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Abstract

Portal vein thrombosis (PVT) is considered to be a fre-
quent complication of liver cirrhosis. However, unlike
PVT in patients without cirrhosis, very few data are
available on the natural history and management of
PVT in cirrhosis, despite its association with potentially
life-threatening conditions, such as gastroesophageal
bleeding and acute intestinal ischemia. Moreover, no
consensus regarding PVT in cirrhosis exists. Suggested
causes of PVT in cirrhosis include reduced portal blood
flow velocity, multiple congenital or acquired throm-
bophilic factors, inherited or acquired conditions, and
derangement of liver architecture. However, the under-
standing of PVT in cirrhosis is incomplete. In addition,
information on the management of PVT in cirrhosis is
inadequate. The aims of this review are to: (1) assem-
ble data on the physiopathological mechanism, clinical
findings, diagnosis and management of PVT in cirrho-
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sis; (2) describe the principal factors most frequently
involved in PVT development; and (3) summarize the
recent knowledge concerning diagnostic and therapeu-
tic procedures.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Portal vein thrombosis; Liver cirrhosis; Throm-
bophilic factors; Anticoagulation; Splenectomy

Core tip: Portal vein thrombosis (PVT) is considered to
be a frequent complication of liver cirrhosis; however,
very few data are available on the natural history and
management of PVT in cirrhosis, despite its association
with potentially life-threatening conditions. The under-
standing and information on the management of PVT
in cirrhosis are incomplete. The aims of this review are
to: (1) assemble data on the physiopathological mech-
anism, clinical findings, diagnosis and management of
PVT in cirrhosis; (2) describe the principal factors most
frequently involved in PVT development; and (3) sum-
marize the recent knowledge concerning diagnostic
and therapeutic procedures.

Kinjo N, Kawanaka H, Akahoshi T, Matsumoto Y, Kamori M,
Nagao Y, Hashimoto N, Uehara H, Tomikawa M, Shirabe K,
Macehara Y. Portal vein thrombosis in liver cirrhosis. World J
Hepatol 2014; 6(2): 64-71 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i2/64.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.i2.64

INTRODUCTION

Portal vein thrombosis (PVT), an obstruction of the
portal vein or its branches by a blood clot, is encoun-
tered in a variety of clinical settings, such as myelopro-
liferative disease, citrhosis, cancer and infection. More
patients with cirrhosis are being diagnosed with PVT be-
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cause current imaging techniques allow for the detection
of asymptomatic PVT during routine ultrasonographic
examination. PVT has a variety of clinical presenta-
tions, from asymptomatic to life-threatening conditions
such as gastroesophageal bleeding and acute intestinal
ischemia ™. Although liver transplantation has altered
the prognosis of patients with cirrhosis, the presence of
PVT can exclude a patient from a transplant listing or
negatively impact post-transplantation survival®.,

It remains unclear whether PVT is a consequence
of severe liver disease, a factor aggravating underlying
liver disease, or both. PVT is considered to be a frequent
complication of liver cirrhosis; however, unlike PVT in
patients without cirrhosis, very few data are available on
its natural course and management despite its association
with potentially life-threatening conditions. In addition,
no consensus regarding PVT with cirrhosis exists. There
is a growing need for optimal, evidence-based manage-
ment of PVT in cirrhosis.

The aims of this review ate to: (1) assemble evidence
regarding the physiopathological mechanism, clinical
findings, diagnosis and management of PVT in cirrho-
sis; (2) describe the principal factors most frequently
involved in PVT development; and (3) summarize the
most recent knowledge concerning diagnostic and thera-
peutic procedures.

DEFINITION OF ACUTE AND CHRONIC
PVT

From a clinical point of view, PVT comprises two dif-
ferent entities: acute PVT and chronic PVT. Each rep-
resents a successive stage of the same disease. Although

they shate similar causes, they differ with respect to their
managementm.

Acute PVT is characterized by the sudden formation
of a thrombus within the portal vein'. The thrombus
can involve variable portions of the mesenteric veins
and/or splenic vein. Occlusion can be complete or par-
tial, leaving a peripheral circulating channel.

In patients with chronic PVT, also known as portal
cavernoma, the obstructed portal vein is replaced by a
network of hepatopetal collateral veins connecting the
patent portion of the vein upstream of the thrombus to
the patent portion downstream. The number, size and
location of these collaterals are extremely variable from
patient to patient'”.

However, in patients with cirrhosis, it may be dif-
ficult to establish the “age” of the thrombosis because
the criteria commonly used in patients without cirrhosis
to define acute or chronic PVT (presence of collateral
circulation and signs ofwgortal hypertension) are already

features of liver disease

PREVALENCE

The prevalence of PVT in patients with cirrhosis has
been reported more frequently in recent years. The re-
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ported prevalence of PVT is in the range of 0.6%-15.8%
in patients with liver cirrhosis or portal hypertensionmsl.
The presence of PVT is reportedly 0.6% when evalu-
ated by angiographic studies”, 4.4% when evaluated by
ultrasound"”, and 10%-12% when evaluated by com-
puted tomography and magnetic resonance imaging“’m.
Moreover, the prevalence of PVT increases with patient
age and liver disease severity, reaching 15% in patients
awaiting liver transplantation“m].

The etiology of liver disease influenced the preva-
lence of PVT in a study of 885 patients who underwent
liver transplantation. The prevalence of PVT was 3.6%
in primary sclerosing cholangitis, 8% in primary biliary
cirrhosis, 16% in alcoholic and hepatitis B virus-related
cirrhosis, and 35% in hepatocellular carcinoma (HCO)™.,

ETIOLOGY OF PVT IN CIRRHOSIS

Inherited and acquired thrombophilic disorders, bacterial
infection*'" and sluggish portal Aow>'™>" may all play a
role in the high prevalence of PVT in patients with cir-
rhosis.

Cirrhosis was recently considered to be a hyperco-
agulable state, not a hypocoagulable state. The levels
of both pro- and anti-coagulation proteins are reduced
under conditions of hepatic synthetic impairment in pa-

tients with liver cirrhosis. Coagulation and anticoagula-
tion mechanisms remain balanced but are carried out at
a lower level® ™. The net result is a hemostatic balance
that is compensated under normal circumstances, with
no tendency for bleeding or thrombosis™. In cirrhosis,
however, this equilibrium can easily tilt towards either
bleeding or thrombosis'***
onstrated that clevated levels of factor VIl (a procoagu-
lant driver) in combination with decreased levels of pro-
tein C (an anticoagulant driver), both of which are typi-
cally found in patients with cirrhosis (i.e., procoagulant

imbalance), are probably related to partial resistance to
27-30]

I Some authors have dem-

the 7 vitro anticoagulant action of thrombomodulin'
However, in patients with impaired synthetic function
and low plasma levels of natural coagulation inhibitors,
there is currently no simple way to ascribe such a low
level to a pre-existing deficiency™".

A thrombophilic genotype, including factor V Leiden
G1691A mutation™™”, methylenetetrahydrofolate reductase
(T'T677) mutation™ and prothrombin (G20210A)""* is
associated with the formation of PVT. However, they may
play a minor pathogenic role in the formation of PVT.

Reduced portal flow velocity seems to be the most
important predictive variable for PVT development in
patients with cirrhosis” . Amitrano ez 2/ suggested
that portal blood stasis in patients with cirrhosis is the
main change favoring thrombosis, even in the presence
of other local, systemic, congenital and acquired fac-
tors. Kinjo e# a/”' performed Doppler ultrasonographic
examinations after splenectomy in patients with cirrhosis
and showed that portal venous flow was dramatically de-

creased by 49.2% in the PVT group but only by 6.6% in
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the non-PVT group.

Splenectomy has recently been reported to play a role
in the surgical strategy for HCC and interferon-based
therapy for hepatitis C***. In addition, it can improve
the prognosis for patients with cirrhosis by allowing
them to receive interferon therapy or undergo treatment
for HCC"*, Despite the good results demonstrated in
these studies, the high prevalence of PVT after splenec-
tomy in patients with cirrhosis remains problematic™*.
It has been suggested that blood turbulence or stasis in
the stump of the splenic vein after splenectomy might
result in increased coagulability, leading to the propaga-
tion of splenic venous thrombus formation in the portal
system after splenectomym. Splenomegaly and a large
splenic vein diameter are independent risk factors for
PVT after splenectomy in patients with concomitant cir-
rhosis and portal hypertension”***",

The role of sclerotherapy as a potential trigger for
PVT is controversial ™). Some recent reports showed
that thrombopoietin receptor agonists might be associ-
ated with an increased incidence of PVT in patients with

. . [50,51
cirrhosis™".

CLINICAL FINDINGS

Clinical findings of PVT in cirrhosis vary from asymp-
tomatic to life-threatening conditions. Partial PVT,
which is now often detected by routine ultrasonography

or computed tomography, might be associated with few
symptoms. However, complete PVT may present as
abdominal or lumbar pain with sudden onset or progres-
sion over a few days. Rapid, complete obstruction of the
portal vein or mesenteric veins without involvement of
the mesenteric venous arches induces intestinal conges-
tion, which manifests as severe, continuous, colicky ab-
dominal pain and occasionally as nonbloody diarrhea ™.
The bleeding risk appears to be higher in patients with
PVT and cirrhosis than in patients with cirrhosis alone
(39% wvs 27%, respectively)[szl. In many patients, how-
ever, the thrombus is partial and its aspects and loca-
tion change in follow-up images. Laboratory findings,
including the levels of aminotransaminase, fibrin and
fibrinogen degradation products, and d-dimers, are often
normal in many cases of developing PVT.

Chronic PVT is commonly diagnosed after a fortu-
itous finding of hypersplenism or portal hypertension.
In the majority of patients it is asymptomatic. Gastro-
intestinal bleeding is better tolerated by patients with
chronic PVT than in those with other forms of portal
hypertension, probably because patients with PVT are
usually younger and have no liver dysfunction. The oc-
currence of ascites or encephalopathy in patients with
chronic PVT is uncommon and is usually encountered
only transiently following gastrointestinal bleeding or
when unrelated renal failure or marked sepsis is present
in older patients[‘ﬂ. Liver test results are typically normal
in patients with portal cavernoma in the absence of un-
derlying liver disease. Biliary symptoms related to portal
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cholangiopathy (jaundice, biliary pain, cholangitis, cho-
lecystitis or pancreatitis) rarely reveal the presence of a
cavernoma'™>™", Hepatopulmonary syndrome is present

in about 10% of patients.

DIAGNOSIS

Morte of these patients are being diagnosed with PVT
because current imaging techniques allow for the detec-

tion of asymptomatic PVT during routine ultrasonogra-
phy in patients with cirrhosis.

Ultrasound and Doppler ultrasound are almost al-
ways sufficient for a diagnosis of PVTP> In most
patients, the diagnosis of acute PVT can be rapidly es-
tablished using noninvasive imaging. Ultrasound sonog-
raphy can show hyperechoic material in the vessel lumen
with distension of the portal vein and its tributaries.
Doppler imaging shows the absence of flow in part or
all of the lumen.

Enhanced computed tomography (CT) can show
a lack of luminal enhancement in the portal vein, in-
creased hepatic enhancement in the arterial phase, and
decreased hepatic enhancement in the portal phase””.
CT and magnetic resonance (MR) angiography are more
sensitive techniques than Doppler imaging with respect
to assessment of the extent of the thrombus within the
portal venous system™ ™, Definitive diagnosis of PVT
can be obtained by MR imaging (MRI) and CT; the for-
mer provides a better evaluation of the extent of the
thrombosis, particularly in the mesenteric vein, reaching
a sensitivity and specificity of 98%-100%. CT provides
information not only about the extent of the thrombosis
and the development of collateral circulation, but also
about the state of the abdominal organs. It is the proce-
dure of choice when intestinal ischemia or hepatocellular
carcinoma is suspected[sg’(’m. A diagnosis of cavernoma is
readily achieved by abdominal imaging with ultrasound,
CT or MRI, which shows serpiginous structures while
the main portal vein and/or its main branches are not
visible.

A recent study showed that positive intrathrombus
enhancement on contrast-enhanced sonograms is an ac-
curate predictor of recanalization in patients with recent
portal thrombosis”!,

TREATMENT

Optimal management of PVT in cirrhosis is not ad-
dressed in any current consensus publication. There are

a few reports about the factors that influence recanaliza-
tion ot the extent of thrombosis; however, the actual im-
pact of PVT treatment on the natural course of cirrho-
sis has not been investigated. No randomized controlled
trials have been performed and most existing evidence
concerning PVT treatment is based on case series and is
of low quality.

PVT increases the risk of variceal bleeding and is
reportedly an independent risk factor for the inability to
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control variceal bleeding[éz]. In addition, PVT can be a
life-threatening emergency when it extends to the supe-
rior mesenteric vein, leading to intestinal infarction. An-
ticoagulated patients with cirrhosis have better recanali-
zation rates and PVT extension than non-anticoagulated
patientsm]. Therefore, in patients with concomitant cir-
rhosis and PVT, a treatment algorithm that includes an-
ticoagulation and transjugular intrahepatic portosystemic
shunting (TIPS) provides a good chance of complete
repermeation, reduces portal hypertensive complications
and decreases the rate of thrombosis progression!™”.
Francoz et al’ evaluated patients with cirrhosis awaiting
liver transplantation and found that survival was signifi-
cantly lower in those with complete PVT at the time of
surgery (P = 0.04). Furthermore, the rate of partial or
complete recanalization was significantly higher among
patients receiving anticoagulation therapy than among
those not receiving anticoagulation therapy (P = 0.002).

