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Abstract
Cirrhotic patients are immunocompromised with a high 
risk of infection. Proinflammatory cytokines and hemo-
dynamic circulation derangement further facilitate the 
development of serious consequences of infections. 
Other than spontaneous bacterial peritonitis, bacte-
remia and bacterial infections of other organ systems 
are frequently observed. Gram-negative enteric bac-
teria are the most common causative organism. Other 
bacterial infections, such as enterococci , Vibrio spp. , 
Aeromonas spp. , Clostridium spp. , Listeria monocyto-
genes , Plesiomonas shigelloides  and Mycobacterium 
tuberculosis  are more prevalent and more virulent. 
Generally, intravenous third generation cephalosporins 
are recommended as empirical antibiotic therapy. In-
creased incidences of gram-positive and drug-resistant 
organisms have been reported, particularly in hospital-
acquired infections and in patients receiving quinolones 
prophylaxis. This review focuses upon epidemiology, 
microbiology, clinical features and treatment of infec-
tions in cirrhosis other than spontaneous bacterial peri-

tonitis,�����������������������������������������������      ����������������������������������������������    including pathogen-specific and liver disease-
specific issues.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Despite the advancement in medical care for patients 
with advanced liver disease in the past decades, bacterial 
infections remain very common and account for signifi-
cant morbidity and mortality (approximately 30%) in 
these patients[1,2]. Cirrhosis is an immunocompromised 
state which predisposes the patient to a variety of  infec-
tions[3]. Once infection occurs, the proinflammatory cyto-
kines and hemodynamic circulation derangement further 
facilitate the development of  serious consequences of  
infections such as septic shock, multiple organ failure 
and death[3]. Bacterial infections are commonly caused 
by gram-negative enteric bacteria; however, a number of  
uncommon pathogens are also more frequently observed 
and more virulent in cirrhotic patients. Moreover, these 
pathogens can present with various clinical syndromes 
which may be difficult to recognize. Appropriate preven-
tive measurements have been shown to reduce the risk of  
overall bacterial infections. Early recognition and prompt 
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management are warranted in order to minimize their 
complications. The outline of  bacterial infection in cir-
rhotic patients is shown in Figure 1. 

EPIDEMIOLOGY
Bacterial infection is responsible for approximately 
30%-50% of  deaths in cirrhotic patients[1,3-5]. Compared to 
a 5%-7% infection rate reported in hospitalized patients 
in general, those hospitalized with cirrhosis have an infec-
tion rate of  32%-34%[6,7] and which may be up to 45% in 
those with gastrointestinal bleeding[8]. The most common 
bacterial infections are spontaneous bacterial peritonitis 
(SBP)�������������������������������������     ����������������  ������������������������������������    ���������������� (25%-31%), urinary tract infection (UTI)������������  �����������(20%-25%), 
pneumonia (15%-21%), bacteremia (12%) and soft tissue 
infection (11%)[7,9]. Approximately 75% of  bacterial infec-
tions in patients with cirrhosis are caused by gram-negative 
bacteria, e.g. Escherichia coli, Klebsiella spp., Enterobacter spp., P. 
aeruginosa, Vibrio spp., Aeromonas spp., whereas gram positive 
comprise 20.2% and anaerobes only 3.2%[10]. However, in 
cirrhotic patients who had been hospitalized, received qui-
nolones prophylaxis and had invasive procedures, the risk 
of  gram-positive organisms is more frequently encountered 
(38%-70%)[7,11,12].� �����������������������������������������      In addition, resistant organisms are iso-
lated in up to 64% of  hospital-acquired infection and are 
associated with poor outcomes[12]. 

PATHOGENESIS AND CONSEQUENCES 
OF INFECTION IN CIRRHOSIS
State of immune dysfunction in cirrhosis
Cirrhotic patients are in a multifactorial state of  local and 
systemic immune dysfunction[3]. Porto-systemic shunting 
allows less bacteria and endotoxins to be cleared by the 
liver from the portal circulation[1]. Systemic reticuloendo-
thelial system function is also significantly impaired[1,3,13]. 
Cirrhosis is associated with a decrease in bactericidal 
activity of  phagocytic cells, an impaired opsonic activity 
and a reduction in complement and protein C levels[1,3,13]. 
In addition, immunodeficiency state can be further com-
plicated by compelling factors such as skin/mucosal 
problems, malnutrition, alcohol intake and immunomod-
ulatory therapy������������   (���������� Table 1���)��. 

Bacterial translocation
Bacterial translocation is defined as the migration of  bac-
teria or bacterial products from the intestinal lumen to 
mesenteric lymph nodes and other extra-intestinal sites. 
It has been implicated as the key step in the pathogenesis 
of  SBP and spontaneous bacteremia in cirrhotic patients. 
The mechanisms of  bacterial translocation are complex 
and not yet completely understood. Immune dysfunction, 
intestinal bacterial overgrowth and altered intestinal per-
meability are hypothesized to contribute to the develop-
ment of  bacterial translocation[14]. Gram-negative enteric 
bacteria, enterococci and other streptococci have been 
reported to be the most adept at translocating to mes-
enteric lymph nodes. More recently, it has been linked to 

the development of  the hyperdynamic circulatory state in 
cirrhosis, characterized by splanchnic and systemic vaso-
dilatation, increased cardiac output and decreased arterial 
blood pressure[1]. An amplification of  bacteria and their 
products can lead to activation of  monocytes, lympho-
cytes and pro-inflammatory cytokines, which exacerbate 
the pre-existing hyperdynamic circulation in cirrhosis[1,14]. 

Systemic inflammatory response syndrome and sepsis 
in cirrhosis
Cirrhotic patients are prone to develop sepsis, septic 
shock, sepsis-induced organ failure and death[3,15]. In cir-
rhosis, bacterial infection is accompanied by an imbal-
anced cytokine response, which converts responses that 
are normally helpful against infections into excessive, det-
rimental inflammation[3,15]. The pathophysiology of  the 
exaggerating inflammatory response in cirrhotic patients 
has been postulated. In the early stage of  sepsis, bacte-
ria and their products, particularly lipopolysaccharides, 
activate toll-like receptor-4, which induces the release of  
pro-inflammatory cytokines[5,15]. Nitric oxide (NO), a key 
mediator contributing to a circulation compromised in 
septic patients, is markedly released in infected cirrhotic 
patients[5,15]. 

A pre-existing hyperdynamic circulatory state predis-
poses devastating consequences from a sepsis-induced 
NO and cytokine storm which eventually leads to refrac-
tory hypotension, inadequate tissue perfusion, multiorgan 
failure and death[1,5,15]. Additional factors, such as relative 
adrenal insufficiency[16], beta-blockers[17], low levels of  
protein C and high-density lipoprotein, may further ad-
versely complicate the course of  sepsis in cirrhosis[3].� 

Clinical consequences and prognosis of infections in 
cirrhosis
Bacterial infection in cirrhotic patients is associated with 
poor clinical outcomes (up to 4-fold mortality)[2]. The 
mortality rate of  sepsis in cirrhotic patients is approxi-
mately 26%����-���44%[2,13].

A recent analytical review of  11� �����������������������   �����������������������  987 cirrhotic patients 
suggested several clinical predictors of  death after infec-
tion, such as advanced liver disease, presence of  shock 
and/or organ failure (particularly kidneys), gastrointesti-
nal bleeding, encephalopathy, hepatocellular carcinoma 
and nosocomial acquisition[2]. Patients who survived a 
significant episode of  infection are still at high risk of  
death (up to 30%) within 1 year[2]. 

Acute renal dysfunction following infections has been 
observed in 27%-34% of  patients with advanced cir-
rhosis[18-20]. Thus, it is a strong independent risk of  death 
in these patients with a 40%-50% mortality rate[2,19,20]. 
Several risk factors for the development of  renal failure 
in cirrhotic patients with bacterial infections include 
advanced liver disease[19-21], pre-existing renal insuffi-
ciency[21], inadequate circulatory volume[19], low baseline 
cardiac output[22�], lack of  resolution of  infection[20�] and 
not receiving early albumin infusion[18]. Renal failure that 
does not respond to albumin infusion in the setting of  
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bacterial infection without septic shock was recently con-
sidered hepatorenal syndrome (HRS)[23]. Sepsis-related 
renal failure and HRS can persistently progress despite 
the resolution of  infection, thus needing further special 
interventions[18]. 

Bacterial infections can precipitate a rapid deteriora-
tion of  liver functions and encephalopathy which is as-
sociated with poor short-term prognosis[1,15]. Pulmonary 
complications are increasingly common in cirrhotic 
patients. Acute respiratory distress syndrome may de-
velop as a result of  exaggerated systemic inflammatory 
response syndrome ���������������������������������������      (��������������������������������������      SIRS����������������������������������      )���������������������������������       in severe sepsis which leads to 
higher mortality[24]. Aspiration is common in encephalo-
pathic patients. Prognosis of  cirrhotic patients who were 
intubated were dismal, with a 33%-60% mortality rate[25]. 

The effects of  sepsis on coagulation cascades are 
more complex in cirrhosis. Patients with advanced cirrho-
sis are associated with thrombocytopenia and low clotting 
factors (e.g. factor Ⅴ, Ⅶ, Ⅹ and prothrombin). The con-
sumption of  coagulation factors and the enhanced fibri-
nolytic activity by sepsis-induced inflammatory cytokines 
leads to a further worsening of  pre-existing coagulation 
and platelet abnormalities[5,15,26]. Presence of  bacterial in-
fection in patients with variceal bleeding is independently 
associated with failure to control and early recurrent 
bleeding[27]. Antibiotic prophylaxis in cirrhotic patients 
with variceal hemorrhage decreases infections, rebleeding 
and mortality[28]� (����������� Figure 2���)��. 

ORGAN-SPECIFIC INFECTIONS 
Urinary tract infection
UTI is the second most common bacterial infection in 
cirrhosis after SBP[7]. In cirrhotic patients, the prevalence 
of  bacterinuria is 16%-18%, which is twice as frequent 
as matched controls[29,30] and which may be attributed to 
increased bladder post-void residual volume in cirrhotic 
patients[31]. Notably, bacterinuria is not consistently as-
sociated with an increased risk of  sepsis[29]. Several pre-
disposing factors for UTI have been suggested, includ-

ing advanced liver disease, urinary catheter and female 
sex[13,29,30]. As in non-cirrhotic individuals, the common 
pathogens are gram-negative bacilli and coagulase-nega-
tive staphylococcus[29,30]. Treatment with cephalosporins 
or quinolones is generally effective. Notably, a high prev-
alence of  resistant bacteria has recently been reported, 
not only in hospital-acquired���������������������������     (�������������������������   69%����������������������   )���������������������   , but also community-
acquired UTI (22%)[32]. 

Pneumonia
Pulmonary infections are common in cirrhotic patients. 
The causative organisms of  community-acquired pneu-
monia appear to be the same as in general adults[33]. 
Compared to non-cirrhotic, cirrhotic patients with com-
munity-acquired pneumonia are more frequently associ-
ated with bacteremia, multi-lobar involvement, impaired 
consciousness, renal failure, septic shock and death 
(overall mortality 7.4% vs 14.4%, P <� ������ ������0.024)[34]. Excessive 
alcohol intake can further impair pulmonary host defense 
and increase the risk of  oropharyngeal aspiration[35]. 
Careful monitoring and empirical treatment with intra-
venous beta-lactams plus macrolides or intravenous anti-
pneumococcal quinolones is recommended[33]. The risk 
of  hospital-acquired pneumonia is increased in cirrhosis, 
particularly in the setting of  gastrointestinal hemorrhage, 
tracheal intubation and encephalopathy. Thus, it is associ-
ated with resistant organisms and dreadful outcomes[7,12]. 
Empirical antibiotics for cirrhotic patients with hospital-
acquired pneumonia should include intravenous anti-
pseudomonal cephalosporins, carbapenams or piperacil-
lin-tazobactam, plus ciprofloxacin or levofloxacin, and 
vancomycin or linezolid[36]. 

