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Trans-arterial chemoembolization (TACE) of the right hand side 
hepatic artery by means of selective catheterization.
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Abstract
Studying physiological and pathophysiological mech­
anisms in the liver on a molecular basis is a challenging 
task. During two dimensional (2D) culture conditions 
hepatocytes dedifferentiate rapidly by losing metabolic 
functions and structural integrity. Hence, inappropriate 
2D hepatocellular models hamper studies on the 
xenobiotic metabolism of the liver which strongly 
influences drug potency. Also, the lack of effective 
therapies against hepatocellular carcinoma shows 
the urgent need for robust models to investigate liver 
functions in a defined hepatic microenvironment. Here, 
we summarize and discuss three-dimensional cultures 
of hepatocytes, herein referred to as hepatospheres, 
which provide versatile tools to investigate hepatic 
metabolism, stemness and cancer development.
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INTRODUCTION
The most essential metabolic processes of  the human 
body take place in the liver. The major responsibilities 
of  this multifunctional organ include the regulation 
of  blood glucose levels, the metabolism of  lipids and 
proteins, the detoxification of  urea and the production 
of  bile. In addition, the liver has a vast impact on the 
biotransformation of  xenobiotic compounds. Studying the 
liver in its physiological and pathophysiological situations 
is therefore crucial for drug development. However, 
inadequate model systems hinder the investigations of  
the complex mechanisms underlying those liver functions. 
The development of  experimental tools capable of  
identifying components in the regulatory circuits of  liver 
functions remains a challenging task.

Hepatocytes, which represent the majority of  the liver 
mass and perform most of  the functions of  the liver, 
are mitotically inactive under physiological conditions.
Nevertheless, they show tremendous proliferative 
properties in cases of  liver damage[1]. The inability 
to induce proliferative signals in hepatic cell cultures 
without losing differentiation is one of  the key problems, 
and is still an unsolved issue. Primary hepatocytes in vitro 
quickly loose their typical characteristics as indicated by 
the absence of  hepatic markers, such as the secretion 
of  albumin (ALB)[2-4]. In particular, hepatocytes show 
a rapid decrease of  liver-specific functions such as 
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the xenobiotic metabolism, which is of  paramount 
importance for drug development.

Many aspects of  liver physiology and liver disease 
are still open issues and many gaps still need to be filled. 
The reasons why 3D cultures of  hepatocytes, designated 
as hepatospheres, represent a robust and versatile tool 
to investigate metabolic functions and mechanisms of  
hepatocellular carcinoma (HCC) will be summarized and 
discussed in this review.

3D MODELS: PAST AND PRESENT
A spheroid is the aggregation of  cells exhibiting the 
most energy- and surface-minimized structure[5-7], 
and remarkably, this self-assembly of  cells mimics 
natural processes in embryogenesis, morphogenesis 
and organogenesis[8,9]. The overall aim of  3D spheroid 
cultures is specifically to reflect important aspects of  
the physiological situation in vitro. Cells cultured in 3D 
spheroids resemble the in vivo situation quite efficiently 
regarding their cell shape and cellular environment, 
which influences both gene expression and biological 
behavior.

The attempt to form adequate physiological structures 
in vitro remained a challenge for decades. In 1952, 
Moscona and Moscona observed that co-cultivation of  
chondrogenic and myogenic cells of  an early chick embryo 
in suspension spontaneously formed aggregations[9]. 
Interestingly, the chondrogenic cells formed the inner 
core, which was surrounded by a layer of  myogenic cells. 
In 1961, A. Moscona described an approach to generate 
cell interactions in vitro by using a rotational technique[10]. 
Histoformative multicellular aggregates were generated 
which were quantifiable, controllable and reproducible. 
The ability of  cell types to form aggregates within 24 h 
was termed ‘aggregation pattern’ and was described as 
specific for certain cell types and for a set of  conditions, 
the most important of  which was temperature. More than 
twenty years later, 3D aggregations were first labelled 
‘spheroid’ by Landry[11,12], who observed a spheroid 
formation by cultivating cells on a non-adherent plastic 
surface. This early study already showed that this type 
of  cultivation caused cells originating out of  a perfused 
liver to re-aggregate into structures resembling those 
found in vivo[11]. This was accompanied by the production 
of  an extracellular matrix (ECM) consisting of  laminin, 
fibronectin and collagen. Interestingly, this study also 
showed that hepatocytes cultured in a 3D system display 
prolonged survival and enhanced metabolic functions, 
such as ALB secretion and induction of  tyrosine 
aminotransferase, which was maintained for up to two 
months post isolation.

Nowadays, 3D systems, such as mammospheres, 
which represent cultures of  mammary carcinoma cells, 
are well developed, and widely used for testing and 
developing novel drugs. The response to Trastuzumab, 
for instance, a clinically used antibody against human 
epidermal growth factor receptor (HER)2/neu, was 

shown to vary strongly between 2D and 3D cultures. It 
has been proposed that homodimerization of  HER2 is 
favored in spheres of  both mammary carcinoma cells as 
well as ovarian carcinoma cells, which is the reason for 
the enhanced activation of  the drug in 3D, as compared 
to 2D, cultures[13]. Furthermore, the tumor-promoting 
mitogen-activated protein kinase (MAPK) signaling and 
integrin-β4 phosphorylation are particularly activated in 
mammospheres. The ability of  acini formation in 3D 
cultures and expression profiling of  mammospheres led 
to defined gene expression patterns which can be used as 
a prognostic factor for the outcome of  estrogen receptor 
ER+/ER- mammary carcinomas[14,15]. Furthermore, 3D 
lung organotypic models were employed for studying the 
mammary tumor outgrowth during the progression to 
distal metastasis[16]. Interestingly, the authors observed an 
enhancement of  tumor proliferation upon co-cultivation 
with pulmonary cells.

The spheroid technique has been extended to a variety 
of  other cell types, applications and (patho)physiological 
situations. For instance, the induction of  angiogenesis 
was studied in oral squamous cells[17] as well as in murine 
colorectal carcinoma cells[18] where the authors showed 
that 3D cultures promote angiogenesis during hepatic 
colon carcinoma metastasis. Furthermore, co-culture 
models were established to study blood vessel maturation. 
A human 3D model of  mixed spheroids showed that 
hepatic stellate cells (HSC) caused the quiescence of  co-
cultured endothelial cells (EC)[19]. However, it is known 
that HSC infiltrate the tumor tissue and recruit EC to 
induce angiogenesis, which was shown throughout hepatic 
metastasis of  melanoma cells[20]. Furthermore, rodent 
hepatospheres were shown to be anchored by co-cultured 
HSC, whereas hepatic spheres alone detached from the 
surface[21]. Interestingly, the authors observed that HSC 
invaded into hepatospheres by forming thin processes 
which eventually retracted again.

These investigations show that spheroid cultures are 
nowadays used in a plethora of  applications, resembling 
physiological structures and 3D organotypic models 
which facilitate the identification of  stem cells[22], and the 
molecular characterization of  cell-cell interactions, and 
allow us to study the invasion of  cancer cells[23].

GENERATION OF 3D HCC MODELS
A variety of  methods has been developed to form 
spheroids and to establish physiologically relevant 
models for reconstituting hepatic tissue. In general, 
the overall aim is to find robust and reproducible 
techniques for the generation of  spheroids allowing 
molecular analysis. The easiest approach is plating cells 
on a non or ultra-low adherent culture dish in a serum-
free medium[11] (Figure 1A). Spheroid formation was 
observed using this technique with the human HCC 
cell line Huh7 and with embryonal murine primary 
hepatocytes[24,25]. Interestingly, a combination of  
hepatocyte growth factor (HGF), basic fibroblast growth 
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factor and (EGF) supplemented within the medium led 
to an 8-fold enhanced spheroid formation[25]. A similar 
approach was taken with primary rat hepatocytes, by 
plating 42 000 cells per cm² culture dishes, and culturing 
them with a special spheroid medium containing Insulin, 
L-Glutamine, EGF, linoleic acid-albumin, plus traces 
of  copper, selenium and zinc. Hepatocytes initially 
attached to the culture dishes, forming a monolayer, and 
subsequently generated spheroids that finally detached 
from the surface[21]. Another approach observed 
spheroid formation after seeding murine hepatoma 
cells into agarose-coated 96-well plates at a density of  
2 000 cells per well[26]. In addition, this technique allows 
spheroids to be fixed in formalin and further processed 
for immunohistochemistry. Moreover, different co-
culturing methods were tested upon induction of  hepatic 
spheroid formation. Qihao et al[27] could show that 
mesenchymal stem cells (MSC) isolated from rat bone 
marrow differentiated into hepatocytes when overlaid 
with primary hepatocytes in co-cultures (Figure 1B). 
Remarkably, MSC gained the ability to form spheroids 
and expressed hepatic markers after 14 to 21 d. 

Apart from stationary cultures, many rotary culture 
systems were established (Figure 1C). For instance, 
rat hepatocytes were isolated and either incubated in 
a rotating 6-well plate[28,29] or a 250 mL spinner vessel 
which was stirred by a magnetic stir bar at 90-100 rpm[30].  
In the latter method, first aggregations were observed after 
one hour, and compact spheroids after 48 h. Moreover, 
commercial available rotating wall vessel bioreactors were 
used, such as the “High Aspect Rotating Vessel” system[2].

Recently, a rocking technique was described (Figure 1D), 
which in contrast to rotary and stationary techniques uses 
both non-coated and collagen-coated dishes[3]. Rat primary 
hepatocytes were plated at a density of  1 × 106 cells/mL  
and continuously rocked at 0.25  Hz. Spheroid formation 
was observed after 4  h in both rotational and rocking 
systems. Due to the enhanced collision in the rocking 
method, less single cells were observed, along with larger 
and more compact spheroids. In accordance with the 
above described studies, spheroids seem to reach their 
maximum diameter of  125-150 µm on day 2. Thus, a 
diameter of  100-150 µm is considered the most stable 
size that spheroids adopt[3]. This is in accordance with 

the earlier studies in the 1960s[10]. Importantly, spheroid 
formation in general is strongly dependent on the 
presence of  free divalent Ca2+ ions in the medium. 
Supplementing ethylene glycol tetra acetic acid (EGTA), 
a chelating agent with high affinity to Ca2+, removes free 
Ca2+ from the medium and results in the rapid disassembly 
of  spheroids and impairment of  spheroid nosogenesis[3].

A non-rotating or non-rocking approach is the in
cubation of  cells in methylcellulose-containing medium 
(Figure 1E), which was, for example, employed for co-
cultures of  human umbilical vein endothelial cells, human 
umbilical artery smooth muscle cells, and for rat EC with 
smooth muscle cells[19]. Using this method, cells are plated 
in non-adherent round bottom wells to form spheroids 
of  defined cell number and composition. Subsequently, 
the spheroids can be embedded into collagen gels and 
are thus suitable for a prolonged observation over a 
couple of  days. As an alternative approach, a variety of  
different artificial matrices were manufactured to facilitate 
the formation of  3D cellular aggregations into defined 
structures (Figure 1F). For instance, a self-designed 
micromolded non-adhesive agarose hydrogel was used 
to shape the outgrowth of  hepatocytes into rods and 
honeycombs[31]. In another study, a combination of  
microfabrication and microcontact printing, which was 
used to design surfaces with supporting or inhibiting 
cell adhesion, induced 3D aggregations of  hepatocytes 
of  defined size[4,32]. The advantage of  this technique is 
the distinct location and size of  the spheroids. However, 
those spheroids do not show a pronounced polarity, 
although they express the gap-junction protein Connexin 
32 and the adherence junction marker E-cadherin[4]. 
Another non-rotating and non-rocking technique is the 
formation of  spheres in hanging drops[18,33], where small 
amounts of  cell suspension are incubated upside down 
until spontaneous spheroid formation occurs.

RELEVANCE OF HEPATOSPHERES
Liver physiology
Whereas 2D culturing of  hepatocytes results in rapid loss 
of  differentiation and hepatic gene expression, various 
studies have shown that hepatospheres closely resemble 
the situation in vivo[29,30]. Self-assembly of  hepatocytes 
results in a structural similarity to native tissue. The 
surface is smooth and permeated by numerous pore-
like openings. These pores have been demonstrated 
to be the entrances to microvilli-lined channels which 
are similar to canaliculi. Apically, hepatocytes transport 
bile acids whereas the basal site conducts trafficking 
of  metabolites from the bloodstream. The polarity of  
hepatocytes in a sphere was determined by both apical 
HA4 and basolateral HA321 staining[30], and the network 
of  the numerous channel structures was visualized by 
FITC-dextran[30]. To test the functional activity of  apical 
secretion, hepatospheres were exposed to a pseudo bile 
acid, i.e. FITC-glycocholate, and thus active and directed 
bile secretion of  hepatocytes was monitored in 3D 
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Figure 1  Different approaches to the generation of 3D spheroid cultures.
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cultures. In order to ensure the integrity of  epithelial 
organization, the adherens junction component 
E-cadherin was shown as an important mediator for 
spheroid formation in a variety of  cell types, including 
primary hepatocytes[34], cells of  renal carcinoma[35], 
breast cancer[36] as well as prostate cancer[37]. Moreover, 
α5β1 integrin and fibronectin were also identified as 
regulators of  spheroid formation[38-40]. Correlating 
with these findings, self-assembly of  hepatocytes and 
human fibroblasts in micromolded agarose hydrogels 
could bring about the formation of  different shapes, 
depending on cell type, co-culture conditions and 
different surface tensions[31].

The dynamic process of  spheroid formation is 
considered a three-step process[33]. In the first phase, 
single cells rapidly aggregate, depending on ECM-
integrin interaction. The second phase is a delay period, 
involving E-cadherin accumulation, and is followed by 
the third phase, in which spheroids get their compact 
features[33]. Interference with integrinβ1 was shown 
to delay the first phase, whereas interference with 
E-cadherin blocked the compaction of  spheroids. In 
addition, the expression levels of  ECM components 
and E-cadherin from different human HCC cell lines 
such as Hep3B, HepG2 or PLC/PRF/5 have been 
shown to modulate  the facility for spheroid formation. 
Whereas Hep3B and HepG2 rapidly and moderately 
form spheroids, respectively, PLC/PRF/5 cells fail to 
aggregate at all, which corresponds to their expression 
levels of  ECM and E-cadherin[33].

Liver-specific metabolism
The metabolic activity of  hepatocytes is rapidly lost 
when cultured in monolayers, but many studies have 
shown the maintenance of  the liver-specific metabolism 
in hepatospheres. In one such study, 2D and 3D cultures 
of  HCC cells were studied for their differences in gene 
expression patterns[2]. In hepatospheres, genes involved 
in xenobiotic metabolism and lipid metabolism, such 
as cytochrome P450 (CYP)1A1, aldo-keto reductase 
1C1, leukotriene B4 12-hydroxydehydrogenase, epo
xidhydrolase X1 and glutathione S-transferase A1, 
were expressed more highly when compared to their 
expression in 2D cultures. This was verified by testing 
the metabolic function of  hepatospheres, showing an 
upregulation of  leukotrine, cholesterol metabolism and 
synthesis of  glutathione, ALB[2-4] and ATP. The elevated 
function of  phaseⅠ enzymes in hepatospheres was 
tested by processing 7-ethoxyresurfin to resurfin through 
CYP1A1 and CYP1A2, and diazepam to oxazepam via 
CYP3A[3]. In addition, hepatospheres showed an active 
urea cycle and expression of  liver-enriched transcription 
factors such as hepatocyte nuclear factor (HNF)-4 and 
CCAAT/enhancer-binding protein (C/EBP-β) both 
of  which are required for the expression of  ornithine 
transcarbamylase[4]. Similarly, a further study compared 
four different culture conditions on gene expression, 
namely monolayer cultures in the presence and absence 

of  a collagen coat versus hepatospheres formed either 
by the rotational or rocked technique[3]. An array of  
242 liver-specific genes showed that 85% of  these were 
stably expressed in hepatospheres cultured in the rocked 
fashion. In particular, ALB synthesis as well as the 
activities of  enzymes involved in the urea cycle, blood 
clotting, and xenobiotic phaseⅠ and Ⅱ metabolism 
were significantly enhanced. Interestingly, transfer of  
hepatospheres onto tissue culture plates, thus culturing 
them under 2D conditions, revealed a rapid loss of  liver-
specific functions such as ALB secretion and CYP1A1 
activity[2]. These data indicate that metabolic functions 
of  hepatocytes are rapidly lost in 2D cultures whereas 
liver-specific activities are maintained in hepatospheres. 

Further studies have demonstrated, by testing 
the toxicity of  five different compounds[29,41,42], that 
hepatospheres retain their capability for functional 
metabolism[29]. All compounds significantly decreased 
glucose secretion, which is thus suggested as the most 
sensitive endpoint. Similarly, another investigation 
established a screening method for hepatotoxicity, where 
Galactosamine, Propanol, Diclofenac and Paracetamol 
were analyzed for their negative impact on anchorage 
dependence, cellular morphology and cell spreading. 
Interestingly, the xenobiotic inf luence on those 
features correlated with elevated lactate dehydrogenase 
release and gamma-glutamyl transferase levels in both 
primary liver spheroids as well as on HepG2-derived 
hepatospheres[28]. Taken together, these studies show 
that hepatospheres are useful for testing hepatotoxicity, 
energ y  metabol i sm and b iotransfor mat ion of  
xenobiotics, as these 3D cultures resemble particular 
aspects of  the physiological situation.

Induction of prolonged survival and stemness 
Induction of  stemness is a central issue in tissue reco
nstitution. In mammospheres it has been shown that 
culturing of  mammary epithelial cells in three dimensional 
spheroids leads to induction of  stemness. Some cells 
derived from mammospheres show repopulating activity 
capable of  regenerating an entire mammary gland 
after orthotopic transplantation[43,44]. Likewise, many 
investigators use hepatospheres to identify hepatic stem 
cells. One experimental approach was able to expand 
hepatic stem/progenitor cells by using fetal liver tissue 
of  C57BL/6 mice post day 13.5 of  gestation[25]. After 
spontaneous formation of  hepatospheres, spheroids 
were plated onto collagen coated plates, where cells 
spontaneously formed monolayers. After 21 d in culture, 
large colonies of  bigger cells were visible at the periphery, 
expressing cytokeratin (CK)-7, a marker characteristic of  
cholangiocytes, whereas small cell clusters were observed 
in the center, which were positive for ALB or α-feto 
protein (AFP). Long-term culturing revealed primary 
liver cells which could be cultivated for four months 
by continuously expressing AFP, ALB, α1-antitrypsin, 
glucose-6 phosphate, CK-19 and biliary glycoprotein[25]. 
Differentiation of  hepatocytes only took place after 
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adding Oncostatin M, an inductor of  hepatocellular 
outgrowth. In addition, long-term cultured cells were 
able to repopulate the liver after orthotopic injection into 
carbon tetrachloride-treated livers[25].

Another interesting approach showed the differen
tiation of  MSC isolated from Sprangue-Dawley rats 
into hepatocytes within 21 d, when co-cultured with 
isolated primary hepatocytes[27]. After differentiation into 
hepatocytes, the cells produced AFP, CK-18, ALB and 
glycogen, and spontaneously formed spheroids. This 
method represents an attempt to generate hepatocytes 
from MSC which might be a promising approach to 
cultivate and expand individual hepatocytes for autologous 
treatment of  liver diseases.

Liver cancer
The identification and characterization of  hepatic stem 
cells is not only key for tissue reconstitution, but is also 
of  particular relevance for understanding the molecular 
mechanisms underlying HCC. In this regard, the human 
HCC cell line Huh7 was investigated for the presence of  
a distinct side population by using Pyronin Y and Hoechst 
33342 dye. Remarkably, the isolated side population was 
capable of  developing hepatocytes and cholangiocytes 
which were able to self-renew themselves and may thus 
contribute to the hepatic cancer stem cell fraction[24]. 
Almost 80% of  the side population was in the G0 phase, 
and in contrast to the remaining continuously cycling 
cell fraction, those cells were able to form spheroids in 
a serum-free medium on non-adherent culture dishes 
showing an enhanced tumorigenic potential after 
subcutaneous injection into mice[24]. Interestingly, the 
cycling cell fraction showed ALB secretion and was 
negative for CK-19 whereas G0 cells showed only weak 
expression of  ALB but expressed CK-19, the smallest 
acidic cytokeratin which correlates with poor prognosis in 
HCC.

Further molecular mechanisms of  HCC have been 
investigated by employing spheroid cultures and focusing 
on angiogenesis. For example, murine hepatoma cells 
were tested for the influence of  hypoxia-inducible factor 
(HIF)-1α expression on tumorigenesis[26]. Although 
the capacity of  HIF-1α to induce angiogenesis is well 
known, the amount of  necrosis located in centers of  
hepatospheres was independent of  HIF-1α expression. 
Yet HIF-1α was found to act as contributing to survival 
by reducing proliferation but enhancing survival[26].