Conversely, some reports have shown that PVT has
little influence on prognosis in patients with cirrhosis.
Maruyama ¢ a/*" evaluated 150 patients with virus-
related cirrhosis but without PVT at baseline; PVT de-
veloped in 28% of patients (42/150), with a cumulative
incidence of 12.8%, 20% and 38.7% at 1, 5 and 8-10
years, respectively. The natural course of thrombosis was
improvement in 47.6% of patients, unchanged in 45.2%,
and worsened in 7.2%. Spontaneous resolution or an
unchanged appearance was the most common outcome
of PVT; therefore, cirrthotic PVT had little influence on
prognosis. In their multivariate analysis, Luca ez al® not-
ed that there was no clear association between progres-
sion or regression of partial PVT and clinical outcome
and that the Child-Pugh score at the time of diagnosis
was the only independent predictor of survival.

In the field of liver transplantation, there is accumu-
lating evidence that PV'T, especially thrombus extension
to the superior mesenteric vein, may adversely affect the
outcome of transplantation. Thus, patients with con-
comitant cirrhosis and PVT who are on the waiting list
for liver transplantation should be treated with antico-
agulation therapy ™", PVT prior to liver transplantation
is an independent prognostic factor for post-transplant
1 and complete or partial PV recanalization
has been associated with a better survival rate after liver
transplantation[4]. It has also been shown that individu-
als with PVT at the time of liver transplantation are at
higher risk of recurrent PVT after transplantation and
of requiring retransplantationﬁo’m]. The increased mortal-
ity and morbidity rates associated with PVT are mostly
restricted to the first year after liver transplantation'™*”
and actuarial survival after 1 year is good. Therefore,

. [6
survival

PVT cannot be considered to be a contraindication to
liver transplantationm

Anticoagulation therapy is of proven benefit in pa-
tients with acute deep vein thrombosis'?. The optimal
anticoagulation regimen for the treatment and monitos-
ing of PVT has not yet been fully explored and no clear

recommendations exist regarding this issue in recent
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guidelines or consensus publications[(”zsl. Treatment strate-
gles most often include the use of anticoagulation, while
thrombectomy and TIPS are considered second-line op-
tions.

The goal of anticoagulation therapy for acute PVT
is to recanalize the obstructed veins, which will prevent
intestinal infarction and portal hypertension. Correction
of the causal factors should be achieved as soon as pos-
sible.

Vitamin K antagonists (VIKKA) have been used in some
studies to treat PVT in patients with cirrhosis. The rate
of PV recanalization in patients with cirrhosis treated
with VKA is about 40%™™. Orally administered VKA
is more acceptable to patients; however, treatment with
VKA is particularly difficult in patients with cirrhosis,
mostly because anticoagulation monitoring is complex
in this particular situation. Notably, international nor-
malized ratio (INR) monitoring in patients with liver
disease probably overestimates the bleeding risk because
this international sensitivity index is determined using
plasma from patients taking VIKA"™. The INR has only
been validated in individuals with normal liver function
on stable anticoagulation. A 29% variation in the mean
INR was reported in patients with cirrhosis in a study
in which three different thromboplastin reagents were
used”™. It is also unclear whether a target INR between
2 and 3 is adequate in individuals with an abnormal INR
before anticoagulation therapym.

No consensus exists regarding the optimal duration
of anticoagulation therapy in these settings. Complete
recanalization can be delayed until the sixth month of
anticoagulation therapym(’]. However, whether this is
also true for patients with cirrhosis who develop acute
PVT remains to be determined.

Randomized controlled trials of anticoagulation thera-
py for the prevention of recurrent thrombosis are lacking
in cirrhotic PVT. In patients with deep vein thrombosis,
a lack of complete recanalization indicates a high risk of
recurrence after cessation of anticoagulation therapy'”.
The frequent association with permanent prothrombotic
disorders and the risk of intestinal infarction support
the use of anticoagulation. However, an increased risk
of bleeding secondary to portal hypertension raises con-
cerns. Delgado ez al™ reported that re-thrombosis after
complete recanalization occurred in 38.5% of patients
with cirrhosis after anticoagulation therapy was stopped.
Thatipelli ez al™ stated that prolonged anticoagulant
therapy does not appear to be justified based on the low
rate of recurrence and substantial rate of major hem-
orrhage. To avoid the extension of thrombosis to the
splanchnic vessels, prophylactic anticoagulation should
be continued in patients with underling thrombophilic
conditions or in patients who are likely candidates for
future liver transplantation™*’

The choice of the anticoagulation regimen must also
account for the potential need to reverse the effect of
anticoagulation. There is no current consensus or guide-
line on whether nonselective beta blockers, endoscopic
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variceal ligation or combination therapy is better for
variceal bleeding prophylaxis[7’79].

An attractive alternative to oral anticoagulants could
be the use of low-molecular-weight heparin (LMWH),
the dosing of which is weight based and thus does not
necessitate screening, A 50%-80% portal vein recanaliza-
tion rate was recently reported with the use of LMWH
in 38 patients with cirrhosis, with only a few episodes of
non-severe variceal bleeding[ﬁz’gm. Villa ef o™ performed
a randomized controlled trial to evaluate the safety and
efficacy of enoxaparin, a LMWH, in preventing PVT in
patients with advanced cirrhosis. They demonstrated that
the actuarial probability of PVT was lower in the enoxa-
parin group (P = 0.0006). The actuarial probability of
survival was higher in the enoxaparin group (P = 0.020).
No relevant side effects or hemorrhagic events were
observed in their study. Enoxaparin appeared to delay
the occurrence of hepatic decompensation and improve
survival. However, an increased volume of distribution,
such as that produced by ascites and edema, in patients
with cirrhosis makes it difficult to determine the optimal
dose of LMWH"™.

The administration of antithrombin Il (AT-1I) could
be an attractive alternative to PVT in cirrhosis. Kawanaka
et al® demonstrated that the low AT-TI activity and
further decreases in this activity ate associated with PVT
after splenectomy in patients with cirrhosis and that
treatment with AT-II concentrates is likely to prevent
the development of PVT in these patients.

TIPS and anticoagulation therapy are considered to
be optimal treatment choices for PVT in cirrhosis'™.
TIPS completely recanalized the portal venous system in
57% of patients with cirrhosis and resulted in a marked
decrease in 30% without major procedure-related com-
plications. Despite problems associated with patency
(bare stents, 38% in 12 mo and 85% in 24 mo; covered
stents, 21% in 12 mo and 29% in 24 mo) and encepha-
lopathy (27% at 12 mo, 32% at 24 mo), the long-term
outcome of TIPS placement for cirrhotic PVT is excel-
lent™. In addition, PVT prior to liver transplantation
is an independent prognostic factor for post-transplant
survival and TIPS prevents total portal vein occlusion in
liver transplantation candidates with partial PVT®,

In patients with both cirrhosis and chronic PV, there
is no consensus on the indication for anticoagulant ther-
apy. As described in the consensus for PVT in patients
without cirrhosis, therapy for chronic PVT can be sepa-
rated into prevention and treatment of gastrointestinal
bleeding, prevention of recurrent thrombosis and treat-
ment of portal cholangiopathy. When PVT is longstand-
ing and cavernous transformation has occurred in the
portal vein, prophylactic anticoagulation is reversed only
in patients with thrombophilic conditions and/or a high
risk of thrombus extension into the superior mesenteric
vein. There is still sufficient evidence in favor of inter-
ventional therapy such as TIPS™". Data on endoscopic
ligation are lacking in adult patients with chronic PV'T.
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CONCLUSION

PVT is a common problem in patients with cirrhosis,
mostly in individuals with advanced liver disease. How-
ever, many unknown pathophysiological aspects of PVT
and unresolved issues encountered in everyday practice
remain to be addressed. The most optimal, most efficient
and safest modalities for treatment, screening and moni-
toring must be established in future controlled trials.

REFERENCES

1 Cohen J, Edelman RR, Chopra S. Portal vein thrombosis:
a review. Am | Med 1992; 92: 173-182 [PMID: 1543202 DOI:
10.1016/0002-9343(92)90109-O]

2 Janssen HL, Wijnhoud A, Haagsma EB, van Uum SH, van
Nieuwkerk CM, Adang RP, Chamuleau RA, van Hattum J,
Vleggaar FP, Hansen BE, Rosendaal FR, van Hoek B. Extra-
hepatic portal vein thrombosis: aetiology and determinants
of survival. Gut 2001; 49: 720-724 [PMID: 11600478 DOI:
10.1136/ gut.49.5.720]

3 Condat B, Pessione F, Hillaire S, Denninger MH, Guillin
MC, Poliquin M, Hadengue A, Erlinger S, Valla D. Current
outcome of portal vein thrombosis in adults: risk and benefit
of anticoagulant therapy. Gastroenterology 2001; 120: 490-497
[PMID: 11159889 DOI: 10.1053/ gast.2001.21209]

4 Francoz C, Belghiti ], Vilgrain V, Sommacale D, Paradis V,
Condat B, Denninger MH, Sauvanet A, Valla D, Durand F.
Splanchnic vein thrombosis in candidates for liver transplan-
tation: usefulness of screening and anticoagulation. Gut 2005;
54: 691-697 [PMID: 15831918 DOI: 10.1136/ gut.2004.042796]]

5 Condat B, Pessione F, Helene Denninger M, Hillaire S, Valla
D. Recent portal or mesenteric venous thrombosis: increased
recognition and frequent recanalization on anticoagulant
therapy. Hepatology 2000; 32: 466-470 [PMID: 10960436]

6 DeLeve LD, Valla DC, Garcia-Tsao G. Vascular disorders
of the liver. Hepatology 2009; 49: 1729-1764 [PMID: 19399912
DOI: 10.1002/ hep.22772]

7 Tsochatzis EA, Senzolo M, Germani G, Gatt A, Burroughs
AK. Systematic review: portal vein thrombosis in cirrhosis.
Aliment Pharmacol Ther 2010; 31: 366-374 [PMID: 19863496
DOI: 10.1111/j.1365-2036.2009.04182.x]

8  Amitrano L, Guardascione MA. Management of portal vein
thrombosis in cirrhotic patients. Mediterr | Hematol Infect Dis 2009;
1: €2009014 [PMID: 21415954 DOI: 10.4084/ MJHID.2009.014]

9 Okuda K, Ohnishi K, Kimura K, Matsutani S, Sumida M, Goto

N, Musha H, Takashi M, Suzuki N, Shinagawa T. Incidence

of portal vein thrombosis in liver cirrhosis. An angiographic

study in 708 patients. Gastroenterology 1985; 89: 279-286 [PMID:

4007419]

Gaiani S, Bolondi L, Li Bassi S, Zironi G, Siringo S, Barbara L.

Prevalence of spontaneous hepatofugal portal flow in liver

cirrhosis. Clinical and endoscopic correlation in 228 patients.

Gastroenterology 1991; 100: 160-167 [PMID: 1983817]

Amitrano L, Guardascione MA, Brancaccio V, Margaglione

M, Manguso F, lannaccone L, Grandone E, Balzano A. Risk

factors and clinical presentation of portal vein thrombosis in

patients with liver cirrhosis. | Hepatol 2004; 40: 736-741 [PMID:

15094219 DOI: 10.1016/j.jhep.2004.01.001]

Nonami T, Yokoyama I, Iwatsuki S, Starzl TE. The incidence of

portal vein thrombosis at liver transplantation. Hepatology 1992;

16: 1195-1198 [PMID: 1427658 DOI: 10.1002/ hep.1840160515]

Yerdel MA, Gunson B, Mirza D, Karayalcin K, Olliff S, Buck-

els J, Mayer D, McMaster P, Pirenne J. Portal vein thrombo-

sis in adults undergoing liver transplantation: risk factors,

screening, management, and outcome. Transplantation 2000;

10

11

12

13

February 27, 2014 | Volume 6 | Issue 2 |



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

69: 1873-1881 [PMID: 10830225 DOI: 10.1097/00007890-20000
5150-00023]

Charco R, Fuster J, Fondevila C, Ferrer J, Mans E, Garcia-
Valdecasas JC. Portal vein thrombosis in liver transplanta-
tion. Transplant Proc 2005; 37: 3904-3905 [PMID: 16386579
DOI: 10.1016/j.transproceed.2005.09.120]

Manzanet G, Sanjuan F, Orbis P, Lépez R, Moya A, Juan M,
Vila J, Asensi ], Sendra P, Ruiz J, Prieto M, Mir J. Liver trans-
plantation in patients with portal vein thrombosis. Liver Transpl
2001; 7: 125-131 [PMID: 11172396 DOI: 10.1053/jlts.2001.21295]
Thompson EN, Sherlock S. The aetiology of portal vein
thrombosis with particular reference to the role of infection
and exchange transfusion. Q | Med 1964; 33: 465-480 [PMID:
14212603]

Montalto P, Vlachogiannakos ], Cox D], Pastacaldi S, Patch D,
Burroughs AK. Bacterial infection in cirrhosis impairs coagula-
tion by a heparin effect: a prospective study. ] Hepatol 2002; 37:
463-470 [PMID: 12217599 DOI: 10.1016/S0168-8278(02)00208-8]
van't Riet M, Burger JW, van Muiswinkel JM, Kazemier G, Schip-
perus MR, Bonjer HJ. Diagnosis and treatment of portal vein
thrombosis following splenectomy. Br | Surg 2000; 87: 1229-1233
[PMID: 10971433 DOI: 10.1046/7.1365-2168.2000.01514.x]
Amitrano L, Brancaccio V, Guardascione MA, Margaglione
M, Iannaccone L, D’Andrea G, Marmo R, Ames PR, Balzano
A. Inherited coagulation disorders in cirrhotic patients with
portal vein thrombosis. Hepatology 2000; 31: 345-348 [PMID:
10655256 DOI: 10.1002/hep.510310213]