Bacteremia
Bacteremia without particular organ-specific source is 
increasingly common in cirrhosis and can be arbitrarily 
divided into 2 entities�� ���������������������������������    :����������������������������������      (1) primary or spontaneous bacte-
remia���������������������������������������������������       ;��������������������������������������������������        and (2) secondary bacteremia. True primary bacte-
remia shares the same initial step of  pathogenesis as SBP, 
whereby bacteria flora in the gut lumen translocate into 

Table 1  Immune dysfunction in cirrhotic patients

Natural barriers Fragile, thin and/or edematous skin
Alteration of gastrointestinal motility, mucosal permeability and bacterial flora
↑ Gastrointestinal mucosal ulcerations

Hepatic RES activity Portosystemic shunting
Kupffer cells – ↓ number, impaired function 

Cellular defense mechanisms RES – ↓ activation, ↓ chemotaxis, ↓ phagocytosis, ↓ production of pro-inflammatory cytokines
PMN – ↓ lifespan, ↓ intracellular killing activity, ↓ phagocytosis, ↓ chemotaxis

Serum factors ↓ Complement levels (C3, C4, CH50)
↓ Opsonic activity
↓ Protein C activity

Iatrogenic and treatment-related factors Invasive procedure and catheters
Medications: immunosuppressive agents, proton pump inhibitors 

Other compelling factors Malnutrition
Alcohol drinking 

RES: Reticuloendothelial system; PMN: Polymorphonuclear neutrophil. 
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the bloodstream. It is generally encountered in the setting 
of  advanced cirrhosis and is often caused by gram-nega-
tive enteric bacilli, enterococci and Streptococcus spp.[7,11]. 

Secondary bacteremia, in which pathogens come 
from an exogenous source, can be observed either in 
community-acquired settings, such as gastrointestinal 
bleeding, wound exposure and food-borne, or in health-
care-associated settings, such as transarterial chemo-
embolization[37], transjugular intrahepatic portosystemic 
shunt[38], therapeutic endoscopy[39] and intravenous cath-
eters[7]. The causative organisms are largely dependent 
on the origin of  bacteremia. Bacteremia and/or SBP 
occur in 17%-45% of  patients following an episode of  
gastrointestinal bleeding[8�] and, like those patients with 
primary bacteremia, the causative organisms are typically 
gram-negative enteric bacteria. Bacteremia associated 
with invasive procedures is commonly caused by S. aureus 
and S. epidermidis[7,11�]. Notably, methicillin-resistant S. au-
reus (MRSA) was reported in up to 35% of  nosocomial 
bacteremia in cirrhotic patients[11]. Although relatively 
uncommon, several case reports and case series have re-
ported cases of  severe community-acquired bacteremia 
in cirrhotic patients caused by Vibrio spp. and Aeromonas 
spp. without obviously localized infection[40-45]. Previous 
exposure to flood or seawater, or prior consumption 
of  uncooked seafood may be a clue for diagnosis[40-45]. 
Intravenous third-generation cephalosporins and/or 
fluoroquinolones are commonly used as an empirical 
therapy for community-acquired bacteremia without 
other risk for specific or resistant pathogens. The use of  
antipseudomonal and glycopeptide antibiotics should be 
considered for hospital-acquired infection depending on 
the local pattern of  resistant bacteria.

Spontaneous bacterial empyema 
Spontaneous bacterial empyema (SBEM)��������������    �������������  is the infec-
tion of  a pre-existing hydrothorax in which pneumonia 
has been excluded. It has been reported to be present 

in 10%-20% of  hospitalized patients with hepatic hy-
drothorax[46-48�]. The pathogenesis of  SBEM, SBP and 
spontaneous bacteremia are closely interconnected; thus, 
they share the same types of  common pathogens. SBEM 
can occur either with SBP, through transdiaphragmatic 
spread, or without SBP, through hematogenous spread 
(53% associated with SBP, 30% had no clinical ascites 
and 17% had non-infected ascites)[49]. Therefore, tho-
racocentesis should be performed when an infection is 
suspected in cirrhotic patients with ascites and hydrotho-
rax, particularly in those with non-infected ascites. Risk 
factors for developing SBEM are the presence of  SBP, 
low pleural fluid protein and complement levels, and ad-
vanced liver disease[47,50]. 

The criteria for diagnosis are: (1) pleural fluid poly-
morphonuclear neutrophil (PMN) ≥ 250 cell/mm3 with 
a positive culture or ≥ ������������ 500 cells/mm3 with a negative cul-
ture; and (2) exclusion of  parapneumonic infection[46,49]. 
Notably, culture of  pleural fluid should be performed by 
inoculating 10 mL of  pleural fluid into a blood culture 
bottle at bedside, which is the same as the standard rec-
ommendation for SBP[49,51]. Analysis of  pleural fluid by 
reagent strip for leukocyte esterase might be a rapid and 
easy-to-use tool for the detection of  SBEM[52]. Hospital 
mortality has been reported as 20%-40% in cirrhotic pa-
tients with SBEM[46-48]. Treatment with intravenous third-
generation cephalosporin should be initiated immediately 
when pleural fluid PMN ≥ 250 cell/mm3 while awaiting 
culture result. In cases with slow clinical recovery, a re-
peat thoracocentesis is suggested to document the treat-
ment response. Chest tube drainage can be harmful in 
cirrhotic patients with hepatic hydrothorax and should 
not be used in the treatment of  SBEM[49]. 

Skin and soft tissue infection
Several reasons can contribute to an increased risk of  
skin and soft tissue infection (SSTI) in cirrhotic patients, 
such as fragile, thin and edematous skin, poor hygiene 

Spontaneous infection 
with normal gut flora
Spontaneous bacteremia
SBP
SBEM

Increased susceptibility and
morbidity to common bacterial
infections
Urinary tract infection
Community-acquired pneumonia
Skin and soft tissue infection
Infectious endocarditis
Bacterial meningitis
Hospital-acquired infection
Enterococcal infection
Clostridium difficle
Mycobacterium tuberculosis
Ascending cholangitis (in PSC)

Infections of uncommon
(opportunistic) bacterial
pathogens
Vibrio vulnificus
Vibrio parahemolyticus
Vibio cholera non-o1
Aeromonas hydrophila
Aeromonas sorbia
Listeria monocytogenes
Yersina spp.
Plesiomonas spp.

Figure 1�� ���� �������� ��� ����������� ������������  ���������� ����������  ���� �������� ��� ����������� ������������  ���������� ����������The outline of bacterial infection in cirrhotic patients��.� SBP: Spontaneous bacterial peritonitis; SBEM: Spontaneous bacterial empyema; PSC: Primary 
sclerosing cholangitis.
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standards, malnutrition, frequent hospitalization and in-
vasive procedures. Antibiotic therapy is generally effective 
for mild cellulitis; however, it is associated with a con-
siderable recurrence rate of  21%[53]. Attention must be 
paid to severe cellulitis and necrotizing fasciitis that are 
increasingly reported and often carry a high mortality rate 
in cirrhotic patients, ranging from 6%-76% depending on 
the pathogens, extension of  disease, presence of  hemor-
rhagic bullae, severity of  cirrhosis and management[54-56]. 

The common causative organisms are gram-positive 
cocci (S. aureus, beta-hemolytic streptococci) and gram-
negative enteric bacteria (occasionally polymicrobial)[54]. 
Remarkably, the incidence of  gram-negative pathogens, 
such as E. coli, Klebsiella spp., P. aeruginosa, Aeromonas 
spp., Vibrio spp., has evidently increased in cirrhotic pa-
tients[42-45,55-57]. Unlike the general population, necrotizing 
fasciitis in cirrhotic patients sometimes develops without 
an obvious portal of  entry in the extremities, thereby 
suggesting a potential alternative pathway of  bacterial 
translocation and bacteremia leading to SSTI[55,56]. In ad-
dition, approximately two thirds of  cirrhotic patients with 
necrotizing fasciitis caused by gram-negative pathogens 
had concurrent bacteremia and/or initially presented with 
septic shock[55]. The presence of  severe pain and/or SIRS 
out of  proportion to the local wound appearance raises 
the possibility of  necrotizing fasciitis. Careful evalua-

tion with a high index of  suspicion is mandatory since 
an early surgical intervention has been shown to reduce 
morbidity and mortality in necrotizing fasciitis[54-56,58]. 

There is no specific guideline for the empirical anti-
biotic therapy for severe SSTI in cirrhosis. Given a high 
morbidity/mortality and wide-range of  possible patho-
gens in cirrhotic individuals, gram-stained smears from 
pus and/or infected tissue should be immediately ob-
tained and broad-spectrum antibiotics should be prompt 
utilized, such as third or fourth generation cephalospo-
rins, amoxicillin-clavulanate, piperacillin-tazobactam and 
carbapenams. Combination therapy with fluoroquino-
lones or cloxacillin may be considered if  a gram-negative 
or gram-positive pathogen is highly suspicious, respec-
tively. Empirical treatment is effective in approximately 
80% of  community-acquired SSTI. Importantly, it is ef-
fective in only half  of  cirrhotic patients with nosocomial 
SSTI, which is largely due to a higher incidence of  MRSA 
and P. aeruginosa[32]. 

Endocarditis
Infectious endocarditis (IE) classically occurs in patients 
with underlying valvular heart disease and prosthetic 
valves. Interestingly, a recent review of  316 IE cases 
found that approximately 10% of  patients had underly-
ing liver cirrhosis[59]. IE in cirrhotic patients was often 
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intestianl permeability
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Figure 2  Proposed pathogenesis and consequences of bacterial infections in cirrhotic patients��. GI: Gastroenterology; RES: Reticuloendothelial system; 
ARDS: Acute respiratory distress syndrome; DIC: Disseminated intravascular coagulation.
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observed in those patients who were hospitalized and/or 
had invasive procedures[7,59]. The common causative 
organisms are gram-positive such as Streptococci (S. 
pyogenes, S. agalactiae, S. viridans), S. aureus, S epidemidis and 
enterococci[59,60]. A minimum of  4-6 wk of  antibiotic 
therapy is recommended. Caution should be taken since 
the majority of  IE cases in cirrhosis are health-care as-
sociated and therefore the incidence of  drug-resistant 
pathogens is considerably increased[59,60]. The mortality 
rate of  cirrhotic patients with IE is high (27%-51%) de-
spite treatment, especially in those patients with advanced 
cirrhosis and staphylococcal infection[59,60]. 

Meningitis
The incidence of  community-acquired bacterial meningitis 
in the general population is estimated around 5/100�����  ����000 
adults per year; the majority of  these caused by S. pneu-
moniae and N. meningitides[61]. Several reports suggested 
that the incidence and the virulence of  bacterial men-
ingitis are substantially increased (up to 10-fold) in cir-
rhotic patients; thus, mortality rate in these patients is ap-
proximately 50%-63% and even higher in older patients 
and those with alcohol-related cirrhosis[62-65]. Cirrhotic 
patients, compared to non-cirrhotic patients, had a longer 
duration of  symptoms before the time of  diagnosis (>� �� ��4 
d: 32% vs 16%, respectively), less obvious physical signs 
(nuchal rigidity: 75% vs 92%, respectively); greater inci-
dence of  relapse (18% vs 1%, respectively), and increasing 
incidence of  E.�����  ����coli and L. monocytogenes[62,64�].� 

In the clinical setting of  fever with headache and/or 
alteration of  conscious in cirrhotic patients, the possibil-
ity of  a central nervous system infection should not be 
overlooked. Neurological examinations are sometimes 
limited and ambiguous, particularly in the presence of  
concurrent hepatic encephalopathy. Prompt empirical 
central nervous system-dosed antibiotics and an appro-
priate diagnostic approach are key to decrease morbidity 
and mortality in patients with bacterial meningitis[66]. A 
combination of  vancomycin, third generation cepha-
losporins and ampicillin is recommended for empirical 
therapy in cirrhotic patients with bacterial meningitis[66]. 