Hepatospheres also represent a versatile model 
system to investigate the molecular interaction and 
communication between different cell types involved in 
HCC development. Recently, we were able to reveal the  
promoting role of  fibroblasts upon tumor proliferation 
by subcutaneous co-transplantation of  murine HCC 
cells with activated fibroblasts into mice (van Zijl et al;  
submitted). Moreover, we found an epithelial to 
mesenchymal transition (EMT) of  Ras-transformed 
hepatocytes at the invasive front of  hepatospheres, 
which has been shown to be dependent on the paracrine 
secretion of  transforming growth factor (TGF)-β 
and platelet-derived growth factor (PDGF) of  co-
cultivated myofibroblasts. Interestingly, pharmacological 
interference with this molecular tumor-stroma crosstalk 
abrogated cell invasion. In accordance, another study 
analyzed the tumorigenesis of  the human HCC cell lines 
HepG2, Hep3B and PLC in the presence of  HSC[45]. 
Incubation with conditioned medium of  human HSC 
promoted proliferation and migration. Hepatospheres 
mixed with HSC grew larger and had fewer necrotic 
centers when compared with hepatospheres without 
HSC. This correlated with the finding that co-
transplantation of  malignant hepatocytes and HSC in vivo  
resulted in increased tumor growth[45,46], elevated ECM 
production and increased CD31 expression, indicating 
elevated angiogenesis[45]. Incubation with conditioned 
medium derived from human HSC cultures and 
interfering with Erk/MAPK and HGF signaling pathways 
reduced proliferation of  HCC cells, whereas inhibition 
of  TGF-β signaling was not able to modulate tumor 
proliferation. These data are in contrast to recent findings 
obtained in mice[46,47].

CONCLUDING REMARKS AND FUTURE 
PROSPECTS
In summary, the advantages of  hepatospheres are 
numerous (Table 1) and thus, 3D hepatic models are 
promising for a variety of  experimental approaches. In 
particular, hepatospheres can be used for physiological 
structure analysis of  self-assembled cells, for in vitro 
toxicity testing of  different drugs, for investigating 
the impact of  toxic compounds and even for tissue 
engineering. Furthermore, hepatospheres enhance stem-
cell like features and will consequently shed light on stem-
cell research, ranging from isolating and expanding stem 
cells for tissue reconstitution to the benefit of  identifying 
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Table 1  Characteristics of hepatospheres

Classifications Ref.

Maintenance of physiological structure
   Reassembling of liver cells in a physiological pattern, 
formation of ducts

[11,30]

   Polarity, apical secretion and function of CD26 [30]

   E-cadherin: Induction of spheroid formation [3,33,34]

   Integrin signaling [33,38-40]

Elevated ECM production [2,11,33,38-40,45]

Prolonged survival [11,25]

Physiological expression pattern [2,3]

Prolonged metabolic functions
   Secretion of albumin [2-4,11,21,24,25,27]

   Tyrosine aminotransferase [11]

   Glutathione S transferase [2]

   Detoxification of urea [3,4]

   Biotransformation of xenobiotics (CYP) [3,28,41,42]

Induction of stemness
    AFP [25,27]

    CK19 [24,25]

Resembling of HCC
   Angiogenesis [26,45]



hepatic cancer stem cells. The ability to study molecular 
cell-cell interactions in a defined hepatic microenvironment 
will facilitate the clarification of  autocrine and paracrine 
regulatory loops in it. This might help to answer the 
question whether fibroblasts co-evolve with tumor 
cells or cease mutating in HCC development[48]. Drugs 
targeting the dynamic tumor-stroma interaction can 
be tested in a well-defined microenvironment and vice 
versa, and the resistance of  hepatic tissues towards drugs 
can be assessed. Indeed, a variety of  recent studies have 
demonstrated the impact of  culture conditions on drug 
efficiency[11,49-52]. The ultimate task of  hepatospheres is 
the stable and reliable engineering of  hepatic tissue for 
a wide range of  applications, including investigations of  
the molecular mechanisms of  liver diseases as well as the 
development of  drugs. 
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Abstract
Contrast enhanced ultrasonography (CEUS) has im­
proved both the detection and characterization of focal 
liver lesions. It is now possible to evaluate in real time 
the perfusion of focal liver lesions in the arterial, portal 
and late contrast phases, and thus to characterize 
focal liver lesions with high diagnostic accuracy. As 
a result, CEUS has taken a central diagnostic role  
in the evaluation of focal liver lesions that are inde­
terminate upon computed tomography (CT) and 
magnetic resonance imaging. The combined use of 
second generation contrast agents and low mechanical 
index techniques is essential for the detection of liver 
metastases, and it now allows the examination of 
the entire liver in both the portal and late phases. 
Several studies have shown that using CEUS instead of 
conventional ultrasonography without contrast agents 
significantly improves sensitivity in detection of liver 
metastases. Furthermore, the detection rate with CEUS 
seems to be similar to that of CT. This review describes 
the clinical role of CEUS in detecting liver metastases, 
including details about examination techniques, features 
of metastases observed with CEUS, and clinical results 
and guidelines.
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INTRODUCTION 

The liver is a very common site for the spread of  
malignancy. Between 15%-25% of  patients with colorectal 
cancer have synchronous liver metastases, and a similar 
proportion develop metachronous liver metastases after 
colorectal resection with curative intent[1-3]. Also, patients 
with gastric, pancreatic, breast and lung cancer have been 
shown to have a high frequency of  liver metastases[4,5]. 
The frequent involvement of  the liver is probably due 
to its inherent characteristics, such as its blood supply 
from both the portal vein and the hepatic artery, the 
high volume of  blood flow, its major role in biochemical 
activities and its anatomy, which provides several different 
possibilities for tumor cells to become trapped. These 
factors all create an ideal environment for the rapid 
growth of  malignant cells in the liver[6].

Early detection of  liver metastases in patients 
with known malignancy is important for determining 
therapeutic strategy, and crucial to the prognosis for 
survival. In some patients with preoperatively detected 
liver metastases, synchronous therapy of  the primary 
tumor and liver metastases is a possibility. Also, the 
detection of  liver metastases in some patients with 
known malignancy influences the use of  adjuvant 
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preoperative irradiation or chemo-irradiation. Finally, it 
is important to detect small liver metastases because the 
chances of  radical treatment are related to the size and 
number of  liver metastases. It is therefore crucial to have 
a preoperative imaging modality with a high sensitivity 
for the detection of  liver metastases. Moreover, detection 
of  all metastases and their localization is essential for 
the optimization of  the therapeutic strategy, which may 
include liver surgery and radiofrequency ablation (RFA). 

Furthermore, a high specificity in the preoperative 
imaging is required. The prevalence of  solid benign 
liver tumors has been reported to be more than 20% in 
autopsy series[7,8]. In patients with malignancy, 25%-50% 
of  lesions under 20 mm in size are benign[9,10], and about 
80% of  lesions less than 10 mm in size are benign[11].

Conventional transabdominal ultrasonography is still 
used in the detection of  liver metastases, even though its 
sensitivity is known to be relatively low (53%-77%)[12-15]. 
The technique’s sensitivity depends on the size of  the 
metastasis, and it is only 20% effective for metastases 
smaller than 10 mm[13]. In addition, the echogenicity 
of  the metastases is important. Isoechoic metastases 
are difficult to detect because they exhibit the same or 
similar acoustic behavior as the surrounding normal 
liver tissue (Figure 1), while hyperechoic metastases can 
mimic hemangiomas[16]. Finally, it is well known that 
the sensitivity of  US is reduced in patients with obesity, 
a high lying diaphragm, interposition of  the intestine, 
tissue-composition or even lack of  co-operation.

With the abovementioned sensitivity of  US in 
mind, the reported sensitivity of  contrast enhanced CT 
(58%-85%)[12,17-20] and MRI (70%-98%)[19,21] is clearly 
superior.

However, during the 1990s, diagnostic ultrasound 
entered a new era with the introduction of  microbubble 
contrast agents. Based on contrast-specific gray-scale US 

techniques, which are very sensitive to the non-linear 
signals from the microbubbles, the dynamic detection 
of  tissue flow in both macro- and microvasculature was 
improved. This resulted in better detection of  focal liver 
lesions. Several studies have shown that US techniques 
using intravenous contrast media (CEUS) have clearly 
improved sensitivity in detecting liver metastases to 
80%-90% (Table 1), which is comparable with the best 
reported CT results. Some studies have found that 
CEUS improves sensitivity by more than 50%, and is 
especially helpful for metastases smaller than 10 mm[22,23].

CONTRAST AGENTS
This paper does not focus on the history of  ultrasound 
contrast agents or their differences. In the case of  liver 
metastasis detection, it is sufficient to emphasize the 
clear advantages of  second generation contrast agents 
because they allow continuous real-time imaging of  
all the vascular contrast phases in the liver, and the 
scanning time (not more than 5 min) makes it possible 
to systematically scan the entire liver in the portal and 
late contrast phases. This is essential for liver metastasis 
detection[24,25]. In the following sections, the role of  
CEUS involving a second generation contrast agent in 
the detection of  liver metastases will be reviewed.

BASIC PRINCIPLES
Performing CEUS for the detection of  liver metastases 
always begins with a careful conventional B-mode US to 
assess the morphology of  the lesions (i.e. fatty sparring, 
hemangioma or cyst), and the liver in general, including 
the assessment of  diffuse parenchymal changes, such as 
steatosis or cirrhosis.

Then, before beginning the CEUS of  the liver, it is 
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Table 1  Results of studies comparing CEUS and US in the detection of liver metastases

Study n Study group1 Gold standard Type of 
analysis

Sensitivity Specificity

US CEUS US CEUS

Piscaglia et al[33], 2007 109 UK CT, FNA, follow up P-by-P2 0.77    0.95 (23%)3

Konopke et al[23], 2007 100 K IOUS P-by-P 0.56   0.84 (50%) 0.93 0.84
Larsen et al[38], 2007 365 UK FNA, CT, IOUS P-by-P 0.69   0.80 (16%) 0.98 0.98
Janica et al[40], 2007   51 S or K CT, FNA, follow up P-by-P 0.63   0.90 (43%)
Dietrich et al[32] 131 UK CT, MRI, FNA, follow up P-by-P 0.81   0.91 (12%)
Quaia et al[31], 2006 253 S or K FNA, CT, MRI, IOUS P-by-P 0.40     0.83 (107%) 0.63 0.84
Konopke et al[39], 2005   56 S or K IOUS, FNA, CT P-by-P 0.53   0.86 (62%) 0.89 0.89
Oldenburg et al[15], 2005   40 S CT, MRI L-by-L4 0.69   0.90 (30%)
Albrecht et al[51], 2003 123 S or K CT (MRI, IOUS, FNA) P-by-P 0.94 0.98 (4%) 0.60 0.88
Esteban et al[36], 2002   27 K CT L-by-L Found 9.3 metastases 

pr. patient
Found 18.8 metastases pr. 

patient 
Solbiati et al[52], 2001   32 K CT L-by-L Found in 21 out of 32 patients 

10-94 more metastases than US
Bertanik et al[53], 2001   28 K CT L-by-L 0.59   0.97 (64%)
Albrecht et al[22], 2001   62 S or K CT, MRI, IOUS, FNA P-by-P 0.92 0.97 (5%)
Harvey et al[37], 2000   11 K CT L-by-L Found 9.0 metastases 

pr. patient
Found 21.8 metastases pr. 

patient

1Included patients with known (K), suspected (S) or unknown (UK) liver metastases; 2Patient-by-patient analysis; 3Figures in brackets are percent changes 
in sensitivity; 4Lesion-by-lesion analysis.



important to position the patient correctly, because due 
to the low MI, the penetration is limited to 12-14  cm. 
In order to overcome this limitation, some authors 
recommend placing the patient on the left side instead of  
the normal supine position, because in this position the 
liver moves forward toward the transducer at the anterior 
abdominal wall and usually improves the penetration by 
one to two cm[26]. 

When using Sonovue® (sulfur hexafluoride with 
phospholipid shell) (Bracco, Milan, Italy) for liver 
metastasis detection, a 2.4 mL bolus is given through a 
20-gauge (minimum diameter) intravenous catheter and 
a three-way stopcock, which is followed by a flush with 
5-10 mL of  saline. Because of  the specific blood supply 
to the liver, three phases of  contrast enhancement appear, 
namely, the arterial, due to the supply from hepatic artery 
(10-20 s to 25-35 s after injection), the portal (30-45 s to 
120 s), and the late (> 120 s) phases[27].

Video frames of  the entire liver are recorded in all 
three contrast phases, but the portal and late phases 
are of  greatest interest when detecting liver metastases. 
Finally, the examination can be evaluated on workstations.

FEATURES OF METASTASES ON CEUS
Both hypovascular and hypervascular liver metastases 

have a predominantly arterial blood supply, but the 
degree of  arterial perfusion is variable, and the contrast 
enhancement in the arterial phase is related to this varia
tion. Hypovascular metastases, which have relatively 
low arterial perfusion, are usually seen in patients with 
adenocarcinoma or squamous cell carcinoma, most likely 
related to colorectal cancer, gastric cancer, pancreatic 
cancer or ovarian cancer. In nearly all hypovascular me
tastases, contrast enhancement of  varying degrees is 
seen in the arterial phase, typically in the periphery (rim 
enhancement) (Figure 2). However, some authors describe 
a more diffuse enhancement, especially when the tumor is 
small[28].  

Hypervascular metastases, which frequently arise 
from neuroendocrine tumors, malignant melanoma, 
and sarcoma, as well as from renal, breast, or thyroid 
cancer, have a very high arterial perfusion and display a 
diffuse or inhomogeneous enhancement in the arterial 
phase. These metastases present a hyper-reflective signal 
compared to the surrounding normal liver parenchyma 
(Table 2 and Figure 3). 

In the portal and delay phases, both hyper- and 
hypovascular metastases appear as dark defects, while 
the enhancement persists in normal liver parenchyma 
(Figure 4). The metastases do not retain the contrast 
agent like the normal liver parenchyma. This rapid and 
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Figure 1  US, CEUS and CT visualizations of the same liver metastasis (indicated by an arrow). The lesion is not recognizable using US, but is visible by CEUS 
and CT. A: US; B: CEUS; C: CT.

Figure 2  Hypovascular liver metastases visualized with US and CEUS. The same hypovascular liver metastasis is visualized by US and CEUS in both the arterial 
and portal phases. In the arterial phase a slight rim enhancement is seen (arrows). The non-enhancing area in the center represents a necrosis, and is demonstrated 
in both the arterial and late phases. A: B-mode US; B: Arterial phase; C: Late phase.
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complete “washout” in the metastases can be explained 
by a consistently lower fractional vascular volume when 
compared to normal liver parenchyma[29], and also by the 
absence of  portal supply to the neoplastic lesions. The 
“washout” phenomenon in CEUS must not be confused 
with the “washout” of  contrast agents seen on CT or 
MRI. The ultrasound contrast agent remains exclusively 
intravascular, which is not the case for the contrast agents 
used in CT and MRI.

Using CEUS, it is possible to differentiate cystic 
metastases from a non-neoplastic complex of  cysts by 
demonstrating vascular flow in the cyst wall or in mural 
nodules[28].

The optimal time to scan for all types of  metastases 
is from about 90 s to 5 min. This is the time when the 
contrast between the enhanced normal liver and the 
non-enhanced metastases is most pronounced, but 
some metastases can be detected in the arterial phase, 
especially hypervascular metastases. 

RESULTS OF CLINICAL STUDIES
General considerations
One of  the main problems in comparing the sensitivity 
of  CEUS in liver metastasis detection to other imaging 
modalities is the choice of  a gold standard. Theoretically, 
all detected liver lesions must be histologically proven, 
but for ethical and technical reasons, this is not possible. 
Due to a lack of  verification, many studies on the topic 
have important limitations. Not all patients with liver 
metastases are histologically verified, and in cases where 
histology is obtained, it is usually only performed on one 

lesion per patient, even if  multiple lesions are present. 
This is especially problematic in lesion-by-lesion analysis. 
However, in some studies, the preoperative CEUS fin
dings have been compared with the histopathological 
specimens after liver resection, which is clearly the ideal 
gold standard[30]. Such results are correct for the particular 
specimen, but this practice does not exclude non-
visualized metastases in the remainder of  the liver.

In cases where the gold standard is based only on 
imaging modalities, like CT or MRI, the true prevalence 
of  liver metastases remains unknown, since some of  the 
smaller liver metastases will remain undetected and will 
not be included in the population of  metastases[21]. Even 
the use of  intraoperative ultrasonography (IOUS) as a 
gold standard cannot guarantee 100% reliability, primarily 
because it is unable to detect micrometastases[23]. 
Another problem is that many studies use CT (sometimes 
together with histology, MRI, and follow-up)[31-34] as 
the gold standard and then compare the sensitivity of  
CEUS and CT, which inevitably leads to an overestimate 
of  CT’s sensitivity. However, bearing these studies’ 
limitations in mind, the results of  the clinical studies 
concerning CEUS versus US and CEUS versus CT for 
the assessment of  liver metastases are described in the 
next section.  

Contrast enhanced US versus US	
Several studies have shown that CEUS detects more liver 
metastases than US (Table 1). The first published studies 
were mostly based on lesion-by-lesion analysis. All of  
these studies showed that CEUS has better sensitivity 
in detecting liver metastases than US[35-37]. However, it is 
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Table 2  Enhancement patterns of liver metastases

Tumor entity Arterial phase Portal phase Delayed phase

Hypovascular metastasis
   Typical features Rim enhancement Hypo-enhancement Hypo-/non-enhancement
   Additional features Complete enhancement Non-enhancement areas

Non-enhancement areas (necrosis)
Hypervascular metastasis
   Typical features Hyper-enhancement, complete Hypo-enhancement Hypo-/non-enhancement
   Additional features Chaotic vessels
Cystic metastasis
   Typical features Hyper-enhancement nodular/rim component Hypo-enhancement Hypo-enhancement

Figure 3  Hypervascular liver metastases visualized 
by CEUS. The patient is a woman, 77 years old, with 
renal cancer and hypervascular liver metastases in 
segment 6 as visualized with CEUS. In the arterial phase, 
the metastases present a hyper-reflective signal when 
compared to the surrounding normal liver parenchyma 
(arrows). The non- enhanced area in the center represents 
necrosis. In the late phase there is clearly a washout of 
contrast in the metastases (w). The kidneys are visualized 
below the liver (k). A: Arterial phase; B: Late phase.
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well known that it is often difficult to compare the same 
liver lesions by US and CEUS, despite their assignment 
to a Couinaud segment. Thus, when many liver lesions 
are present and are analyzed on a lesion-by-lesion basis, 
there is a potential source of  error[37,38]. Nevertheless, 
these promising results have been confirmed in several 
studies based on a patient-by-patient analysis[23,32,33,38-40]. 
Most of  these studies showed that the detection of  liver 
metastases was significantly improved, by between 5% 
and 62%, with one study showing a 107% improvement. 
However, this study also found that US had a remarkably 
low sensitivity (0.40)[31]. The impact of  CEUS on 
therapeutic strategies also seems to be significant. In one 
study involving[40] patients who underwent laparatomy 
for liver resection, the preoperative US findings would 
have led to an extension of  the resections in 16 cases 
(40%). In a significant number of  cases (9/40 patients, 
22.5%), preoperative CEUS findings changed the 
surgical strategy[30]. Furthermore, in patients treated 
with chemotherapy, CEUS had significantly greater 
sensitivity than US as determined by both patient-by-
patient analysis (79.5% vs 63.2%) and lesion-by-lesion 
analysis (82.0% vs 60.3%)[30]. Another study showed that 
the origin of  the metastases seems not to influence the 
rate of  detection in either US or CEUS (colorectal liver 
metastases were compared to metastases from cancers 
originating in the pancreas, kidneys, stomach, ovaries, 
breast, gallbladder and lungs)[23].

Contrast enhanced intraoperative US (CE-IOUS) versus 
intraoperative US (IOUS)
Two studies have found a further value for CE-
IOUS, describing additional findings of  colorectal 
liver metastases using contrast agents as compared to 
conventional IOUS[41,42]. Additional liver metastases were 
found in 19% and 13% of  the patients, respectively, and in 
one of  the studies, CE-IOUS altered the surgical plans in 
30% of  cases[41]. On the other hand, a recently published 
study involving 39 patients with 137 identified malignant 
lesions concluded that the use of  CE-IOUS in addition 
to preoperative contrast enhanced CT and IOUS did not 
improve the ability to characterize previously detected 

lesions. This study also showed that only in a small 
number of  patients did CE-IOUS facilitate the detection 
of  new liver metastases or have implications on surgical 
strategy[43]. The differences in these results could be 
explained by the varying levels of  skill with the techniques 
used in the studies, but further studies on the role of  CE-
IOUS seem to be needed.

Contrast enhanced US versus CT
The detection rate for liver metastases by CEUS seems 
to be similar to the best reported results by CT and 
MRI[15,31-33,39,44]. However, some of  the studies must be 
evaluated with caution, due to the use of  unclear gold 
standards[31] and because CEUS is sometimes compared 
to somewhat out-of-date CT equipment[31,33,39]. The 
technical advantages achieved with modern multidetector 
CT (MDCT) might show that the results from studies 
using single-slice CT and thick scan slices are no longer 
valid when compared to modern MDCT. None of  the 
existing studies found significant differences between 
CEUS and CT with regard to sensitivity in detecting 
liver metastases (Table 3), but most studies found the 
sensitivity of  CEUS to be slightly higher[33,39,40]. 

Contrast enhanced US versus MRI or positron emission 
tomography (PET)
To date, there have been no studies comparing the 
effectiveness of  CEUS and MRI [with liver-specific 
contrast agents like SPIO (superparamagnetic iron 
oxide) or Gd-EOB-DTBA (gadolinium ethoxybenzyl 
diethylenetriaminepentaacetic acid)] or PET in detecting 
liver metastases. However, in some studies, MRI is used 
in combination with other imaging modalities as the gold 
standard (Tables 1 and 3). 

LIMITATIONS OF CEUS
In general, if  an examination of  the liver by US is 
insufficient, then examination by CEUS will also be 
insufficient. The limitations that apply to US are the 
same as those that apply to CEUS, so the quality of  the 
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Figure 4  Typical contrast enhancement pattern of a hepatic metastasis by CEUS.
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examination still depends on the skill of  the operator. 
In addition, as has been noted previously, CEUS has 
limited ability to observe certain parts of  the liver, 
especially in obese patients and/or in cases of  steatosis. 
Further limitations are related to the acoustic window 
and movement artifacts.