Mannucci PM. Abnormal hemostasis tests and bleeding in
chronic liver disease: are they related? No. ] Thromb Haemost 2006; 4:
721-723 [PMID: 16634735 DOI: 10.1111/j.1538-7836.2006.01886.x]
Bosch J, Reverter JC. The coagulopathy of cirrhosis: myth or
reality? Hepatology 2005; 41: 434-435 [PMID: 15723321 DOI:
10.1002/hep.20639]

Caldwell SH, Hoffman M, Lisman T, Macik BG, Northup
PG, Reddy KR, Tripodi A, Sanyal AJ. Coagulation disorders
and hemostasis in liver disease: pathophysiology and criti-
cal assessment of current management. Hepatology 2006; 44:
1039-1046 [PMID: 17006940 DOI: 10.1002/hep.21303]
Monroe DM, Hoffman M. The coagulation cascade in cir-
rhosis. Clin Liver Dis 2009; 13: 1-9 [PMID: 19150304 DOI:
10.1016/j.c1d.2008.09.014]

Tripodi A, Mannucci PM. Abnormalities of hemostasis in
chronic liver disease: reappraisal of their clinical significance
and need for clinical and laboratory research. | Hepatol 2007;
46: 727-733 [PMID: 17316874]

Ben-Ari Z, Osman E, Hutton RA, Burroughs AK. Dissemi-
nated intravascular coagulation in liver cirrhosis: fact or fic-
tion? Am | Gastroenterol 1999; 94: 2977-2982 [PMID: 10520855]
Erkan O, Bozdayi AM, Disibeyaz S, Oguz D, Ozcan M, Bahar
K, Karayalcin S, Ozden A, Bozkaya H, Yurdaydin C, Uzunali-
moglu O. Thrombophilic gene mutations in cirrhotic patients
with portal vein thrombosis. Eur | Gastroenterol Hepatol 2005;
17: 339-343 [PMID: 15716659]

Tripodi A, Primignani M, Lemma L, Chantarangkul V, Man-
nucci PM. Evidence that low protein C contributes to the pro-
coagulant imbalance in cirrhosis. ] Hepatol 2013; 59: 265-270
[PMID: 23583273 DOI: 10.1016/j.jhep.2013.03.036]

Valla DC. Thrombosis and anticoagulation in liver disease.
Hepatology 2008; 47: 1384-1393 [PMID: 18318436 DOI: 10.1002/
hep.22192]

Delahousse B, Labat-Debelleix V, Decalonne L, d”Alteroche
L, Perarnau JM, Gruel Y. Comparative study of coagulation
and thrombin generation in the portal and jugular plasma
of patients with cirrhosis. Thromb Haemost 2010; 104: 741-749
[PMID: 20806106 DOI: 10.1160/ TH10-01-0040]]

Tripodi A, Anstee QM, Sogaard KK, Primignani M, Valla
DC. Hypercoagulability in cirrhosis: causes and consequenc-
es. | Thromb Haemost 2011; 9: 1713-1723 [PMID: 21729237
DOI: 10.1111/j.1538-7836.2011.04429.x]

Fisher NC, Wilde JT, Roper ], Elias E. Deficiency of natural

(49

TR
JRaishideng®

WJH | www.wjgnet.com

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Kinjo N et a/. PVT in cirrhosis

anticoagulant proteins C, S, and antithrombin in portal vein
thrombosis: a secondary phenomenon? Gut 2000; 46: 534-539
[PMID: 10716684]

Janssen HL, Meinardi JR, Vleggaar FP, van Uum SH, Haags-
ma EB, van Der Meer FJ, van Hattum J, Chamuleau RA, Ad-
ang RP, Vandenbroucke JP, van Hoek B, Rosendaal FR. Factor
V Leiden mutation, prothrombin gene mutation, and deficien-
cies in coagulation inhibitors associated with Budd-Chiari
syndrome and portal vein thrombosis: results of a case-control
study. Blood 2000; 96: 2364-2368 [PMID: 11001884]

Mahmoud AE, Elias E, Beauchamp N, Wilde JT. Prevalence
of the factor V Leiden mutation in hepatic and portal vein
thrombosis. Gut 1997; 40: 798-800 [PMID: 9245936]

Pasta L, Marrone C, D’amico M, Virdone R, D’amico G, Sam-
marco P, Fabiano C, Pagliaro L. MTHFR C677T mutations in
liver cirrhosis with and without portal vein thrombosis. Liver
Int 2006; 26: 269-270 [PMID: 16448467]

Gabr MA, Bessa SS, El-Zamarani EA. Portal vein thrombosis
in Egyptian patients with liver cirrhosis: Role of methylene-
tetrahydrofolate reductase C677T gene mutation. Hepatol
Res 2010; 40: 486-493 [PMID: 20374299 DOI: 10.1111/j.1872-
034X.2010.00628.x]

Amitrano L, Guardascione MA, Ames PR, Margaglione M,
lannaccone L, Brancaccio V, Balzano A. Increased plasma
prothrombin concentration in cirrhotic patients with por-
tal vein thrombosis and prothrombin G20210A mutation.
Thromb Haemost 2006; 95: 221-223 [PMID: 16493481]

Zocco MA, Di Stasio E, De Cristofaro R, Novi M, Ainora ME,
Ponziani F, Riccardi L, Lancellotti S, Santoliquido A, Flore R,
Pompili M, Rapaccini GL, Tondi P, Gasbarrini GB, Landolfi R,
Gasbarrini A. Thrombotic risk factors in patients with liver
cirrhosis: correlation with MELD scoring system and portal
vein thrombosis development. | Hepatol 2009; 51: 682-689
[PMID: 19464747 DOI: 10.1016/].jhep.2009.03.013]

Amitrano L, Guardascione MA, Ames PR. Coagulation ab-
normalities in cirrhotic patients with portal vein thrombosis.
Clin Lab 2007; 53: 583-589 [PMID: 18257465]

Kinjo N, Kawanaka H, Akahoshi T, Tomikawa M, Yamashita
N, Konishi K, Tanoue K, Shirabe K, Hashizume M, Maehara Y.
Risk factors for portal venous thrombosis after splenectomy in
patients with cirrhosis and portal hypertension. Br | Surg 2010;
97: 910-916 [PMID: 20474001 DOI: 10.1002/ bjs.7002]

Giannini EG, Savarino V. Thrombocytopenia in liver disea-
se. Curr Opin Hematol 2008; 15: 473-480 [PMID: 18695370 DOL:
10.1097/MOH.0b013e32830a9746]

Kercher KW, Carbonell AM, Heniford BT, Matthews BD,
Cunningham DM, Reindollar RW. Laparoscopic splenectomy
reverses thrombocytopenia in patients with hepatitis C cir-
rhosis and portal hypertension. | Gastrointest Surg 2004; 8:
120-126 [PMID: 14746844]

Hayashi PH, Mehia C, Joachim Reimers H, Solomon HS, Ba-
con BR. Splenectomy for thrombocytopenia in patients with
hepatitis C cirrhosis. | Clin Gastroenterol 2006; 40: 740-744
[PMID: 16940889]

Akahoshi T, Tomikawa M, Kawanaka H, Furusyo N, Kinjo
N, Tsutsumi N, Nagao Y, Hayashi ], Hashizume M, Maehara
Y. Laparoscopic splenectomy with interferon therapy in 100
hepatitis-C-virus-cirrhotic patients with hypersplenism and
thrombocytopenia. | Gastroenterol Hepatol 2012; 27: 286-290
[PMID: 21793908 DOI: 10.1111/}.1440-1746.2011.06870.x]
Hirooka M, Ishida K, Kisaka Y, Uehara T, Watanabe Y,
Hiasa Y, Michitaka K, Onji M. Efficacy of splenectomy for
hypersplenic patients with advanced hepatocellular carci-
noma. Hepatol Res 2008; 38: 1172-1177 [PMID: 18631253 DOI:
10.1111/j.1872-034X.2008.00389.x]

Morihara D, Kobayashi M, Ikeda K, Kawamura Y, Saneto
H, Yatuji H, Hosaka T, Sezaki H, Akuta N, Suzuki Y, Suzuki
F, Kumada H. Effectiveness of combination therapy of sple-
nectomy and long-term interferon in patients with hepatitis
C virus-related cirrhosis and thrombocytopenia. Hepatol

February 27, 2014 | Volume 6 | Issue 2 |



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Kinjo N et a/. PVT in cirrhosis

Res 2009; 39: 439-447 [PMID: 19207581 DOI: 10.1111/j.1872-
034X.2008.00481.x]

Yoshida M, Watanabe Y, Horiuchi A, Yamamoto Y, Sugishi-
ta H, Kawachi K. Portal and splenic venous thrombosis after
splenectomy in patients with hypersplenism. Hepatogastroen-
terology 2009; 56: 538-541 [PMID: 19579638]

Winslow ER, Brunt LM, Drebin JA, Soper NJ, Klingensmith
ME. Portal vein thrombosis after splenectomy. Am | Surg
2002; 184: 631-635; discussion 635-636 [PMID: 12488196]
Amitrano L, Brancaccio V, Guardascione MA, Margaglione
M, Sacco M, Martino R, De Nucci C, Mosca S, lannaccone
L, Ames PR, Romano L, Balzano A. Portal vein thrombosis
after variceal endoscopic sclerotherapy in cirrhotic patients:
role of genetic thrombophilia. Endoscopy 2002; 34: 535-538
[PMID: 12170404]

Politoske D, Ralls P, Korula J. Portal vein thrombosis follow-
ing endoscopic variceal sclerotherapy. Prospective controlled
comparison in patients with cirrhosis. Dig Dis Sci 1996; 41:
185-190 [PMID: 8565755]

Afdhal NH, Giannini EG, Tayyab G, Mohsin A, Lee JW, An-
driulli A, Jeffers L, McHutchison J, Chen PJ, Han KH, Camp-
bell F, Hyde D, Brainsky A, Theodore D. Eltrombopag before
procedures in patients with cirrhosis and thrombocytopenia. N
Engl ] Med 2012; 367: 716-724 [PMID: 22913681 DOI: 10.1056/
NEJMoal110709]

Dultz G, Kronenberger B, Azizi A, Mihm U, Vogl TJ, Sar-
razin U, Sarrazin C, Zeuzem S, Hofmann WP. Portal vein
thrombosis as complication of romiplostim treatment in a
cirrhotic patient with hepatitis C-associated immune throm-
bocytopenic purpura. | Hepatol 2011; 55: 229-232 [PMID:
21310200 DOTI: 10.1016/j.jhep.2011.01.020]

North Italian Endoscopic Club for the Study and Treatment
of Esophageal Varices. Prediction of the first variceal hemor-
rhage in patients with cirrhosis of the liver and esophageal var-
ices. A prospective multicenter study. N Engl ] Med 1988; 319:
983-989 [PMID: 3262200 DOI: 10.1056/ NEJM198810133191505]
Condat B, Vilgrain V, Asselah T, O'Toole D, Rufat P, Zappa
M, Moreau R, Valla D. Portal cavernoma-associated cholangi-
opathy: a clinical and MR cholangiography coupled with MR
portography imaging study. Hepatology 2003; 37: 1302-1308
[PMID: 12774008 DOI: 10.1053 /jhep.2003.50232]

Khuroo MS, Dar MY, Yattoo GN, Khan BA, Boda MI, Zargar
SA, Javid G, Allai MS. Serial cholangiographic appearances
in recurrent pyogenic cholangitis. Gastrointest Endosc 1993; 39:
674-679 [PMID: 8224691 DOI: 10.1016/50016-5107(93)70221-7]
Subramanyam BR, Balthazar EJ, Lefleur RS, Horii SC, Hulnick
DH. Portal venous thrombosis: correlative analysis of sonography,
CT and angiography. Am | Gastroenterol 1984; 79: 773-776 [PMID:
6385690]

Ueno N, Sasaki A, Tomiyama T, Tano S, Kimura K. Color Dop-
pler ultrasonography in the diagnosis of cavernous transforma-
tion of the portal vein. ] Clin Ultrasound 1997; 25: 227-233 [PMID:
9314103]

Bach AM, Hann LE, Brown KT, Getrajdman GI, Herman SK,
Fong Y, Blumgart LH. Portal vein evaluation with US: com-
parison to angiography combined with CT arterial portogra-
phy. Radiology 1996; 201: 149-154 [PMID: 8816536]

Chou CK, Mak CW, Tzeng WS, Chang JM. CT of small bow-
el ischemia. Abdom Imaging 2004; 29: 18-22 [PMID: 15160748
DOI: 10.1007 /s00261-003-0073-3]

Lee HK, Park SJ, Yi BH, Yeon EK, Kim JH, Hong HS. Portal
vein thrombosis: CT features. Abdom Imaging 2008; 33: 72-79
[PMID: 17694406 DOI: 10.1007 /500261-007-9200-x]

Tublin ME, Dodd GD, Baron RL. Benign and malignant
portal vein thrombosis: differentiation by CT characteristics.
AJR Am | Roentgenol 1997; 168: 719-723 [PMID: 9057522 DOI:
10.2214/ajr.168.3.9057522]

Maruyama H, Ishibashi H, Takahashi M, Shimada T, Ka-
mesaki H, Yokosuka O. Prediction of the therapeutic ef-
fects of anticoagulation for recent portal vein thrombosis: a