PATHOGENS AND THEIR CLINICAL 
FEATURES
Vibrio spp.
V. vulnificus is a gram-negative, motile, marine bacterium 
that is endemic in warm coastal water[42]. Exposure to this 
organism usually occurs through the ingestion of  seafood 
(e.g. shellfish, raw oyster) or inoculation via traumatic 
injury in marine environments. V. vulnificus infection gen-
erally occurs in patients who are elderly or those who are 
compromised with comorbidities, especially cirrhosis[42,57]. 
It typically manifests as three clinical features�� ������� ���:��������  ��� (1) SSTI: 
direct inoculation of  organism causing wound infection 
or cellulitis, which generally occurs within 24-48 h after 
exposure. The lesions are typically painful and associated 

with rapid evolution to the hemorrhagic bullae and then 
to necrotic ulcers, necrotizing fasciitis and secondary 
bacteremia; (2) primary sepsis; and (3) gastrointestinal 
illnesses characterized by abdominal pain, diarrhea, and 
vomiting[42,67]. The virulence of  V. vulnificus is linked to 
the availability of  iron and its secreting toxin.

Infections from other marine Vibrios also increasingly 
occur and are associated with poor outcomes in cirrhotic 
patients[10,58,67-69]. V. cholera non-o1 infection occurs in 
endemic areas, such as the United States, Mexico, East 
and Southeast Asia[10,58,67-69]. The route of  acquisition and 
clinical features can mimic V. vulnificus infection. V. para-
hemolyticus generally causes watery diarrhea, abdominal 
pain and vomiting. 

An early recognition, aggressive treatment of  shock 
and surgical management of  SSTI is crucial. Most iso-
lated marine Vibrios are susceptible to third generation 
cephalosporins, tetracyclines and fluoroquinolones. The 
combination of  cefotaxime and minocycline or fluoro-
quinolones has been shown to have a synergistic effect 
against marine Vibrios[10,67,69]. 

Aeromonas spp.
Aeromonas spp. is a gram-negative, facultative anaerobic 
bacteria that is ubiquitous in fresh and brackish water. 
Infections are more frequently encountered in immuno-
compromised patients, particularly cirrhosis and malig-
nancy[44,45,67,70-72]. A. hydrophila and A. veronii biovar sobria 
are the most often isolated species from symptomatic 
patients. Aeromonas bacteremia in cirrhotic patients 
tends to be monomicrobial, whereas polymicrobial bac-
teremia (frequently combined with E. coli or Klebsiella spp.) 
is commonly seen in patients with malignancy[44,72]. Drug 
of  choice for empirical treatment is either intravenous 
carbapenams or a combination of  intravenous third gen-
eration cephalosporins and aminoglycosides or fluoroqui-
nolones.

Mycobacterial tuberculosis
The incidence and virulence of  tuberculosis (TB)�����  ����are 
increased in cirrhotic patients. Extrapulmonary involve-
ment is more frequently observed (11%-31%)[73,74]. TB 
peritonitis possibly mimics SBP. TB peritonitis occurs in 
less advanced cirrhosis and its ascites has a lower white 
blood cell count, higher proportion of  mononuclear 
cells, higher levels of  protein and adenosine deaminase 
(ADA)[75]. More than 50% of  TB peritonitis cases in the 
United States had underlying cirrhosis, especially alcohol-
related[76]. Though ADA level is generally helpful in the 
detection of  TB peritonitis, the presence of  cirrhosis may 
reduce its sensitivity to 30%[76-78]. Laparoscopic biopsy 
sometimes is required for definitive diagnosis by revealing 
multiple whitish nodules scattered over the peritoneum, 
lymphocytic inflammation with granulomas and/or acid-
fast organisms on the histopathological examination[77,79]. 
Patients with TB and cirrhosis often respond well to anti-
TB treatment but are associated with more treatment-
related hepatotoxicity incidence[73,77]. 
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Clostridium difficile
C. difficile infection has recently been recognized as a 
significant problem in hospitalized cirrhotic patients. US 
database of  over 80�������������������������������������      ������������������������������������    000 patients analysis suggested that C. 
difficile-associated diarrhea (CDAD) is an independent risk 
of  death in hospitalized cirrhotic patients (OR 1.55, 95%� 
CI�� ����������:�����������  1.29-1.85)[80]. It is also associated with an increase in 
the length of  hospital stay and hospital cost in these pa-
tients. There was no correlation between severity of  cir-
rhosis and the development of  CDAD[80]� (Table 2). 

LIVER DISEASE-SPECIFIC ISSUES
Hemochromatosis
The association of  hemochromatosis and certain patho-

gens has been well described. Several mechanisms have 
been proposed to explain this association. Iron excess in-
duces oxidative stress which results in organ damage and 
impairment of  immune function[81]. Hepcidin, a central 
iron-regulatory hormone, has recently been recognized 
for an immunomodulatory and broad antimicrobial prop-
erty[82,83]. Inadequate expression and functional impair-
ment of  hepcidin in patients with hemochromatosis may 
connect to the increased susceptibility for infections[82,83]. 
Hemochromatosis is associated with a decrease in pro-
liferation, migration, phagocytic activity and cytokines 
secreting ability of  the immune cells, thereby, principally 
impairing cell-mediated immune response[81]. 

Aside from impaired host defense, the growth and 
virulence of  various organisms are enhanced by a high 

Table 2  Individual pathogens and their clinical manifestations in cirrhotic patients

Pathogens Common clinical features Key points

E.coli, Klebsiella spp. Enterobacter spp. and 
other gram-negative enteric bacteria[6,7,9,12,13]

SBP, bacteremia, UTI, biliary tract 
infection, meningitis

↑ Incidence of resistant organisms in hospital-acquired 
infection and in patients taking prophylactic quinolones 

Plesiomonas shigelloides [10,81,99] Septicemia, diarrhea, SBP, 
meningitis, SSTI

↑ Incidence in hemochromatosis 
Risk factors: contaminated food and water

Vibrio spp. 
(V. vulnificus, non-o1 V. cholera, 
V. parahemolyticus)[10,42,43,57,81]

SSTI, bacteremia, gastroenteritis ↑ Incidence in cirrhosis, particularly hemochromatosis 
↑ Virulence; mortality 50%-60% in bacteremic form and 
about 24% for SSTI
Risk factors: contaminated food and seawater 

Aeromonas spp. (A. hydrophilla, 
A. sobria)[44,45,67,70-72]

Bacteremia, biliary tract infection, 
gastroenteritis, SBP, SSTI

↑ Incidence
↑ Virulence; mortality 20%-60% 
Risk factors: contaminated food and water 

Yersinia spp. (Y. enterocolitica, 
Y. pseodotuberculosis)[10,81]

Bacteremia, SBP, hepatosplenic 
abscesses 

↑ Incidence in hemochromatosis
↑ Virulence; mortality about 50% in bacteremic form

Campylobacter spp. (C. jejuni, C. fetus)[10,100] Bacteremia, SBP ↑ Incidence
Mortality about 10% in bacteremic form 

Pateurella multocida[13, 101,102] SSTI, bacteremia, arthritis,
 meningitis

↑ Incidence
Mortality about 10% in bacteremic form
Risk factors: cat and dog bites or scratches

Staphylocccus aureus[7,11,13] Bacteremia, SSTI, endocarditis ↑ Incidence, particularly in those who are hospitalized 
and/or had invasive procedure
↑ Incidence of MRSA carriage and infection

Streptococcus pneumonia[94,95] Bacteremia, pneumonia, SBP, SSTI, 
meningitis

↑ Incidence of invasive pneumococcal disease 
↑ Virulence
Vaccination is recommended 

Streptococcus group B[103,104] Bacteremia, SBP,  SSTI, pneumonia ↑ Incidence
Mortality 10%-25%

Clostridium difficile[80] Antibiotic-associated diarrhea and 
colitis

↑ Incidence
↑ Virulence; mortality 14%
Risk factors: hospitalization, antibiotics, 
proton pump inhibitors

Clostridium spp. (C. perfringens, 
C. bifermentans, C. septicum)[13,105] 

Bacteremia, SSTI, peritonitis ↑ Incidence 
↑ Virulence; mortality 54%-65%

Enterococcus spp (E. faecium, E. faecalis, 
E. galinarum)[7,11,59,106-109]

SBP, bacteremia, UTI, endocarditis, 
biliary tract infection 

↑ Incidence, particularly in hospital-acquired infection and 
in patients taking prophylactic quinolones
↑ Virulence; mortality rate up to one third in bacteremic 
form and up to 60% in enterococcal peritonitis 
Pre-transplant VRE colonization (13%-15% from 
surveillance) is associated with increased morbidity and 
mortality following liver transplant

Listeria monocytogenes[10,64,81] Bacteremia, meningitis, SBP ↑ Incidence in cirrhosis, particularly hemochromatosis
Mycobacterium tuberculosis (TB)[73,74,77] Pulmonary TB, extra-pulmonary TB 

(e.g. peritonitis, disseminated TB)
↑ Incidence
↑ Virulence; mortality 22%-48%
↑ Extra-pulmonary forms 
↑ Risk for multi-drug resistance TB
↑ Risk for anti-TB hepatotoxicity

SBP: Spontaneous bacterial peritonitis; UTI: Urinary tract infection; SSTI: Skin and soft tissue infection; TB: Tuberculosis.
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iron environment[81]. Interestingly, chelation therapy with 
desferoxamine in patients with hemochromatosis sec-
ondary to long-term transfusion may further stimulate 
the growth of  particular bacteria, such as V. vulnificus, 
Y. enterocolitica, K. pneumonia and S. aureus, which can use 
it for efficient iron uptake via specific receptors[84,85]. On 
the other hand, newer iron chelators (deferasirox and de-
feriprone) do not act as siderophores and therefore may 
depress the growth of  iron-dependent organisms[84,85]. 

A number of  pathogens have been reported to be of  
increased susceptibility in patients with hemochromato-
sis, such as E. coli, Vibrio spp. (V. vulnificus, V. cholerae), L. 
monocytogenes, Yersenia spp. (Y. pseudotuberculosis, Y. enteroco-
litica), Plesiomonas shigelloides, Mycobacterium tuberculosis, cyto-
megalovirus and fungi (A. fumigatus, Mucor spp.)[81,86]. 

Primary sclerosing cholangitis
Patients with primary sclerosing cholangitis (PSC)�����  ����are 
susceptible to repeated episodes of  bacterial cholangitis, 
especially after biliary tract manipulation[87,88]. The inci-
dence of  cholangitis following endoscopic retrograde 
cholangiopancreatography (ERCP) is higher in PSC pa-
tients (4%-16%) compared to non-PSC patients, particu-
larly in those who had therapeutic ERCP procedures[89]. 
If  cholangitis occurs without biliary intervention, the 
presence of  stones, dominant strictures or cholangiocar-
cinoma should be considered. Most common causative 
organisms are gram-negative enteric bacteria and entero-
cocci[90]. Recurrent bacterial cholangitis may benefit from 
long term antibiotic prophylaxis[87]. 

PREVENTIVE MEASUREMENTS
All cirrhotic patients should be aware of  the risk of  in-
fections and contact their physicians instantly when they 
are febrile or ill. Raw/uncooked foods, close contact to 
at-risk animals or sick people and wound exposure to 
flood or seawater should be avoided, particularly in those 
with advanced liver disease.