It is not possible to simultaneously examine multiple 
lesions in the arterial and early portal phases[45]. The 
characterization of  suspected liver lesions can also be 
complicated by difficulties in interpreting results in cases 
of  hypervascular metastases and hemangiomas with 
incomplete filling. 

In addition, in patients with many cysts, metastases 
can be missed because it can be difficult to differentiate 
some of  them from cysts in the late contrast phase, 
since both appear hypoechoic. Conversely, cysts can be 
misinterpreted as metastases. Also in cases with few and 
relatively small cysts, which have not been detected by 
US, the cysts can be misinterpreted as small metastases. 
They can usually be distinguished from metastases 
by their characteristically increased transmission[46]. 
However, it is recommended that cysts be confirmed by 
US before CEUS[38,47].

THE CLINICAL ROLE OF CEUS IN THE 
DETECTION OF LIVER METASTASES
The European Federation of  Societies for Ultrasound 
in Medicine and Biology (EFSUMB) in Guidelines 
and good clinical practice recommendations for 
contrast enhanced ultrasound (CEUS) - update 2008[46] 
recommends that CEUS be used in the following cases: 
(1) All liver ultrasound scans to rule out liver metastases 
or abscess, unless conventional ultrasound shows clear 
evidence of  these lesions; (2) In selected cases, when 
clinically relevant for treatment planning by helping to 
assess the number and location of  liver metastases as a 
complement to contrast enhanced CT and/or contrast 
enhanced MRI; and (3) For surveillance of  oncology 
patients in whom CEUS has previously been useful. 
These guidelines are based on literature surveys including 
results from several clinical trials, some of  which have 
been mentioned earlier in this paper. However, it is 
important to emphasize that CEUS is complementary 

to CT/MRI in the preoperative staging before liver 
resection. It cannot replace the other imaging modalities 
in the preoperative work-up or in the follow-up of  
patients with liver metastases during chemotherapy, since 
CT and MRI give more comprehensive information 
about the liver and all other organs. Even the PACS-
systems have been improved, so it is easier to manage 
digital cine-loops, and while some institutions have 
introduced the practice of  doing a standard sweep of  
the entire liver when performing CEUS, there are still 
problems with reproducible image documentation. This 
limits the ability of  CEUS to clearly show small changes 
over time. In most cancer centers, including ours, CT 
and MRI are therefore preferred for follow-up imaging. 
On the other hand, CEUS is a very useful and important 
non-invasive imaging modality for resolving problems, 
such as patients with or without known malignancies 
where CT has demonstrated an uncharacteristic app
earance. It is also necessary to emphasize that, in pati
ents who are known or strongly suspected of  having 
a malignancy, an adequate US examination for the 
detection of  liver metastases includes CEUS, even if  
the baseline US is normal. Numerous studies have 
demonstrated that CEUS clearly and significantly 
improved sensitivity and specificity in the detection of  
liver metastases (Table 1).

The economic advantage of  the use of  CEUS for 
characterization of  focal liver lesions seems to be clear. 
Compared with CT and MRI, CEUS provides significant 
cost savings, both for a national health service and for 
hospitals[48,49]. However, there are still some barriers 
to using CEUS, like the costs of  CEUS compared to 
US and the fees paid by health insurance companies to 
perform CEUS[50]. 

CONCLUSION
The use of  second generation ultrasound contrast agents  
in combination with low MI contrast-specific US 
techniques has clearly improved US imaging of  the liver, 
including the dynamic examination of  focal liver lesions. 
Contrast enhanced US has improved the detection of  
liver metastases when compared to US itself, and it seems 
to have a diagnostic performance and  accuracy similar to 
that of  CT. 
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Table 3  Sensitivity of CEUS and CT in detecting liver metastases; an overview of studies

Study n Study   
group1

Type of CT Analysis Gold standard Sensitivity Statistic

CEUS CT

Quaia et al[31], 2006 253 K or S 1-slice CT P-by-P3 CT, FNA, Follow-up, MRI, IOUS 0.83 0.89   NS2

Larsen et al[34] , 2007 365 S 4-slice CT P-by-P CT, IOUS, CEUS, FNA, surgery resection, follow-up 0.8 0.89 NS
Dietrich et al[32] 131 UK Multislice CT in most cases4 P-by-P CT, MRI, FNA, follow up 0.91 0.89 NS
Piscaglia et al[33], 2007 109 S 1-or 4-slice CT P-by-P CT, US, FNA, Follow-up 0.95 0.91 NS
Janica et al[40], 2007 51 K or S Not described L-by-L5 FNA, surgical resection, CT and follow-up 0.9 0.78 NS
Konopke et al[39], 2005 56 S or K 1-, 4- or 16-slice CT P-by-P IOUS, FNA, CT 0.86 0.76 NS

1Included patients with known (K), suspected (S) or unknown (UK) liver metastases; 2Not significant; 3Patient-by-patient analysis; 4Details not described. 
5Lesion-by-lesion analysis.
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Abstract
Hepatocelluar carcinoma (HCC) is the most lethal cancer 
in the world. Most HCC over-express c-Myc, which plays 
a critical role in regulating cellular growth, differentiation 
and apoptosis in both normal and neoplastic cells. 
c-Myc is among the most frequently overexpressed 
genes in human cancers. Overexpression of c-Myc in 
hepatic cells leads to development of hepatocellular 
carcinoma. Here, we review the current progress in 
understanding physiologic function and regulation of 
c-Myc as well as its role in hepatic carcinogenesis and 
discuss the association of c-Myc activation in chronic 
hepatitis B infection and the upregulation of HIF-1/
VEGF. We also explore the possibility of treating HCC 
by inhibiting c-Myc and examine the pros and cons of 
such an approach. Although this strategy is currently 
not available in clinics, with recent advances in better 
drug design, pharmacokinetics and pharmacogenetics, 

inhibition of c-Myc might become a novel therapy for 
HCC in the future.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause of  
cancer death worldwide[1]. Each year, approximately 
350 000 patients are diagnosed with HCC in China, 
representing half  of  the new cases in the world. 
Surgical resection is the only way to cure this disease, 
yet most patients are not suitable for surgery because 
of  poor hepatic reserve, comorbidity, or the presence 
of  infiltrative and metastatic nature lesions. With less 
than 20% response rate, chemotherapy is not a good 
option either. Therefore it is imperative to develop 
novel therapeutics. Genetic analyses have revealed that 
c-Myc over-expression, which is commonly caused by 
genomic amplification is present in up to 70% of  viral 
and alcohol-related HCC[2]. Furthermore, the presence 
of  c-Myc amplification portends a more advanced and 
aggressive phenotype, indicating that c-Myc plays a 
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critical role in pathogenesis of  HCC[3,4]. In this review, 
we will focus on current understanding of  c-Myc in 
hepatic carcinogenesis and its potential as a novel 
therapeutic target.

PHYSIOLOGIC ROLE OF C-MYC AND ITS 
REGULATION
c-Myc, together with L-Myc, and N-Myc in the family of  
c-Myc genes, was first discovered as the cellular homolog 
of  the v-Myc oncogene[5]. The identification of  c-Myc 
as a target for activation by chromosomal translocation 
in Burkitt’s lymphoma resulted in the decade-long 
studies for its role in carcinogenesis[6]. In fact, c-Myc 
is the most commonly overexpressed gene in human 
cancers. In mammalian cells, c-Myc expression is highly 
regulated and closely tied to cell growth, apoptosis 
and differentiation [7]. The importance of  c-Myc in 
development was exemplified by the embryonic lethality 
of  c-Myc homologous knockouts[8].

c-Myc proteins consists of  over 430 amino acids 
with 150 amino-terminal residues in the transactivation 
domain and 90 carboxy-terminal amino acid in the DNA 
binding and dimerization domain for binding to the 
obligate partner, Max[5]. To transactivate its downstream 
genes, c-Myc has to form heterodimers with Max to 
bind a consensus E-box site in the target promoter. In 
contrast to c-Myc, Max is a ubiquitous protein, thus 
the transactivating activity of  c-Myc/Max heterodimers 
relies on the sophisticated control of  c-Myc expression. 
Yet c-Myc is not the only protein that can partner with 
Max. Mad is another protein that forms heterodimers 
with Max to regulate c-Myc/Max transactivating activity. 
Upon differentiation, the binding of  target DNA motif  
switches from c-Myc/Max to Mad/Max[9-11]. Mad protein 
contains a Sin3-containing domain that recruits Sin3, 
transcription repressor N-Cor, and histone deacetylase to 
repress target gene expression, thus adding another layer 
of  control for c-Myc/Max mediated transactivation[12]. 

However, c-Myc also acts as a transcription repressor, 
especially for genes regarded to be differentiation markers. 
For example, when it is recruited by Miz-1 to target 
DNA binding motif  as in the scenario found in p21[13]. 
Recent studies have found that c-Myc interacts with 
Miz-1 and recruit DNA methyltransferase DNMT3 to 
p21 promoter to silence p21 transcription, a critical step 
during tumorigenesis[14]. Along with the recruitment of  
DNA methyltransferases, c-Myc also acts as transcription 
repressor by interacting with histone deacetylases[15]. 
Other proteins related to cellular differentiation such 
as CCAAT/enhancer binding proteins and AP-2 have 
also been shown to be modulated by c-Myc-mediated 
transcription repression[16,17]. Both the transactivating and 
transcription-repressive properties are essential for c-Myc-
mediated transforming activity. 

In the past decades, various approaches have been 
used to identify c-Myc target genes[18-22]. So far, as many 
as 15%-20% of  human genes can be regulated directly or 

indirectly by c-Myc. These genes are related to cell cycle 
control, protein synthesis, cytoskeleton and cell motility, 
cell metabolism, and microRNA- the small regulatory 
molecules that regulate the stability and translation of  
target mRNA[23]. How these genes interact with each 
other to modulate growth, differentiation, apoptosis, 
and survival is largely unknown, and it will require 
tremendous efforts to dissect the intricate networks and 
elucidate their role in tumorigenesis.

In order fine tune the sophisticated cellular network, 
the activity of  c-Myc is tightly regulated at multiple 
levels. The half-life of  c-Myc is as short as 20-30 min, 
meaning that its level changes dynamically in response 
to a broad range of  cellular activities. But in cancer 
cells, the delicate balance of  c-Myc expression is 
deranged by diverse mechanisms such as unidentified 
epigenetic aberration, dysregulated transcription, altered 
protein functionality, or resistance to modulation and 
proteasomal degradation. The story of  c-Myc-mediated 
tumorigenesis is further complicated by a recent finding, 
indicating that it is not just its overexpression that 
matters, the levels of  expression also determine its 
cellular response[24]. Low levels of  deregulated c-Myc 
induce proliferation and sensitize cells to apoptotic 
signals; while high levels of  c-Myc activate intrinsic 
ARF/p53 surveillance pathways. It is conceivable that 
different levels of  c-Myc might trigger distinct subsets 
of  target genes to determine the cell fate.

ROLE OF C-MYC DURING HEPATIC 
CARCINOGENESIS
The association of  c-Myc with liver carcinogenesis 
was first identified by the high expression of  c-Myc in 
chronic liver disease and HCC[25,26] and the frequent 
c-Myc amplification in liver cancer tissue, which is 
commonly seen in patients at younger age and with 
poor prognosis[3,4,25]. Using a chemically-induced liver 
cancer model, the expression of  c-Myc is increased 
in proportion to hepatic injury but not in normal 
liver[27]. Studies on the HBV, whose chronic infection 
is often associated with HCC in Asian countries, also 
identified that HBx has been implicated in HBV-
mediated HCC[28]. HBx transforms hepatocytes through 
multiple mechanisms. One of  the critical genes activated 
by HBx is c-Myc[29,30]. In turn, activation of  c-Myc 
accelerates HBx-mediated oncogenic potential[31], 
further underscoring the importance of  c-Myc in HCC 
development. One of  the downstream genes activated by 
c-Myc in HCC is human telomerase reverse transcriptase 
(hTERT), which has two c-Myc-binding E-boxes in its 
core promoter and is a direct target of  c-Myc[32]. The 
activation of  hTERT by c-Myc in HCC has important 
clinical significance. Inhibition of  hTERT activity by 
either RNAi, or lipid-conjugated oligonucleotides leads 
to tumor regression in xenogenic HCC models[33, 34].

Another gene that interacts with c-Myc during 
hepatocarcinogenesis is HIF-1α, which is upregulated 
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during hypoxia and induces angiogenesis. HIF-1α 
cooperates with c-Myc to enhance the expression of  
vascular-endothelial growth factor-A (VEGFA), a critical 
gene for angiogenesis[35]. Both HBx and HCV infection 
have been found to stabilize HIF-1α expression in 
HCC cells[36,37]. Such stabilization could be critical in 
promoting hepatic carcinogenesis and be responsible for 
the drug resistance in HCC[38].

TARGETING C-MYC IN HEPATOCELLUL-
AR CARCINOMA
Given the importance of  c-Myc in HCC carcinogenesis, 
it is not surprising that c-Myc is an attractive target 
for developing novel therapies. The first evidence that 
down-regulation of  c-Myc can be used as a strategy 
to treat HCC comes from an inducible c-Myc animal 
model, in which inactivation of  c-Myc induced the 
regression and differentiation of  liver tumors[39], yet 
could not eradicate them. This finding also echoes the 
recent discovery that, among the four factors required 
to maintain stem cell phenotypes, c-Myc is crucial[40-42]. 
Subsequent studies have indicated that in cells with intact 
p53, Rb and p16 signaling, inactivation of  c-Myc leads 
to cell senescence[43]. This is also consistent with current 
knowledge on the relationship between cell senescence 
and hTERT. In addition, using antisense oligonucleotide 
strategies to downregulate c-Myc also inhibits HCC 
growth in vitro[44]. Recently small-molecule inhibitors 
that interfere with the c-Myc/Max heterodimerization 
have also been developed to block c-Myc-mediated 
transactivation[45]. Testing one of  these small molecule 
c-Myc inhibitors, 10058-F4, in HCC reveals that 
10058-F4 inhibited the growth of  HCC cells in vitro, 
blocked the binding of  E-box, and downregulated 
hTERT activity. Furthermore, c-Myc inhibition further 
sensitizes the chemotherapeutic agents against HCC[46]. 
However, the use of  these small molecule c-Myc 
inhibitors in vivo has been less encouraging, probably 
due to rapid metabolism, resulting in low concentrations 
in tumors[47]. Subsequent development of  c-Myc-Max 
inhibitors has tried to improve the activity with better 
pharmacokinetic profiles[48]. Hopefully these new 
compounds could better inhibit HCC in future in vivo 
studies.

Currently another small molecule compound, CX-3453  
(Quarfloxin), which targets c-Myc by reducing c-Myc 
mRNA, is now in phase Ⅱ clinical trials (NCT00780663) 
for neuroendocrine carcinoma. Likewise, CX-3543 also 
inhibits VEGF expression. Since the small molecule 
VEGFR inhibitor, sorafenib, has been approved for 
treating advanced HCC[49]. Testing this compound in HCC 
might shed more light on its potential for future HCC 
therapy.

However, some caveats are noteworthy in targeting 
c-Myc in HCC. First, in a transgenic model, re-activation 
of  c-Myc leads to regrowth of  tumors, indicating that 
this approach might target more mature cancer cells, 

instead of  cancer stem cells. A combination with other 
strategies, such as chemotherapy or agents that target 
other critical pathways might be needed to enhance 
anti-cancer effects. In addition, there is concern about  
systemic toxicity upon c-Myc inhibition, especially in 
patients with impaired hepatic reserve. In an animal 
model, knocking down c-Myc expression does not impair 
liver regeneration, but the architecture of  c-Myc-deficient 
hepatic tissues is disorganized with hypertrophied 
hepatocytes[50]. The less-than-anticipated toxicity in adult 
animals indicates that c-Myc might be dispensable in 
adult but not in neonatal tissues. Further investigation 
is crucial to determine whether the disorganized hepatic 
tissues still function like normal tissues and whether 
disorganized hepatic cells are prone to transformation. 

CONCLUSION
Since the first discovery of  its oncogenic properties in 
Burkitt’s lymphoma more than two decades ago, the 
role of  c-Myc in normal and neoplastic cells has been 
extensively studied[51]. Although its critical functions in 
regulating cell physiology and in carcinogenesis have 
been well-recognized, the development of  c-Myc as a 
therapeutic target lags far behind basic research. Reasons 
for such a slow progress are related to the sophisticated 
regulation of  its expression and concerns of  potential 
catastrophic events upon its inhibition. Indeed, even 
minor differences in its expression level might have 
divergent consequences[24]. Yet, with the advances in 
drug design, and in imaging tools to monitor cellular 
activity, it is now possible to better target c-Myc and 
investigate its potential as a novel therapeutic agent for 
HCC.
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Abstract
Ischemia-related diseases, particularly coronary artery 
disease (CAD), account for the majority of deaths 
worldwide.  Myocardial ischemia is a serious condition 
and the delay in reperfusion of ischemic tissues can 
be life-threatening. This is particular true in the aged 
population. Rapid and accurate early detection of 
myocardial ischemia is highly desirable so that various 
therapeutic regiments can be given before irreversible 
myocardial damage occurs. Myocardial perfusion 
imaging with radiotracers is an integral component in 
evaluations of patients with known or suspected CAD. 
99mTc-Sestamibi and 99mTc-Tetrofosmin are commercial 
radiopharmaceuticals currently available for myocardial 
per fus ion imaging. Desp i te the i r w idespread 
clinical applications, both 99mTc-Sestamibi and 99mTc-
Tetrofosmin do not meet the requirements of an ideal 
perfusion imaging agent, largely due to their high 
liver uptake. The intense liver uptake makes it difficult 

to interpret the heart activity in the inferior and left 
ventricular wall. Photon scattering from the high 
liver radioactivity accumulation remains a significant 
challenge for diagnosis of heart diseases.  This review 
will summarize the most recent research efforts to 
minimize the liver uptake of cationic 99mTc radiotracers 
by using ether and crown ether-containing chelators. 
Fast liver clearance will shorten the duration of 
imaging protocols (< 30 min post-injection), and allow 
for early acquisition of heart images with high quality.  
Improvement of heart/liver ratio may permit better 
detection of the presence and extent of coronary 
artery disease. Identification of such a new radiotracer 
that allows for the improved noninvasive assessment 
of myocardial perfusion would be of considerable 
benefit in treatment of patients with suspected CAD.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Coronary artery disease (CAD) is a leading cause of  pre­
mature and permanent disability. CAD arises from gradual 
narrowing of  coronary artery due to atherosclerotic 
deposits. The progressive narrowing of  coronary artery 

Online Submissions: http://www.wjgnet.com/1948-5182office
wjh@wjgnet.com
doi:10.4254/wjh.v2.i1.21

World J Hepatol  2010 January 27; 2(1): 21-31
ISSN 1948-5182 (online)

© 2010 Baishideng. All rights reserved.

January 27, 2010|Volume 2|Issue 1|WJH|www.wjgnet.com 21



Kim YS  et al . Minimizing liver uptake of 99mTc radiotracers

eventually predisposes the patient to myocardial ischemia, 
a condition in which coronary blood flow decreases to 
a level below what is needed to meet the demand for 
oxygen and nutrients. When coronary arterial lumen 
diameter is reduced by 50%, perfusion abnormalities can 
be detected but patients are usually asymptomatic. When 
the diameter is reduced by 70%, clinical symptoms occur 
during myocardial stress because tissue oxygenation is 
temporarily below what is needed for adequate heart 
function. In the advanced ischemic CAD, blood flow 
and tissue oxygenation are too low to sustain cardiac 
function at rest. As a result, myocardial infarction 
occurs. Therefore, rapid and accurate early detection of  
myocardial ischemia and infarction is highly desirable so 
that appropriate therapeutic regimens can be given before 
irreversible myocardial damage occurs.

Diagnostic radiotracers are small molecules labeled 
with a γ-emitter for single photon emission computed 
tomography (SPECT) or positron-emitter for positron 
emission tomography (PET). Nuclear cardiology plays 
a key role in CAD patient management[1-12]. Precise 
measurement of  regional blood flow has significant 
clinical importance in identifying myocardial ischemia and 
infarction, defining the extent and severity of  disease, 
assessing myocardial viability, establishing the need for 
medical and surgical intervention, and monitoring the 
effects of  treatment. Thus, the radiotracer must be taken 
up by the myocardium proportionally to the blood flow 
in order to evaluate areas with reduced blood flow. If  
the patient has CAD, there will be an area of  reduced 
radiotracer uptake in the myocardium, corresponding 
to the area of  reduced blood flow. If  the reduced 
uptake is worse under stress conditions than that at 
rest, the perfusion defect is most likely due to ischemia.  
Information gained during perfusion imaging studies can 
be used not only to identify CAD but also to give insight 
into the patient’s prognosis, such as the probability of  
a hard cardiac event (myocardial infarction or cardiac-
related death).  

Despite recent development of  new non-invasive 
imaging technologies, such as stress echocardiography 
and coronary CT (computed tomography) angiography, 
and wider availability of  PET, myocardial perfusion 
imaging with SPECT radiotracers remains the mainstay 
of  non-invasive evaluations in patients with known or 
suspected coronary artery disease (CAD)[1-9]. It is the 
only available imaging technology that assesses the 
physiological consequence of  coronary stenosis and can 
be combined with exercise and pharmacological stress[10]. 