(49

TR
JRaishideng®

WJH | www.wjgnet.com

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

novel approach with contrast-enhanced ultrasound. Abdom
Imaging 2012; 37: 431-438 [PMID: 21904887 DOI: 10.1007/
s00261-011-9795-9]

Amitrano L, Guardascione MA, Menchise A, Martino R,
Scaglione M, Giovine S, Romano L, Balzano A. Safety and ef-
ficacy of anticoagulation therapy with low molecular weight
heparin for portal vein thrombosis in patients with liver cir-
rhosis. | Clin Gastroenterol 2010; 44: 448-451 [PMID: 19730112
DOI: 10.1097/MCG.0b013e3181b3ab44]

Senzolo M, M Sartori T, Rossetto V, Burra P, Cillo U, Boccagni
P, Gasparini D, Miotto D, Simioni P, Tsochatzis E, A Burroughs
K. Prospective evaluation of anticoagulation and transjugular
intrahepatic portosystemic shunt for the management of portal
vein thrombosis in cirrhosis. Liver Int 2012; 32: 919-927 [PMID:
22435854 DOI: 10.1111/j.1478-3231.2012.02785.X]

Maruyama H, Okugawa H, Takahashi M, Yokosuka O. De
novo portal vein thrombosis in virus-related cirrhosis: predic-
tive factors and long-term outcomes. Am | Gastroenterol 2013;
108: 568-574 [PMID: 23381015 DOI: 10.1038/ ajg.2012.452]
Luca A, Caruso S, Milazzo M, Marrone G, Mamone G, Crind F,
Maruzzelli L, Miraglia R, Floridia G, Vizzini G. Natural course
of extrahepatic nonmalignant partial portal vein thrombosis
in patients with cirrhosis. Radiology 2012; 265: 124-132 [PMID:
22891357]

Lendoire J, Raffin G, Cejas N, Duek F, Barros Schelotto P, Tri-
go P, Quarin C, Garay V, Imventarza O. Liver transplantation
in adult patients with portal vein thrombosis: risk factors,
management and outcome. HPB (Oxford) 2007; 9: 352-356
[PMID: 18345318 DOI: 10.1080/13651820701599033]

Selvaggi G, Weppler D, Nishida S, Moon J, Levi D, Kato T,
Tzakis AG. Ten-year experience in porto-caval hemitranspo-
sition for liver transplantation in the presence of portal vein
thrombosis. Am | Transplant 2007; 7: 454-460 [PMID: 17229075]
Englesbe M]J, Kubus ], Muhammad W, Sonnenday CJ, Well-
ing T, Punch JD, Lynch R], Marrero JA, Pelletier SJ. Portal
vein thrombosis and survival in patients with cirrhosis. Liver
Transpl 2010; 16: 83-90 [PMID: 20035521 DOI: 10.1002/1t.21941]
Rodriguez-Castro KI, Porte R], Nadal E, Germani G, Burra P,
Senzolo M. Management of nonneoplastic portal vein throm-
bosis in the setting of liver transplantation: a systematic
review. Transplantation 2012; 94: 1145-1153 [PMID: 23128996
DOI: 10.1097/ TP.0b013e31826e8e53]

Doenecke A, Tsui TY, Zuelke C, Scherer MN, Schnitzbauer
AA, Schlitt HJ, Obed A. Pre-existent portal vein thrombosis
in liver transplantation: influence of pre-operative disease
severity. Clin Transplant 2010; 24: 48-55 [PMID: 19236435
DOI: 10.1111/.1399-0012.2009.00977 .x]

Ramos AP, Reigada CP, Ataide EC, Almeida JR, Cardoso
AR, Caruy CA, Stucchi RS, Boin IF. Portal vein thrombosis
and liver transplantation: long term. Transplant Proc 2010; 42:
498-501 [PMID: 20304176 DOI: 10.1016/j.transproceed.2010.0
1.038]

Bates SM, Ginsberg JS. Clinical practice. Treatment of deep-
vein thrombosis. N Engl | Med 2004; 351: 268-277 [PMID:
15254285]

Delgado MG, Seijo S, Yepes I, Achécar L, Catalina MV, Gar-
cia-Criado A, Abraldes JG, de la Pefia J, Banares R, Albillos A,
Bosch ], Garcia-Pagan JC. Efficacy and safety of anticoagula-
tion on patients with cirrhosis and portal vein thrombosis.
Clin Gastroenterol Hepatol 2012; 10: 776-783 [PMID: 22289875
DOI: 10.1016/j.cgh.2012.01.012]

Arjal R, Trotter JF. International normalized ratio of pro-
thrombin time in the model for end-stage liver disease score:
an unreliable measure. Clin Liver Dis 2009; 13: 67-71 [PMID:
19150311 DOI: 10.1016/j.c1d.2008.09.009]

Kovacs MJ, Wong A, MacKinnon K, Weir K, Keeney M,
Boyle E, Cruickshank M. Assessment of the validity of the
INR system for patients with liver impairment. Thromb Hae-
most 1994; 71: 727-730 [PMID: 7605424]

Clavien PA. Diagnosis and management of mesenteric in-

February 27, 2014 | Volume 6 | Issue 2 |



77

78

79

80

81

82

farction. Br ] Surg 1990; 77: 601-603 [PMID: 2200547]

Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE,
Comerota AJ. Antithrombotic therapy for venous throm-
boembolic disease: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (8th Edition).
Chest 2008; 133: 4545-545S [PMID: 18574272 DOI: 10.1378/
chest.08-0658]

Thatipelli MR, McBane RD, Hodge DO, Wysokinski WE.
Survival and recurrence in patients with splanchnic vein
thromboses. Clin Gastroenterol Hepatol 2010; 8: 200-205 [PMID:
19782767 DOI: 10.1016/j.cgh.2009.09.019]

Tripodi A, Mannucci PM. The coagulopathy of chronic liver
disease. N Engl | Med 2011; 365: 147-156 [PMID: 21751907
DOI: 10.1056/NEJMra1011170]

Senzolo M, Ferronato C, Burra P, Sartori MT. Anticoagula-
tion for portal vein thrombosis in cirrhotic patients should
be always considered. Intern Emerg Med 2009; 4: 161-162;
author reply 163-164 [PMID: 19130177 DOI: 10.1007/s11739-
008-0219-y]

Villa E, Camma C, Marietta M, Luongo M, Critelli R, Colopi
S, Tata C, Zecchini R, Gitto S, Petta S, Lei B, Bernabucci V,
Vukotic R, De Maria N, Schepis F, Karampatou A, Caporali C,
Simoni L, Del Buono M, Zambotto B, Turola E, Fornaciari G,
Schianchi S, Ferrari A, Valla D. Enoxaparin prevents portal
vein thrombosis and liver decompensation in patients with
advanced cirrhosis. Gastroenterology 2012; 143: 1253-1260.e1-4
[PMID: 22819864 DOI: 10.1053 /j.gastro.2012.07.018]
Bechmann LP, Sichau M, Wichert M, Gerken G, Kroger K,

(49

TR
JBaishideng®

WJH | www.wjgnet.com

83

84

85

86

87

71

Kinjo N et a/. PVT in cirrhosis

Hilgard P. Low-molecular-weight heparin in patients with
advanced cirrhosis. Liver Int 2011; 31: 75-82 [PMID: 20958919
DOI: 10.1111/.1478-3231.2010.02358.x]

Kawanaka H, Akahoshi T, Kinjo N, Konishi K, Yoshida D,
Anegawa G, Yamaguchi S, Uehara H, Hashimoto N, Tsutsumi
N, Tomikawa M, Maehara Y. Impact of antithrombin III concen-
trates on portal vein thrombosis after splenectomy in patients
with liver cirrhosis and hypersplenism. Ann Surg 2010; 251:
76-83 [PMID: 19864937 DOI: 10.1097/SLA.0b013e3181bdf8ad]
Francoz C, Valla D, Durand F. Portal vein thrombosis, cir-
rhosis, and liver transplantation. | Hepatol 2012; 57: 203-212
[PMID: 22446690 DOI: 10.1016/j.jhep.2011.12.034]

Luca A, Miraglia R, Caruso S, Milazzo M, Sapere C, Maruz-
zelli L, Vizzini G, Tuzzolino F, Gridelli B, Bosch J. Short- and
long-term effects of the transjugular intrahepatic portosys-
temic shunt on portal vein thrombosis in patients with cir-
rhosis. Gut 2011; 60: 846-852 [PMID: 21357252 DOI: 10.1136/
gut.2010.228023]

D'Avola D, Bilbao JI, Zozaya G, Pardo F, Rotellar F, Ihar-
rairaegui M, Quiroga J, Sangro B, Herrero JI. Efficacy of tran-
sjugular intrahepatic portosystemic shunt to prevent total
portal vein thrombosis in cirrhotic patients awaiting for liver
transplantation. Transplant Proc 2012; 44: 2603-2605 [PMID:
23146469 DOI: 10.1016/j.transproceed.2012.09.050]

de Franchis R. Revising consensus in portal hypertension: re-
port of the Baveno V consensus workshop on methodology of
diagnosis and therapy in portal hypertension. ] Hepatol 2010;
53: 762-768 [PMID: 20638742 DOL: 10.1016/j.jhep.2010.06.004]

P- Reviewers: Sahani DV, Xu CF  S- Editor: Zhai HH
L- Editor: Roemmele A E- Editor: Liu XM

February 27, 2014 | Volume 6 | Issue 2 |



wJ

World Journal of
Hepatology

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.4254/wjh.v6.i72

World | Hepatol 2014 February 27; 6(2): 72-84
ISSN 1948-5182 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

ORIGINAL ARTICLE

Oxidative stress and extracellular matrices after
hepatectomy and liver transplantation in rats

Tomohide Hori, Shinji Uemoto, Feng Chen, Lindsay B Gardner, Ann-Marie T Baine, Toshiyuki Hata,

Takayuki Kogure, Justin H Nguyen

Tomohide Hori, Shinji Uemoto, Division of Hepato-Biliary-
Pancreatic and Transplant Surgery, Department of Surgery, Kyo-
to University Graduate School of Medicine, Kyoto 606-8507,
Japan

Feng Chen, Lindsay B Gardner, Ann-Marie T Baine, Toshiy-
uki Hata, Department of Neuroscience, Mayo Clinic, Jackson-
ville, FL 32224, United States

Takayuki Kogure, Department of Gastroenterology, Tohoku Uni-
versity Graduate School of Medicine, Sendai, Miyagi 980-8574,
Japan

Justin H Nguyen, Division of Transplant Surgery, Department
of Transplantation, Mayo Clinic, Jacksonville, FL 32224, United
States

Author contributions: Hori T and Hata T performed the sur-
gery and collected the data; Hori T wrote this paper; Chen F,
Gardner LB and Baine AMT performed the assays; Kogure T
helped to perform the protein assays; Nguyen JH and Uemoto S
designed this study and supervised this research.

Supported by Grants to Nguyen JH from the Deason Founda-
tion, Sandra and Eugene Davenport, Mayo Clinic CD CRT-1I
partially; the Uehara Memorial Foundation to Hori T, Tokyo
171-0033, Japan, No. 200940051

Correspondence to: Tomohide Hori, MD, PhD, Division of
Hepato-Biliary-Pancreatic and Transplant Surgery, Department
of Surgery, Kyoto University Graduate School of Medicine, 54
Shogoinkawara-cho, Sakyo-ku, Kyoto 606-8507,

Japan. horit@kuhp.kyoto-u.ac.jp

Telephone: +81-75-7513111 Fax: +81-75-7513106

Received: July 30, 2013 Revised: December 8, 2013
Accepted: January 13,2014

Published online: February 27, 2014

Abstract

AIM: To investigate oxidative stress (OS)-mediated
damage and the behavior of extracellular matrices in
various rat models because shear stress with portal hy-
pertension and cold ischemia/warm reperfusion injury
trigger the liver regeneration cascade after surgery.
These injuries also cause fatal liver damage.
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METHODS: Rats were divided into four groups accord-
ing to the surgery performed: control; hepatectomy
with 40% liver remnant (60% hepatectomy); ortho-
topic liver transplantation (OLT) with whole liver graft
(100% OLT); and split OLT (SOLT) with 40% graft (40%
SOLT). Survival was evaluated. Blood and liver samples
were collected at 6 h after surgery. Biochemical and
histopathological examinations were performed. OS-
induced damage, 4-hydroxynonenal, ataxia-telangiec-
tasia mutated kinase, histone H2AX, phosphatidylinosi-
tol 3-kinase (PI3K) and Akt were evaluated by western
blotting. Behavior of extracellular matrices, matrix
metalloproteinase (MMP)-9, MMP-2, tissue inhibitor
of metalloproteinase (TIMP)-1 and TIMP-2 were also
evaluated by western blotting and zymography.

RESULTS: Although 100% OLT survived, 60% hepa-
tectomy and 40% SOLT showed poor survival. His-
topathological, immunohistological, biochemical and
protein assays revealed that 60% hepatectomy, 100%
OLT and 40% SOLT showed liver damage. PI3K and
Akt were decreased in 60% hepatectomy and 40%
SOLT. For protein expression, 40% SOLT showed differ-
ences in MMP-9, MMP-2 and TIMP-2. TIMP-1 showed
differences in 60% hepatectomy and 40% SOLT. For
protein activity, MMP-9 demonstrated significant differ-
ences in 60% hepatectomy, 100% OLT and 40% SOLT.