Prophylactic antibiotics should be utilized in cirrhotic 
patients at high risk of  developing infection, including 
gastrointestinal bleeding and those undergoing invasive 
endoscopic or surgical procedures[28,39�]. Long-term pro-
phylaxis for patients with a history of  SBP and those 
who have low ascitic fluid protein (<� �������� ����������   ������������������   1.5 gm/dL) is rec-
ommended[51]. On the other hand, overuse of  antibiotic 
prophylaxis can lead to the development of  resistant 
organisms and CDAD[7,80]. The rate of  culture-positive 
infection caused by quinolone-resistant gram-negative 
bacilli was very high (65%) in patients on long-term nor-
floxacin prophylaxis[7]. Notably, prophylactic antibiotics 
are not recommended for routine endoscopy, elective 
variceal band ligation and abdominal paracentesis[39,51,91]. 

Immunization against hepatitis A and B viruses, in-
fluenza and pneumococcus are recommended in patients 
with cirrhosis[92,93]. Both cellular and humoral immune 
responses are suppressed in cirrhotic patients which may 
be associated with suboptimal early post-vaccination re-

sponse and loss of  long-term immunogenicity[92]. There-
fore, a booster dose early during the follow-up is suggest-
ed in order to improve the immune response[92]. Cirrhotic 
patients are able to receive both inactivated and live vac-
cines according to the current guidelines[92,93]. S. pneumoni-
ae infections are common, more severe and frequently 
associated with poor outcome in cirrhotic patients[94,95]. 
Anti-pneumococcal vaccination is recommended with 
booster injections every 5 years[92]. Incidence of  seasonal 
flu is not evidently increased in cirrhotic patients; how-
ever, influenza infection may precipitate hepatic decom-
pensation[92,96]. Influenza vaccine is well-tolerated and 
clinically effective in cirrhotic patients despite a slightly 
reduced immunogenicity[97,98]. 
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Abstract
AIM: To determine global DNA methylation in paired 
hepatocellular carcinoma (HCC) samples using several 
different assays and explore the correlations between 
hypomethylation and clinical parameters and biomark-
ers, including that of aflatoxin B1 exposure. 

METHODS: Using the radio labeled methyl acceptance 
assay as a measure of global hypomethylation, as well 
as two repetitive elements, including satellite 2 (Sat2) 
by MethyLight and long interspersed nucleotide ele-
ments (LINE1), by pyrosequencing.

RESULTS: By all three assays, mean methylation levels 
in tumor tissues were significantly lower than that in 

adjacent tissues. Methyl acceptance assay log�������  ������(mean� 
±� ������������������� ����������������   �������  ����� ���� ������������������� ����������������   �������  ����� ����SD) disintegrations/min/ng DNA are 70.0���  ����� ���� �� ����� ����±� ����� ���� ����� ����54.8 and 
32.4����  �������������������  ��� ������������������� ±� ��������������������  �������������������� 15.6, respectively, P  �� ������� ���������������� =� ������� ����������������  ������� ���������������� 0.040; percent methyla-
tion of Sat2 42.2���  �����������  ���� ����������������������   �� �����������  ���� ����������������������  ±� �����������  ���� ����������������������   �����������  ���� ����������������������  55.1 and 117.9�����������������������    ����������������������  ±� ��������������������  �������������������� 88.8, respectively, 
P <� �������������������������������������     ��������  ���� �������������������������������������     ��������  ����0.0001 and percent methylation LINE1 48.6����  ���� ��� ����±� ����� �����14.8 
and 71.7�����  �����������������  ���� ����������������� ±� �������������������  ������������������� 1.4, respectively, P  <� �������� �����������  �������� ����������� 0.0001. Aflatoxin B1-
albumin (AFB1-Alb) adducts, a measure of exposure to 
this dietary carcinogen, were inversely correlated with 
LINE1 methylation (r  �� �������= -0.36, P  �� �������=� ������� �������0.034).

CONCLUSION: Consistent hypomethylation in tumor 
compared to adjacent tissue was found by the three dif-
ferent methods. AFB1 exposure is associated with DNA 
global hypomethylation, suggesting that chemical car-
cinogens may influence epigenetic changes in humans. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common cancers in the world and a leading cause 
of  death worldwide, especially in Saharan Africa and 
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southern Asia, including Taiwan, Thailand, Hong Kong 
and southern China[����1,2�]; it is also increasing in Western, 
developed countries such as the United States[��3�]. HCC 
incidence is associated with various risk factors, includ�
ing chronic hepatitis B virus (HBV) and hepatitis C virus 
(HCV) infections, alcohol consumption and several envi�
ronmental factors, especially aflatoxin B1 (AFB1), a dietary 
mold contaminant, and polycyclic aromatic hydrocarbons 
(PAHs), ubiquitous environmental contaminants[����4-6�].

As with other cancers, the development of  HCC is 
a complex, multistep process, involving multiple genetic 
aberrations in the molecular control of  hepatocyte pro�
liferation, differentiation and death and the maintenance 
of  genomic integrity. This process is influenced by the 
cumulative activation and inactivation of  oncogenes, 
tumor suppressor genes and other genes[����7,8�]. Epigenetic 
alterations are also involved in cancer development and 
progression[�����9,10�]. Human tumors often display changes 
in DNA methylation, including both gene-specific pro�
moter hypermethylation and genome-wide hypometh�
ylation[������11,12�]. Frequent promoter hypermethylation and 
subsequent loss of  protein expression of  tumor sup�
pressor genes has been demonstrated in HCC[���13�]. Global 
hypomethylation, in both noncoding repetitive sequences 
and in genes, contributes to carcinogenesis by causing 
chromosome instability, reactivation of  transposable ele�
ments, loss of  imprinting and increased gene expression, 
and has been detected in different human cancer tissues, 
including HCC[���14�].

Hypomethylation of  the genome mainly affects the 
intergenic and intronic regions of  DNA, particularly 
repeat sequences and transposable elements[���15�]. Repeti�
tive elements, which consist of  interspersed and tandem 
repeats, comprise about 45% of  the human genome[������16,17�]. 
More than 90% of  all 5-methylcytosine (5mC) lies within 
the transposons, including short interspersed nucleo�
tide elements and long interspersed nucleotide elements 
(LINEs), which are comparatively rich in CpG dinucleo�
tides[���14�]. Satellite 2 (Sat2) DNA sequences are located as 
tandem repeats in the pericentromeric and juxtacentro�
meric heterochromatin of  several chromosomes[���18�]. Loss 
of  DNA methylation in these sequences is believed to 
mainly account for global hypomethylation[���19�]. Analysis of  
methylation levels of  Sat2 and LINE1 are frequently used 
as a measure of  global methylation since levels measured 
using the MethyLight assay were significantly associated 
with methylation, as measured by high-performance liq�
uid chromatography quantitation of  5mC[���20�]. 

The methyl group acceptance assay also can be used 
to determine global DNA methylation levels. It is based 
on the ability of  isolated DNA to “accept” radio labeled 
methyl groups from S-[3H-methyl] adenosylmethionine, 
using the bacterial CpG methyltransferase SssI. As this en�
zyme methylates all unmethylated CpG dinucleotides in the 
genome, radio labeled methyl group acceptance is inversely 
proportional to the level of  preexisting methylation[���21�].

In the current study, global DNA methylation status 
in paired HCC and their adjacent non-tumor tissues was 

measured using the methyl acceptance assay, analysis of  
Sat2 by MethyLight and LINE1 by pyrosequencing. Data 
were correlated to both clinical data and other available 
biomarker data on exposure to AFB1 and gene-specific 
promoter methylation��.� 

MATERIALS AND METHODS
Patient population and data on clinical parameters
The study samples consisted of  frozen dissected tumor 
and adjacent tissues from HCC patients, collected in the 
Department of  Surgery, National Taiwan University Hos�
pital. Informed consent was obtained from patients and 
the study was approved by the appropriate institutional 
review committees. Data on demographics and clinico�
pathological characteristics obtained from hospital charts, 
and HBV and HCV status, determined by immunoassay, 
were published previously[���22�]. Plasma collected at the time 
of  surgery had been previously analyzed for the albumin 
adducts of  AFB1. In addition, methylation of  p16Ink4A and 
HINT1 were previously determined in the tumor tissues 
by methylation specific PCR[������22-23�].

DNA extraction
DNA was isolated from frozen tissue samples, as previ�
ously described[���24�]. Briefly, tissue was placed in liquid ni�
trogen and pulverized with a blender. The tissue powder 
was lysed with a DNA lysing buffer (10 mmol/L Tris, 
10 mmol/L NaCl, 0.1% sodium dodecyl sulfate at pH 
7.9 and 200 μg/mL proteinase K). DNA was isolated 
by RNase treatment, phenol/chloroform extraction and 
ethanol precipitation. The laboratory investigator who 
performed the assays was blinded to epidemiological 
data.

Sat2 MethyLight assay
After sodium bisulfite conversion (EZ DNA methylation 
kit, Zymo Research, Orange, CA), genomic DNA was 
amplified using the previously reported Sat2 M1 and Alu 
C4 (control for DNA input) primers and probes[���20�]. Bi�
sulfite-converted, CpGenome universal methylated DNA 
(Chemical International, Temecula, CA) served as the 
methylated reference. A pooled sample of  DNA from 5 
controls was used as a quality control and analyzed with 
each batch of  test samples. All samples were analyzed 
in duplicate on an ABI Prism 7900 Sequence Detection 
System (Perkin-Elmer, Foster City, CA). Intra- and inter-
assay coefficients of  variation (CVs) were 1.2 and 1.9, 
respectively. The data are expressed as a percentage of  
methylated reference (PMR) values. 

PMR = 100% * 2 exp - {Delta Ct (target gene in 
sample - control gene in sample) - Delta Ct (target gene 
in fully methylated reference sample - control gene in ref�
erence sample)}.

LINE1 amplification and pyrosequencing
The assay for LINE1 was carried out essentially as de�
scribed previously, using reported primer and sequencing 
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probe sequences as well as PCR conditions[���25�]. We used 
non-CpG cytosine residues as internal controls to verify 
efficient sodium bisulfate DNA conversion and controls 
were as in the MethyLight assay. Pyrosequencing was con�
ducted using a PyroMark Q24 instrument (Qiagen), with 
subsequent quantitation of  methylation levels determined 
with the PyroMark Q24 1.010 software. Relative peak 
height differences were used to calculate the percentage 
of  methylated cytosines at each given site. Percent meth�
ylation within a sample was subsequently determined by 
averaging across all three interrogated CpG sites in the 
analysis. The inter-assay CV was 1.1. 

[3H]-Methyl acceptance assay
The [3H]-methyl acceptance assay was carried out as de�
scribed by Balaghi and Wagner[����26��]� and Pilsner et al[���27�]. The 
DNA was incubated with [3H]S-adenosylmethionine in 
the presence of  the SssI prokaryotic methylase enzyme. 
Briefly, 200 ng of  DNA was incubated with 3 U of  SssI 
methylase (New England Biolabs); 3.8 μmol/L (1.1 μCi) 
[3H]-labeled S-adenosylmethionine (Perklin-Elmer); and 
EDTA, DTT, and Tris-HCL (pH 8.2) in a 30 μL mixture 
and incubated for 1 h at 37� ℃. The reaction was termi�
nated on ice and 15 μL of  the reaction mixture applied 
onto Whatman DE81 filter paper. The filter was washed 
on a vacuum filtration apparatus three times with 5� ��� ���mL 
of  0.5 mol/L sodium phosphate buffer (pH 8.0), fol�
lowed by 2 mL each of  70% and 100% ethanol. Dried 
filters were each placed in a vial with 5 mL of  scintilla�
tion fluid (Scintisafe, Thermo Fisher, Waltham, MA) and 
analyzed by a Packard scintillation counter to determine 
counts/min then converted to disintegrations/min 
(DPM) based on counting efficiency. Each DNA sample 
was processed in duplicate and each processing run in�
cluded samples for background (reaction mixture with all 
components except SssI enzyme) and controls as for the 
other assays. Intra- and inter-assay CVs were 2.0 and 3.9, 
respectively. DPM values were expressed per ng DNA as 
quantified by PicoGreen using double-strand DNA quan�
tification reagent (Molecular Probes, Life Technologies, 
Grand Island, NY). 
 