The introduction of  201Tl in 1970’s was the turning 
point of  widespread clinical use of  myocardial perfusion 
imaging, and had a profound impact on therapeutic 
decision-making in patients with CAD over the last three 
decades. However, the combination of  long half-life (t1/2 
= 73 h), attenuation artifacts due to low abundance of  
γ-photons and the low count rate from dose constraints 
may result in suboptimal images in a significant 
proportion of  perfusion imaging studies using 201Tl. 
In addition, 201Tl images should be taken as soon as it 
is injected into the patient due to its distribution and 

redistribution dynamics, which may not be suitable for 
situations where immediate imaging is not possible (for 
example, patients with acute myocardial infarction).  

Compared to 201Tl, 99mTc yields relatively high-
energy photons (~140 keV) and can be used at high 
doses due to its short-half  life (t1/2 = 6.01 h). The use 
of  99mTc allows simultaneous assessment of  myocardial 
perfusion and cardiac function in a single study[11].  
The combination of  half-life, optimal γ-energy and 
diverse coordination chemistry makes 99mTc the isotope 
of  choice for development of  myocardial perfusion 
radiotracers. In early 1980s, intensive efforts were 
focused on the development of  99mTc complex radioph
armaceuticals[1,2,5,13]. As a result, 99mTc-Sestamibi, 99mTc-
Tetrofosmin, and 99mTc-Teboroxime (Figure 1) have 
been approved as commercial radiopharmaceuticals 
for myocardial perfusion imaging in nuclear cardiology.  
These cationic 99mTc radiotracers are highly lipophilic with 
cationic or neutral charge, contain at least two ether-like 
linkages (N-O-R or C-O-R), and are excreted though the 
hepatobiliary system due to their high lipophilicity. 

An ideal perfusion radiotracer should have a high 
heart uptake with stable myocardial retention, which 
linearly tracks myocardial blood flow over a wide range.  
The uptake in the liver and lungs should be minimal 
so that diagnostically useful images can be obtained 
within 30 min post-injection. Despite their widespread 
applications, both 99mTc-Sestamibi and 99mTc-Tetrofosmin 
do not meet the requirements of  an ideal perfusion 
imaging agent due to their high liver uptake and inability 
to track the increase in the myocardial blood flow well 
with roll-off  at higher blood flow levels[14]. The intense 
liver uptake makes it difficult to interpret the heart 
activity in the inferior and left ventricular wall[1,2,5,12,13]. 
Because of  their enterohepatic clearance, the gut uptake 
is often aggravated by pharmacological stress[14]. Despite 
intensive efforts to reduce this interference, photon 
scattering from the liver activity remains a significant 
challenge for diagnosis of  heart diseases. Thus, it would 
be of  great benefit to develop a new 99mTc perfusion 
radiotracer that has high heart uptake with the heart/
liver ratio substantially better than that of  99mTc-
Sestamibi and 99mTc-Tetrofosmin. This review article 
will summarize recent research efforts to minimize the 
liver uptake of  cationic 99mTc radiotracers, and will focus 
on the use of  ether and crown ether groups to improve 
their liver clearance kinetics. The main objective is to 
illustrate that minimizing liver radioactivity accumulation 
is critically important for new 99mTc radiotracers. The 
ultimate goal is to develop a new 99mTc perfusion 
radiotracer that will satisfy the unmet medical need 
and serve a large population of  patients with known or 
suspected CAD.

IMPROVING LIVER CLEARANCE BY 
ETHER GROUPS  
The usefulness of  ether groups to reduce radiotracer 
liver uptake was first observed in development of  99mTc-
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Sestamibi[15-18]. Since then, many ether-containing ligands 
or chelators have been used to improve T/B ratios of  
cationic 99mTc complexes[19-22]. For example, studies on 
Q-series of  99mTc complexes showed that ethers on 
phosphine ligands could improve the heart uptake and 
imaging properties[19]. 99mTc-Sestamibi, 99mTc-Tetrofosmin 
and Q12 all contain six or more ether groups and show 
much less liver uptake as compared to 99mTcN-Noet and 
99mTc-Teboroxime (Figure 1).  

Ether-containing cationic 99mTc-nitrido complexes.  
Duatti’s group reported a series of  cationic 99mTc-nitrido 
complexes (Figure 2), which contain a [99mTc≡N]2+ core, 
a bidentate dithiocarbamate (DTC), a tridentate PNP-
type bisphosphine[24,25]. It was found that the amine-N 
donor atom in the PNP bisphosphine chelator invariably 
is trans to the Tc≡N triple bond[24,25]. The nitrogen 
heteroatom is important to provide stabilization for the 
[99mTc≡N]2+ core. It is remarkable that the combination 
of  DTCs and bisphosphines results in formation of  
cationic 99mTc-nitrido complexes of  high yield and high 
radiochemical purity[24,25]. Results from animal studies 
show that DTCs and bisphosphines have significant 
impact on biodistribution properties of  cationic 99mTc-
nitrido complexes[26-29]. Among the cationic 99mTc-nitrido 

complexes evaluated in Sprague-Dawley (SD) rats, 99mTcN-
DBODC5 (Figure 2) had a high heart uptake and was able 
to retain in the rat myocardium for more than 2 h[26,27]. The 
liver radioactivity accumulation was almost completely 
eliminated at 2 h p.i. with the heart/liver ratios being 
10 × better than that of  99mTc-Sestamibi[26,27]. Imaging 
studies also showed that 99mTcN-DBODC5 had a fast liver 
clearance, and was able to give clear images of  the heart as 
early as 15 min post-injection in SD rats[28]. The first-pass 
extraction fraction of  99mTcN-DBODC5 was between 
that of  99mTc-Sestamibi and 99mTc-Tetrofosmin[29]. 99mTcN-
DBODC5 is currently under clinical investigation as a 
new myocardial perfusion radiotracer.  

Other bidentate chelators have been used to replace 
DTC ligands in 99mTcN-DBODC[30-33]. The use of  these 
bidentate chelators offers a great structural diversity, 
and allows easy modification of  the lipophilicity and 
biological properties of  cationic 99mTc radiotracers. For 
example, 2-mercaptopyridine oxide was used to prepare 
99mTcN-MPO (Figure 2). 99mTcN-MPO and 99mTcN-
DBODC5 shared the same basic structure, but differ in 
the bidentate π-donor chelating ligand. They also have 
very similar in vivo stabilities. Biodistribution studies in 
SD rats showed that 99mTcN-MPO had a high initial heart 
uptake (2.45 ± 0.58 %ID/g at 5 min post-injection), 
with a long myocardial retention (2.44 ± 0.46 %ID/g at 
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120 min post-injection)[46]. The heart uptake of  99mTcN-
MPO was between that of  99mTc-sestamibi and that of  
99mTcN-DBODC. The liver clearance was fast, resulting 
in excellent heart/liver ratios. The heart/liver ratio of  
99mTcN-MPO at 30 min post-injection was 12.75 ± 3.34, 
which is ~4 × higher than that of  99mTc-sestamibi (2.90 
± 0.62) and 2 × higher than that of  99mTcN-DBODC 
(6.01 ± 1.45).  By 120 min post-injection, the heart/liver 
ratio of  99mTcN-MPO increased to 27.60 ± 8.44, which 
is 8 × that of  99mTc-sestamibi (3.52 ± 0.34) and is slightly 
better than that of  99mTcN-DBODC (21.20 ± 3.39) 
at the same time point, although this difference is not 
significant within the experimental error.

Crown ether-containing cationic 99mTc-nitrido complexes
The crown ether-containing DTCs (Figure 3) are of  
particular interest because they are able to form stable 

cationic 99mTc-nitrido complexes in combination with 
bisphosphines, and the crown ether groups are able 
to balance the lipophilicity of  cationic 99mTc-nitrido 
complexes without changing their overall molecular 
charge[31,32].  Both crown ether-containing DTCs 
and bisphosphines have a significant impact on the 
lipophilicity of  their corresponding cationic 99mTc-
nitrido complexes. For example, [99mTcN(L)(PNP6)]+ is 
much more lipophilic than [99mTcN(L)(PNP5)]+ because 
of  the high lipophilicity of  the four ethoxy groups in 
PNP6[31]. Results from biodistribution studies showed 
that most of  the crown ether-containing cationic 99mTc-
nitrido complexes had a relatively high initial heart 
uptake with a long myocardial retention[31]. It was also 
demonstrated that [99mTcN(L4)(L6)]+ (99mTcN-15C5) had 
the heart/liver ratios that were 4-5 times better than that 
of  99mTc-Sestamibi due to its faster liver clearance.  The 
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heart uptake and heart/liver ratios of  99mTcN-15C5 are 
comparable to that of  99mTcN-DBODC5[32].  The results 
from planar imaging and SPECT studies in dogs further 
confirm its faster liver clearance kinetics as compared to 
that of  99mTc-Sestamibi[33]. In dogs with acute myocardial 
infarction, 99mTcN-15C5 was able to detect the perfusion 
defect as early as 15-30 min.

Crown ether-containing cationic 99mTc(I)-tricarbonyl 
complexes 
The rich and diverse coordination chemistry of  
[99mTc(CO)3]+ offers a tremendous opportunity to 
develop new 99mTc(I)-tricarbonyl radiotracers[34-43]. 
The [99mTc(CO)3]+ core has also been widely used to 
prepare the target-specific 99mTc radiotracers[37-40]. In 
[99mTc(H2O)3(CO)3]+, all three water molecules are labile 
with respect to substitution[40,42]. Monodentate ligands, 
2-methoxy-isobutylisonitriles (MIBI) and dimethyl-3-
methoxypropylphosphine (DMMPP), have been used to 
prepare complexes [99mTc(L)3(CO)3]+ (L = DMMPP and 
MIBI)[22]. In Sprague-Dawley rats, [99mTc(DMMPP)3(CO)3]+ 
and [99mTc(MIBI)3(CO)3]+ showed high heart uptake. 
However, their heart/liver and heart/lung ratios are not as 
good as that of  99mTc-Sestamibi due to slow hepatobiliary 
excretion[22]. The major challenge is to maintain the “true” 
cationic nature of  [99mTc(L)3(CO)3]+ (L = DMMPP and 
MIBI) in the blood circulation.

It has been reported that bidentate ligands form 
99mTc(I)-tricarbonyl complexes with low solution 

stability, which may result in high protein binding and 
high background activity in blood[37,40]. The chloride in 
blood may react with [99mTc(L-L)(CO)3]+ to form neutral 
complexes [99mTc(L-L)(CO)3Cl] that has low heart uptake 
and slow hepatobiliary excretion. In contrast, the PNP 
bisphosphines are able to form highly stable cationic 
complexes [99mTc(CO)3(L)]+ (Figure 4: L = 15C5-PNP 
and 18C6-PNP)[44,45]. The tridentate bisphosphines 
are critical to maintain the cationic nature of  99mTc(I)-
tricarbonyl complexes. Among the radiotracers evaluated 
in SD rats, [99mTc(CO)3(15C5-PNP)]+ (99mTc-15C5-PNP) 
had a high initial heart uptake with a long myocardial 
retention. It also showed a rapid clearance from liver and 
lungs. The heart/liver ratio of  99mTc-15C5-PNP is ~2.5×  
better than that of  99mTc-Sestamibi at 30 min post-
injection. 99mTc-15C5-PNP is almost identical to 99mTcN-
DBODC5 with respect to their heart uptake and heart/
liver ratios[45]. Planar imaging studies also demonstrated 
that 99mTc-15C5-PNP had a much better liver clearance 
profile than 99mTc-sestamibi.

COMPARISON OF BIODISTRIBUTION 
CHARACTERISTICS
Figure 5 compares their heart/liver ratios in SD rats 
at 5, 30, 60 and 120 min post-injection. In general, the 
heart uptake of  99mTcN-15C5, 99mTcN-MPO, 99mTc-
15C5PNP and 99mTcN-DBODC5 are comparable within 
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Figure 4  Cationic 99mTc(I)-tricarbonyl complexes with crown ether-containing PNP bisphosphines.
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the experimental error, and is slightly lower than that of  
99mTc-Sestamibi, particularly at > 60 min post-injection. 
However, their heart/liver ratios are much better than 
that of  99mTc-Sestamibi at 30-120 min post-injection[46].  
For example, the heart/liver ratio of  99mTcN-MPO (12.75 
± 3.34) at 30 min post-injection is almost twice of  that 
of  99mTcN-DBODC5 (6.01 ± 1.45), and is ~4 times 
better than that of  99mTc-sestamibi (2.90 ± 0.22). 

99mTcN-MPO was further evaluated in normal dogs 
in comparison with 99mTc-sestamibi. It was found that 
99mTcN-MPO and 99mTc-sestamibi shared very similar 
blood clearance with < 50% of  initial radioactivity 
remaining at 1 min, < 5% of  initial radioactivity remaining 
at 30 min post-injection. The liver uptake in the dogs 
administered with 99mTcN-MPO decreased rapidly 
whereas a prolonged liver uptake was seen in all images 
of  the dogs administered with 99mTc-Sestamibi (Figure 6). 
The heart/liver ratio of  99mTcN-MPO increased with time 
(0.53 ± 0.06 at 10 min and 1.22 ± 0.06 at 60 min post-
injection), whereas the heart/liver ratio of  99mTc-Sestamibi 
remained relatively unchanged over the 2 h study period 
(0.50 ± 0.03 at 10 min and 0.60 ± 0.02 at 60 min post-
injection). SPECT studies (Figure 7) in canines with 
acute myocardial infarction indicated that the perfusion 

defect could be visualized as early as 30 min after 
administration of  99mTcN-MPO but not 99mTc-Sestamibi. 
The combination of  fast blood clearance, relatively high 
heart uptake with prolonged myocardial retention makes 
99mTcN-MPO a better perfusion imaging radiotracer than 
99mTc-Sestamibi. On the basis of  preliminary results from 
the rats and dogs, 99mTcN-MPO was selected as a clinical 
candidate for human studies.  

Safety parameters measured up to 24 h after injection 
of  99mTcN-MPO revealed no adverse reactions and 
clinically significant drug-related changes in healthy 
volunteers (unpublished data). The radiation dosimetry of  
99mTcN-MPO is comparable to that of  99mTc-Sestamibi[16] 
and 99mTc-Tetrofosmin[17]. Figure 8 shows the whole-body 
images of  a healthy volunteer administered with 99mTcN-
MPO (~25 mCi) at 10, 30, 60 and 240 min post-injection. 
The radioactivity clearance was so fast that the heart was 
well separated from the left liver lobe at 10 min post-
injection. Although its first-pass extraction fraction was 
between that of  99mTc-Sestamibi and 99mTc-Tetrofosmin[5,6], 
its fast liver clearance of  99mTcN-MPO will allow early 
visualization of  the heart in patients with CAD. The rapid 
liver clearance may shorten imaging protocols and permit 
a more precise determination of  perfusion defects in the 
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Figure 6  Planar images and organ clearance kinetics of normal dogs. A: Planar images of normal dogs administered with 99mTcN-MPO and 99mTc-Sestamibi. 
Both radiotracers had similar initial myocardial uptake; B: Imaging quantification in normal dogs administered with 99mTcN-MPO; C: Imaging quantification in 
normal dogs administered with 99mTc-Sestamibi. The liver radioactivity of 99mTcN-MPO was markedly decreased within first 60 min whereas 99mTc-Sestamibi had 
a slower reduction in liver radioactivity over time. A mild myocardial washout was observed in the dogs administered with 99mTcN-MPO. No significant myocardial 
washout was seen in dogs administered with 99mTc-Sestamibi.
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inferoapical wall on myocardial images. 99mTcN-MPO is 
an excellent alternative to 99mTc-Sestamibi for myocardial 
perfusion imaging when the liver uptake makes it difficult 
to interpret the heart activity in the inferior and left 
ventricular wall in patients with known or suspected CAD.  

LOCALIZATION MECHANISM  
Optimal log P values
Myocardium has the highest mitochondrial population 
that occupies up to 40% of  the total volume of  
myocytes. Other mitochondria-rich organs include 
salivary glands, liver and kidneys. This may explain why 
most lipophilic 99mTc complex cations tend to have 
high uptake in mitochondria-rich organs, such as heart, 
liver and kidneys. For a 99mTc radiotracer to localize 
in mitochondria, it must be able to across plasma and 
mitochondrial membrane. Regardless of  their charge, 
most small molecules are able to across the plasma 
membrane without significant difficulty. However, 
the mitochondrial membrane is only permeable to 
those molecules with appropriate molecular charge 
and molecular shape. While the contribution from 
mitochondrial potentials provides a driving force for 
mitochondrial localization of  cationic 99mTc radiotracers, 
the lipophilicity might modulate their penetration 
capability across the lipophilic plasma and mitochondrial 
membranes. There is little information available with 
regard to the optimal lipophilicity for the heart-selectivity. 
Cationic 99mTc radiotracers with the log P values > 1.5 
often shows a high protein binding and a slow clearance 

from non-cardiac organs while hydrophilic cationic 
radiotracers with log P < 0.5 usually show a low heart 
uptake with a fast washout from myocardium[30-32,45]. In 
both cases, the heart/liver ratio is low because of  either 
high liver uptake or fast myocardial washout. On the 
basis of  studies on cationic 99mTc-nitrido and 99mTc(I)-
tricarbonyl complexes, it seems that cationic 99mTc 
radiotracers must have a log P value in the range of  0.9-1.2 
in order to achieve a high heart uptake[30-32,45,46].  

Subcellular distribution characteristics and mitochond-
rial localization
To understand the myocardial localization mechanism, 
the subcellular distribution characteristics of  99mTcN-
MPO[47] and 99mTcN-DBODC5[48] in SD rat hearts were 
analyzed in comparison with 99mTc-Sestamibi according to 
the literature[49,50]. It was clearly demonstrated that more 
than 85% of  myocardial radioactivity localized in the 
mitochondria of  myocytes for both 99mTcN-MPO and 
99mTcN-DBODC5. There was no significant difference 
between 99mTcN-MPO, 99mTcN-DBODC5 and 99mTc-
Sestamibi with respect to their mitochondrial radioactivity 
accumulation, and subcellular distribution characteristics.  

MULTIDRUG RESISTANCE GENE 
EXPRESSION AND LIVER CLEARANCE 
KINETICS  
For the last two decades, many cationic 99mTc radiotracers 
have been evaluated for their potential as radiotracers 
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Figure 7  SPECT images of 
the same dog (with acute myo
cardial infarction) administered 
with ~10 mCi of 99mTc-Sestamibi 
and 99mTcN-MPO at 30 and 60 
min p.i.  Arrows indicate the 
presence of perfusion defects 
due to myocardial infarction. 
For 99mTcN-MPO, the perfusion 
defects were clearly seen as 
early as 30 min post-injection 
due to its fast liver clearance.  
For 99mTc-Sestamibi, there was a 
significant between the perfusion 
defects and the liver radioactivity.
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for heart imaging. However, it is not clear why certain 
cationic 99mTc radiotracers show better liver clearance and 
heart/liver ratios than others, even though they may have 
a similar lipophilicity. It is well-documented that cationic 
99mTc radiotracers, such as 99mTc-Sestamibi and 99mTc-
Tetrofosmin, are also clinically useful for noninvasive 

imaging of  multidrug resistance (MDR) in tumors of  
different origin[51-53,57,58]. It is well-documented that MDR1 
P-glycoprotein (MDR1 Pgp) and multidrug resistance 
associated proteins (MRPs) are overexpressed in normal 
organs that are involved in excretory functions, including 
kidneys and liver[54-56]. For example, an increased 99mTc-
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Figure 8  The whole-body images of representative 
a healthy volunteer administered with 99mTcN-MPO. 
A: Administered with 99mTcN-MPO (~25 mCi) at 10, 
30, 60 and 240 min post-injection; B: Representative 
SPECT images of the heart after administration of 
99mTcN-MPO (~25 mCi) at 60 min post-injection.
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Sestamibi uptake in normal liver of  cancer patients has 
been reported after administration of  P-glycoprotein 
inhibitors[59,60]. To demonstrate the correlation between 
the MDR and MRP transport function of  hepatocytes 
and liver excretion kinetics of  99mTcN-MPO, both 
biodistribution and imaging studies were performed using 
the SD rats in the absence/presence of  Cyclosporin A. It 
was found that the uptake of  99mTcN-MPO in the kidneys 
and liver was significantly increased, and the radioactivity 
excretion was delayed, in the presence of  Cyclosporin A. 
Similar results were also obtained in planar images (Figure 
9) of  SD rats administered with 99mTcN-MPO with/
without excess Cyclosporin A. Thus, the MDR/MRP 
transport function is most likely responsible of  the fast 
efflux of  99mTcN-MPO from kidneys and liver.  

CONCLUSION
SPECT remains the modality of  choice for myocardial 
perfusion imaging in current clinical practice. The 
success of  SPECT in nuclear cardiology is largely due 
to the development of  new 99mTc perfusion radiotracers.  
Studies on ether- and crown ether-containing cationic 
99mTc complexes clearly show that it is possible to 
design cationic 99mTc radiotracers with heart/liver ratios 
substantially better than that of  99mTc-Sestamibi. Fast 
liver radioactivity clearance will shorten the duration 
of  imaging protocols (< 30 min post-injection), and 
allow for early acquisition of  images of  high quality. 
Improvement of  the heart/liver ratio will permit better 
detection of  perfusion defects with improved noninvasive 
assessment of  the myocardial perfusion.  Preliminary 
studies on 99mTcN-MPO show that it may have a lower 
first-pass extraction fraction than 99mTc-Sestamibi. Thus, 
future research should focus on cationic 99mTc perfusion 
radiotracers with both fast liver clearance and better first-
pass extraction fraction. Identification of  such a new 
radiotracer would be of  considerable benefit in treatment 
of  patients with suspected CAD.  
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Abstract
AIM: To investigate cell cycle proteins in chronic 
hepatitis C virus infection in order to analyze their role 
in the process of hepatocyte transformation and to 
characterize their prognostic properties. 