CONCLUSION: Under conditions with an insufficient
liver remnant, prevention of OS-induced damage via
the Akt/PI3K pathway may be key to improve the post-
operative course. MMP-9 may be also a therapeutic
target after surgery.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Free radicals; Akt; Phosphatidylinositol 3-ki-

nase; Matrix metalloproteinase; Tissue inhibitors of me-
talloproteinase
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Core tip: Although shear stress with portal hyperten-
sion and cold ischemia/warm reperfusion injury trig-
ger the liver regeneration cascade after surgery, these
injuries also cause fatal liver damage. Postoperative
liver damage is still a critical matter in the field of liver
surgery. Oxidative stress and extracellular matrices are
important for liver regeneration after surgery and these
may be important keys to overcome current problems
in the field of liver surgery. Here, we investigated oxi-
dative stress-mediated damage and the behavior of
extracellular matrices in various rat models with liver

surgery.

Hori T, Uemoto S, Chen F, Gardner LB, Baine AMT, Hata T,
Kogure T, Nguyen JH. Oxidative stress and extracellular ma-
trices after hepatectomy and liver transplantation in rats. World
J Hepatol 2014; 6(2): 72-84 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i2/72.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.i2.72

INTRODUCTION

Liver resection is considered the standard treatment for

primary malignant tumors and liver metastases. Ad-
vanced surgical techniques for hepatectomy, develop-
ment of preoperative evaluation, and improvements in
intensive postoperative care have resulted in a decline in
perioperative morbidity and mortality. However, post-
operative liver failure still occurs despite these develop-
ments. Extended hepatectomy has the advantage of high
curability but increases morbidity and mortality'". Insuf-
ficient volume of the remnant liver is correlated with
perioperative morbidity and mortality". Prognosis of
postoperative liver failure due to insufficient liver rem-
nant is poor'",

Orthotopic liver transplantation (OLT) is an accepted
therapy for end-stage liver disease and currently provides
long-term survival and good quality of life. However, cold
ischemia/warm repetfusion (CIWR) injury is still a major
cause of morbidity and mortality after OLT". Currently,
strategic procedures are needed to improve the liver toler-
ance against CIWR injury. A small-for-size graft (SFSG) is
used for deceased donor liver transplantation (DDLT) and
living donor liver transplantation (LDLT)™. The SFSG
is defined as a ratio of graft weight against standard liver
volume < 40%*". An inevitable insufficiency of graft size
cannot be avoided in the LDLT or split orthotopic liver
transplantation (SOLT) for DDLT. The SFSG in LDLT
or SOLT is accompanied with CIWR injury and shear
stress with portal hypertension. Hence, the SFSG results
in high mortality and morbidity. The choice of a left-side
graft is preferred from the viewpoint of greater donor
safety and expanded donor candidates in LDLT™. Guat-
anteed SOLT with successful outcomes resolves a donor
shortage in DDLT™. Currently, the 40% SFSG is a criti-
cal matter to overcome the donor shortage in DDLT and
ensure donor safety in LDLT",

(4 9
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Oxygen is required for cell survival. However, it also
poses a potential hazard via reactive oxygen species (ROS)
and reactive nitrogen species (RNS), with biological and
functional alterations of lipids, proteins and DNAP,
Control of ROS/RNS production plays physiological
roles, especially in regulating cell signaling, cell prolifera-
tion, differentiation and apoptosisw’m. Oxidative stress
(OS) mediated by free radicals is defined as an imbalance
between the production of ROS/RNS and the antioxi-
dant capacity of the cell”™.

The extracellular matrix has important effects on in-
flammation, carcinogenesis and regeneration“zm. There
are diverse types of proteases that control remodeling
of the extracellular matrix, trigger liver regeneration and
drive tumor progressionmm. Matrix metalloproteinases
(MMPs) are a family of enzymes that degrade constitu-
ents of extracellular matrices and basement membranes.
Currently, a total of 28 MMPs have been identified"".
MMPs have been intensively studied and shown to play
key roles in inflammation, carcinogenesis and regenera-
tion"*", MMP-2 and MMP-9 are implicated in liver
injury and remodeling. In particular, previous research-
ers reported that MMP-9 and MMP-2 contribute to
liver failure after liver surgery“z'zﬂ. Tissue inhibitors of
metalloproteinases (TIMPs) are a family of endogenous
inhibitors of MMPs. Alteration in the MMP-TIMP bal-
ance is linked to pathophysiological conditions™*. Cur-
rently, four members have been identified in the TIMP
family which can inhibit various MMPsP. In particular,
many researchers have focused on TIMP-1 and TIMP-2
during liver regeneration[zsfzsl.

Although shear stress with portal hypertension and
CIWR injury trigger the liver regeneration cascade after
liver surgery, these injuries also cause fatal liver dam-
age[z()’m. Initial damage is confirmed at the early postop-
erative period after liver surgery™>""**?!l Therapeutic
strategies to reduce this damage have the advantage of
improving clinical results after liver surgery and overcom-
ing the current issue of insufficient liver volume in the
field of liver surgery. In the present preliminary study,
we investigated OS-mediated damage and the behavior
of extracellular matrices in various rat models with shear
stress and portal hypertension and/or CIWR injury.

MATERIALS AND METHODS

Animals

Lewis rats (RT-1) were purchased from Harlan Labora-
tories (Indianapolis, IN, United States). Male rats were
8-12 wk old and weighed 250 g. The experimental pro-
tocols were approved by the Ethical Committee of our
institution (Mayo Clinic, Institutional Animal Care and
Use Committee, No. A19609). Rats were cared for in
accordance with the Institutional Guidelines for Animal
Welfare based on The National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

Surgical procedures and postoperative care
Comprehensive details of the surgical procedures for rat
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Table 1 Study design

Group Hepatic remnant volume Cold ischemia warm reperfusion Shear stress portal hypertension
Control 100%, native liver

60%-hepatectomy 40%, native liver - +

100%-OLT 100%, syngeneic graft + -

40%-SOLT 40%, syngeneic graft + +

OLT: Orthotopic liver transplantation; SOLT: Split orthotopic liver transplantation.

and postoperative care in our institution have been previ- and D Systems, Minneapolis, MN, United States).
ously described™ . In the hepatectomy model, 40% of
liver remnant consisted of the left median and lateral seg- Histopathological and immunohistological assessments

ments” > In the transplantation model, the syngeneic Liver tissue was fixed in 10% neutral-buffered formalin,
graft had a cold ischemic time of 3-4 h at 4 C in normal embedded in paraffin, and sliced into 4-um sections. The
Ringer’s solution””. The 40% SFSG was also formed by morphological charactetistics and graft injury scores were
the left median and lateral segments at the back table™", assessed after hematoxylin-eosin (HE) staining. The graft
To avoid any irrelevant signaling, the hepatic artery was damage score has been described previouslym], Scores
reconstructed by ultramicrosurgery[m. Each rat was were counted in 10 fields (X 100 magnification) in each
kept separately after surgery and body temperature was slide and these scores were averaged in each HE slide.

maintained by a heating pad. Postoperative observation Induction of apoptosis was assessed by immunostain-
was performed every 30 min until 6 h after surgery and ing of terminal deoxynucleotidyl transferase-mediated

1.0 mL of warm lactate Ringer’s solution was routinely deoxyuridine triphosphate nick-end labeling (TUNEL)
administered every 1 h until 6 h after surgery. In the (ApopTag Peroxidase In Sitn Apoptosis Detection Kit,
transplantation model, we previously demonstrated the S7100; Chemicon International, Billerica, MA, United
importance of a shortened anhepatic phase and exclu- States) and cysteine aspartic acid protease (caspase) 3
sion of unreliable samples based on autopsy Hndings{33’34]. [Cleaved Caspase-3 (Asp175) Antibody, 9661S; Cell
In this study, the anhepatic phase was kept within 20 min Signaling Technology, Danvers, MA, United States]. A

in the transplantation model. No surgical complications TUNEL-positive nucleus was stained brown and a nega-
were observed in each case at sampling autopsy. tive nucleus was counterstained light blue. A caspase-

3-positive nucleus was stained brown and a negative
Study design nucleus was counterstained blue. Slides were scanned
Rats were divided into four groups according to the sur- with an automated high-throughput scanning system
gery performed: (1) laparotomy only (control); (2) hepa- (Scanscope XT, Aperio Technologies, Vista, CA, United
tectomy with 40% liver remnant (60% hepatectomy); (3) States). To quantify the immunohistological findings,

OLT with whole liver graft (100% OLT); and (4) SOLT positive-stained nuclei were counted by Aperio Image-
with 40% SFSG (40% SOLT) (Table 1). The survival scope software (Aperio Technologies). All nuclei were

study was performed on 10 rats in each group. Cell sig- classified into four color intensity levels and the higher
naling involved in proliferation, differentiation and apop- two levels were considered as positive. The ratio of pos-
tosis was confirmed at the early postoperative period itive-stained nuclei to all nuclei was calculated and the
after liver surgery and subsequently progressive necrosis mean ratio/mm” was determined.

was observed, as described previouslyp’lz’m8’29’3”. Serum

and plasma were collected at 6 h after surgery (7 = 5, Western blotting and gelatin zymography

in each group). Liver samples were also collected at 6 h The primary antibodies for malondialdehyde (MDA)
after surgery for histopathological/immunohistological (Anti-Malondialdehyde antibody, ab6463; Abcam, Cam-
assessments, western blotting and gelatin zymography (» bridge, MA, United States); 4-hydroxynonenal (4-HNE)

= 5, in each group). (4 Hydroxynonenal antibody, ab46545; Abcam); ataxia
telangiectasia mutated kinase (ATM) (Phospho-ATM/
Biochemical assays and coagulation profile ATR Substrate Rabbit mAb, 2909; Cell Signaling Tech-

Aspartate aminotransferase (AST), alanine aminotrans- nology); phosphorylated histone H2AX (yH2AX)
ferase (ALT), total bilirubin (T-Bil), the international (Phospho-Histone H2A. X Antibody, 2577; Cell Signal-
normalized ratio of prothrombin time (PT-INR) and ing Technology); phosphatidylinositol 3-kinase (PI3K)
hyaluronic acid (HA) were measured. Serum AST, ALT (Phospho-PI3K p85/p55 Antibody, 4228; Cell Signaling
and T-Bil were assessed by commercial kits (SGOT, Technology); Akt (Phospho-Akt Rabbit mAb, 4058; Cell
SGPT and total bilirubin reagent, respectively; Biotron, Signaling Technology); superoxide dismutase (SOD)
Hemet, CA, United States). The PT-INR in the plasma (Cu/Zn Superoxide Dismutase, 1.S-B2907; LifeSpan Bio-
was measured by the i-STAT System (Abbott, Princeton, Sciences, Seattle, WA, United States); catalase (Catalase,
NJ, United States). Serum HA was measured using a LS-B2554; LifeSpan BioSciences); MMP-9 (Anti-MMP-9,
commercial kit (Quantikine Hyaluronan ELISA Kit; R Catalytic domain, AB19016; Millipore, Temecula, CA,
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Control (7 = 10)
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Figure 1 Survival curves. OLT: Orthotopic liver transplantation; SOLT: Split
orthotopic liver transplantation.

United States); MMP-2 [MMP-2 antibody (MMP2/8B4),
ab7032; Abcam]; TIMP-1 [Anti-TIMP-1 Mouse mAb
(102D1), IM63; Calbiochem, San Diego, CA, United
States]; and TIMP-2 [Anti-TIMP2 antibody (3A4),
ab1828; Abcam| were used. Glyceraldehyde-3-phosphate
dehydrogenase served as a control. Signals were quanti-
fied using ImageQuant 5.0 software (Molecular Dynam-
ics, Sunnyvale, CA, United States). Gelatinase activity
was visualized by fluorescence microscopy (Olympus

BX50; Olympus Optical, Tokyo, Japan).

Statistical analysis

The results were presented as mean £ SD. Student’s 7
test was used for the comparison of unpaired continu-
ous variables between groups. Survival curves were con-
structed by the Kaplan-Meier method (Log-rank test).
Statistical calculations were performed using SPSS ver-
sion 16.0 (SPSS Inc., Chicago, 1L, United States). P < 0.05
was considered statistically significant.

RESULTS

Survival curves

Survival curves for each group are shown in Figure 1.
All rats that underwent a laparotomy or 100% OLT sut-
vived. The 60% hepatectomy and 40% SOLT groups
clearly showed poorer survival than the controls (P <
0.0001). Insufficient liver remnant resulted in poor sur-
vivals after 60% hepatectomy. Especially, 40% SOLT
showed very poor survivals.

Liver parenchymal damage

In comparison with the controls (0.1 £ 0.1 points), there
were significant differences in the graft damage score for
60% hepatectomy (3.7 + 0.7 points, P < 0.0001), 100%
OLT (4.0 £ 0.6 points, P < 0.0001) and 40% SOLT (5.8
+ 1.1 points, P < 0.0001) (Figure 2A).

Immunobhistological assessment of apoptosis induction
In comparison with the controls (0.003 £ 0.004), the
rates of TUNEL-positive nuclei showed significant dif-
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ferences in 60% hepatectomy (0.017 £ 0.009, P = 0.0278),
100% OLT (0.107 £ 0.012, P = 0.0001) and 40% SOLT
(0.166 = 0.052, P <0.0001) (Figure 2B). In comparison
with the controls (0.002 * 0.002), the rates of caspase-
3-positive nuclei revealed significant differences in 60%
hepatectomy (0.044 £ 0.023, P = 0.0033), 100% OLT
(0.063 £ 0.014, P < 0.0001) and 40% SOLT (0.115 +
0.019, P < 0.0001) (Figure 2C).