Statistical analysis 
Paired t-test was used to examine differences in meth�
ylation levels between tumor and adjacent tissues after 

natural log-transformation to normalize the distribution. 
We present the values as arithmetic data for ease of  in�
terpretation. Spearman correlation coefficients were used 
to determine the correlation between methylation and 
AFB1-Alb adducts. Wilcoxon signed-rank test was used 
to compare methylation levels and clinical characteristics. 
All analyses were performed with SAS software 9.0 (SAS 
Institute, Cary, NC). All statistical tests were based on 
two-tailed probability. 

RESULTS
Methylation levels of  DNA from HCC and adjacent non-
tumor tissues were determined by the methyl acceptance 
assay, a measure of  global methylation. Two repetitive 
elements were also analyzed as an additional measure of  
methylation, including Sat2 by MethyLight and LINE1 
by pyrosequencing. For all three assays, mean methylation 
level was significantly lower in tumor compared to adja�
cent non-tumor tissues. For the methyl acceptance assay, 
mean levels of  DPM/ng DNA were 70.0� �� ���������  �� ��������� ±� ���������  ��������� 54.8 and 
32.4� �� ��������������������   �� ��������������������  ±� ��������������������   ��������������������  15.6, respectively (P� =� ��������������������������     � ��������������������������     �0.040); for Sat2 by the Me�
thyLight assay, values were 42.2%� �� �����������  ������� �� �����������  �������±� �����������  ������� �����������  �������55.1%  and 117.9%� 
±� �������  ������� 88.8% (P <� ���������������������   ��� ����� �� ���������  ���������������������   ��� ����� �� ��������� 0.0001); and for LINE1, 48.6� �� ���������  �� ��������� ±� ���������  ��������� 14.8 and 
71.7� �� ������  �� ������ ±� ������  ������ 1.4% (P <� �����������������������������   ���� �����������������������������   ����0.0001), respectively (Table 1). 

For the methyl acceptance assay, in 28 of  37 paired 
samples (75.7%), methylation in tumor tissues was lower 
than that in adjacent non-tumor tissues. For Sat2 and 
LINE1 analysis, in 31 (83.8%) and 32 (86.5%) subjects, 
levels were lower in tumor than in adjacent non-tumor 
tissues, respectively. 

Plasma levels of  AFB1-Alb adducts had been mea�
sured previously in bloods collected at the time of  sur�
gery[���22�]. As hypothesized, plasma levels of  AFB1-Alb 
adducts were statistically significantly inversely correlated 
with methylation levels of  LINE1 (r = -0.36, P �� �������= 0.034) 
(Table 2 and Figure 1). Plasma levels of  AFB1-Alb ad�
ducts were also inversely correlated with tumor methyla�
tion levels measured by Sat2, but not statistically signifi�
cantly (r� = -0.30, P �� �������������  ������������������������   =� �������������  ������������������������    �������������  ������������������������   0.082, Table 2). Since higher values 
in the methyl acceptance assay indicate hypomethylation, 
the correlation between adducts and methylation in this 
assay is also in the correct direction but not significant (r 
=� ������ ������0.18, P �� �������������  ����=� �������������  ���� �������������  ����0.286, Table 2). 

The associations of  HBV and HCV infection sta�

Table 1  Methylation levels of hepatocellular carcinoma 
tumor and adjacent non-tumor liver tissue

Tumor Adjacent P  value

mean ± SD mean ± SD

LINE1 (%) 48.6 (14.8) 71.7 (1.4) < 0.0001

Sat2 (%) 42.2 (55.1) 117.9 (88.8) < 0.0001

Methyl acceptance (DPM/ng) 70.0 (54.8)   32.4 (15.6)    0.040

LINE1: Long interspersed nucleotide element-1; Sat2: Satellite 2; DPM: 
Disintegrations/min.

Table 2  Correlations between methylation levels and 
aflatoxin B1- albumin adducts in hepatocellular carcinoma 
tumor tissues

AFB1-Alb P  value

r
LINE1 (%) -0.36 0.034
Sat2 (%) -0.30 0.082
Methylacceptance DPM/ng)  0.18 0.286

AFB1: Aflatoxin B1; LINE1: Long interspersed nucleotide element-1; Sat2: 
Satellite 2; DPM: Disintegrations/min.
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tus, cirrhosis status and promoter hypermethylation of  
p16Ink4A and Hint1 with global hypomethylation in tumor 
tissue are given in Table 3. No statistically significantly 
correlations were found, except for LINE1 and being 
positive for both HBV and HCV infection. However, 
only one subject was negative for both HBV and HCV 
so this result is likely to be spurious.

DISCUSSION
Hypomethylation was observed in tumor compared to 
adjacent non-tumor tissues using three different assays that 
measure global methylation or methylation in two repeti�
tive elements. The level of  [3H]-methyl acceptance of  HCC 
tumor DNAs was statistically significantly higher com�
pared to that of  adjacent non-tumor DNAs (P� <� �������� ��������0.040), 
indicating significantly lower methylation. This is the first 
study to report that global hypomethylation contributes 
to hepatocarcinogenesis using the [3H]-methyl acceptance 
assay. Global loss of  methylation in cancer may lead to 
alterations in the expression of  proto oncogenes critical to 
carcinogenesis and facilitate chromosomal instability[���28�].

Repetitive DNA elements are normally heavily meth�
ylated and a previous study showed a correlation between 
Alu, Sat2 and LINE1 methylation by MethyLight and 
5mC content in normal and tumor samples[���20�], indicating 
the usefulness of  these assays as surrogate measures of  
genomic methylation levels. In this study, tumor meth�
ylation was statistically significantly lower than in paired 
adjacent non-tumor tissue for Sat2 (P �� ���������������  <� ���������������   ���������������  0.0001) by the 
MethyLight assay and for LINE1 (P <� ���������������  � ���������������  �0.0001) by pyro�
sequencing, consistent with the data from the methyl ac�
ceptance assay and as reported previously[���������14,27,28�]. 

A previous study found that three repetitive DNA 
elements, Sat2, Alu and LINE1, showed discordance in 
timing of  hypomethylation along the multistep pathway 

in hepatocarcinogenesis from normal liver to HCC; 
Sat2 hypomethylation occurred at the chronic hepatitis 
stage[���29�]. Hypomethylation also differed according to geo�
graphic location of  the subjects and their hepatitis infec�
tion status; mean LINE1 methylation in tumor samples 
was lower in hepatitis-positive cases than in hepatitis-neg�
ative cases[���30�]. These findings suggest that HBV or HCV 
infection can influence global DNA hypomethylation 
status. This may be partially explained by the fact that the 
HBV Ⅹ protein can induce altered DNA methyltrans�
ferase activity, hypermethylation of  specific CpG islands 
and global hypomethylation[������30,31�]. In the present study, no 
associations between DNA global hypomethylation and 
HBV and HCV infection were observed (Table 3). How�
ever, only one case was negative for markers of  infection 
for either HBV or HCV, limiting our ability to investigate 
the role of  infection on methylation levels. 

Exposure to AFB1 is one of  the major risk factors 
for the development of  HCC. In our previous studies, 
we found a strong relationship between AFB1 exposure 
and promoter hypermethylation in tumor suppressor 
and other cancer-related genes, including RASSF1A[���32�], 
p16 Ink4A[�������22,32��]� and MGMT[���33�] in tumor tissues and plasma 
DNA of  HCC patients. AFB1 may bind preferentially 
to methylated CpG sites and/or specific structures in 
chromatin, inducing damage to DNA and histones[���33�] that 
may impact on methylation. Several other environmental 
exposures have been associated with epigenetic changes. 
Increasing air levels of  benzene, a chemical carcinogen, 
was associated with a significant reduction in LINE1 
and Alu1 methylation in white blood cells[���34�]. LINE1 
DNA methylation is also inversely associated with lead 
exposure in humans[���35�]. Even although the mechanisms 
are still not clear, these data suggest that exposure to 
some chemical carcinogens may cause changes in global 
methylation status. In the present study, plasma levels of  
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AFB1-Alb adducts were statistically significantly inversely 
correlated with methylation levels of  LINE1, provid�
ing additional evidence that carcinogens may alter global 
methylation. Reactive oxygen species and the resulting 
DNA damage produced by AFB1 may reduce binding af�
finity of  methyl-CpG binding protein 2, therefore result�
ing in epigenetic alterations[������36,37�].

It is still uncertain whether or not gene-specific pro�
moter hypermethylation and global hypomethylation are 
independent processes; in HCC, their correlation is still 
controversial. One recent study demonstrated that global 
hypomethylation in HCC was associated with gene-spe�
cific hypermethylation[���30�], but another showed variability 
between individual CpG islands’ hypermethylation and 
repetitive DNA hypomethylation status and concluded 
that there is no mechanistic link in liver cancer cells[���29�]. We 
also found no association between promoter hypermeth�
ylation in the two specific genes investigated and global 
hypomethylation in HCC tissue DNAs. In addition, gene-
specific hypermethylation and global hypomethylation 
appear to be independent processes in colon and urothe�
lial cancers[������38,39�]. Further investigations are still needed to 
validate the relationship between global hypomethylation 
and gene-specific promoter hypermethylation.

In summary, this is the first study to investigate global 
hypomethylation, one of  the most consistent epigenetic 
changes in cancer development in HCC, and paired adja�
cent non-tumor tissues using three different methods: the 
methyl acceptance assay and analysis of  Sat2 and LINE1, 
two repetitive elements. Consistent hypomethylation in 
tumor compared to adjacent tissue was found by all three 

methods. AFB1 exposure was also associated with DNA 
hypomethylation, suggesting that chemical carcinogens 
may influence epigenetic changes in human tissues. 

