the 
younger sister had pes cavus and palmoplantar keratosis. 
Neurological symptoms were absent in both affected 
children. Recognition of this syndrome can lead to early 
treatment of adrenal insufficency and genetic counselling.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Allgrove’s syndrome, also known as the triple A syndrome is 
characterized by the triad of  adrenal insufficiency, achalasia 
cardia and alacrima[1]. Ever since its first description in 1978, 
more than 70 cases have been reported in the literature. The 
condition is associated with impairment of  the central, peri-
pheral and autonomic nervous systems, suggesting that it is 
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palmo-plantar keratosis and pes cavus. The conjunctiva 
and oral cavities of  both sisters were dry. Schirmer’s test 
confirmed decreased lacrimation. Both were noted to have 
bilateral temporal pallor of  optic discs. 

Hemogram showed iron deficiency anemia in both 
sisters. Biochemical tests and chest X ray were normal. 
Barium swallow showed dilated esophagus and absent 
peristalsis in both sisters. Esophageal manometry done to 
confirm the diagnosis showed elevated LES pressures (45 
mm and 60 mm respectively), poor relaxation to swallow 
and absent body peristalsis consistent with achalasia. Se-
rum 8 am cortisol was 3.94 μg/deciliter and 3.37 μg/ deci-
liter in both sisters respectively and post Synacthen values 
were 5.16 μg/ deciliter and 4.10 μg/ deciliter respectively, 
consistent with Addison’s disease. The clinical features and 
laboratory investigations are summarized in Table 1.

The confirmation of  achalasia, Addison’s disease, his-
tory of  dry eye in both siblings, palmo-plantar hyperkera-
tosis in one sister and positive family history pointed to a 
clinical diagnosis of  Allgrove’s syndrome. Molecular testing 
for the AAAS gene causing Allgrove’s syndrome was initi-
ated to confirm the diagnosis. Blood samples from the 
patients, their mother and unaffected brother were taken 
after consent for AAAS gene analysis. Replacement thera-
py with corticosteroids and mineralocorticoids dramatically 
improved the symptoms in both the sisters. They have been 
advised to make frequent follow-up visits at the clinic. 

MUTATION ANALYSIS
DNA was extracted using standard protocols. Coding 
sequences including exon-intron boundaries were am-
plified from genomic DNA and sequenced as reported 
previously [8]. Sequencing of  the coding regions and exon/
intron junctions of  the AAAS gene in the two sisters re-
vealed a homozygous splice mutation in exon 1, resulting 
in a frameshift after glycine at amino acid position 14 and 
a premature stopcodon (G14fs). This is the result of  the 
transversion C to A at nucleotide position 43, forming a new 
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premature splice donor site after G at nucleotide position 40 
with a consecutive loss of  the following 83 bp from exon 1. 
The mother is a heterozygote and so is the brother. Thus it 
verified the carrier status of  the unaffected family members. 
This gene mutation analysis confirmed the diagnosis and 
helped in genetic counselling. 

DISCUSSION
Triple A syndrome (Allgrove’s syndrome) is an autosomal 
recessive genetic disorder occurring due to mutations in 
the AAAS gene, resulting in phenotypic manifestations of  
achalasia, addisonianism, alacrima and variable symptoms 
of  progressive neurological involvement. Using positional 
cloning, the product of  the AAAS gene, designated 

ALADIN for alacrima, achalasia, adrenal insufficiency 
neurological disorder, was identified as a protein belonging 
to the WD repeat family[9]. Proteins belonging to this 
family have a wide functional diversity in that they are 
involved in signal transduction, RNA processing, vesicular 
trafficking, cytoskeleton assembly and cell division 

control[10].
The ubiquitous expression of  AAAS is in accordance 

with the multisystemic character of  the disorder and 
the predominant occur rence in the adrenal gland, 
gastrointestinal and nervous structures is in line with 
the tissues mainly affected in triple A syndrome. Various 
mutations have been described in patients from European, 
North African, Asian and American populations[8]. Ours 
is the first report of  mutations in the AAAS gene in an 
Indian family with Allgrove’s syndrome. The transversion 
of  C to A at nucleotide position 43 results in a markedly 
truncated protein, and it has been reported and confirmed 
that the mutation caused the disease[8]. 

Genotypic-phenotypic correlations have not been con-
sistent in Allgrove’s syndrome[11]. We noted similarities in 
presentation in both these siblings. However, palmoplantar 
keratosis and pes cavus was present in only the younger sis-
ter despite both siblings having the same mutation. There 
are reports of  patients presenting without hypoadrenalism, 
which is the hallmark of  this syndrome[12]. From a large se-
ries of  patients it has been seen that frameshift, stop codon 
and functionally significant mutations are likely to lead to a 
more severe phenotype, most probably occurring by a loss-
of-function effect of  the mutated protein[13]. Future studies 
need to focus on functional analysis of  this mutated gene 
in order to comprehend the myriad presentations of  the 
Allgrove’s syndrome.
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TO THE EDITOR
I read with a great interest the paper by Gonzalez-Roldan 
et al[1]. The authors reported on the pattern expression of  
TREM-1 during sepsis and major abdominal surgery as 
compared to healthy controls and concluded that TREM-1 
expression increased on the surface of  monocytes after 
surgery. Several points deserve consideration. First, no data 
related to TREM-1 expression on neutrophils is provided. 
Second, of  the 7 surgical patients, only 4 had both pre- and 
post-surgery cytometry analysis. Among these 4 patients, 
2 displayed a decrease of  TREM-1 expression after 
surgery. Therefore, it seems quite hazardous, based on 
these data, to conclude that TREM-1 increases after major 

uncomplicated surgery, reflecting a systemic inflammatory 
response. 
    The other question that arose from this study is related 
to the determination of  the TREM-1 splice variant 
(svTREM-1). First, it is still unknown whether this variant 
is translated or not[2]. Anyway, the soluble form of  TREM-1 
is not believed to be related to this variant[3]. The authors 
observed an increase of  the svTREM-1 mRNA after 
surgery or during sepsis. By using the described primers, 
one could also expect to see a PCR product corresponding 
to the natural form of  TREM-1[3]. Unfortunately, such a 
product is not reported. Finally, it is rather disappointing 
not to see any measurement of  plasma sTREM-1 in these 
patients in order to better characterise the “inflammatory” 
patients and the septic ones[4]. 
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