METHODS: Subjects of the current study included 50 
cases of chronic hepatitis C (CHC) without cirrhosis, 
30 cases of CHC with liver cirrhosis (LC), and 30 
cases of hepatitis C-related hepatocellular carcinoma 
(HCC) admitted to the Department of Hepato-Gastro
enterology, Theodor Bilharz Research Institute (TBRI), 
Giza, Egypt. Fifteen wedge liver biopsies, taken during 
laparoscopic cholecystectomy, were also included as 
normal controls. Laboratory investigations including 
urine and stool analysis, liver function tests and 
prothrombin concentration; serologic markers for viral 
hepatitis and ultrasonography were done for all cases of 
the study together with immunohistochemical analysis 
using primary antibodies against Cyclin D1, Cyclin E, 
p21, p27 and Rb/p105 proteins.

RESULTS: Normal wedge liver biopsies didn’t express 
Cyclin E or Rb/p105 immunostaining but show positive 
staining for Cyclin D1, p21 and p27. Cyclin D1 expressed 
nuclear staining that was sequentially increased from 
CHC to LC (P < 0.01) to HCC (P < 0.001) cases; 
meanwhile, Cyclin E revealed nuclear positivity only in 
the case of HCCs patients that was directly correlated 
to Rb/p105 immuno-reactivity. The expression of p21 
and p27 was significantly increased in CHC and LC 
cases compared to normal controls and HCCs with 
no significant difference between well- and poorly-
differentiated tumors. p21 showed only a nuclear pattern 
of staining, while, p27 presented with either cytoplasmic 
and/or nuclear reactivity in all studied cases. Correlation 
analysis revealed a direct relation between Cyclin D1 
and p21 in CHC cases (P < 0.001), between Cyclin D1 
and Cyclin E in HCCs (P < 0.01); however, an inverse 
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relationship was detected between Cyclin D1 and p21 or 
p27 (P < 0.001) and between p21 and Rb/p105 (P < 0.05) 
in HCCs. 

CONCLUSION: Upregulation of Cyclin D1 in CHC 
plays a vital role in the development and differentiation 
of HCC; while, Cyclin E may be a useful marker for 
monitoring tumor behavior. p21 and p27 can be used 
as predictive markers for HCC. Furthermore, higher 
expression of Rb/p105 as well as inverse relation with 
p21 and histologic grades suggests its important role 
in hepatic carcinogenesis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
The cell cycle is divided into four sequential phases[1]. G1  
is the first gap phase in which cells prepare for deo­
xyribonucleic acid (DNA) replication; S (synthesis) phase 
is the period of  DNA synthesis for the reproduction of  
the whole genome; G2 is the second gap phase in which 
cells prepare mitosis; and M (mitosis) phase in which 
cell division occurs for the generation of  two genetically 
identical daughter cells. Quiescent cells that have not 
entered the cell cycle are referred to as being in G0[2].

Cyclins are the prime cell cycle regulators that play a 
central role in the control of  cell proliferation by forming 
complexes with different Cyclin-dependent kinases 
(Cdks)[3]. Members of  Cyclin family are often quite distinct 
from each other in amino acid sequence[2]. At least, 15 
different Cyclins and 10 Cdks have been identified[4]. In 
response to mitogenic signals, G1 Cyclins (Cyclin D1 and 
Cyclin E) participate in the initiation and progression of  the 
cell cycle where Cyclin D1 is activated during the mid-G1, 
while Cyclin E is required for G1/S transition[5]. They 
can accelerate and shorten the G1-phase and reinforce 
the ability of  cells to loose growth control[6] suggesting an 
oncogenic potential of  G1 Cyclins. On the other hand, 

Cyclin-dependent kinase Inhibitors (CdkIs) are potent 
negative regulators of  the cell cycle that inhibit the G1/
S transition[6] and include two families on the basis of  
sequence homology: The Ink4 family including p16Ink4a, 
p15Ink4b, p18Ink4c and p19Ink4 that specifically binds 
to Cdk4 and Cdk6 and inhibits Cyclin binding[7] and the 
Cip/Kip family including p21Cip1, p27Kip1 and p57Kip2 
that bind to and inhibit Cyclin-bound Cdks[8]. Moreover, 
the two main regulatory proteins of  the cell cycle are the 
retinoblastoma proteins (pRb) and p53. The Rb gene 
family is composed of  three members that share many 
structural and functional features and play a fundamental 
role in growth control. They include the Rb susceptibility 
gene which encodes a nuclear phosphoprotein (pRb/
p105) and two related genes pRb/p107 and pRb2/p130[9]. 
The Rb/p105 gene maps to the 13q14 chromosome, 
where deletions and heterozygous mutations are frequent 
in many human malignancies[10,11]. The balance between 
cell cycle regulators and cell proliferation is an important 
determinant of  tumor development and/or behavior[12]. 

It has been suggested that hepatocyte turnover is 
increased in chronic hepatitis C virus (HCV) infection as 
markers of  cell proliferation are elevated[13] and telomere 
shortening is reported[14]. However, mitotic activity 
is usually sparse or absent as hepatocytes expressing 
“proliferation markers” could enter the cell cycle but 
have been arrested and unable to complete cell division 
or progress to S phase[15]. Viral replication is enhanced by 
induction of  both cell cycle entry and cell cycle arrest by 
viral factors[16]. Accordingly, a relationship between viral 
replication and the host cell cycle state exists in HCV 
infection[15]. There are several potential consequences 
of  cell cycle arrest and senescence for the liver. Cellular 
senescence is a risk factor for cancer development 
and senescent hepatocytes may act synergistically 
with oncogenic mutations in neighboring hepatocytes 
leading to the development of  hepatocellular carcinoma 
(HCC)[17].

The present work was designed to investigate the 
hepatic expression of  Cyclin D1, Cyclin E, p21, p27 
and the retinoblastoma gene family member Rb/p105 
as some regulatory molecules of  the cell cycle in 
chronic HCV infection in a trial to assess the effect of  
these regulatory molecules on disease progression and 
development of  complications in the form of  liver 
cirrhosis and/or HCC.

PATIENTS AND METHODS
The current study enrolled 110 patients of  chronic 
liver disease who had been admitted to Hepato-
Gastroenterology Department of  Theodor Bilharz 
Research Institute (TBRI), Giza, Egypt. They were 75 
males and 35 females with a mean age of  48.7 ± 7.5 
(range 22-60 years). According to the guidelines of  the 
Institution’s Human Research Ethics Committee, all 
patients gave informed consents before inclusion in the 
study. After taking their full medical history, each was 
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subjected to a thorough clinical examination, subjected 
to ultrasonography and liver biopsies using ultrasound-
guided percutaneous Menghini-needle.

Also, fifteen age- and sex-matched individuals who 
had undergone laparoscopic cholecystectomy were 
included in this study as controls. This group consisted 
of  10 males and 5 females with a mean age of  45.0 ± 
7.5. After receiving their written consent, wedge liver 
biopsies were obtained from these cases. 

Laboratory investigations 
Urine and stool samples were collected and analyzed for 
all cases. Liver function tests were also done, including 
those for alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), albumin (Alb) and prothrombin 
concentration (PT conc). Serological diagnosis of  
schistosomiasis and viral hepatitis were also carried 
out. Hepatitis B surface antigen and hepatitis B core 
antibodies were assayed using enzyme immunoassay kits 
(Abbott Laboratories; North Chicago, Illinois); while, 
circulating anti-HCV antibodies were detected using 
the Murex enzyme immunoassay kit (Murex anti-HCV, 
Version V; Murex Diagnostics; Dartford, England). 
Chronic hepatitis C (CHC) was confirmed by the 
presence of  HCV-RNA viremia by reverse-transcriptase 
polymerase chain reaction[18].

Histopathologic study
Serial sections (5 μm thick) from formalin-fixed, 
paraffin-embedded blocks of  either core or wedge liver 
biopsies which were stained with hematoxylin & eosin 
as well as Masson trichrome stains. Histopathologic 
examination of  liver sections from control cases 
showed that they were histopathologically-free from any 
hepatic lesion. On the other hand, assessment of  liver 
sections from the 110 HCV-infected patients showed 
features of  chronic active hepatitis C in 50 biopsies, 
liver cirrhosis in 30 cases (according to the French 
METAVIR System)[19] and hepatocellular carcinoma 
in 30 specimens with features consistent with well-
differentiated (15 cases) and poorly differentiated 
tumors (15 cases)  according to Colecchia et al [20]. 

Immunohistochemistry for cell cycle markers
The 5-µm  thick sections from formalin-fixed, paraffinem
bedded blocks were collected on microscopic slides which 
had been coated with 3-amino propyl triethoxysilane 
(Sigma Chemicals; St. Louis, USA) both for proper 
fixation of  tissue sections on the slides and minimization 
of  staining artifacts. Following deparaffinization, 
rehydration and endogenous peroxidase inactivation, 
antigen retrieval was performed by microwaving in 
10 mmol/L citrate buffer, pH 6.0 (Dako, Denmark). 
Non-specific antibody binding was hindered by pre-
incubation with 100 μL blocking serum for 30 min  
at room temperature. Liver sections were incubated 
overnight, at 4℃, with the primary mouse anti-human 
monoclonal antibodies for Cyclin D1, Cyclin E, p21, p27 

(Santa Cruz Biotechnology, Inc, USA) and Rb1/p105 
(BioGenex, USA) at 1:25, 1:40, 1:20, 1:20, and 1:20 
dilution, respectively. After thorough rinsing in PBS, the 
biotinylated secondary antibody was applied, followed 
by streptavidin peroxidase conjugation. Peroxidase 
activity was developed, using diamino-benzidine as the 
chromogen, and Mayer’s hematoxylin as the counterstain. 
Negative controls were stained appropriately with each 
setting. 

Scoring was performed by counting 500 hepatocytes 
in each biopsy. Results are shown as labeling index (LI), 
which represents the percentage of  the hepatocyte 
nuclei that were positive for the antigen under high 
power magnification of  X40. For Cyclin D1, 5% nuclear 
positivity was considered as overexpression[21] and the 
immunohistochemical (IHC) reactivity was divided into 
mild (less than 5%), moderate (5%-30%) and marked 
expression (> 30%). If  the positive rate for Cyclin 
E protein was over 5%, it was, also, defined as over 
expression[22]. The IHC reactivity of  cyclin E was divided 
into mild (< 5%), moderate (5%-49%) and marked 
expression (50%-100%)[23]. These cut-off  levels were 
chosen in order to achieve distinct separation between 
patients with high and low cyclin E expression[24]. 
For p21 only cells with distinct nuclear staining were 
considered positive[25]; while, those considered positive 
for p27 expressed either a nuclear and/or cytoplasmic 
staining pattern[7] that may have been either weak or 
marked. The results were therefore, stratified into cases 
showing p27 staining in less than 50% of  cells (weak) 
and those with more than 50% positive cell staining 
(marked)[26]. Finally, for Rb1/p105, immunostaining 
was quantified by counting the cells exhibiting positive 
staining in 10 randomly selected high-power fields within 
the site of  the most severe lesion in the biopsy, and the 
results were expressed as percentage of  positive cells in 
these areas[27] as follows: 0, undetectable level; 1: Low 
expression level (positive cells = 1%-30%); 2: Medium 
expression level (positive cells = 31%-60%); and 3: High 
expression level (positive cells = 61%-100%)[9].

Statistical analysis 
The Statistical Package for Social Sciences (SPSS) for 
Windows (version 11) computer software was used 
for the statistical analysis. Means of  different groups 
were compared using one-way ANOVA. A “P” value 
< 0.05 was considered statistically significant. Pearson 
correlation coefficient “r” was used to measure the 
relationship between 2 variables.

RESULTS
The one hundred and ten (110) HCV-infected patients 
had elevated liver enzymes, circulating anti-HCV 
antibodies and/or HCV-RNA viraemia. Moreover, they 
were sero-negative for hepatitis B virus or Schistosoma 
infection. The liver function tests of  the fifteen control 
subjects were within normal range. They had no 
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serologic evidence of  hepatitis B and/or C virus infection 
(Table 1).

In the current study, 3 normal wedge liver biopsies 
expressed mild Cyclin D1 immunostaining (Figure 1A). 
Positive nuclear expression was found in the hepatocytes 
of  HCV-infected groups with sequential increase from 
CHC without cirrhosis (66%) to CHC with cirrhosis (70%) 
(Figure 1B and C) to HCV-related HCC (100%) (Table 2). 
Hepatic expression of  Cyclin D1 in HCC was correlated 
with the histological grade, being significantly higher in the 
poorly differentiated tumors than the well-differentiated 
ones (P < 0.001) (Figure 1D). Marked staining intensity was 
only observed in poorly-differentiated neoplasms (Table 2).

For Cyclin E, no staining reaction was found in normal 
patients in the control group. CHC without cirrhosis and 
LC specimens showed a cytoplasmic pattern of  staining 
that was considered negative. A strong nuclear staining 
was detected in cancerous livers (Figure 2A) with marked 
enhancement of  expression in poorly differentiated cases 
(Table 3 and Figure 2B).

Immunoreactivity was detectable for p21 in all HCV-
infected livers with minimal expression in the normal 
patients of  the control group. In CHC without cirrhosis, 
p21 was expressed predominantly in hepatocytes, although 
occasional positive lymphocytes, sinusoidal lining cells and 
bile duct cells were also seen. p21 positive hepatocytes 
were more numerous in areas of  intense inflammation 
and spotty necrosis as well as areas close to fibrosis. In 
biopsies with less inflammation or fibrosis, most p21 
positive hepatocytes were located in the periportal areas 
rather than the central region. p21 expression in LC was 
higher than that observed in CHC without cirrhosis with 
no significant difference; however, it was significantly (P < 
0.01) down-regulated in HCC cases, particularly in poorly-
differentiated tumors (Table 4 and Figure 2C).

p27 was expressed in all cases of  the study. The LI 
for p27 in HCC (Figure 2D) was 34.1 ± 2.7 which was 
significantly lower than that of  the non-tumoral lesions (P 

< 0.001) and normal controls (P < 0.01). Furthermore, 
the LI of  p27 in CHC without cirrhosis and LC were, 
also, significantly higher than those in normal patients 
in the control group (P < 0.01).  The expression of  
p27 was either nuclear alone or mixed with cytoplasmic 
staining in HCC, LC and normal controls. While, the 
staining reaction was only cytoplasmic in CHC without 
cirrhosis (Table 5). 

Immunoreactivity was detectable for Rb/p105 in 
some patients in the HCV-infected groups, and it was 
absent in normal control livers. The expression was mild 
to moderate in cases of  CHC without cirrhosis and in 
LC cases (Figure 3A and B). Marked expression was 
found only in malignant cases. Hepatic expression of  
Rb/p105 was significantly lower in poorly differentiated 
HCCs than well-differentiated tumors (Table 6 and 
Figure 3C).

Correlation analysis revealed a highly significant 
correlation between Cyclin D1 and p21 in CHC without 
cirrhosis (r = 0.70, P < 0.001, Table 7). 

In HCC, Cyclin E showed a direct correlation with 
Cyclin D1 (P < 0.01) and Rb/p105 (P < 0.01); however, 
Cyclin D1 showed an inverse correlation with both 
CdkIs p21 and p27 (P < 0.001). An inverse relation was, 
also, detected between p21 and Rb/p105 or Cyclin E in 
cancerous cells.

DISCUSSION
Hepatocyte cell cycle phase distribution is altered 
in chronic HCV infection[15]. Chronic necrosis and 
inflammation of  the liver in HCV infection constituted 
an important driving force in the multistep process 
of  hepatocarcinogenesis[28] and the majority of  HCCs 
develop in cirrhotic livers[29]. 

In the current study, Cyclin D1 expression was found 
to be very low in control cases. However, the expression 
was significantly elevated in patients with chronic hepatitis 
C, emphasizing the increased hepatocyte turnover in 
chronic HCV infection[15]. The upregulation of  Cyclin 
D1 in cirrhotic livers and HCC cases suggests that its 
expression may play an important role in the process 
of  tumorigenesis. This goes in hand with the findings 
of  other investigators[30] who reported that  Cyclin D1 
overexpression accelerates and shortens the G1-phase of  
the cell cycle, leading to a more rapid entry into the S-phase 
and also increases the number of  cell cycle divisions. 
The upregulation of  Cyclin D1, was also shown to be 
related to the histologic grade of  HCC and reflects the 
aggressiveness of  hepatic tumors. These data appear to be 
consistent with the results of  previous studies[31, 32].  

Immunolabeling localizes Cyclin E to the nucleus in 
the majority of  human neoplasms. Although, the protein is 
synthesized and degraded in the cytoplasm, it is ordinarily 
transferred rapidly to the nucleus, where it carries out 
its functions[33]. This study revealed that Cyclin E was 
only expressed in the nuclei of  cancerous hepatocytes 
and was marked in liver biopsies from patients with 
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Table 1  Clinical and laboratory data of all studied cases (mean 
± SD)  n (%)

Parameters Control CHC without 
cirrhosis

CHC with 
cirrhosis

HCV-related 
HCC

(n = 15) (n  = 50) (n  = 30) (n  = 30)

Age  45.0 ± 7.5 47.4 ± 9.3 51.3 ± 5.9 48.9 ± 7.2
Male/female ratio  2/1 7/3 2/1 2/1
Pallor  0 (0)    2 (4.0)  5 (16.5)   8 (26.6)
Jaundice  0 (0)    3 (6.0)  6 (20.0)  13 (43.3)
Palmer erythema  0 (0)  0 (0) 15 (50.0)   17 (56.6)
Spider naevi  0 (0)  0 (0) 13 (43.3)  16 (53.3)
Lower limb edema  0 (0)  0 (0) 16 (53.3) 10(33.3)
Child classification
   A  0 (0)   50 (100)  8 (26.6) 1 (3.3)
   B 0 (0)  9 (30.0)  11 (36.6)
   C 0 (0) 13 (43.3) 18 (60.0)
ALT (IU/L) 32.6 ± 4.2   63.2 ± 29.7  51.8 ± 4.3     78.1 ± 16.3
AST (IU/L)  31.1 ± 5.1   49.1 ± 18.3  46.4 ± 5.1     68.3 ± 12.4
Albumin (g/dL)    4.4 ± 0.5 3.80 ± 0.3  2.90 ± 0.7   2.80 ± 0.4
PT conc 97.6 ± 3.4 89.7 ± 5.8    53.4 ± 11.2   68.5 ± 3.8
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poorly differentiated tumors. This indicates that Cyclin E 
overexpression is associated with tumor aggressiveness 
and may be considered as one of  the markers for 
outcomes. Keyomarsi et al[34] suggested that high Cyclin 
E expression conveys additional negative consequences 
for the malignant cell, besides high proliferation. Our 
results corroborate the previous findings of  Jung et al[5] 
who reported that Cyclin E protein was found to be 
overexpressed in HCC, whereas its expression was hardly 
detectable in their normal counterparts. Also, other 
investigators[23,26,32] observed that overexpression of  Cyclin 
E was associated with poor differentiation, invasiveness 
and metastasis in HCC. 

Deregulated cell-cycle progression is one of  the 
most significant alterations in cancer cells. Because 
G1- to S-phase is the key target of  tumorigenesis, it is, 
in part, negatively regulated by p21 protein, which is 
a universal inhibitor of  Cyclin-dependent kinases and 
cell cycle progression[35]. In the present study, minimal 

p21 expression was detected in normal livers, which is 
consistent with a previous immunohistochemical study[36], 
but was significantly increased in HCV-infected patients. 
Wagayama et al[37] demonstrated that CdkIs which arrest or 
slow cell cycle progression are increased in chronic HCV 
infection. The upregulated p21 expression may play a role 
as a guard to prevent hepatocytes from tumorigenicity 
in HCV hepatitis. The highly expressed p21 may hold 
hepatocytes against transformation by inducing enough 
G1 span to evoke apoptosis or repair DNA mismatches 
under the activated cell cycle progression[38]. Stimuli 
causing increased hepatocyte p21 expression raise the 
threshold of  Cyclin/Cdk inhibition and thereby, diminish 
mitogen-induced hepatocyte proliferation[25]. However, 
p21 expression induces transcription of  profibrotic 
factors such as connective tissue growth factor and 
fibronectin-1[39], thus enhancing the progression to 
cirrhosis. Crary and Albrecht[25] and Wagayama et al[37,40]  
reported that the p21 labeling index in patients with liver 
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Table 2  Immunohistochemical reactivity for Cyclin D1 in all studied cases (mean ± SE)  n (%)

Groups n = 125 Staining   
pattern

Positive expression Imunohistochemical reactivity Hepatic expression

Mild (< 5%) Moderate (5%-30%) Marked (> 30%)

Control (n = 15) Nuclear    3 (20.0)  3 (100) 0 (0) 0 (0)   1.33 ± 0.33
CHC without cirrhosis (n = 50) Nuclear  33 (66.0) 25 (75.8)      8 (24.2) 0 (0)   6.60 ± 0.72a

CHC with cirrhosis (n = 30) Nuclear  21 (70.0) 15 (71.4)      6 (28.6) 0 (0)   9.95 ± 1.70a,b

HCV-related HCC (n = 30) Nuclear 30 (100) 12 (40.0)    12 (40.0)      6 (20.0) 19.85 ± 3.90a,b,c

Well-differentiated  HCC (n = 15)      Nuclear 15 (100)   9 (60.0)      6 (40.0) 0 (0) 10.10 ± 2.20a,b

Poorly-differentiated  HCC (n = 15)      Nuclear 15 (100)   3 (20.0)      6 (40.0)   6 (40) 31.60 ± 6.20a,b,c d

aP < 0.001 vs controls; bP < 0.01 vs CHC without cirrhosis; cP < 0.001 vs LC; dP < 0.001 vs well differentiated HCC.