COMMENTS
Background
Epigenetic alterations are involved in cancer development and progression. 
Promoter CpG island hypermethylation contributes to carcinogenesis by 
shutting off expression of tumor suppressor and DNA repair genes. Genomic 
DNA hypomethylation is implicated in carcinogenesis by inducing chromosome 
instability and loss of imprinting. Genome-wide hypomethylation has been 
reported in a variety of cancers, including hepatocellular carcinoma (HCC). 
Hypomethylation of the genome mainly affects the intergenic and intronic regions 
of DNA, particularly repeat sequences and transposable elements. Analysis of 
methylation levels of Satellite 2 (Sat2) and long interspersed nucleotide element-1 
(LINE1) is frequently used as a measure of global methylation. The correlations 
between global hypomethylation and hepatitis infection status have been 
investigated, but the association between hypomethylation and aflatoxin B1 (AFB1) 
exposure in HCC is still unclear. 
Research frontiers
Genomic DNA hypomethylation is a common finding in human cancers. Global 
DNA hypomethylation reflected in reduced levels of methylation in repeat 
regions, occurs in target tissues undergoing carcinogenic differentiation, and 
could be used as a biomarker of malignant tumors. Environmental factors such 
as geographic location and hepatitis status have been shown to contribute to 
hepatocarcinogenesis through global hypomethylation.
Innovations and breakthroughs
In the present study, the authors first investigated DNA methylation in HCC 
and paired adjacent non-tumor tissues using the methyl acceptance assay as 
a measure of global methylation. They also analyzed two repetitive elements, 
including Sat2 by MethyLight and LINE1 by pyrosequencing. With all three 
assays, mean methylation levels in tumor tissues were significantly lower than 
that in adjacent non-tumor tissues. They also first found that AFB1-albumin 
adducts levels were inversely correlated with LINE1 methylation, providing an 
additional mechanism by which exposure to this dietary carcinogen may influence 

Table 3  Methylation levels in tumor tissues and clinical characteristic and gene-specific methylation in tumor tissues 

Variable n LINE1 (%) P  value Sat2 (%) P  value Methyl acceptance (DPM/ng) P  value

 mean ± SD mean ± SD mean ± SD

HBsAg

    Negative 5 41.0 (16.6) 0.245 22.1 (19.2) 0.905 67.2 (37.6) 0.607

    Positive 26 47.7 (13.6) 31.3 (34.5) 81.3 (58.3)

AntiHCV
    Negative 18 49.6 (14.2) 0.449 27.6 (22.6) 0.737 72.1 (49.7) 0.759

    Positive 10 45.2 (14.3) 38.0 (47.7) 86.5 (71.3)

HBsAg and AntiHCV

    Both negative 1 24.9 0.047 5.7 0.323 64.5 0.877

    Either one positive 31 47.2 (13.5) 31.1 (32.2) 78.4 (55.5)
Cirrhosis

    No 17 44.8 (15.2) 0.388 28.1 (23.8) 0.791 78.6 (52.4) 0.927

    Yes 13 48.9 (13.2) 32.5 (43.1) 82.3 (61.9)

p16Ink4A 

    Unmethylated 15 50.9 (16.7) 0.569 63.4 (80.8) 0.437 62.0 (61.2) 0.155

    Methylated 22 47.1 (13.5) 27.8 (21.1) 75.4 (50.8)

Hint1

    Unmethylated 17 50.9 (14.8) 0.405 51.8 (75.8) 0.951 60.2 (48.9) 0.142

    Methylated 20 46.7 (14.8)   34.1 (30.3)   78.3 (59.4)  

HCV: hepatitis V virus; LINE1: Long interspersed nucleotide element-1; Sat2: Satellite 2; DPM: Disintegrations/min.
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hepatocarcinogenesis.
Applications
This work demonstrated that methyl acceptance assay could be used to 
accurately detect global hypomethylation in HCC samples. Finding that AFB1 
exposure is correlated with global hypomethylation, as well as hypermethylation 
in some genes, demonstrates the important role it plays in the development of 
HCC. This may help to develop new strategies to prevent HCC.
Terminology
Global hypomethylation is a decrease in the overall genomic 5-methylcytosine 
content (compared to total cytosines) from approximately 4% in normal tissues to 
2%-3% in cancer tissues. This change was first observed in a number of studies 
in 1983, in lung and colon carcinomas compared to adjacent normal tissue, and 
in various malignancies compared to various postnatal tissues, demonstrating 
that overall genomic 5-methylcytosine levels were lower in cancer tissues. This 
observation has been reproducibly repeated in a wide range of cancers and 
matched normal tissues using a variety of different techniques. 
Peer review
This manuscript addresses an interesting issue for the initiation and progression 
of HCC. 
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Abstract
AIM: To optimize a xeno-free cryopreservation protocol 
for primary human hepatocytes.

METHODS: The demand for cryopreserved hepatocytes 
is increasing for both clinical and research purposes. 
Despite several hepatocyte cryopreservation protocols 
being available, improvements are urgently needed. We 
first compared controlled rate freezing to polystyrene 
box freezing and did not find any significant change 

between the groups. Using the polystyrene box freez-
ing, we compared two xeno-free freezing solutions for 
freezing of primary human hepatocytes: a new medium 
(STEM-CELLBANKER, CB), which contains dimethylsul-
phoxide (DMSO) and anhydrous dextrose, both perme-
ating and non-permeating cryoprotectants, and the fre-
quently used DMSO - University of Wisconsin (DMSO-
UW) medium. The viability of the hepatocytes was 
assessed by the trypan blue exclusion method as well 
as a ��������������������������������������������������     calcein-esterase based live-dead assay� �����������  before and 
after cryopreservation. The function of the ������������hepatocytes 
was evaluated ����������������������������������������     before and after cryopreservation by as-
sessing enzymatic activity of 6 major cytochrome P450 
isoforms (CYPs): CYP1A2, CYP2C9, CYP2C19, CYP2D6, 
CYP3A4 and CYP3A7. 

RESULTS: The new cryoprotectant combination pre-
served hepatocyte viability significantly better than the 
standard DMSO-UW protocol (P� <� �����������������   �����������������  0.01). There was 
no significant difference in viability estimation between 
both the trypan blue (TB) and the Live-Dead Assay 
methods. There was a correlation between viability of 
fresh hepatocytes and the difference in cell viability 
between CB and DMSO protocols (r 2 = 0.69) using the 
TB method. However, due to high within-group vari-
ability in the activities of the major CYPs, any statistical 
between-group differences were precluded. Cryopreser-
vation of human hepatocytes using the cryoprotectant 
combination was a simple and xeno-free procedure 
yielding better hepatocyte viability. Thus, it may be a 
better alternative to the standard DMSO-UW protocol. 
Estimating CYP activities did not seem to be a relevant 
way to compare hepatocyte function between different 
groups due to high normal variability between different 
liver samples.

CONCLUSION: The cryoprotectant combination may 
be a better alternative to the standard DMSO-UW pro-
tocol in primary human hepatocyte cryopreservation.
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INTRODUCTION
Liver disease is a major health problem worldwide. Liver 
transplantation is still the golden standard treatment for 
acute liver failure and end-stage liver disease. Lack of  
donor organs, among others, is still a major obstacle[1]. 
Hepatocyte transplantation is gaining more attention as 
an alternative today[2,3]. Hepatocyte transplantation may 
function as a bridge to liver transplantation when donors 
are not available, especially in hepatic emergencies such 
as acute liver failure. Hepatocytes are also needed for 
drug metabolizing enzyme induction studies in vitro. He-
patocytes can be successfully isolated from resected livers 
and from livers not suitable for transplantation. In many 
situations, cryopreservation is desired to ship hepatocytes 
between laboratories and hospitals. Furthermore, hepa-
tocytes isolated from liver samples are produced acutely 
when a tissue is available and often in larger amounts 
than immediately needed. In addition, hepatocyte cryo-
preservation might also be an advantage in research 
related to stem cell differentiation to hepatocytes[4-6]. 
Hence, an efficient cryopreservation method for human 
hepatocytes is essential.

The first fully investigated hepatocyte cryopreserva-
tion protocol was published in the 1980s[7,8]. Since then, 
many groups have put efforts into optimizing the cryo-
preservation method[9-14]. In spite of  such efforts, signifi-
cant loss of  viability and function of  hepatocytes after 
thawing is still a major problem. Quality of  the starting 
liver tissue, warm and cold ischemia times, and hepato-
cyte isolation protocols may also influence the outcome 
of  the cryopreservation. The cryopreservation process 
itself  also has several components that still need to be 
fine-tuned in order to get a fully optimized protocol. Pre-
incubation of  hepatocytes with anti-oxidants, cryoprotec-
tants included in freezing medium, addition and dilution 
of  freezing medium, cell density in freezing medium, and 
medium cooling and warming rates are considered to be 
the most important steps to be adjusted.

Dimethylsulfoxide in the University-of-Wisconsin 
solution (DMSO-UW) is one of  the most widely used 

cryoprotectant combinations for hepatocyte cryopreser-
vation in many laboratories[15]. Although the theoretical 
arguments behind using a controlled rate freezer are 
convincing, many laboratories still use common labora-
tory polystyrene boxes placed into a low temperature 
freezer. As a first step, we compared the two methods, 
controlled-rate freezer (CRF) vs a polystyrene box (PSB) 
in an ordinary -70 ℃ freezer, using only DMSO-UW in 
hepatocyte preparations from 4 patients.

In a recently published study from our group, we 
evaluated the use of  a new xeno-free cryopreservation 
solution (STEM-CELLBANKERTM, CB) containing 
DMSO and anhydrous dextrose in cryopreservation of  
human embryonic and induced pluripotent stem cells[16].

In this study, we compared STEM-CELLBANKERTM, 
CB and standard DMSO-UW medium using the PSB 
method. The viability of  hepatocytes was assessed by two 
different methods, trypan blue exclusion and�����������������   live-dead assay�.

MATERIALS AND METHODS
Isolation of human hepatocytes 
Isolated hepatocytes from thirteen adult liver samples 
were used in this study. Liver tissue was obtained after 
partial hepatectomy because of  primary or secondary tu-
mors (Table ���� �����������������������������������������      1��� �����������������������������������������      ). Ethical approval for the study was grant-
ed by the Regional Ethical Review Board in Stockholm, 
Sweden. Hepatocytes were isolated using a three-step 
collagenase perfusion procedure as described before[17]. 
In brief, the liver sample was perfused using the follow-
ing warm (���37 ℃) solutions: Hank’s Buffered Salt Solution 
(Cambrex, in������  �����vitro, Stockholm, Sweden) ����������� ������containing ������Ethyl-
ene Glycol Tetraacetic Acid���������������������������   �� ��������������������������  ��(Sigma, Stockholm, Sweden)��;� 
Hank’s Buffered Salt Solution only; and finally Eagle’s 
Minimum Essential Medium with Earle’s salts (Cambrex, 
in������  �����vitro)������������������������   �������������������������    containing Collagenase XI ����������������������  (Sigma)���������������  . Digested tis-
sue was then transferred to cold (4 ℃) ���������������� Eagle’s Minimum 
Essential Medium����������������������������������������        in a sterile beaker, chopped with scis-
sors, and filtered through sterile gauze. The hepatocytes 
were collected by centrifugation and the Collagenase 
removed. Pellets were resuspended and washed twice in 
cold ����������������  �������������������������������   Eagle’s Minimum Essential Medium���������������   by centrifuga-
tion at 50 g for 5 min at 4 ℃ to obtain hepatocytes.
 
Assessment of hepatocyte viability
Viability of  freshly isolated hepatocytes was compared 
to thawed hepatocytes cryopreserved using either the 
CB protocol or the standard DMSO-UW protocol. The 
viability of  the hepatocytes was first estimated using the 
trypan blue exclusion method[18]. Hepatocytes were di-
luted in trypan blue (TB) ����������������������������    (Sigma) ��������������������   and TB negative and 
positive cells were immediately counted under light mi-
croscopy in triplicates using a hemocytometer. Viability 
was also estimated using calcein-esterase based Live-Dead 
Assay (LDA) using ������������������� ��������������LIVE/DEAD Viability/Cytotoxicity 
Kit (Molecular Probes, Eugene, U���������������������  nited States��������� )��������  accord-
ing to the manufacturer’s instructions. Hepatocytes were 
washed in phosphate buffered saline and incubated on a 

Saliem et al . New cryopreservation protocol for human hepatocytes

May 27, 2012|Volume 4|Issue 5|WJH|www.wjgnet.com 177



May 27, 2012|Volume 4|Issue 5|WJH|www.wjgnet.com 178

cover slip at 37 ℃ for 15 min. The live-dead reagent was 
prepared freshly each time with a volume of  200 µL add-
ed to hepatocytes on cover slips. Hepatocytes were then 
incubated for 45 min in the dark at room temperature. 
Thereafter, hepatocytes were carefully mounted on glass 
slides and examined under the fluorescence microscope 
(Olympus, IX71, Japan). Three different high power 
fields were pictured for each sample.
 