Conventional liver function tests, coagulation profile
and endothelial damage

In comparison with the controls (42.5 + 8.6 U/L), AST
levels showed significant differences in 60% hepatec-
tomy (202.4 £ 41.9 U/L, P < 0.0001), 100% OLT (290.5
+ 31.9 U/L, P < 0.0001) and 40% SOLT (387.4 £ 36.8
U/L, P < 0.0001) (Figure 3A). In comparison with the
controls (59.8 + 9.6 U/L), ALT levels showed significant
differences in 60% hepatectomy (213.8 £ 57.0 U/L, P <
0.0001), 100% OLT (309.4 + 38.3 U/L, P < 0.0001) and
40% SOLT (392.2 £ 76.7 U/L, P < 0.0001) (Figure 3B).
In comparison with the controls (0.41 = 0.13 mg/dL),
there were no significant differences in T-Bil levels in
60% hepatectomy (0.50 = 0.26 mg/dL, P = 0.4798) and
100% OLT (0.58 £ 0.15 mg/dL, P = 0.0801), but there
was in 40% SOLT (1.37 + 0.29 mg/dL, P = 0.0001)
(Figure 3C).

In comparison with the controls (0.99 £ 0.04), PT-
INR values revealed significant differences in 60% hepa-
tectomy (1.16 £ 0.09, P = 0.0052), 100% OLT (1.12
+ 0.04, P = 0.0008) and 40% SOLT (1.22 £ 0.06, P <
0.0001) (Figure 3D).

In comparison with the controls (76.6 = 14.9 ng/
mL), HA levels demonstrated significant differences in
60% hepatectomy (264.0 + 58.8 mg/dL, P = 0.0001),
100% OLT (188.0 £ 29.0 mg/dL, P < 0.0001) and 40%
SOLT (350.2 £ 136.6 mg/dL, P = 0.0021) (Figure 3E).

Oxidative stress

The western blotting intensities of MDA in each group
are shown in Figure 4A. In comparison with the controls
(1.00 * 0.10), normalized MDA showed significant dif-
ferences in 60% hepatectomy (1.64 £ 0.39, P = 0.0074),
100% OLT (2.12 £ 0.78, P = 0.0133) and 40% SOLT
(2.30 + 0.26, P < 0.0001) (Figure 4B).

Lipid peroxidation

In comparison with the controls (1.00 * 0.09), normal-
ized 4-HNE showed significant differences in 60% hepa-
tectomy (1.30 + 0.20, P = 0.0152), 100% OLT (1.41 *
0.20, P = 0.0028) and 40% SOLT (1.40 £ 0.19, P = 0.0032)
(Figure 4C).

Responses and repairs to DNA damage

In comparison with the controls (1.00 £ 0.098), normal-
ized ATM showed significant differences in 60% hepa-
tectomy (1.15 £ 0.09, P = 0.0336), 100% OLT (1.28 *
0.10, P = 0.0015) and 40% SOLT (1.21 £ 0.09, P = 0.0053)
(Figure 4D). In comparison with the controls (1.00 *
0.17), normalized yH2AX showed significant differences
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Figure 2 Histopathological and immunohistological assessments. A: Liver damage score in HE staining; B: TUNEL-positive rate; C: Caspase-3-positive rate. °P
< 0.05 vs control. OLT: Orthotopic liver transplantation; SOLT: Split orthotopic liver transplantation.

in 60% hepatectomy (1.39 + 0.29, P = 0.0071), 100%
OLT (1.67 % 0.38, P = 0.0303) and 40% SOLT (2.59 *
0.66, P = 0.0008) (Figure 4E).

Promotion of cell survival
The western blotting intensities of PI3K and Akt in
each group are shown in Figure 4K

In comparison with the controls (1.00 £ 0.08), there
was no significant difference in normalized PI3K in
100% OLT (0.92 £ 0.09, P = 0.17206), but there were
significant differences in 60% hepatectomy (00.36 £ 0.11,
P < 0.0001) and 40% SOLT (0.42 £ 0.19, P = 0.0002)
(Figure 4G). In comparison with the controls (1.00 *
0.12), there was no significant difference in normalized
Akt in 100% OLT (0.92 + 0.37, P = 0.6480), but there
were significant differences in 60% hepatectomy (0.37
+ 0.23, P = 0.0007) and 40% SOLT (0.34 £ 0.24, P =
0.0000) (Figure 4H).

Activities of antioxidant enzymes
In compatison with the controls (1.00 £ 0.09), normal-
ized SOD did not show significant differences in 60%
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hepatectomy (0.97 £ 0.09, P = 0.6503), 100% OLT (0.96
+ 0.11, P = 0.5461) and 40% SOLT (0.87 £ 0.09, P =
0.0595) (Figure 41). In comparison with the controls (1.00
+ 0.17), normalized catalase also revealed no signifi-
cant differences in 60% hepatectomy (0.91 £ 0.11, P =
0.3665), 100% OLT (0.90 £ 0.15, P = 0.3365) and 40%
SOLT (0.95 £ 0.14, P = 0.6454) (Figure 4]).

Behavior of MMP-9, MMP-2, TIMP-1 and TIMP-2

Protein expression and activity of MMP-9 are shown in
Figure 5A. Protein expression was evaluated by western
blot densitometry (Figure 5B-D). In comparison with
the controls (1.00 £ 0.34), there were no significant dif-
ferences in normalized MMP-9 in 60% hepatectomy
(1.14 £ 0.43, P = 0.5811) and 100% OLT (1.18 £ 0.35,
P = 0.4254), but there was a significant difference in
40% SOLT (2.16 £ 0.26, P = 0.0003) (Figure 5B). In
comparison with the controls (1.00 £ 0.106), there were
no significant differences in normalized MMP-2 in 60%
hepatectomy (0.78 * 0.17, P = 0.0716) and 100% OLT
(0.80 £ 0.23, P = 0.1437), but there was a significant dif-
ference in 40% SOLT (0.78 + 0.12, P = 0.0385) (Figure
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Figure 3 Biochemical and coagulation profiles. A: Serum aspartate aminotransferase (AST); B: Serum alanine aminotransferase (ALT); C: Serum total bilirubin (T-
Bil); D: Plasma international normalized ratio of prothrombin time (PT-INR); E: Serum hyaluronic acid (HA). °P < 0.05 vs control. NS: Not significant (P = 0.05); OLT:

Orthotopic liver transplantation; SOLT: Split orthotopic liver transplantation.

5C). In comparison with the controls (1.00 £ 0.30), there
was no significant difference in normalized TIMP-1 in
100% OLT (0.82 = 0.43, P = 0.4654), but there were
significant differences in 60% hepatectomy (1.41 £ 0.20,
P = 0.0491) and 40% SOLT (1.46 £ 0.32, P = 0.0480)
(Figure 5D). In comparison with the controls (1.00 *
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0.24), there were no significant differences in normalized
TIMP-2 in 60% hepatectomy (1.23 £ 0.24, P = 0.1605)
and 100% OLT (0.95 £ 0.17, P = 0.68406), but there was
a significant difference in 40% SOLT (1.28 * 0.12, P =
0.0471) (Figure 5E).

Protein activities were evaluated by intensity in zy-
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Figure 4 Protein expression of malondialdehyde, 4-hydroxynonenal, ataxia-telangiectasia mutated kinas/H2AX, phosphatidylinositol 3-kinase/Akt and
antioxidant enzymes. A: Actual intensities of malondialdehyde (MDA) in western blotting; B: Normalized MDA; C: Normalized 4-hydroxynonenal (4-HNE); D: Normal-
ized ataxia-telangiectasia mutated kinase (ATM); E: Normalized yH2AX; F: Actual intensities of phosphatidylinositol 3-kinase (PI3K) and Akt in western blotting; G:
Normalized PI3K; H: Normalized Akt; I: Normalized superoxide dismutase (SOD); J: Normalized catalase. °P < 0.05 vs control. NS: Not significant (P = 0.05); OLT:

Orthotopic liver transplantation; SOLT: Split orthotopic liver transplantation.

mography (Figure 5F-I). In comparison with the con-
trols (1.00 £ 0.15), relative MMP-9 clearly demonstrated
significant differences in 60% hepatectomy (1.37 £
0.23, P = 0.0156), 100% OLT (1.47 £ 0.33, P = 0.0211)
and 40% SOLT (2.10 * 0.75, P = 0.0125) (Figure 5F).
In comparison with the controls (1.00 * 0.17), relative
MMP-2 did not reveal significant differences in 60%
hepatectomy (1.03 £ 0.12, P = 0.7444), 100% OLT (0.98
+ 0.15, P = 0.8821) and 40% SOLT (1.04 £ 0.13, P =
0.6847) (Figure 5G). In comparison with the controls
(1.00 £ 0.15), relative TIMP-1 did not reveal signifi-
cant differences in 60% hepatectomy (0.96 £ 0.29, P =
0.7926), 100% OLT (0.98 £ 0.09, P = 0.8217) and 40%
SOLT (0.91 £ 0.26, P = 0.5347) (Figure 5H). In com-
parison with the controls (1.00 * 0.12), relative TIMP-2
did not show significant differences in 60% hepatectomy
(1.04 £ 0.09, P = 0.5974), 100% OLT (1.03 £ 0.11, P =
0.6845) and 40% SOLT (1.03 + 0.16, P = 0.7495) (Figure
5I).

Statistical differences between groups

As described above, the data in comparisons with the
controls are shown. Statistical differences between groups
are summarized in Table 2.

DISCUSSION

In survival and histopathological studies, 40% SOLT
involved dual damage (i.e., shear stress with portal hy-
pertension and CIWR injury) and showed the poorest
survival and most severe liver damage. Although 100%
OLT showed good survival, CIWR injury was observed
by histopathological and biochemical findings. Here, we
used plasma PT-INR and serum HA levels as markers
of sinusoidal endothelial damage and all groups showed
significant differences. Survival in the 60% hepatectomy
and 40% SOLT groups seemed to be higher than in

(49

_gu;:;:mg@ WJH | www.wjgnet.com

79

the 100% OLT group and this may reflect the damage
induced by shear stress and portal hypertension. Our
histopathological, immunohistological and biochemi-
cal findings revealed that liver damage and apoptotic
induction were observed in the eatly postoperative pe-
tiod after liver surgery, as in previous studies™>™>'**"!],
Paradoxically, the early postoperative period may have a
therapeutic potential for a subsequent course after liver
surgery.

OS causes DNA damage and subsequent apoptosis
and is an imbalance between production of free radi-
cals and antioxidant defenses” ', From the viewpoint
of production of free radicals, ROS/RNS can attack
and damage a variety of critical biological molecules,
including lipids, essential cellular proteins and DNA""",
Products of lipid peroxidation can be easily detected in
biological fluids and tissues and can reliably and rapidly
reflect the sensitive and specific signals of lipid peroxi-
dation that occur i vivd”". The compound 4-HNE is
an end product of lipoperoxidation with antiproliferative
and proapoptotic properties™*. Our results with MDA
and 4-HNE confirmed that OS occurred even in the
early postoperative period.

With regard to DNA damage responses, the protein
kinase ATM can be initiated through rapid intermo-
lecular autophosphorylation induced by DNA damage,
phosphorylate various proteins and subsequently amplify
the responses to DNA damage[%’m. This DNA damage-
inducible kinase activates H2AX™, H2AX is required
for cell cycle arrest and DNA repair following double-
stranded DNA breaks™”. DNA damage results in the
rapid phosphorylation of H2AX by ATMP**. Within
minutes of DNA damage, H2AX is phosphorylated at
the sites of the DNA damagemj. This eatly event in the
DNA-damage response is required for the recruitment
of many DNA-damage response proteins. Therefore,
histone H2AX is activated by ATM after DNA dam-
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Figure 5 Protein expression and activities of matrix metalloproteinases and tissue inhibitor of metalloproteinases. A: Actual protein expression and activi-
ties of matrix metalloproteinase (MMP)-9; B: Normalized MMP-9; C: Normalized MMP-2; D: Normalized tissue inhibitor of metalloproteinase (TIMP)-1; E: Normalized
TIMP-2; F: Relative MMP-9; G: Relative MMP-2; H: Relative TIMP-1; I: Relative TIMP-2. °P < 0.05 vs control. NS: Not significant (P = 0.05); OLT: Orthotopic liver
transplantation; SOLT: Split orthotopic liver transplantation.