A B

DC

Figure 1  Immunohistochemical staining for 
Cyclin D1 in liver sections of patients from 
the control group as well as HCV-infected 
patients and HCV-related HCC patients. 
A: Liver section from a control case showing 
mild nuclear staining for Cyclin D1 (arrows) 
(Immunoperoxidase × 40); B: Liver section 
from a case of CHC showing mild nuclear 
expression of Cyclin D1 (arrows). The portal 
tract is completely free from immunostaining 
(Immunoperoxidase × 40); C: Liver section 
f rom a  case o f  LC showing modera te 
number of positively stained hepatocytes in a 
cirrhotic nodule (arrows) (Immunoperoxidase 
× 40);  D: Liver sect ion f rom a case of 
poorly-differentiated HCC showing marked 
nuclear expression of Cyclin D1 (arrows) 
(Immunoperoxidase × 40).



cirrhosis was significantly higher than that in patients with 
chronic hepatitis, and concluded that p21 expression was 
upregulated by the stress of  inflammation and fibrosis, 
and influenced by viral proteins. It was found that in 
normal cells, p21Cip1 is associated with quaternary 
complexes of  most Cyclins, Cdks and proliferation cell 
nuclear antigen, but is absent from these complexes in 
most transformed cells[41]. These observations suggest 
that the reduction or loss of  p21 expression plays an 
important role in the process of  tumorigenesis that has 

also been shown in other reports[42] and supported in 
this study by the expression of  elevated G1 cyclins. As a 
cause for decreased p21 mRNA expression in tumorous 
tissues of  human cancers, p53 gene mutations are 
mostly suspected[43] because induction of  the p53 tumor 
suppressor gene after DNA damage inhibits the G1 
Cyclins/Cdk activity via p21Cip1[44,45] and this inhibition 
causes cell cycle arrest which, in turn, facilitates DNA 
repair[46,47]. 

In this study, expression of  p27Kip1 in hepatic cells 
was significantly upregulated in patients with CHC and 
LC compared to control cases. On the other hand, it was 
significantly decreased in HCC cases compared to all 
groups. Matasuda et al. [48]  found that p27 is abundantly 
expressed in quiescent cells and is downregulated in many 
aggressive cancers. It has been recently found[49],  that p27 
is frequently inactivated in HCC, and is now considered to 
be a potent tumor suppressor as it is a negative regulator 
of  G1-S phase transition through inhibition of  the 
kinase activities of  Cdk2/Cyclin E. Other series[7,23,50-52] 
have reported that the decreased expression of  p27Kip1 
is related to tumor progression and could be used as a 
potential predictor for HCC. The loss or decrease of  p27 
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Table 3  Immunohistochemical reactivity for cyclin E in patients with well-differentiated and poorly-differentiated (HCC) (mean ± 
SE)  n (%)

Groups Positive expression Imunohistochemical reactivity Stained cells

Mild < 5% Moderate 5%-49% Marked 50%-100%

Well-differentiated HCC (n = 15)       6 (40.0)      2 (33.3)      4 (66.7)  0 (0) 25.3 ± 5.9
Poorly-differentiated HCC (n = 15)       6 (40.0)  0 (0) 0 (0)      6 (100)   82.5 ± 2.1a

aP < 0.01 vs well differentiated HCC.

Table 4  Immunohistochemical reactivity for p21 in all 
studied cases (mean ± SE)

Groups Staining pattern Hepatic expression

Control (n = 15) Nuclear   1.5 ± 0.5
CHC without cirrhosis (n = 50) Nuclear    6.5 ± 0.2a 
CHC with cirrhosis (n = 30) Nuclear    7.2 ± 0.8a 

HCV-related HCC (n = 30) Nuclear      4.9 ± 0.1a, b

Well-differentiated HCC (n = 15)      Nuclear     5.6 ± 0.16  
Poorly-differentiated HCC (n = 15)      Nuclear     4.2 ± 0.13  

aP < 0.01 vs controls; bP < 0.05 vs LC.

Figure 2  Immunohistochemical staining of 
liver sections from different differentiated 
HCC cases (Immunoperoxidase × 40). A: 
Well differentiated HCC showing moderate 
nuclear staining of cyclin E (arrows); B: 
Poorly-differentiated HCC showing marked 
nuclear staining of cyclin E (arrows); C: 
Well-differentiated HCC revealing nuclear 
expression of p21Cip1/Waf1 (arrows) in the 
hepatocytes; D: Poorly-differentiated HCC 
showing p27Kip1 expression in a mixed 
pattern (arrows).

A B

C D



protein may lead to reduction or disappearance of  its cell 
cycle negative regulation; thus the cells pass the G1 into 
S-phase, resulting in division and autonomous program[53]. 
Moreover, in these studies, reduced p27Kip1 expression 
in HCC both at protein and mRNA levels was associated 
with tumor invasiveness, advanced clinical stage and poor 
cellular differentiation grade, as it may be involved in the 
anchor free survival of  malignant cells resulting in viable 
metastatic tumor nests. However, cells with preserved or 
increased p27Kip1 expression are not able to proliferate 
and are driven to apoptotic death[26]. The protein p27 can 
bind to and inhibit the active Cyclin/Cdk complexes in 
the nucleus[7], but some tumors expressed increased level 
of  p27 because of  increased cytoplasmic expression of  
this protein, especially in their early stages[54]. However, 
this may be regulated by self  stabilization through 
attenuating the activity of  the proteasome pathway for 
p27, contributing to tumor development[54]. Results of  
the current study revealed the decreased p27 expression 

associated with increased Cyclin D1 expression that 
was previously explained[49] in some cases of  HCC with 
increased cell proliferation, where p27 is overexpressed 
but inactivated by sequestration into Cyclin D1-Cdk4-
containing complexes.

The retinoblastoma family of  growth-inhibitory 
proteins act by binding and inhibiting several proteins 
with growth stimulatory activity, the most prominent 
of  which is the cellular transcription factor E2F[55]. 
Phosphorylation of  retinoblastoma family proteins 
by Cyclin-dependent kinases leads to release of  the 
associated growth stimulatory proteins, which in turn 
mediate progression through the cell division cycle[56] that 
was supported in this study by the finding of  a direct 
correlation between Rb/p105 and Cyclin E expression in 
HCCs. Bagui et al[57] suggested that Cyclin D1 combine 
with Cdk at mid- to late G1, forming complexes that 
phosphorylate the pRb and sequester p21Cip1 and 
p27Kip1 which when activated elicit additional events 
required for the initiation and execution of  the S phase. 

The p105 protein is important in the synthesis and 
transport of  RNA[58]. It was detected in proliferating cells 
only where its concentration is elevated during G2-phase 
and mitosis[58]. Variable staining intensities of  the tumor 
suppressor gene Rb/p105 have been demonstrated in 
different groups of  the present study; and its presence 
in 60% of  CHC and 50% of  LC cases may help to 
protect cells against malignant transformation. When the 
degree of  malignant potential (grading) of  HCC cases 
was compared with the expression of  this protein, lower 
expression was found in poorly differentiated tumors. 
The highest percentage of  detectable levels of  Rb/p105 
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Table 5  Immunohistochemical reactivity for p27 in all studied cases (mean ± SE)  n (%)

Groups n = 125 Staining pattern Imunohistochemical reactivity Hepatic expression

Weak (< 50%) Marked (> 50%)

Control (n = 15) Nuclear/mixed      9 (60.0)     6 (40.0) 44.4 ± 1.9
CHC without cirrhosis (n = 50) Nuclear/cytoplasmic      5 (10.0)    45 (90.0)  59.8 ± 1.9a

CHC with cirrhosis (n = 30) Nuclear/mixed 0 (0)   30 (100)  65.9 ± 1.6a

HCV-related HCC (n = 30) Nuclear/mixed    21 (70.0)      9 (30.0)      34.1 ± 2.7a,b,c

Well-differentiated HCC (n = 15)      Nuclear      7 (46.7)      8 (53.3)      36.2 ± 5.2a,b,c

Poorly-differentiated HCC (n = 15)      Mixed   15 (100) 0 (0)      32.0 ± 1.7a,b,c

aP < 0.01 vs controls; bP < 0.001 vs CHC without cirrhosis; cP < 0.001 vs LC.

Table 6  Immunohistochemical reactivity for Rb/p105 in all studied cases (mean ± SE)  n (%)

Groups n = 125 Staining pattern Positive expression Imunohistochemical reactivity Hepatic expression

Mild Moderate Marked
(1%-30%) (31%-60%) (61%-100%)

Control (n = 15)   Negative 0 (0) 0 (0)   0 (0)    0 (0)     0.00 ± 0.00
CHC without cirrhosis (n = 50) Nuclear    30 (60.0)    27 (90.0)        3 (10.0)    0 (0) 28.7 ± .1
CHC with cirrhosis (n = 30) Nuclear    15 (50.0)      5 (33.3)      10 (66.7)    0 (0)     40.9 ± 2.8a

HCV-related HCC (n = 30) Nuclear    21 (70.0) 0 (0)      12 (57.1)         9 (42.9)         61 ± 3.7a,b

Well-differentiated HCC (n = 15)      Nuclear    12 (80.0) 0 (0)     12 (100)    0 (0)      67.3 ± 4.8a,b

Poorly-differentiated HCC (n = 15)      Nuclear      9 (60.0) 0 (0)   0 (0)        9 (100)        55.7 ± 1.4a,b c

aP < 0.01 vs CHC without cirrhosis; bP < 0.001 vs LC;  cP <  0.01 vs well-differentiated carcinoma. 

Table 7  Correlation analysis of different parameters in HCCs

Parameter       HCV-related HCC

r P

Cyclin D1 # Cyclin E  0.61  < 0.01
Cyclin D1 #  p21 -0.51    < 0.001
Cyclin D1 #  p27 -0.65    < 0.001
Cyclin E # Rb/p105  0.62  < 0.01
Cyclin E # p21 -0.64  < 0.01
p21 # p27                  0.47       < 0.001
p21 # Rb/p105                 -0.42        < 0.05



in HCCs (70%) and the inverse correlation with p21 and 
histologic grading suggest an important role of  Rb/p105 
in the pathogenesis and progression of  HCCs. 

In conclusion, in HCV infection, the up-regulation 
of  Cyclin D1 expression plays an important role in the 
development of  tumorigenesis and in differentiation of  
HCC. Cyclin E; however, play no role in HCV infection 
and may be considered as a marker of  differentiation 
and aggressiveness in HCCs. Further studies are needed 
to elucidate the mechanism of  interaction among 
different Cyclins and the pathway for their regulation. 

The p21 and p27 are independently increased in CHC  
and LC. They mediate hepatocyte cell cycle arrest and accu­
mulation of  growth-arrested hepatocytes which impairs 
hepatocellular function and limits hepatic regeneration. 
However, both of  them are negative regulators of  G1-S 
phase transition and may be considered as predictive 
factors in HCC. Decreased p21, p27Kip1, Rb/p105 and 
increased Cyclin D1 and  Cyclin E stress the presence of  
invasive and highly proliferating tumors.

Our results offer insights into the highly complex 
mechanisms of  cell cycle regulation and need to be 
confirmed by further large scale studies. Understanding 
the effect of  interference at multiple points may well be 
the foundation upon which designing novel strategies 
for improving therapeutic approaches in CHC and HCC 
might begin.
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view. The authors did a massive and great job by scrupulously analysing slides 
and counting positive stained cells. 
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Figure 3  Immunohistochemical 
staining for Rb1/p105 in liver sections 
of the control group patients as well 
as HCV-infected patients and HCV-
related HCC patients. A: Liver section 
from a case of the control showing 
negative staining for Rb1/p105 either 
in the cytoplasm or in the nuclei of 
hepatocytes (IP × 20); B: Liver section 
from a case with CHC showing moderate 
nuclear expression for Rb1/p105 in the 
hepatocytes (long arrow) and in few 
scattered inflammatory cells (short arrow) 
of the portal tract (IP × 40); C: Liver 
section from a case with LC showing 
moderate nuclear expression for Rb1/
p105 in hepatocytes (arrows) and some 
inflammatory cells of the portal tract 
in LC (IP × 20); D: Liver section from 
a case with poorly-differentiated HCC 
showing marked nuclear expression for 
Rb1/p105 in the hepatocytes (arrows) (IP 
× 40).
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Abstract
AIM: To determine the seroprevalence of hepatitis 
C virus (HCV) and its co-infection with hepatitis B 
virus (HBV), hepatitis delta agent (HDV) and human 
immunodeficiency virus (HIV) among liver disease 
patients of south Tamil Nadu.

METHODS: A total of 1012 samples comprising 512 
clinically diagnosed cases of liver disease patients and 
500 apparently healthy age and sex matched individuals 
were screened for Hepatitis C virus (anti HCV and HCV 
RNA), Hepatitis B virus (HBsAg), Hepatitis delta agent 
(anti HDV) and Human immuno virus (antibodies to 
HIV-1 and HIV-2) using commercially available enzyme 
link­ed immunosorbent assay kits. HCV RNA was 

detected by RT-PCR. Liver function tests like ALT, AST, 
GGT, ALP, bilirubin and albumin were also studied.

RESULTS: The seroprevalence of HCV was found to be 
5.6% among liver disease patients by ELISA. 27/512, 
49/512 and 12/512 patients were positive for HIV, HBV 
& HDV respectively. Co-infection of HCV & HBV was 
found in 8 patients, with 6 for HCV & HIV and 4 for HCV, 
HBV & HIV co-infections. Sex-wise analysis showed that 
HIV, HCV & HBV and HCV & HIV co-infection was high 
among females whereas for HBV it was high in males. 
The mean ALT and AST in HCV positive cases were 
42.1 ± 8.3 and 49 ± 10.1. In people co-infected with 
HCV & HBV or HCV & HIV or HCV, HBV & HIV the mean 
ALT of 58.0 ± 03.16, 56.78 ± 4.401 and 64.37 ± 4.01 
respectively. 

CONCLUSION: We strongly recommend routine test of 
the blood for HCV in addition to HBV and HIV. We also 
recommend individualized counseling to identify those 
at risk and testing for those who want it. Improved 
surveillance and periodic epidemiological studies will 
have to be undertaken to monitor and prevent these 
blood-borne viruses. 
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INTRODUCTION
Hepatitis C virus (HCV) infection is the most common 
chronic blood borne infection in the world[1]. HCV 
belongs to the family flaviviridae and the genus hepacivirus. 
It often causes lifelong persistent infection[2]. The 
prevalence of  HCV infection worldwide has been 
estimated to be about 3% with 170 million people 
affected by HCV[3]. Meanwhile two billion people have 
been infected with hepatitis B virus (HBV). Of  these, 
360 million have chronic infection and 600 000 die each 
year due to HBV infection and related liver diseases[4]. 
HBV and HCV infections account for a substantial 
proportion of  liver diseases worldwide. The majority 
of  those with chronic HBV and/or HCV infection 
will develop complications i.e. 15%-40% may develop 
cirrhosis, liver failure and or hepatocellular carcinoma[5]. 
The exact number of  patients infected with both 
HCV and HBV world wide is unknown[6]. It has been 
estimated that over the next 20 years, the proportion of  
HBV/HCV infected patients with cirrhosis will increase 
from 16% to 32% and that other complications will also 
increase dramatically including hepatic decompensation 
(increasing by 106%), HCC (increasing by 81%) and 
liver related deaths (increasing by 180%)[7]. In addition, 
prevalence of  human immunodeficiency virus (HIV) 
is increasing everyday and it has become a disaster for 
humankind in certain areas. HIV accounted for 38.6 
million infections world wide by the end of  2005[8]. 
These three viruses (HCV, HBV and HIV) have similar 
routes of  transmission, namely through blood and 
blood products. Sharing of  needles to inject drugs and 
sexual activity enables the co-infection of  these viruses 
and thereby makes co-infection or super infection a 
common event[9]. End stage liver disease is currently 
a major concern among HIV positive individuals 
due to co-infection with hepatotropic viruses[10,11]. 
HIV infected patients with multiple hepatitis virus 
infections have a higher rate of  liver related morbidity 
and mortality than patients with HIV infection alone 
or with a single hepatitis virus infection. The degree 
of  immunodepression is an important factor in liver 
disease progression[12]. Current estimations indicate 
that approximately 1.8% to 2.5% of  Indian population 
is presently infected by HCV[13]. The prevalence as 
well as the significance of  HCV infection varies 
considerably from country to country, probably because 
of  cultural factors and social habits that influence HCV 
transmission. A community based Indian study on HCV 
indicated a seroprevalence of  0.87% and that the rate 
reportedly increased from children <  10 years to 1.85% 
among subjects > 60 years of  age[14]. Knowledge and 
awareness of  HCV infection have been obtained from 
seroprevalence studies carried out in blood donors and 
hemodialysis patients from large cities[15-17]. Reports 
on the prevalence of  HCV infection in the Indian 
subcontinent is scarce. Hence, this study was conducted 
to investigate the seroprevalence of  HCV and its co-

infection with HBV and HIV in liver disease patients in 
South Tamil Nadu.

MATERIALS AND METHODS
Study samples
The study was performed in 512 clinically diagnosed 
cases of  liver disease patients and 500 apparently 
healthy age and sex matched controls. All the liver 
diseases and control samples were diagnosed and given 
by the Gastroenterologist based on signs, symptoms 
and examination. Blood samples were collected from 
them, serum was separated and stored at -20℃ until 
use. Among the liver disease patients clinical conditions 
including acute liver disease, chronic liver disease and 
cirrhosis were also diagnosed by the Gastroenterologist.

Serology
The blood samples were screened for markers of  various 
hepatitis viruses and HIV by using third generation 
ELISA kits. Hepatitis B surface antigen (HBsAg) was 
screened by Hepalisa, supplied by M/s. J. Mitra and Co 
Pvt. Ltd, India; Hepatitis B envelop antigen (HBeAg) 
and antibody to envelop antigen (anti-HBe) using 
ELISA kits supplied by M/s. Biorad laboratories, USA.; 
Antibodies to HCV, HDV and HIV were screened by 
using Microlisa kits supplied by M/s. J. Mitra and Co 
Pvt. Ltd, India. All reactive analyses were repeated twice.

Biochemistry
Liver function tests studied were alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma glutamyl 
transpeptidase (GGT), serum alkaline phosphatase (SAP), 
bilirubin and albumin. The results were correlated with 
serological findings. The upper limits of  normal for 
various tests were ALT 0-65 IU/L, AST 5-40 IU/L, GGT 
0-61 IU/L, SAP 20-140 KA, Bilirubin Total 0.3 to 1.9 
mg%, Direct bilirubin: 0 to 0.3 mg%, Indirect bilirubin 
0.1-1.0 mg% and Albumin 35-50 gms%.

Molecular diagnosis of HCV
For the detection of  the HCV genome, RNA was 
extracted from the samples and was subjected to reverse 
transcriptase polymerase chain reaction (RT-PCR). This 
was carried out for the constant HCV 5’ untranslated 
region (5’ UTR).

Statistical analysis
Statistical package for social sciences (SPSS, version 
17.0) software was used for analyzing the data. Statistical 
tests used to find the significance were χ2 for association 
of  attributes and t-test for difference in the mean for 
independent samples. 

RESULTS
Among the 512 liver disease patients investigated, 281 
were male and 231 were female. Overall 29 (5.6%) were 
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positive for HCV. This positivity was either for anti 
HCV by ELISA, for HCV RNA by RT-PCR or for both. 
Results based on other viral infection revealed 27 (5.2%) 
for HIV, 49 (9.5%) for HBsAg, and 12 (23%) for HDV 
(Table 1). Table 2 shows the incidence of  blood borne 
viral infection and co-infection among liver disease 
patients. Co-infection of  HCV & HBV was found in 8 
patients, with 6 for HCV & HIV and 4 for HCV, HBV 
& HIV co-infections. In addition, clinical conditions of  
all viral infections and co-infections were significantly (P 
< 0.01) associated with liver disease (Table 3). Table 4 
gives the age-wise distribution of  patients with different 
kinds of  viral infections. The total viral positivity was 
insignificant in various age groups (P > 0.05). Among 
the viral positive cases, HBV was most prevalent 
followed by other viral infections and co-infections 
whilst the rest were insignificant (P < 0.05) (Tables 5 and 
6). The results of  liver function tests in HCV infected 
and co-infected patients are presented in Table 7. All the 
parameters tested were found to increase significantly 
(P < 0.05) when compared to controls. Data collected 

based on risk factor for HCV seroconversion reveals, 
47.6% of  the patients had blood transfusion, 6 had 
surgical intervention (14.2%), 5 were intravenous drug 
users(11.9%) and 11 (26%) had unknown causes. Blood 
transfusion (65%) was observed as the predominant risk 
factors in the co-infected patients.

DISCUSSION
HIV, HBV and HCV are the three most common 
chronic blood borne viral infections documented 
worldwide[18]. Epidemiological studies of  blood-borne 
viral disease such as HCV, HBV and HIV are important 
for revealing the risk groups and risk factors for these 
infections. Screening these groups of  viruses helps us to 
solve difficulties in collecting information among healthy 
populations[19]. 