Assessment of hepatocyte function 
The activity of  the major cytochrome P450 enzymes 
(CYPs) CYP1A2, CYP2C9, CYP2C19, CYP2D6, CY-
P3A4 and CYP3A7 were assessed for freshly isolated 
hepatocytes and for thawed �������������������������� hepatocytes cryopreserved 
using either the CB protocol or the standard DMSO-UW 
protocol. This was done using ���������������������� luminescence-based as-
says utilizing specific P450-Glo substrates and their spe-
cific luciferin detection reagents (Promega, Madison, WI, 
U������������������������������������������������������������      nited States������������������������������������������������     )�����������������������������������������������      according to the manufacturer’s instructions. 
In brief, 4 �� ��×���  104 hepatocytes suspended in ���������������  William’s E Me-
dium (Lonza, Denmark)�������������������������������      were incubated ���������������  with their spe-
cific luminogenic substrates on a white opaque 96-well 
plate (Corning, Costar, U����������������������������������  nited States���������������������� ). Substrate-specific 
Luciferin Detection Reagents were then added to detect 
the amount of  free luciferin as an indication for differ-
ent CYPs activity in a luminescence plate reader (BMG 
LABTECH, FLUstar OPTIMA, Germany). CYP activi-
ties were normalized to the amount of  double-stranded 
DNA per well. Samples were transferred to a black 
opaque 96-well plate (Corning) and freshly prepared Pi-
coGreen Reagent (Quant-iT PicoGreen dsDNA Reagent 
and Kit) (Molecular Probes) was then added directly to 
the wells according to the manufacturer’s instructions. 
The plate was incubated in the dark at room tempera-
ture and PicoGreen fluorescence was measured at 480 
nmEx/520 nmEm using fluorescence plate reader (TECAN, 
infinite F500, Austria).

Controlled rate freezer and polystyrene box
Initially, isolated hepatocytes from four different patients 
were used to test two different methods of  freezing down 
the hepatocytes. The controlled rate freezer Planer Kryo 
10 series Ⅲ model K10/16 using the program described 
by Diener et al[19] was compared to placing the tubes in a 
closed polystyrene box in -70 ℃. Hepatocytes in UW + 
12% DMSO were transferred to 3 mL cryopreservation 
tubes on ice. Half  of  the tubes were frozen in a con-
trolled rate freezer and transferred to the vapor phase of  
a liquid nitrogen tank when the cycle was completed. The 
other half  of  the tubes were wrapped in tissue paper and 
put into a common laboratory PSB. The box was sealed 
shut with tape and quickly placed into a -70� ℃ ���������freezer. 
After 2 d, the frozen tubes were transferred to the vapor 
phase of  a liquid nitrogen tank for storage.

PSB freezing and thawing of hepatocytes
Primary human hepatocytes from nine different prepara-
tions were cryopreserved �����������������������������    using either the CB protocol 
or the standard DMSO-UW protocol�������������������     . CB is a new xeno-
free, chemically defined cryopreservation solution, con-
taining a mixture of  both permeating as well as non-
permeating cryoprotectants (ZENOAQ, 1-1 Tairanoue, 
Sasagawa, Asaka-machi, Koriyama, Fukushima 963-0196, 
Japan). It contains 10% DMSO, glucose and the high 
polymer anhydrous dextrose described in the Japanese 
Pharmacopeia as cryoprotectants. For cryopreservation 
of  hepatocytes using the standard method, a cryoprotec-
tion solution composed of  12% DMSO in UW was pre-
pared. Ice-cold freezing solution was then added to the 
cell pellet in a concentration of  7 �� ��×���  106 cells/mL. Hepa-
tocytes were brought into suspension by gently invert-
ing the tubes. Cell suspension was distributed to 3.5 mL 
cryotubes. Cryotubes were transferred to a polystyrene 
box and kept in a -70� ℃ �����������������������������  freezer overnight. Cryotubes 
were then transferred to liquid nitrogen and kept in the 
vapor phase. For freezing hepatocytes using the CB pro-
tocol, the same procedure, cold CB, was added directly to 
the cell pellet in a concentration of  2 �� ��×���  106 cells/mL.

For thawing of  frozen hepatocytes, the cryotubes 
were incubated in a 37� ℃ water bath for 1-2 min until 
ice crystals started to melt. Hepatocytes were reconsti-
tuted in two different ways according to the protocol 
used. For hepatocytes cryopreserved in DMSO-UW, the 

L1-L9: The 9 liver samples used in this study; M: Male; F: Female; PSC: 
Primary biliary cirrhosis; CCC: Cholangiocellular carcinoma.

Table 1  Demographic data and viability for patient samples 
used

Liver Gender Age 
(yr)

Viability 
(%)

Diagnosis

L1 F 43 75 Deceased donor, head trauma

L2 F 16 74 Deceased donor, head trauma
L3 M 60 83 Deceased donor, anoxia

L4 M 55 73 Deceased donor, head trauma

L5 M 46 84 PSC, CCC

L6 M 72 76 Colorectal metastasis
L7 M 36 80 PSC, CCC
L8 M 49 78 CCC
L9 M 69 68 Gallbladder cancer
L10 F 60 70 Gallbladder cancer

L11 F 65 75 CCC
L12 F 73 83 Colorectal metastasis
L13 F 62 76 Colorectal metastasis

Table 2  Comparison of controlled rate freezer vs  a polystyrene 
box in ordinary -70 ℃ freezer

Fresh PSB CRFa

L1 75 22 6

L2 74 38 22
L3 83 42 18

L4 73 40 37

Data represent percent ± SD of viable cells using trypan blue exclusion 
method. aP < 0.01 vs fresh. CRF: Controlled rate freezer; PSB: Polystyrene box.
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contents of  the cryotubes were transferred to a 50 mL 
tube. An equal volume of  cold William’s E Medium was 
then added gradually to the hepatocytes on ice. This was 
repeated 3 times, 5 min apart. For hepatocytes cryopre-
served in CB, the contents of  the cryotubes were simi-
larly transferred to a 50 mL tube. An equal volume of  a 
cold washing solution, a thawing buffer containing NaCl 
(CELLOTION; ZENOAQ), was directly added to the 
hepatocytes once on ice. Hepatocytes were ������������ then washed 
twice in cold ���������������������������������������������       William’s E Medium���������������������������      by centrifugation at 50 g 
for 5 min at 4 ℃.

Viability and function of  thawed hepatocytes from 
both methods were then assessed as described above for 
the freshly isolated hepatocytes.

Statistical analysis
Analysis of  variance and the non-parametric Kruskal-
Wallis tests were carried out using the PASW statistics 18 
software. Test results were considered statistically signifi-
cant when P values were < 0.05.

RESULTS
Controlled rate freezing
Hepatocyte viability for the four samples used to com-
pare CRF to PSB in an ordinary -70 ℃ freezer is pre-
sented in Table �����������������������������������������      2����������������������������������������      . Preserving hepatocytes in a PSB gives 
viability (35.5 ± 9.2) not significantly different from the 
freshly isolated. However the use of  CRF gives a signifi-
cantly lower viability (2.8 ± 12.8) (P� <����������������   ��������������� 0.01) compared 
to fresh (76.3 ± 4.6). Therefore, we only used the PSB 
method when comparing the two cryoprotectants.

Viability of hepatocytes
Viability of  hepatocytes from nine liver samples cryopre-
served by���������������������������������������       CB or DMSO-UW protocols���������������   was estimated 
using the two different methods TB and LDA (Figure 1). 
In the LDA method, live hepatocytes showed ‘‘green’’ 

fluorescence in their cytoplasm upon active uptake and 
conversion of  calcein AM to the more fluorescent Cal-
cein. Ethidium-1 entered dead hepatocytes through their 
damaged cell membranes and bound to nucleic acids 
showing ‘‘red’’ fluorescence in the nuclei. Upon thawing, 
hepatocytes cryopreserved in DMSO-UW were sticking 
together in clumps, which were difficult to dissolve in 
contrast to hepatocytes cryopreserved in CB (Figure 2).
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Figure 1  Hepatocyte viability before and after freezing��. Viability in the three 
groups: fresh hepatocytes (FRESH) and hepatocytes frozen using either the 
STEM-CELLBANKER protocol (CB) or the standard dimethylsulfoxide in the 
University-of-Wisconsin solution (DMSO-UW) protocol using both the trypan 
blue exclusion and the Live/Dead Assay (LDA) methods. There was a signifi-
cant difference in viability between CB and DMSO using the two-way analysis 
of variance�������   ������ test (P < 0.05). TB: Trypan blue.

Figure 2  LIVE/DEAD Assay for hepatocytes��. Fluorescence staining of the 
live and dead hepatocytes in fresh hepatocytes (A) and freshly thawed hepato-
cytes cryopreserved using either the STEM-CELLBANKER protocol (B) or the 
dimethylsulfoxide in the University-of-Wisconsin solution (DMSO-UW) protocol 
(C). Live hepatocytes showed ‘‘green’’ fluorescence in their cytoplasm upon 
their active uptake and conversion of calcein AM to calcein. Ethidium-1 entered 
dead hepatocytes through their damaged cell membranes and bound nucleic 
acids showing ‘‘red’’ fluorescence in their nuclei. It was not uncommon to see 
hepatocytes cryopreserved in DMSO sticking together in clumps (arrows).
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A two-way analysis of  variance was performed to 
investigate the influence of  the two different cryopreser-
vation protocols on hepatocyte viability and if  this was 
influenced by the method used for viability estimation. 
The change in hepatocyte condition (fresh, cryopreserved 
in CB, or cryopreserved in DMSO-UW) did have a sig-
nificant effect on viability; F (2, 48) = 62.9, P� < 0.001, η2 
= 0.724. In a pairwise comparison, hepatocytes cryopre-
served in CB did have better viability after thawing than 
hepatocytes cryopreserved in DMSO-UW (P� < 0.05). 
There was no significant difference in viability estimation 
between both the TB and the LDA methods; F (1, 48) = 
1.99, P > 0.05, η2 = 0.040. There was no significant in-
teraction between hepatocyte condition and the viability 
estimation method; F (2, 48) = 2.50, P > 0.05, η2 = 0.094, 
indicating that the difference in hepatocyte viability was 
mainly due to changes in their condition and not due to 
the method used.

The higher the viability of  fresh hepatocytes, the bet-
ter the survival was after cryopreservation using the CB 
protocol. This was indicated by a positive correlation be-
tween viability of  fresh hepatocytes and the difference in 
cell viability between CB and DMSO protocols with R2 = 
0.69 using the TB method. This might indicate that hepa-
tocytes with good viability preserve better in CB than in 
DMSO-UW.

Function of hepatocytes
Function of  thawed hepatocytes cryopreserved ������using 
either CB protocol or DMSO-UW protocol���������   was com-

pared to freshly isolated primary human hepatocytes. 
The activities of  the following CYPs were estimated in 
three groups; CYP1A2, CYP2C9, CYP2C19, CYP2D6, 
CYP3A4 and CYP3A7. CYP activities were normalized 
to the amount of  double-stranded DNA. The within-
groups variability was high as manifested by the high 
standard deviation values that exceeded the mean values 
in many cases (Figure 3). 

One-way analysis of  variance was carried out to com-
pare activity of  each CYP in the three groups. Changes 
in hepatocyte condition between the three groups had 
significant effect on CYP1A2 activity; F (2, 24) = 12.21, 
P < 0.001, η2 = 0.504. This effect was mainly due to 
differences between the fresh group and both the cryo-
preserved groups as there was no statistically significant 
difference between CB and DMSO-UW groups in pair-
wise comparisons. For CYP3A4 activity, there was also 
significant difference between the three groups; F (2, 24) 
= 11.90, P < 0.001, η2 = 0.498, which was mainly due to 
differences between the fresh group and both the cryo-
preserved groups as there was no significant difference 
between the CB and DMSO-UW groups. Similarly, for 
CYP2C9 activity; F (2, 24) = 13.97, P < 0.001, η2 = 0.538, 
and there was no significant difference between the CB 
and DMSO-UW groups.