Table 2 Statistical differences between groups

Control vs Control vs Control vs 60%-hepatectomy vs  60%-hepatectomy vs 100%-OLT vs
60%-hepatectomy 100%-OLT 40%-SOLT 100%-OLT 40%-SOLT 40%-SOLT
Survival rate P <0.05 NS P <0.05 P <0.05 P<0.05 P <0.05
Liver damage score P<0.05 P<0.05 P<0.05 NS P <0.05 P<0.05
TUNEL positive ratio P <0.05 P<0.05 P <0.05 P<0.05 P<0.05 P<0.05
Caspase-3 positive ratio P <0.05 P <0.05 P <0.05 P <0.05 P <0.05 P <0.05
AST P <0.05 P <0.05 P <0.05 P <0.05 P<0.05 P<0.05
ALT P<0.05 P <0.05 P<0.05 P<0.05 P <0.05 NS
T-Bil NS NS P <0.05 NS P <0.05 P<0.05
PT-INR P<0.05 p <0.05 P<0.05 P<0.05 P <0.05 P<0.05
HA P<0.05 p <0.05 P <0.05 P <0.05 P<0.05 P<0.05
Western blotting
MDA P <0.05 P <0.05 P <0.05 NS P <0.05 NS
4-HNE P <0.05 P <0.05 P <0.05 NS NS NS
ATM P<0.05 P <0.05 P <0.05 NS NS NS
yH2AX P<0.05 P <0.05 P <0.05 NS P<0.05 P<0.05
PI3K P<0.05 NS P <0.05 P <0.05 NS P <0.05
Akt P <0.05 NS P <0.05 P <0.05 NS P <0.05
SOD NS NS NS NS NS NS
Catalase NS NS NS NS NS NS
MMP-9 NS NS P<0.05 NS P<0.05 P <0.05
MMP-2 NS NS P<0.05 NS NS NS
TIMP-1 P<0.05 NS P<0.05 P <0.05 NS P<0.05
TIMP-2 NS NS P <0.05 P <0.05 NS P <0.05
Zymography
MMP-9 P <0.05 P <0.05 P <0.05 NS P<0.05 p <0.05
MMP-2 NS NS NS NS NS NS
TIMP-1 NS NS NS NS NS NS
TIMP-2 NS NS NS NS NS NS

OLT: Orthotopic liver transplantation; SOLT: Split orthotopic liver transplantation; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; T-Bil:
Total bilirubin; PT-INR: International normalized ratio of prothrombin time; HA: Hyaluronic acid; MDA: Malondialdehyde; 4-HNE: 4-hydroxynonenal;
ATM: Ataxia-telangiectasia mutated kinase; PI3K: Phosphatidylinositol 3-kinase; SOD: Superoxide dismutase; MMP: Matrix metalloproteinase; TIMP: Tis-

sue inhibitor of metalloproteinase.

agepgj. Thus, the ATM/H2AX signaling pathway is im-
portant in the response to and repair of DNA damage
induced by OS™". Our results with ATM and H2AX
clearly showed that OS after liver surgery caused DNA
damage signaling and triggered subsequent DNA repair.
In this study, groups with only CIWR injury (ze., 100%
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OLT) caused OS-induced damage and subsequent apop-
totic process. However, this group showed differences
not in PI3K/Akt, but in ATM/H2AX. These results
suggested that CIWR injury induce apoptosis due to OS
via the ATM/H2AX pathway.

Akt also plays a critical role in controlling apoptosis

February 27, 2014 | Volume 6 | Issue 2 |
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and promotes cell survival to prohibit apoptosism’m.

Apoptotic machinery is inhibited by the activation of
Akt Akt is an integral component of the antiapop-
totic process related to the activation of PI3K"™*. Our
results clearly showed that groups with accompanying
shear stress and portal hypertension (ze., 60% hepatec-
tomy and 40% SOLT) had decreased PI3K and Akt.
This suggested that a subsequent apoptotic process was
triggered in these groups. Shear stress and portal hyper-
tension due to insufficient liver volume induce apoptosis
due to OS via the Akt/PI3K pathway.

With regard to antioxidant defense, scavenging en-
zymes of free radicals, such as SOD and catalase, also
play an important role in reducing DNA damage and
subsequent apoptosis“o’m. Cells are normally able to
defend themselves against OS-induced damage through
this scavenging system“o’m. Our results revealed that
this scavenging system did not appear to be triggered,
although these scavenging enzymes can cope with large
amounts of ROS™. Shear stress with portal hyperten-
sion and/or CIWR injury after liver surgeries in this
study caused considerable liver damage. A possible ex-
planation is that this scavenging system failed to stimu-
late some reactive molecules because of considerable
damage after liver surgery.

MMPs have been intensively studied and shown to
play key roles in inflammation, carcinogenesis and re-
generation and many researchers have already focused
on MMP-2 and MMP-9 after liver surgery””". In the
present study, 40% SOLT increased protein expression
of MMP-2 in western blotting, although zymography
did not show any differences. Contrary to MMP-2, post-
operative MMP-9 clearly showed differences in protein
expression and function. Additionally, MMP-9 showed
high reproducibility in our previous studies™ """, The
present results for MMP-9 suggested that MMP-9 clearly
increased even in the early postoperative period after
liver surgery and MMP-9 is a major therapeutic target
after liver surgery.

TIMPs are also important after liver surgery. Many
researchers have focused on TIMP-1 and TIMP-2 during
liver regenerationlzs’zsj. Some researchers have focused
on postoperative behavior of TIMP-1%*, In particular,
TIMP-1 has extrahepatic effects during liver failure™ ">
and therefore we initially expected that TIMP-1 would
show differences in the liver samples. However, zy-
mography for TIMP-1 did not show any differences,
although groups with shear stress and portal hyperten-
sion (i.e., 60% hepatectomy and 40% SOLT) showed
increased protein expression of TIMP-1 in western blot-
ting. TIMP-1 is an endogenous inhibitor of MMP-9 and
a balance of MMP-9/TIMP-1 is linked™*", However,
the behavior of TIMP-1 in the postoperative liver is still
unclear and further studies are required.

Liver damage and apoptotic induction are confirmed
even in the early postoperative period after liver surgery
but liver injury triggers the liver regeneration cascade
after surgery. Once hepatic failure occurs after liver
surgery, this damage is usually intractable and fatal.
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Therefore, the early postoperative period may be a suit-
able time for treatment to achieve a good postoperative
course after liver surgery and our lab focused on OS-me-
diated damage and the behavior of extracellular matrices
after liver surgery™ "> The inhibition of apoptotic
induction due to OS vz the ATM/H2AX pathway may
be important for a strategy against CIWR injury, even in
the condition of sufficient liver volume. Under condi-
tions with insufficient liver remnant, the prevention of
apoptotic induction due to OS vz the Akt/PI3K path-
way may be key to improving postoperative course. Also,
MMP-9 may be a reliable therapeutic target, especially
in the condition of CIWR injury with insufficient liver
volume. We hope that our results will be informative for
researchers in the hepatology field.
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Abstract

AIM: To assess differing patterns and levels of ascitic
fluid cyctokine and growth factors exist between those
with a high risk and low risk of spontaneous bacterial
peritonitis (SBP).

METHODS: A total of 57 consecutive patients with
ascites requiring a large volume paracentesis were
studied. Their age, gender, specific underlying disease
conditions were recorded after a review of their clinical
records. Each underwent a routine assessment prior
to their paracentesis consisting of a complete blood
count, complete metabolic profile and prothrombin
time/international normalized ratio (INR) determina-
tion. The ascitic fluid was cultured and a complete cell
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count and albumin determination was obtained on the
fluid. In addition, blood and ascitic fluid was assessed
for the levels of interleukin interleukin (IL)-1A, IL-1B,
IL-2, IL-4, IL-8, IL-10, monocyte chemotactic protein
(MCP)-1, tumor necrosis factor (TNF)-a, interferon
(IFN)-y, vascular endothelial growth factor (VEGF) and
epidermal growth factor (EGF) utilizing the Randox
Biochip platforms (Boston, MA). A serum-ascites gradi-
ent, for each cytokine and growth factor was calculat-
ed. The results are reported as mean + SEM between
disease groups with statistical analysis consisting of
the student #test (two tailed) with a 2 value of 0.05
defining significance.

RESULTS: No clinically important demographic or bio-
chemical differences between the 4 groups studied
were evident. In contrast, marked difference in the
cytokine and growth factors levels and pattern were
evident between the 4 disease groups. Individuals with
alcoholic cirrhosis had the highest levels of IL-1A, IL-
1B, IL-4, IFNy. Those with malignant disease had the
highest levels of IL-2. Those with hepatitis C virus
(HCV) associated cirrhosis had the highest value for
IL-6, IL-8, IL-10, MCP-1 and VEGF. Those with cardiac
disease had the highest level of TNF-a and EGF. The
calculated serum- ascites gradients for the cardiac and
malignant disease groups had a greater frequency of
negative values signifying greater levels of IL-8, IL-10
and MCP-1 in ascites than did those with alcohol or
HCV disease.

CONCLUSION: These data document important dif-
ferences in the cytokine and growth factor levels in
plasma, ascitic fluid and the calculated plasma - asci-
tes fluid gradients in cirrhotics requiring a large volume
paracentesis. These differences may be important in
determining the risk for bacterial peritonitis.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Previous studies have examined factors rela-
tive to the pathogenesis of spontaneous bacterial peri-
tonitis (SBP) in patients with cirrhosis of the liver. This
study was designed to examine the role of cytokines
in decompensated cirrhotics requiring a large-volume
paracentesis for ascites management and to compare
the biomarker responses present in both the plasma
and ascitic fluid of cirrhotics of differing etiologies. Fac-
tors likely to represent protective cytokines associated
with a reduced risk for SBP include epidermal growth
factor, tumor necrosis factor-o, interleukin (IL)-1A, IL-8,
and IL-10. Those are more likely to be associated with
potential for SBP include: IL-1B, IL-4, monocyte chemo-
tactic protein -1, and interfero-y.

Attar BM, George M, Ion-Nedelcu N, Ramadori G, Van Thiel
DH. Disease dependent qualitative and quantitative differences
in the inflammatory response to ascites occurring in cirrhotics.
World J Hepatol 2014; 6(2): 85-91 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v6/i2/85.htm DOI: http://
dx.doi.org/10.4254/wjh.v6.i2.85

INTRODUCTION

Large-volume ascites occurring in cirrhotic patients

has been shown to manifest an inflammatory response
characterized by increased levels of cytokines, intetleu-
kins and several growth factors''. The pathophysiologic
mechanisms responsible for the development of cir-
thosis and ultimately decompensated cirrhosis vary as
a function of the underlying hepatic disease™”. These
differences in pathophysiology may be reflected in the
cytokine, interleukin and growth factor induced response
that occurs. Moreover, depending upon the site of in-
flammatory cell activation, differences in plasma and
ascitic fluid levels of inducible cytokines and growth fac-
tors may exist. These differences may explain in part an
increase rate of bacterial translocation and subsequent
spontaneous bacterial peritonitis (SBP) development.

Previous studies have reported that cytokine char-
acteristics of the Thl response are increased in decom-
pensated cirrhosis especially with infection™. Interleukin
(IL)-4 which is a major cytokine of the Th2 response
was not significantly different between decompensated
cirrhotic patients with infected or non-infected ascites!”.
The current study was designed to confirm these find-
ings and expanding it to study the role of growth factors
in cirrhotics with non-infected ascites.

The aim of this investigation was: (1) to identify and
quantitate the plasma and ascitic fluid biomarkers of
inflammation in decompensated cirrhotics requiring a
large-volume paracentesis for ascites management and (2)
to compare and contrast the biomarker responses pres-
ent in both the plasma and ascitic fluid of cirrhotics of
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differing etiologies.

MATERIALS AND METHODS
Subjects

A total of 57 consecutive cirrhotics requiring a large-vol-
ume paracentesis for clinical reasons were studied. Their
age, gender and the specific disease etiology for their
cirrhosis was determined by a review of their clinical
records and, when necessary additional clinical testing
procedures. Four distinct etiologic groups of cirrhotics
were identified and the cytokine levels were compared
between groups in an effort to examine the role of the
etiologic factor responsible for cirrhosis in each sub-

group.

Inclusion and exclusion criteria

Inclusion criteria: (1) cirrhosis documented by imaging
(either an abnormal CT or US) or liver biopsy; (2) ascites
requiring a large volume paracentesis because of tense
ascites and failure to control the ascites with diuretics
(furosemide and spironolactone); and (3) willingness
to undergo a large volume paracentesis and sign an in-
formed written consent documenting their patticipation
and allowing for the additional studies required as a re-
sult of their participation.

Exclusion criteria: (1) no evidence for cirrhosis; (2) no
ascites or adequate ascites control with diuretics; and (3)
unwillingness to participate and sign an informed written
consent.