India has the second highest number of  people living 
with HIV infection[20]. Co-infection of  hepatotropic 
viruses with HIV infection reportedly leads to massive 
impairment of  cell mediated responses and enhances 
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Table 1  Incidence of blood borne viral infection (HCV, HBV, HDV and HIV) among liver disease patients  n  (%)

Category Total number tested Gender HCV, HBV, HDV and HIV positive

Male Female HCV HBV HDV HIV 

Liver disease                  512 281 231 29 (5.6)        49 (9.5)          12 (2.3)   27 (5.2)
Control                  500 250               250            -              7 (1.4)                -       -
Total                1012 531 481           29             56              12     27

Table 2  Incidence of blood borne viral infection and co-infection among liver disease patients

Category Clinical condition Gender Total

Male Female

Virus positive Virus negative Total Virus positive Virus negative Total

Liver disease Acute liver disease  22   55   77 12 38   50   127
Chronic liver disease  45   34   79 26   51   77   156
Cirrhosis  14   31   45   7   33   40     85
Others  16   64   80   2   62   64   144
Total  97 184 281 47 184 231   512 

Control Without any signs or symptoms    4 246 250   3 247 250   500
Total 101 430 531 50 431 481 1012

c2 = 12.598 for df = 1, P <  0.01 for gender vs viral infection. c2 = 41.33 for df = 3, P < 0.01 for clinical condition vs viral infection.

Table 3  Clinical condition vs  blood-borne viral infection

Clinical condition Different viral infection positive Total virus 
negative

Total number 
tested

HCV HBV HIV HDV HCV and HBV HCV and HIV HBV and HIV HCV, HBV                
and HIV

Total virus 
positive

Acute liver disease - 19 10   4 - - 2 -   35   92 127
Chronic liver disease 
except cirrhosis

13 11 17   8 6 6 6 4   71   85 156

Cirrhosis 12   5 - - 2 - 1 -   20   65   85
Others   4 14 - - - - - -   18 126 144
Total 29 49 27 12 8 6 9 4 144 368 512

c2 = 41.631 for df = 3, P < 0.01. c2 is calculated for clinical condition against total viral infection.



the kinetics of  hepatotropic viral replication[21-24]. The 
prevalence of  HCV in this study is 8.2% in liver disease 
patients. A study conducted by Chowdhury et al[25] (2003) 
from eastern India showed a prevalence of  0.87%, which 
is ten times less than that observed in the present study. 
That study predominantly comprised blood-transfusion-
acquired HCV infections rather than other modes of  
transmission. Age-wise analysis in the present study 
found HCV to be high among individuals belonging 
to the 41-50 years (28.5%) age group. HCV infections 
usually progress slowly to terminal liver disease[26]. It 
is, therefore, possible to recognize the impact that the 
disease may have in the future based on the knowledge 
of  its previous incidence. It is also feasible to estimate 
the burden of  late complications associated directly with 
the presence of  chronic liver disease[27]. 

It was observed that males were more susceptible 
to HCV than female among the study population. This 
concurs  with a previous report that male subjects were 
at a higher risk of  developing HBV infection than 

females[28-29].
 Out of  the 512 liver disease patients tested 49 (9.5%) 

were positive for HBsAg. Similar results were obtained 
in an earlier study conducted on chronic liver disease 
in India[30]. A multicenter study in Italy showed that the 
subjects with dual HBV and HCV infection were more 
likely to be older than 42 years[31]. Similar results (1.5%) 
were found in the current study.

 Sud et al[28] (2001) have reported 33.8% prevalence of  
HBV co-infection in HIV positive patients. Although the  
effect of  HBV infection on HIV is uncertain, HIV app
ears to have marked influence on the natural history of  
HBV infection. Although HIV shares a common route 
of  infection with HBV and HCV, its sexual transmission 
is known to be relatively efficient whereas the sexual 
transmission of  HCV appears to be significantly less 
efficient than for HIV. Although detailed reports 
have documented HCV, HBV and HIV co-infection 
worldwide, only a few reports have been published 
regarding co-infection in India. Kumar et al[32] (2003) 
reported a 2.9% co-infection of  HBV and HIV in pa
tients with liver diseases. The increased viral replication 
of  HBV in AIDS patients indicates that HIV significantly 
affects the HBV life cycle and the host ability to clear 
HBV infection. If  this is true, more HBV infection and 
more chronic carriers would be expected as the AIDS 
epidemic expands in this part of  the country. Such a 
profile would have worrying public health implications[33]. 
The frequency of  HCV & HIV co-infection in this 
study (1.9%) is much lower than that reported previously 
among HCV & HIV co-infections in India[29,34-38] and 
higher than from the general Indian population[39]. In 
the HIV & HCV co-infected patients, the HCV RNA 
positivity was found to be higher. These observations 
were in agreement with previous reports of  increased 
hepatotropic viral replication in immunocompromised 
subjects[40,41]. Moderate or severe chronic hepatitis or 
cirrhosis was more frequent in patients with HBV and 
HCV co-infections than in patients infected with HBV 
or with HCValone. Generally, HCV superinfection can 
cause a much more severe liver disease in patients with 
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Table 4  Different viral infection vs  age groups

Viral infection Age group in years Total

11-20 21-30 31-40 41-50 51-60 61 and above

HCV   2    6     7    7   4   3   29
HBV   5  19     6  10   7   2   49
HIV   -    5     4    8   7   3   27
HDV   -    1     5    6   -   -   12
HCV and HBV   1    2     1    1   2   1     8
HCV and HIV   1    1     2    1   -   1     6
HBV and HIV   1    1     4    2   -   1     9
HCV, HBV and HIV   1    -     1    1   -   1     4
All virus positive 11   35   30  36 20 12 144
All virus negative 42   83   82  94 51 16 369
Total 53 118 112 130 71 28 512

c2 = 4.689 for df = 5, P > 0.05, c2 is calculated for age against total viral infection.

Table 5  Different viral infection vs  sex

Viral infection Gender P  value

Male Female

HCV positive   18   11 0.423
HCV negative 263 220
HBV positive   41     8      0
HBV negative 240 223
HIV positive   14   13 0.745
HIV negative 267 218
HDV positive     8     4 0.406
HDV negative 273 227
HCV and HBV positive     5     3 0.663
HCV and HBV negative 276 228
HCV and HIV positive     3     3 0.809
HCV and HIV negative 278 228
HBV and HIV positive     6     3 0.474
HBV and HIV negative 275 228
HCV, HBV and HIV positive     2     2 0.844
HCV, HBV and HIV negative 279 229

c2 is calculated for gender vs different category of viral infections; P < 0.05 
is significant, while P > 0.05 is insignificant.



chronic HBV infection. This lends support to the notion 
that HBV superinfection may also aggravate the disease 
severity and increase the risk of  fulminant hepatitis. In 
both HIV positive and negative cohorts, the presence of  
HBV & HCV, HBV & HDV or triple hepatitis infection 
was strongly associated with intravenous drug use 
(IDU). Overall, from 0.4% to more than 50% of  HIV 
patients may carry more than one hepatitis virus[42-47]. 
The reported co-infection rates of  HBV and HCV in 
HIV patients worldwide have varied, depending on the 
geographic regions, risk groups and the type of  exposure 
involved[48,49]. Tankhiwale et al[50] (2003) reported 5.6% 
seroprevalence of  HCV and 25.8% HBV in HIV infected 
patients.  These co-infection rates were much higher than 
that of  our findings. Four individuals co-infected with 
HCV, HBV & HIV had neither surgical intervention, 
blood transfusion or intravenous drug use, suggesting 

that sexual intercourse could have been the route of  
infection. 
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Background
Hepatitis C virus (HCV) infection creates a significant burden on health care 
systems. HCV infection has probably been endemic in many populations 
for centuries. Despite a declining incidence of new infections, the burden of 
disease in terms of mortality is expected to increase over the next decade. 
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Table 6   Clinical condition vs  different viral infection vs  sex

Sex Clinical 
condition

Different viral infection positive Total 
positive

Total 
negativeHCV HBV HIV HDV HCV and HBV HCV and HIV HBV and HIV HCV, HBV and HIV

Male Acute liver 
disease

  - 14   5   3 - - - -   22   55

Chronic liver 
disease except 
cirrhosis

  8   9   9   5 4 3 5 2   45   34 

Cirrhosis   7   5  - - 1 - 1 -   14   31
Others   3 13  - - - - - -   16   64
Total 18 41 14   8 5 3 6 2   97 184

Female Acute liver 
disease

  -   4   5   1 - - 2 -   12   38

Chronic liver 
disease except 
cirrhosis

  5   2   8   3 2 3 1 2   26   51

Cirrhosis   5   1  - - 1 - - -    7   33
Others   1   1  - - - - - -    2   62
Total 11   8 13   4 3 3 3 2   47 184

Total 29 49 27 12 8 6 9 4 144 368
P value          0.211   0          0.853          0.256        0.484 1        0.323 1 - -

c2 is calculated for gender vs different viral infections positive cases; P < 0.05 is significant, while P > 0.05 is insignificant.

Table 7  Liver function test in HCV infected and co-infected patients (mean ± SD, n  = 29)

Category Liver function test

Bilirubin (mg%) SAP (KA units) ALT (IU/L) AST (IU/L) GGT (IU/L) Albumin (gms%)

Total Direct Indirect

Control 0.5340 ± 0.219 0.210 ± 0.055 0.386 ± 0.015   73.227 ± 21.622 37.76 ± 9.35  24.77 ± 07.65   69.70 ± 11.03   2.78 ± 0.219
HCV positive patients   3.461 ± 0.874   0.643 ± 0.1736 0.936 ± 0.016 144.630 ± 12.976 42.1 ± 8.3    49.00 ± 10.1 98.446 ± 09.57 3.87 ± 0.24
P value    0  0       0                    0.005   0 0  0 0
HCV and HBV 
coinfected patients

  3.70 ± 0.96 1.59 ± 0.06 1.641 ± 0.052 140.887 ± 10.922   
                         

    58.0 ± 03.16  40.412 ± 02.008 99.362 ± 06.150 3.14 ± 0.66

P value    0  0  0    0  0 0 0 0
HCV and HIV 
coinfected patients

  2.920 ± 1.032 1.975 ± 0.941 1.997 ± 0.078    134.53 ± 10.651  56.78 ± 4.401    39.65 ± 2.24   97.60 ± 5.94 3.12 ± 0.97

P value    0         0.001              0.001    0         0.001        0.001 0 0
HCV, HBV and HIV   3.295 ± 1.424 3.202 ± 0.488 0.265 ± 0.052        141 ± 17.301 64.37 ± 4.01    42.87 ± 2.84  99.95 ± 03.039 3.14 ± 0.02
coinfected patients
P value           0.009  0  0    0         0.005        0.006        0.003        0.004

HCV positive patients: P values are based on students t test; P < 0.05 significant.

 COMMENTS



The complexity and uncertainty related to the geographic distribution of 
HCV infection and chronic HCV, determination of the associated risk factors 
and evaluation of cofactors that accelerate its progression, underscore the 
difficulties in global prevention and control of HCV. Thus, this study set out 
to determine the seroprevalence of HCV and its co-infection with other blood 
borne hepatitis group of viruses and human immunodeficiency virus.
Research frontiers
As HCV is a silent killer virus, diagnosis, treatment and prevention are very 
important. Hence the results of this study will, if further explored, benefit the 
public, health care workers, voluntary blood donors and liver disease patients.
Innovations and breakthroughs
Most earlier workers have studied the seroprevalence of HCV either by enzyme 
linked immunosorbent assay (Antigen or Antibody) specific for the virus or by 
RT-PCR (viral genome) alone. In this study the seroprevalence of HCV was 
evaluated by both the methods. This should help to both modify treatment and 
prevent infection. 
Applications 
The identification of a high prevalence of HCV in this study indicates the 
significance of screening HBV, HCV and HDV in addition to HIV, among liver 
disease patients. Hence we strongly recommend routine testing for health care 
workers, voluntary blood donors and others to include HBV, HCV, HDV and 
HIV. We also recommend individualized counseling to identify those at risk as 
well as testing for those who request it. Improved surveillance and periodic 
epidemiologic studies will have to be undertaken to monitor and prevent the 
spread of virulent and interferon-resistant strains. Given the current incidence 
and prevalence data cited above, HCV infection and its co-infection is expected 
to remain a problem. Further research in the virology, epidemiology, treatment 
and prevention of blood-borne viral infection is essential if better outcomes to 
be achieved. 
Peer review
The present manuscript deals with an interesting epidemiologic data, and the 
topic is also interesting. 
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Abstract
Ruptured hepatocellular carcinoma is a rare, emergency 
occurrence in western countries with high mortality 
risk. A number of hypotheses have been formulated in 
order to explain the precise mechanism that leads to 
hepatocellular carcinoma (HCC) rupture: sub-capsular 
location, dimensions, portal hypertension, tumour 
necrosis, local increase of venous pressure due to the 
outflow reduction caused by neoplastic invasion, and 
the presence of a previous vascular injury which might 
predispose to HCC rupture. There is still a debate in 
the literature concerning the best approach in cases of 
HCC rupture. Surgery is the first option for treatment 
of acute abdominal bleeding. However the advent of 
endovascular treatments widens the range of possible 
therapies for acute bleeding control and subsequent 
ablation purposes. We report a case of hemoperitoneum 
from spontaneous rupture of undiagnosed HCC, 
that was treated successfully by emergency surgical 
resection followed by transarterial chemo-embolization 

for local recurrence.
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INTRODUCTION 

The first manifestation of  unknown hepatocellular 
carcinoma (HCC) with hemoperitoneum caused by 
spontaneous  rupture is a rare occurrence in western 
countries, with an incidence of  less than 3%, but with 
a high mortality risk[1,2]. There is still a debate in the 
literature concerning the best approach in cases of  
HCC rupture.Surgery is the first option for treatment 
of  acute abdominal bleeding. However the advent of  
endovascular treatments widens the range of  possible 
therapies for acute bleeding control and subsequent 
ablation purposes. Short term survival benefit can be 
obtained with surgical treatment, associated or not with 
interventional radiology[3-5]. Long term survival seems to 
be unanimously correlated to the stage of  the disease, 
its local spread after rupture and to the residual hepatic 
functionality[6,7]. We report a case of  hemoperitoneum 
from spontaneous rupture of  undiagnosed HCC 
successfully treated by emergency surgical resection 
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followed by transarterial chemo-embolization (TACE) 
two months later for tumour recurrence. At a follow-
up of  one year the patient is still alive, with no signs of  
HCC recurrence.

CASE REPORT
We report a 78-year-old male patient who came to the 
Emergency Room (ER) because of  abdominal pain, 
hypotension (80/40 mmHg) associated with tachycardia, 
and  hypothermia (35.7℃). Anamnesis was totally negative. 
Doppler ultrasound showed diffuse hemoperitoneum. 
Urgent abdomen Computed Tomography (CT) scan 
revealed an actively bleeding focal lesion of  3.5 centimeter 
diameter in the 6th hepatic segment, associated with 
perihepatic and perisplenic hemoperitoneum (Figure 1A). 
At emergency laparotomy, major hemoperitoneum of  
over 2000 mL was present. The source of  bleeding was 
from a 3.5 cm, whitish, ligneous hepatic nodule in the 
6th segment, which was lacerated in its central part. The 
liver was not cirrhotic. After cleaning of  the abdomen, 
and liver mobilization, a 6th segment wedge resection 
was performed using Pringle manoeuvre (30 min of  
clamping). The post-operative course was uneventful, 
and at post-operative day 7 the patient was discharged 
from hospital in good general condition. Post-operative 
laboratory tests confirmed no evidence of  hepatitis B 
or C positivity. Histological exam showed a lesion of  
4.5 centimeter diameter partly covered with glissonian 
sheath compatible with HCC (grading 3, WHO 2001). 
Margins were free of  HCC infiltration. Two months after 
the operation, local recurrence of  HCC was evidenced 
by CT scan. Considering the general condition of  the 
patient, and the high risk of  a new hepatic resection, we 
performed TACE by selective catheterisation of  the right 
hepatic artery, and injection of  DC Bead 100-300 micron 
+ 50 mg Doxorubicin (Figure 1B). The procedure was 
uneventful, and without evidence of  liver failure. Two 
weeks later, an abdominal CT scan revealed complete 
devascularisation of  the HCC (Figure 1C). At one year 
follow-up, no signs of  tumour recurrence were evidenced: 
CT scan and Magnetic Resonance Imaging (MRI) were 
negative, and laboratory tests including alpha fetoprotein 
were in the normal range. 

DISCUSSION
The occurrence of  a ruptured HCC is an unusual 
find in western countries with an incidence of  < 3% 
compared to Eastern countries (12%-14%), with a 
reported mortality rate up to 50%[1,2]. A number of  
hypotheses have been formulated in order to explain 
the precise mechanism that leads to HCC rupture: sub-
capsular location, dimensions, portal hypertension, 
tumour necrosis, local increase of  venous pressure 
due to the outflow reduction caused by neoplastic 
invasion[8], the presence of  a previous vascular injury 
which might predispose to HCC rupture and to the 

rupture of  smaller lesions in different locations[9]. With 
regard to diagnosis, according to the study of  Yeh et al., 
abdominal pain was the only independent factor relating  
patients with ruptured HCC[3]. Preoperative diagnosis of  
HCC rupture is difficult in patients without a previous 
history of  cirrhosis or HCC. Vergara et al[1], reported that 
an accurate pre-operative diagnosis of  ruptured HCC  
was obtained in only 25% of  cases, despite shock present  
in 33% to 90% of  the patients. Doppler ultrasound and  
CT scan are useful to demonstrate the presence of  
hemoperitoneum and liver tumours. CT also has the 
advantage of  demonstrating the patency of  the portal 
vein but the site of  active bleeding can seldom be 
demonstrated, conventional angiography demonstrates 
extravasations of  contrast from the tumour only in 
13%-35% of  cases[10]. There is no single opinion about 
the best treatment for a ruptured HCC, even if  patient’s 
general conditions are considered in all cases. If  hepatic 
insufficiency, liver cirrhosis and hemoperitoneum 
are present, trans-arterial embolization (TAE) is an 
effective and well-tolerated treatment for the emergency 
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Figure 1  CT and TACE 
image of  a  78-year-
old male patients with 
hemoperitoneum from 
spontaneous rupture 
of undiagnosed HCC. 
A: Abdomen CT scan 
revealed a 3.5 cm focal 
lesion of the 6th hep­
at ic segment act ively 
b leed ing,  assoc ia ted 
with hemoperitoneum; B: 
Trans-arterial chemoem­
bolization (TACE) of the 
right hand side hepatic 
artery by means of se­
lective catheterization; 
C: CT scan, performed 
two weeks after TACE, 
revealed an area of com­
plete devascularzation. 
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management of  hemoperitoneum[8]. In patients with 
normal liver function haemostasis followed by hepatic 
resection either in emergency or after staging has been 
suggested[2]. Literature reports such as[7] suggest that 
multidisciplinary management with TAE and postponed 
surgery in selected patients would improve the short 
term mortality. Liver resection has been advocated to 
achieve both haemostasis and to provide a definitive 
treatment in a single operation[1,4], even if  liver resection 
should be reserved for patients with a small and 
easily accessible tumour in a non cirrhotic liver[4]. The 
studies on survival by Liu et al[5] and Yeh et al[3] supply 
contrasting data, therefore it is not clear whether there 
is a different survival expectation for the patients with  
ruptured HCC and the others[5,6]. The surgical treatment 
of  intraperitoneal lesions caused by neoplastic dis
semination during rupture can increase the long term 
survival.

In our case, the diagnosis of  HCC was accidental 
in a patient with no history of  hepatic disease. On his 
admission the patient had poor hemodynamic stability but 
normal liver function. After CT scan which confirmed 
hemoperitoneum secondary to hepatic rupture, we opted 
for emergency surgery, even because the lesion was small, 
and easily accessible. 

A different approach could have been considered in 
cases of  liver cirrhosis, with trans arterial embolization 
first, followed by surgical operation (laparoscopic/ 
laparotomic approach) or percutaneous drainage of  the 
hemoperitoneum to reduce any possible development of  
liver decompensation.

In our patient, HCC recurred two months after trea
tment. Considering the age of  the patient and the risk 
of  a new hepatic resection, we completed surgery with 
TACE. One year follow-up was regular, hepatic function 

was normal, as was the αFP values, and radiological 
examinations  showed no HCC recurrence. 
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Abstract
A 84-year-old man with a surgical history of subtotal 
gastrectomy for gastric cancer was transferred to our 
department because of a disorder of consciousness. 
Septic shock due to obstructive suppurative cholangitis 
secondary to choledocholithiasis was diagnosed.  
Anemia was also present, and upper gastrointestinal 
tract endoscopy revealed blood emerging from the 
Papilla of Vater. The cause of the anemia was identified 
as haemobilia. Angiography showed a small aneurysm 
over the artery on segment 3 (A3). The cause of the 
haemobilia was suspected to be the bleeding into the 
biliary tree from this aneurysm. Because the patient’s 
general condition was poor, minimally invasive therapy 
was needed. Transcatheter arterial embolization (TAE) 
was selected initally. Later, lateral sectionectomy was 
performed in order to remove the aneurysm on A3. 
No surgical complication occurred and, after surgery, 
no haemobilia was identified. In conclusion, a two-
stage treatment, namely, surgery following TAE, is 
recommended for patients in a physically poor condition 
who have haemobilia due to intrahepatic aneurysm.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Bleeding into the biliary tree is a rare cause of  gastro-
intestinal hemorrhage[1]. The majority of  patients 
with hepatic artery aneurysms are asymptomatic[2] but 
once an aneurysm ruptures, haemobilia becomes a 
potentially life-threatening complication. Therefore, 
early diagnosis and certain hemostasis are essential.  
Furthermore, in patients in a poor physical condition 
or in elderly patients, minimally invasive therapy should 
be performed. In this report, we described a case of  
haemobilia resulting from severe obstructive suppurative 
cholangitis secondary to choledocholithiasis. Complete 
hemostasis was achieved by surgical treatment following 
transcatheter arterial embolization (TAE).   