There was no significant difference between the three 
groups regarding activities of  the following CYPs; CY-
P3A7 [F (2, 24) = 1.38, P > 0.05, η2 = 0.103], CYP2C19 [F 
(2, 24) = 1.08, P > 0.05, η2 = 0.082], and CYP2D6 [F (2, 
24) = 3.35, P > 0.05, η2 = 0.218]. There were no statisti-
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Figure 3  Hepatocyte functionality before and after freezing��. Activity of the major cytochrome P450 enzymes; CYP1A2, CYP2C9, CYP3A7, CYP3A4, CY-
P2C19, CYP2D6 for the fresh hepatocytes (FRESH) compared to hepatocytes cryopreserved using either the STEM-CELLBANKER protocol (CB) or the stan-
dard dimethylsulfoxide in the University-of-Wisconsin solution protocol. The standard deviation exceeded the mean in many cases, illustrating the high within-
groups variability. Data is presented as luminescence (LCU) per minute per DNA in nanograms.�������������������������������     ������������������������������   CYPs: Cytochrome P450 enzymes�.
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cally significant differences between the CB and DMSO-
UW groups regarding the activities of  these CYPs.

DISCUSSION
The potentially high demand of  primary human he-
patocytes necessitates the need for a fully optimized 
cryopreservation protocol. Presently, there is no fully 
optimized cryopreservation protocol for hepatocytes. 
This is despite many efforts with varying degrees of  suc-
cess[9-14]. Much effort is still needed to be put in testing, 
for instance hepatocyte pre-incubation with anti-oxidants 
prior to cryopreservation or including non-permeating 
cryoprotectants in the freezing solution[20]. In this study, 
we introduced a new experimentally optimized xeno-free 
cryoprotectant medium (CB), for the first time for cryo-
preservation of  hepatocytes. In comparison to DMSO-
UW, CB is also a xeno-free freezing solution but it further 
contains both permeating and non-permeating cryopro-
tectants at carefully tested concentrations[16].

The corner stone in evaluating the success of  any he-
patocyte cryopreservation protocol is to compare viability 
of  hepatocytes, their function and their plating efficiency 
before and after freezing[20]. Here, we evaluated viability us-
ing two methods, TB and LDA. We also evaluated function 
of  hepatocytes by testing the enzymatic activity of  major 
CYPs isoforms, CYP1A2, CYP2C9, CYP2C19, CYP2D6, 
CYP3A4 and CYP3A7, before and after freezing.

During hepatocyte cryopreservation, the density at 
which hepatocytes are frozen may affect their viability on 
thawing. A cell density between 3 and 10 �� ��×���  106 cells/mL 
is usually recommended[13]. Lower cooling and higher 
warming rates usually have a lower incidence of  intracel-
lular ice crystal formation that dramatically affects hepa-
tocyte viability after cryopreservation. The rate at which 
the cryopreservation solution is diluted may affect vi-
ability as well[14]. Controlled rate freezing is gaining more 
interest as a better alternative to using a polystyrene box 
in -70 ℃ freezer[13,21]. However, in our small pilot study 
where we compared both freezers, we did not find using 
the CRF better than the ordinary -70 ℃ freezer. These 
findings were supported in reports by others[20,22,23] where 
no difference was shown between CRF, the Nalgene pro-
pan-2-ol device or simply using -20 ℃ and -70 ℃ freez-
ers. The aim of  our study was to compare the efficacy of  
two complete cryopreservation protocols, CB protocol 
and DMSO-UW protocol. There were few differences 
between the two protocols. The CB protocol had lower 
freezing cell density compared to the DMSO-UW proto-
col, while the latter had gradual dilution of  the freezing 
medium upon thawing compared to the CB protocol. 

Upon evaluating the viability of  hepatocytes before 
and after cryopreservation using the two protocols, we 
could conclude that the CB protocol, in addition to be-
ing simpler and faster, yielded a better cell survival of  
the cells in comparison to the DMSO-UW protocol. 
Using the TB or LDA method in assessing viability of  
hepatocytes, the results were similar. Hence, it is possible 

to use only the LDA method in the future because the 
LDA method had some advantages over the TB method. 
For example, the active uptake of  calcein AM by the live 
hepatocytes indirectly tests their transport function at the 
same time. However, one drawback with the LDA is the 
long time it takes to perform, in contrast to the rapid TB 
method.

In general, assessing hepatocyte function is not an 
easy task. Hepatocytes perform a vast number of  differ-
ent functions ranging from energy metabolism, synthesis 
of  proteins and hormones to metabolism of  xenobiotics 
and bile production. Choosing one or a few functions to 
represent the overall vitality of  the cell is therefore dif-
ficult. Moreover, the high variability between one liver to 
another usually makes it difficult to define “the normal 
liver”. There are many reasons for variability: genetic 
polymorphism, gene expression modulation, the tissue 
quality, and tissue handling before and during hepatocyte 
isolation are potential reasons[24]. Gene expression modu-
lation can occur due to various environmental factors e.g. 
food and xenobiotics. In this study, we could see a high 
within-group variability depicted by the high standard de-
viation values that exceeded the mean values in many of  
the cases.

There was an obvious tendency for hepatocyte func-
tion to be higher in fresh in comparison to cryopreserved 
hepatocytes. The same tendency was seen in the CB 
group, as well as the DMSO-UW group. This hierarchy 
was seen in 33 out of  54 comparisons. However, there 
was no significant difference between fresh and cryopre-
served groups in the case of  CYP2C19, CYP2D6 and 
CYP3A7 activities in contrast to the activities of  CY-
P1A2, CYP2C19 and CYP3A4. This might be due to the 
high within-group variability. In some cases, CYPs activ-
ity was higher in cryopreserved hepatocytes compared to 
fresh hepatocytes or in the DMSO-UW group compared 
to the CB group. This is in line with what was found 
by Li et al[11] where there was no significant difference 
between the fresh and the cryopreserved hepatocytes 
regarding their drug-metabolizing enzyme activities or 
their bile acid conjugation and secretion[25]. Results from 
those two previous studies suggested that the functions 
of  the hepatocytes were equally good before and after 
cryopreservation. In other words, cryopreservation had 
no impact on hepatocyte function when it comes to their 
drug-metabolizing enzyme activities[11].

In this study, we conclude that CYP activity might not 
be the best choice in choosing between different hepato-
cyte cryopreservation protocols and more stringent mea-
surements of  function might be needed when evaluating 
advanced functions of  liver cells. Both protocols tested 
yielded hepatocytes with good P450 function; however, 
the CB protocol gave a higher viability than the widely-
used hepatocyte cryoprotectant DMSO-UW. CB is also 
xeno-free and might be useful in cryopreservation of  
clinical-grade primary human hepatocytes. In conclusion, 
in this study we show that CB is a good freezing solution 
for hepatocytes. 
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limits calculated and compared by weighted probit analysis 
(Bliss and Finney); and (5) The word ‘significantly’ should be 
replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess 
any potential bias, WJH requires authors of  all papers to 
declare any competing commercial, personal, political, in 
tellectual, or religious interestsin relation to the submitted work. 
Referees are also asked to indicate any potential conflict they 
might have reviewing a particular paper. Before submitting, 
authors are suggested to read “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals: Ethical Con
siderations in the Conduct and Reporting of  Research: Conflicts 
of  Interest” from International Committee of  Medical Journal 
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board mem
ber for [names of  organizations], and has received research fun
ding from [names of  organization]. [Name of  individual] is an 
employee of  [name of  organization]. [Name of  individual] owns 
stocks and shares in [name of  organization]. [Name of  individual] 
owns patent [patent identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all 
human studies have been reviewed by the appropriate ethics 
committee or it should be stated clearly in the text that all persons 
gave their informed consent prior to their inclusion in the study. 
Details that might disclose the identity of  the subjects under study 
should be omitted. Authors should also draw attention to the 
Code of  Ethics of  the World Medical Association (Declaration 
of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform 
to Good Clinical Practice (for example, US Food and Drug 
Administration Good Clinical Practice in FDA-Regulated 

Clinical Trials; UK Medicines Research Council Guidelines 
for Good Clinical Practice in Clinical Trials) and/or the World 
Medical Association Declaration of  Helsinki. Generally, we 
suggest authors follow the lead investigator’s national standard. 
If  doubt exists whether the research was conducted in accordance 
with the above standards, the authors must explain the rationale 
for their approach and demonstrate that the institutional review 
body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must 
be accompanied by a statement that the experiments were 
undertaken with the understanding and appropriate informed 
consent of  each. Any personal item or information will not be 
published without explicit consents from the involved patients. 
If  experimental animals were used, the materials and methods 
(experimental procedures) section must clearly indicate that 
appropriate measures were taken to minimize pain or discomfort, 
and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Bo 
ok Antiqua with ample margins. Number all pages conse
cutively, and start each of  the following sections on a new 
page: Title Page, Abstract, Introduction, Materials and Me
thods, 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  Baishideng Publishing 
Group Co., Limited, 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, ph
otographs 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 Su- 
bmission System at: http://www.wjgnet.com/1948-5182 
office. Authors are highly recommended to consult the ONLINE 
INSTRUCTIONS TO AUTHORS (http://www.wjgnet.
com/1948-5182/g_info_20100316080002.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: +86-10-85381892. 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 
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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  Me
dical 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: +86-10-85381892 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 less than 256 words) 
and structured abstracts (no less than 480). The specific re
quirements for structured abstracts are as follows: 

An informative, structured abstracts of  no less 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 less than 140 
words); RESULTS (no less 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).

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; http://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 
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< 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.
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REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference nu
mbers 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 per
meability[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)
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 di

seases. 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/index.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.
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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.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5182/g_info_201003 
16080004.htm

Frontier: http://www.wjgnet.com/1948-5182/g_info_20100315103 
153.htm

Topic highlight: http://www.wjgnet.com/1948-5182/g_info_2010 
0316080006.htm

Observation: http://www.wjgnet.com/1948-5182/g_info_2010 
0107112630.htm

Guidelines for basic research: http://www.wjgnet.com/1948-5182/
g_info_20100315103748.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948- 
5182/g_info_20100315103829.htm

Review: http://www.wjgnet.com/1948-5182/g_info_20100 
107112834.htm

Original articles: http://www.wjgnet.com/1948-5182/g_info_ 
20100107113351.htm

Brief  articles: http://www.wjgnet.com/1948-5182/g_info_20100 
315104523.htm

Case report: http://www.wjgnet.com/1948-5182/g_info_2010010 
7113649.htm

Letters to the editor: http://www.wjgnet.com/1948-5182/_info_20 
100107114003.htm

Book reviews: http://www.wjgnet.com/1948-5182/g_info_2010 
0315105017.htm

Guidelines: http://www.wjgnet.com/1948-5182/g_info_2010 
0315105107.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies 
of  WJH. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted online 
(http://www.wjgnet.com/1948-5182office/). The author should 
send the copyright transfer letter, responses to the reviewers, 
English language Grade B certificate (for non-native speakers of  
English) and final manuscript checklist to wjh@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 re
viewers, 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
WJH is an international, peer-reviewed, Open-Access, online 
journal. Articles published by this journal are distributed under the 
terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. The 
related standards are as follows. Publication fee: 1300 USD per 
article. Editorial, topic highlights, original articles, brief  articles, 
book reviews and letters to the editor are published free of  charge.
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