CASE REPORT
A 84-year-old-man with a surgical history of  subtotal 
gastrectomy for gastric cancer was transferred to our 
department because of  a disorder of  consciousness. 
He had a fever of  39.5 degrees, yellowish conjunctivae 
and a blood pressure of  50/20 mmHg. Laboratory 
data on admission were as follows: Alanine/aspartate 
aminotransferase, 315/174 IU/L (respectively); total 
bilirubin, 4.8 mg/dL; direct bilirubin, 3.2 mg/dL; 
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alkaline phosphatase, 739 IU/L; C-reactive protein, 
24.1 mg/dL; white blood cells, 1000 /μL; platelets, 0.9 
× 104/μL; prothrombin time INR, 1.39. Septic shock 
due to severe infection accompanied by hepatobiliary 
dysfunction was diagnosed. The laboratory data also 
showed a decreased level of  hemoglobin (7.1 g/dL). 
Computed tomography (CT) revealed an enlarged 
gallbladder and a dilated common bile duct. Emergency 
endoscopic retrograde cholangiopancreatography 
(ERCP) showed a solitary filling defect which was 12 mm  
in diameter (Figure 1). Klebsiella pneumoniae, Escherichia 
coli, Enterococcus faecalis, and Clostridium species were 
detected both in both blood and bile. Therefore, the 
pathogenesis was considered to be obstructive suppurative 
cholangitis secondary to choledocholithiasis. After 
intensive conservative therapy including bile drainage 
which enabled the patient to recover from septic shock, 
a choledocholith was removed. During this process, 
bleeding from the Papilla of  Vater was detected by upper 

gastrointestinal tract endoscopy, enabling the cause of  the 
anemia to be identified as haemobilia. Arterial phase CT 
revealed a high-density area 1 cm in diameter in the lateral 
segment of  the artery that protruded into the intrahepatic 
duct (Figure 2A). Angiography showed a small aneurysm 
over the A3 segment, which was the second branch 
of  the left hepatic artery (Figure 2B). These findings 
suggested that the haemobilia resulted from the bleeding 
into the biliary tree from this aneurysm. Because of  the 
patient’s advanced age and because Onodera’s prognostic 
nutritional index[3] was extremely poor (20.2), we planned 
the two-stage treatment in order to minimize invasiveness. 
Transcatheter arterial embolization (TAE) was performed 
first and,after recovery of  the patient’s nutritional status, 
this was followed by hepatectomy in order to remove 
the aneurysmal intrahepatic artery. Because intermittent 
haemobilia persisted and the recovery of  the patient’s 
general condition made slow progress, TAE was required 
3 times.  After that, no massive biliary bleeding appeared, 
and the patient’s nutritional status gradually improved 
during this period. Finally, lateral sectionectomy was 
performed safely. Histological findings indicated that the 
intrahepatic artery had ruptured into the intrahepatic 
bile duct. The inner membrane, the elastic laminae, and 
the tunica media of  the artery were not detected at the 
site of  rupture (Figure 3), and so rupture of  an arterial 
pseudoaneurysm was diagnosed. In the 12 mo after 
surgical treatment, the patient has been attending our 
hospital as an outpatient, and no further anemia has come 
to light.

DISCUSSION 
Haemobilia is the phenomenon of  bleeding into 
the biliary tree, and is an unusual cause of  obscure 
upper abdominal bleeding[4]. It is usually due to 
atherosclerotic aneurysm, trauma, pseudoaneurysm, or 
vascular anomalies[4]. In this case, choledocholithiasis 
in the common bile duct and a pseudoaneurysm in 
the liver were present. The pathogenesis in this case 
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Figure 1  Emergency endoscopic re-
trograde cholangiopancreatography 
showing a solitary filling defect wh-
ich was 12 mm in diameter (arrows).

Figure 2  CT and An
giography image of an  
8 4 - y e a r - o l d  m a n 
wi th  haemobi l ia .  A : 
CT revea l ing a  h igh-
d e n s i t y  a r e a  w h i c h 
was 1 cm in diameter 
at the lateral segment 
i n  t h e  a r t e r y  p h a s e 
(arrows). I t  protruded 
in to  the  in t rahepa t i c 
duct  (ar rowhead) .  B: 
Angiography showing 
a small aneurysm over 
the A3, which was the 
second branch of the left 
hepatic artery (arrows).

Figure 3  Histological findings revealing that the intrahepatic artery had 
ruptured into the intrahepatic bile duct (arrows). a: artery; b: bile duct. The 
inner membrane, elastic laminae, and tunica media of the artery could not be 
detected at the side of rupture (arrowhead). A: HE stain, ×10; B: Elastica van 
Gieson stain, ×10.
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was probably infiltration of  the severe inflammatory 
reaction in the intrahepatic bile duct into the liver 
parenchyma because of  choledocholithiasis, resulting 
in erosion of  the wall of  the hepatic artery. This was 
an unusual etiology, although the patient was 84 years 
old and histopathologic examination revealed evidence 
of  severe arteriosclerosis. The walls of  the arteries 
were fragile and a pseudoaneurysm was formed as a 
result[5]. The majority of  patients with hepatic artery 
aneurysms are asymptomatic[2]. However, once such 
an aneurysm ruptures, haemobilia, which is potentially 
life-threatening, complicates the patient’s condition. 
Therefore, all cases of  intrahepatic aneurysm should 
be considered for immediate treatment[2], TAE being 
the accepted treatment of  choice[1,2]. The hepatic artery 
should be embolized at both the proximal and the distal 
sides of  the aneurysm.  This technique is difficult when 
the aneurysm is peripheral to the second branch.  When 
embolization is insufficient, normal flow in the portal 
vein or reflux in the multiple collateral pathways of  
the artery may appear through sinusoidal lesions[5], and 
intermittent haemobilia continues. Hepatectomy should 
be considered at the same time as TAE. In this patient, 
because of  an advanced age and poor nutritional status, 
we planned a two-stage treatment; TAE first, followed 
by hepatectomy. After 3 repetitions of  TAE, there 
was no massive biliary bleeding and the patient’s status 
improved gradually, allowing surgical treatment to be 
performed safely. Even when the aneurysm is located 
on branches of  the hepatic artery beyond the second, 
minimally invasive TAE should be performed first, 

although for hemostasis, TAE alone may be insufficient. 
In such cases, after improvement in the patient’s 
condition following TAE, surgery is indispensable as a 
radical treatment.  

In conclusion, we have reported an unusual case 
in which haemobilia resulted from the rupture of  an 
intrahepatic pseudoaneurysm resulting from severe 
cholangitis. When the aneurysm is located distal to the 
second branch of  the hepatic artery and the patient 
is of  advanced age or in poor general condition, two-
stage treatment comprising TAE and surgery should be 
performed.  
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nication between scientists and the public. As we all know, the 
significance of  the publication of  scientific articles lies not 
only in disseminating and communicating innovative scientific 
achievements and academic views, as well as promoting the 
application of  scientific achievements, but also in formally 
recognizing the “priority” and “copyright” of  innova-
tive achievements published, as well as evaluating research 
performance and academic levels. So, to realize these desired 
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The maximization of  personal benefits refers to the pursuit of  
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board members: The primary task of  editorial board members 
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or not. During peer review, editorial board members can also 
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articles and publish commentary articles. We will put peer 
reviewers’ names and affiliations along with the article they 
reviewed in the journal to acknowledge their contribution; 
(2) Maximization of  the benefits of  authors: Since WJH is an 
open-access journal, readers around the world can immediately 
download and read, free of  charge, high-quality, peer-reviewed 
articles from WJH official website, thereby realizing the goals 
and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization of  the 
benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, 
results, conclusion or facts and data of  pertinent literature so 
as to validate the innovativeness, scientific and practical values 
of  their own research achievements, thus ensuring that their 
articles have novel arguments or viewpoints, solid evidence and 
correct conclusion; and (4) Maximization of  the benefits of  
employees: It is an iron law that a first-class journal is unable to 

exist without first-class editors, and only first-class editors can 
create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, 
in an open, fair and transparent environment, could contribute 
their wisdom to edit and publish high-quality articles, thereby 
realizing the maximization of  the personal benefits of  editorial 
board members, authors and readers, and yielding the greatest 
social and economic benefits.

The major task of  WJH is to report rapidly the most recent 
results in basic and clinical research on hepatology, including: 
liver biology/pathology, cirrhosis and its complications, liver  
fibrosis, liver failure, portal hypertension, hepatitis B and C 
and inflammatory disorders, steatohepatitis and metabolic liver 
disease, hepatocellular carcinoma, biliary tract disease, auto
immune disease, cholestatic and biliary disease, transplantation, 
genetics, epidemiology, microbiology, molecular and cell biology, 
nutrition, geriatric and pediatric hepatology, diagnosis and 
screening, endoscopy, imaging, and advanced technology.

The columns in the issues of  WJH will include: (1) Editorial: 
To introduce and comment on the substantial advance and its 
importance in the fast-developing areas; (2) Frontier: To review 
the most representative achievements and comment on the 
current research status in the important fields, and propose 
directions for the future research; (3) Topic Highlight: This 
column consists of  three formats, including (A) 10 invited 
review articles on a hot topic, (B) a commentary on common 
issues of  this hot topic, and (C) a commentary on the 10 
individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and 
provide strategies on how to solve the questions; (5) Guidelines 
for Basic Research: To provide Guidelines for basic research; 
(6) Guidelines for Clinical Practice: To provide guidelines for 
clinical diagnosis and treatment; (7) Review: To systemically 
review the most representative progress and unsolved problems 
in the major scientific disciplines, comment on the current 
research status, and make suggestions on the future work; (8) 
Original Articles: To originally report the innovative and valuable 
findings in hepatology; (9) Brief  Articles: To briefly report the 
novel and innovative findings in hepatology; (10) Case Report: 
To report a rare or typical case; (11) Letters to the Editor: To 
discuss and make reply to the contributions published in WJH, 
or to introduce and comment on a controversial issue of  general 
interest; (12) Book Reviews: To introduce and comment on 
quality monographs of  hepatology; and (13) Guidelines: To 
introduce Consensuses and Guidelines reached by international 
and national academic authorities worldwide on basic research 
and clinical practice in hepatology.
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consecutively, and start each of  the following sections on a 
new page: Title Page, Abstract, Introduction, Materials and 
Methods, Results, Discussion, Acknowledgements, References, 
Tables, Figures, and Figure Legends. Neither the editors nor 
the publisher are responsible for the opinions expressed by 
contributors. Manuscripts formally accepted for publication 
become the permanent property of  Beijing Baishideng BioMed 
Scientific Co., Ltd, and may not be reproduced by any means, 
in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors 
should follow the relevant guidelines for the care and use 
of  laboratory animals of  their institution or national animal 
welfare committee. For the sake of  transparency in regard to 
the performance and reporting of  clinical trials, we endorse 
the policy of  the International Committee of  Medical Journal 
Editors to refuse to publish papers on clinical trial results if  
the trial was not recorded in a publicly-accessible registry at its 
outset. The only register now available, to our knowledge, is 
http://www. clinicaltrials.gov sponsored by the United States 
National Library of  Medicine and we encourage all potential 
contributors to register with it. However, in the case that other 
registers become available you will be duly notified. A letter of  
recommendation from each author’s organization should be 
provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, 
photographs and illustrations because rejected manuscripts 
will not be returned to the author(s) and the editors will not be 
responsible for loss or damage to photographs and illustrations 
sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submi
ssion System at: http://www.wjgnet.com/1948-5182ffice. 
Authors are highly recommended to consult the ONLINE 
INSTRUCTIONS TO AUTHORS (http://www.wjgnet.
com/1948-5182/g_info_17.htm) before attempting to 
submit online. For assistance, authors encountering problems 
with the Online Submission System may send an email 
describing the problem to wjh@wjgnet.com, or by telephone: 
+86-10-59080038. If  you submit your manuscript online, do not 
make a postal contribution. Repeated online submission for the 
same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must 
be submitted using word-processing software. All submissions 
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with 
ample margins. Style should conform to our house format. 
Required information for each of  the manuscript sections is as 
follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words 
should be provided.

Authorship: Authorship credit should be in accordance with 
the standard proposed by International Committee of  Medical 
Journal Editors, based on (1) substantial contributions to 
conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it 

critically for important intellectual content; and (3) final approval 
of  the version to be published. Authors should meet conditions 1, 
2, and 3.

Institution: Author names should be given first, then the 
complete name of  institution, city, province and postcode. 
For example, Xu-Chen Zhang, Li-Xin Mei, Department of  
Pathology, Chengde Medical College, Chengde 067000, Hebei 
Province, China. One author may be represented from two 
institutions, for example, George Sgourakis, Department of  
General, Visceral, and Transplantation Surgery, Essen 45122, 
Germany; George Sgourakis, 2nd Surgical Department, 
Korgialenio-Benakio Red Cross Hospital, Athens 15451, Greece

Author contributions: The format of  this section should 
be: Author contributions: Wang CL and Liang L contributed 
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong 
F and Wu XM designed the research; Wang CL, Zou CC, 
Hong F and Wu XM performed the research; Xue JZ and Lu 
JR contributed new reagents/analytic tools; Wang CL, Liang L 
and Fu JF analyzed the data; and Wang CL, Liang L and Fu JF 
wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should 
be in lower case. A space interval should be inserted between 
country name and email address. For example, Montgomery 
Bissell, MD, Professor of  Medicine, Chief, Liver Center, 
Gastroenterology Division, University of  California, Box 0538, 
San Francisco, CA 94143, United States. montgomery.bissell@
ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, 
e.g., Telephone: +86-10-59080039, Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer 
review. Normally, three experts are invited for each article. 
Decision for acceptance is made only when at least two 
experts recommend an article for publication. Reviewers for 
accepted manuscripts are acknowledged in each manuscript, 
and reviewers of  articles which were not accepted will be 
acknowledged at the end of  each issue. To ensure the quality 
of  the articles published in WJH, reviewers of  accepted 
manuscripts will be announced by publishing the name, 
title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: 
Professor Jing-Yuan Fang, Shanghai Institute of  Digestive 
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty, 
Shanghai Jiaotong University, Shanghai, China; Professor 
Xin-Wei Han, Department of  Radiology, The First Affiliated 
Hospital, Zhengzhou University, Zhengzhou, Henan Province, 
China; and Professor Anren Kuang, Department of  Nuclear 
Medicine, Huaxi Hospital, Sichuan University, Chengdu, 
Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) 
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and structured abstracts (no more than 480). The specific 
requirements for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. 
AIM (no more than 20 words): Only the purpose should be 
included. Please write the aim as the form of  “To investigate/
study/…; MATERIALS AND METHODS (no more than 
140 words); RESULTS (no more than 294 words): You should 
present P values where appropriate and must provide relevant 
data to illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 
3.61 ± 1.67, P < 0.001; CONCLUSION (no more than 26 
words). Available from: http://www.wjgnet.com/1948-5182/
g_info_20100107114338.htm.

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid commu
nication and case reports, the main text should be structured 
into the following sections: INTRODUCTION, MATERIALS 
AND METHODS, RESULTS and DISCUSSION, and 
should include appropriate Figures and Tables. Data should be 
presented in the main text or in Figures and Tables, but not in 
both. The main text format of  these sections, editorial, topic 
highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1948-5182/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each 
figure on a separate page. Detailed legends should not be 
provided under the figures. This part should be added into 
the text where the figures are applicable. Figures should 
be either Photoshop or Illustrator files (in tiff, eps, jpeg 
formats) at high-resolution. Examples can be found at: 
http://www.wjgnet.com/1007-9327/13/4520.pdf; http://
www.wjgnet.com/1007-9327/13/4554.pdf; http://www.
wjgnet.com/1007-9327/13/4891.pdf; http://www.wjgnet.
com/1007-9327/13/4986.pdf ; h t tp ://www.wjgnet .
com/1007-9327/13/4498.pdf. Keeping all elements compiled 
is necessary in line-art image. Scale bars should be used 
rather than magnification factors, with the length of  the 
bar defined in the legend rather than on the bar itself. File 
names should identify the figure and panel. Avoid layering 
type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; 
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc . , and 
mentioned clearly in the main text. Provide a brief  title for 
each table. Detailed legends should not be included under 
tables, but rather added into the text where applicable. The 
information should complement, but not duplicate the text. 
Use one horizontal line under the title, a second under column 
heads, and a third below the Table, above any footnotes. 
Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 

aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP < 
0.01 are used. A third series of  P values can be expressed as eP 
< 0.05 and fP < 0.01. Other notes in tables or under illustrations 
should be expressed as 1F, 2F, 3F; or sometimes as other symbols 
with a superscript (Arabic numerals) in the upper left corner. In 
a multi-curve illustration, each curve should be labeled with ●, ○, 
■, □, ▲, △, etc., in a certain sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions should be included. Authors are responsible for 
obtaining written permission to use any copyrighted text and/
or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference 
numbers in square brackets in superscript at the end of  
citation content or after the cited author’s name. For citation 
content which is part of  the narration, the coding number 
and square brackets should be typeset normally. For example, 
“Crohn’s disease (CD) is associated with increased intestinal 
permeability[1,2]”. If  references are cited directly in the text, 
they should be put together within the text, for example, “From 
references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and 
also ensure the spelling accuracy of  the first author’s name. Do 
not list the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference 
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crossref.org/SimpleTextQuery/, respectively. The numbers 
will be used in E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
first and middle initials. (For example, Lian-Sheng Ma is 
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of  
the cited article and italicized journal title (journal title should 
be in its abbreviated form as shown in PubMed), publication 
date, volume number (in black), start page, and end page 
[PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
middle and first initials. (For example, Lian-Sheng Ma is 
abbreviated as Ma LS, Bo-Rong Pan as Pan BR) Book title. 
Publication number. Publication place: Publication press, Year: 
start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
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1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 
Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World 
J Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   
DOI: 10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hy

pertension, insulin, and proinsulin in participants with 
impaired glucose tolerance. Hypertension 2002; 40: 679-686 
[PMID: 12411462   PMCID:2516377   DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar 

RJ; Alf-One Study Group. Sexual dysfunction in 1, 
274 European men suffering from lower urinary tract 
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and 

safety of  frovatriptan with short- and long-term use for 
treatment of  migraine and in comparison with sumatriptan. 
Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325   
DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. 

HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary 

system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: 
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March 
of  Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu

mours V. Proceedings of  the 5th Germ cell tumours Con
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 
2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's compu

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. 
Genetic programming. EuroGP 2002: Proceedings of  the 
5th European Conference on Genetic Programming; 2002 
Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious 

diseases. Emerg Infect Dis serial online, 1995-01-03, cited 
1996-06-05; 1(1): 24 screens. Available from: URL: http//
www.cdc.gov/ncidod/EID/eid.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., ass

ignee. Flexible endoscopic grasping and cutting device 
and positioning tool assembly. United States patent US 
20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree 
of  freedom as υ (in Greek), sample number as n (in italics), 
and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-5182/
g_info_20100107115140.htm.

Abbreviations
Standard abbreviations should be defined in the abstract 
and on first mention in the text. In general, terms should 
not be abbreviated unless they are used repeatedly and the 
abbreviation is helpful to the reader. Permissible abbreviations 
are listed in Units, Symbols and Abbreviations: A Guide for 
Biological and Medical Editors and Authors (Ed. Baron DN, 
1988) published by The Royal Society of  Medicine, London. 
Certain commonly used abbreviations, such as DNA, RNA, 
HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, CSF, 
IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l 
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies 
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of  WJH. The revised version including manuscript and high-
resolution image figures (if  any) should be copied on a floppy or 
compact disk. The author should send the revised manuscript, 
along with printed high-resolution color or black and white 
photos, copyright transfer letter, and responses to the reviewers 
by courier (such as EMS/DHL).

Editorial Office 
World Journal of Hepatology
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
Telephone: +86-10-59080038
Fax: +86-10-85381893
E-mail: wjh@wjgnet.com
http://www.wjgnet.com

Language evaluation 
The language of  a manuscript will be graded before it is 
sent for revision. (1) Grade A: priority publishing; (2) Grade 
B: minor language polishing; (3) Grade C: a great deal of  
language polishing needed; and (4) Grade D: rejected. Revised 
articles should reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1948-5182/g_info_20100107114726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the 

reviewers’ comments can be found at: http://www.wjgnet.
com/1948-5182/g_info_20100107114601.htm.

Proof of financial support
For paper supported by a foundation, authors should provide 
a copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJH will be initiating a platform to promote dynamic 
interactions between the editors, peer reviewers, readers and 
authors. After a manuscript is published online, links to the 
PDF version of  the submitted manuscript, the peer-reviewers’ 
report and the revised manuscript will be put on-line. Readers 
can make comments on the peer reviewer’s report, authors’ 
responses to peer reviewers, and the revised manuscript. We 
hope that authors will benefit from this feedback and be able 
to revise the manuscript accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a 
science news item to promote their articles. The news will be 
released rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title for news items should be less than 90 characters; 
the summary should be less than 75 words; and main body less 
than 500 words. Science news items should be lawful, ethical, 
and strictly based on your original content with an attractive 
title and interesting pictures.

Publication fee
Authors of  accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and 
LETTERS TO THE EDITOR are published free of  charge.
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