Investigations

Each subject had the following routine laboratory studies
determined: complete blood count, complete metabolic
profile consisting of blood urea nitrogen, creatinine, glu-
cose, total bilirubin, alkaline phosphatase, aspartate and
alanine aminotransferases, total protein, albumin, and
prothrombin time/INR. Each patient had a calculated
Child-Turcotte-Pugh (CTP) score and the following
studies were obtained on their ascitic fluid: cell counts
for red blood cells, white blood cells and differential,
albumin and ascitic fluid cultures. In addition to these
routine measures, the plasma and ascitic fluid of each
subject was assayed for a panel of biomarkers of inflam-
mation to include the following: procalcitonin, IL-1A,
IL-1B, IL-2, 11.-4, IL-8, IL-10, monocyte chemotactic
protein (MCP)-1, tumor necrosis factor (INF)-qa, in-
terferon (IFN)-y, vascular endothelial growth factor
(VEGF) and epidermal growth factor (EGF). Procalci-
tonin was assayed utilizing the BioMerieux Vidas assay
(Lombard, Illinois). The intetleukins, inflammatory cyto-
kines and growth factors were assayed utilizing Randox
Biochip assay Platforms (Boston, Massachusetts). All re-
sults were compared to that of a normal human plasma
panel utilized as a control sample which was obtained
commercially from Bioreclamation, LLC (Liverpool,
NY, United States). In addition, the levels of the analytes
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Table 1 Characteristics of the 57 subjects’ studies and of procalcitonin cytokines, and growth factors in plasma (mean + SEM)

Parameter ETOH HCV Malignancy Cardiac

n 25 20 8 4

Male/female 18/7 14/6 5/3 2/2

CTP score 9102 82+0.1 81+0.1 81+0.1

Laboratory tests
Creatinine (mg/dL) 1.2+0.1 11+0.1 1.2+03 1.3+0.2
Prothrombin time (s) 14.0+04 13.8+1.0 13.6 £ 0.2 12.5+0.2
Total bilirubin (mg/dL) 14+£0.1 1.2+£0.2 14+0.2 19+£0.3
Albumin (g/dL) 31+£02 32+0.2 3.0+£04 3203
PCT 0.375 + 0.215 0.440 + 0.230 0.954 + 0.242 0.092 £ 0.70
IL-1A 0.26 £ 0.146 0.160 £ 0.070 0.182 + 0.106 0.135 + 0.065
IL-1B 4.710 £ 2.252 1.747 + 0.800 1.982 £+ 0.106 1.610 + 0.990
IL-2 2498 +1.333 1.203 + 0.548 2.690 + 1.905 1.025 + 0.375
IL-4 3.157 £1.429 2.580 + 1.005 1.508 + 0.422 1.430 + 0.090
IL-6 83.791 + 47.204 164.430 + 70.891 105.392 + 60.511 129.700 + 112.500
1L-8 92.790 + 44.935 334.513 +184.222 104.165 + 61.670 16.415 + 6.815
IL-10 1.335 + 0.454 1.620 + 0.779 1.117 £ 0.297 1.415 +0.615
MCP-1 111.139 + 17.746 326.407 +137.768 116.052 + 32.101 88.350 + 35.150
IFNy 1.148 + 0.650 0.303 + 0.058 0.712 £ 0.201 0.725 + 0.525
TNF-a. 3.887+1.218 5.843 +2.248 4.805 +1.304 13.600 + 11.80
EGF 37.451 +11.642 92.453 +42.231 70.690 + 36.431 126.00 + 35.150
VEGF 11.658 + 4.419 194.347 + 130.788 20.523 +7.739 41.470 + 32.870

No significant difference between any of these groups P > 0.05. HCV: Hepatitis C virus; PCT: Procalcitonin cytokines; IL: Interleukin; MCP-1: Monocyte

chemotactic protein-1; IFN-y: Interferon-y; TNF-o.: Tumor necrosis factor-o; EGF: Epidermal growth factor; VEGF: Vascular endothelial growth factor.

present in plasma were compared against those in the
patients’ ascitic fluid. Plasma- Ascites gradients were
calculated for each analyte and the mean for each disease
group was calculated.

Human research approval

The IRB of Cook County Health and Hospital System
approved this study prior to its initiation. Hach subject
signed an informed written consent before their partici-
pation in the study. Moreovet, the Cook County Health
and Hospital System funded the study in its entitety.

Statistical analysis

The mean and standard error of the mean for each pa-
rameter was determined and the differences between the
means of the various disease groups studies were calcu-
lated utilizing the students #test. A P value < 0.05 was
considered to be significant.

RESULTS

The characteristics of the 57 subjects studied are shown
in Table 1. No clinically important differences between
the 4 disease groups studied were evident. In contrast,

the procalcitonin levels in plasma varied substantially
between groups with the greatest values being present in
the group with malignancy (Table 1). The lowest procal-
citonin values were seen in those with cardiac cirrhosis.
The alcoholic and hepatitis C positive groups had plasma
procalcitonin levels that were midway between these two
extremes (Table 1).

The ascitic fluid procalcitonin levels mirrored the
plasma levels with the greatest values being found in the
group with malignancy and the lowest levels being pres-
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ent in those with cardiac disease. Again the other two
groups had values midway between these two extremes
(Table 2). Interestingly, however the alcoholic subgroup
had an ascitic fluid procalcitonin value that was greater
than that of the hepatitis C positive subgroup such that
the relative position of the procalcitonin level in the two
subgroups was reversed as compared to that found in
plasma (Tables 1 and 2).

The cytokine and growth factor values varied mark-
edly between groups for each parameter studied (Tables
3 and 4). The mean levels of the various factors mea-
sured in plasma aligned from the highest to the lowest
for each disease group is reported in Table 3. Individuals
with alcoholic liver disease had the highest I1.-1a, IL-1b,
IL-4 and interferon gamma levels. Individuals with ma-
lignant the liver disease had the highest values for IL-2.
Those with hepatitis C had the highest levels 1L-6, IL-8,
IL-10, MCP-1 and VEGE

The mean values for the ascitic fluid levels of the
same 12 factors aligned from the highest to the lowest is
presented in Table 4. The cardiac group had the great-
est values for 5 of the 12 factors measured followed by
the alcoholic group with 3 and the other 2 groups with
2 each. The malignancy group at the lowest value for
5 factors followed by the cardiac group with 3 and the
other 2 groups with 2 each. Because of the variability in
the measured values, the groups did not differ statisti-
cally, but when one examines the mean values per se
considerable differences are seen between the various
groups with mean plasma values ranging from 1.5-20
times the values of the lowest value for each parameter
(Table 4). Similatly, when one examines the mean values
in the ascitic fluid, the range of values for a given fac-
tor between groups ranged from 1.3-10 times the value
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Table 2 Procalcitonin, cytokines and growth factors in the ascitic fluid (mean + SEM)

ETOH HCV Malignancy Cardiac
n 25 20 8 4
PCT 0.221 £ 0.129 0.125+0.115 0.647 + 0.497 0.043 + 0.033
IL-1A 0.168 + 0.042 0.200 + 0.058 0.153 + 0.052 0.700 + 0.400
IL-1B 7479 £4.813 4.3 +1.193 4.900 +1.021 5.000 + 0.300
IL-2 1.368 +1.628 0.667 + 0.067 1.990 + 1.044 0.650 + 0.050
IL-4 9.268 +1.628 15.833 + 4.932 6.533 + 0.984 10.555 + 4.85
IL-6 687.177 £ 30.115 807.764 + 0.867 707.525 + 54.339 790.05 + 39.750
IL-8 338.015 + 91.838 329.567 + 91.926 229.200 + 105.057 718.25 + 80.150
IL-10 74.686 + 39.663 15.200 + 3.5 9.043 + 3.876 76.500 + 44.700
MCP-1 919.608 + 41.636 537.600 + 88.357 576.728 + 206.393 421.900 £ 82.6
IFNy 2114 £ 0.671 0.467 + 0.267 1.488 + 0.838 0.2+£0.1
TNE-a 22.818 + 8.882 30.433 + 20.055 9.672 +1.786 70.950 + 61.750
EGF 1.318 £ 0.345 0.967 + 0.167 2.407 + 0.465 49+34
VEGF 54.383 +£12.143 129.733 + 63.589 689.12 + 499.836 119.450 + 117.950

No significant difference between any of these groups P > 0.05. HCV: Hepatitis C virus; PCT: Procalcitonin cytokines; IL: Interleukin; MCP-1: Monocyte

chemotactic protein-1; IFN-y: Interferon-y; TNF-o.: Tumor necrosis factor-o; EGF: Epidermal growth factor; VEGF: Vascular endothelial growth factor.

Table 3 Mean levels of the plasma factors aligned from the highest to the lowest for each disease group

Highest values — Lowest values

IL-1A ETOH Malignancy
0.260 0.182
IL-1B ETOH Malignancy
4.710 1.082
IL-2 Malignancy ETOH
2.690 2.498
IL-4 ETOH HCV
3.157 2.580
IL-6 HCV Cardiac
164.430 129.700
IL-8 HCV Malignancy
334.513 104.265
IL-10 HCV Cardiac
1.620 1.415
MCP-1 HCV Malignancy
326.407 116.052
IFN-y ETOH Cardiac
1.148 0.725
TNF-a Cardiac HCV
13.600 5.843
EGF Cardiac HCV
126.000 92.453
VEGF HCV Cardiac
194.347 41.470

HCV Cardiac
0.160 0.135
HCV Cardiac
1.747 1.61
HCV Cardiac
1.203 1.025
Malignancy Cardiac
1.508 143
Malignancy ETOH
109.392 83.791
ETOH Cardiac
92.790 16.415
ETOH Malignancy
1.335 1117
ETOH Cardiac
111.130 88.35
Malignancy HCV
0.712 0.303
Malignancy ETOH
4.805 3.887
Malignancy ETOH
70.690 37.451
Malignancy ETOH
20.523 11.658

HCV: Hepatitis C virus; IL: Interleukin; MCP-1: Monocyte chemotactic protein-1; IFN-y: Interferon-y; TNF-a:: Tumor necrosis factor-o; EGF: Epidermal

growth factor; VEGF: Vascular endothelial growth factor.

of the lowest value (Table 5). The plasma-ascitic fluid
gradients for each parameter were determined and are
reported in (Table 5). A positive value for the plasma-
ascitic fluid gradient identifies those factors wherein the
plasma level was greater than the ascitic fluid level. In
contrast, a negative value for the plasma-ascitic fluid gra-
dient identifies those factors wherein the greater value
was present in the ascitic fluid. A positive value suggests
that the cytokine assayed arose from a systemic response
while a negative value suggests that the response arose
primarily in the abdominal cavity and that either a peri-
toneal or mesenteric origin for the cytokine.
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DISCUSSION

This study extends the finding of an earlier study evalu-
ating cytokine, and growth factor levels in the plasma
and ascitic fluid of cirrhotics'". In both studies, the in-
flammatory cytokines 1L-4, I1L-6, 1L-8, IL-10, TNF-a
and MCP-1 have been shown to be increased in both the
ascitic fluid and plasma of cirrhotics with large volume
ascites. The present study performed in a completely dif-
ferent and slightly larger patient population extends the
eatlier study by documenting differences in the cytokine
profiles based on the individuals underlying disease etiol-
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Table 4 Mean values of the various factors in the ascitic fluid aligned from the highest to the lowest

Highest values — Lowest values

IL-1A Cardiac HCV ETOH Malignancy
0.700 0.200 0.168 0.153
IL-1B ETOH Cardiac Malignancy HCV
7.479 5.000 4.900 4.300
1L-2 Malignancy ETOH HCV Cardiac
1.990 1.368 0.667 0.650
1.4 HCV Cardiac ETOH Malignancy
15.833 10.555 9.268 6.533
1L-6 HCV Cardiac Malignancy ETOH
807.764 790.050 707.525 687.177
1L-8 Cardiac ETOH HCV Malignancy
718.250 338.015 329.567 229.200
IL-10 Cardiac ETOH HCV Malignancy
76.500 74.686 15.200 9.043
MCP-1 ETOH Malignancy HCV Cardiac
919.608 576.728 537.600 421.900
IFN-y ETOH Malignancy HCV Cardiac
2114 1.488 0.467 0.200
TNF-a Cardiac HCV ETOH Malignancy
70.950 30.433 22.818 9.672
EGF Cardiac Malignancy ETOH HCV
4.900 2.407 1.318 0.967
VEGF Malignancy HCV Cardiac ETOH
689.120 129.733 119.456 54.383

HCV: Hepatitis C virus; IL: Interleukin; MCP-1: Monocyte chemotactic protein-1; IFN-y: Interferon-y; TNF-a: Tumor necrosis factor-a; EGF: Epidermal
growth factor; VEGF: Vascular endothelial growth factor.

Table 5 Mean plasma- ascitic cytokine gradients segregated by disease etiology

HCV ETOH Malignancy Cardiac
IL-1A -0.040 0.092 0.029 -0.565
IL-1B -2.553 -2.769 1977.100 -3.390
1L-2 0.540 1.530 0.700 0.875
1L-4 -13.253 -6.111 -5.025 -9.125
IL-6 -643.337 -603.386 -602.133 -639.35
1L-8 -5.054 -245.225 -125.035 -701.835
IL-10 -13.580 -73.331 -7.926 -75.085
MCP-1 -201.193 -303.469 -460.673 -333.35
IFN-y -0.164 -0.966 -0.776 0.525
TNF-a. -24.590 -18.931 -4.777 57.050
EGF 96.486 36.176 -68.283 121.100
VEGF 64.614 -42.725 -668.649 -77.980

No significant difference between any of these groups P > 0.05. HCV: Hepatitis C virus; IL: Interleukin; MCP-1: Monocyte chemotactic protein-1; IFN-y:
Interferon-y; TNF-o.: Tumor necrosis factor-o; EGF: Epidermal growth factor; VEGF: Vascular endothelial growth factor.

ogy for the cirthosis'’. The current data suggests there- The finding of an increase in VEGF levels in cir-
fore that the pathophysiologic responses to the various rhotics with malignancy is interesting but not particularly
hepatic disease etiologies in some way may determine, surprising as malignant disorders are known to be as-
at least in part, the innate immune responses that oc- sociated with increased VEGF levels™®. The increase of
cur and account for the differences in the cytokine and VEGTF levels in cardiac and alcohol induced liver disease
growth factor levels in the ascitic fluid and plasmamj. is surprising and differs markedly from that seen in those
The IL-6 and MCP-1 levels were universally increased with hepatitis C. This observation is consistent with the
in all four cirrhotic groups. VEGF levels were increased data reported in other studies wherein increased organ
most markedly in those with malignancy and to a lesser remodeling has been observed in individuals with car-
degree in those with cardiac and alcohol induced disease. diac and alcohol related disease but not so in those with
Individuals with cirrhosis due to hepatitis C had the low- hepatitis C virus™.

est VEGF levels. In contrast, the hepatitis C positive These data also support the role of the peritoneal
group had the greatest levels of IL-4 present in both based immune response in the pathogenesis of both
plasma and ascitic fluid. bacterial translocations spontaneous bacterial peritoni-
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L7 More specifically, they are consistent with the

tis
clinical observations that spontaneous bacterial perito-
nitis occurs less frequently in patients with cardiac and
malignant ascites as contrasted to those with alcoholic
liver disease and chronic viral induced liver disease.

As shown in Table 4, cardiac disease associated as-
cites has the highest ascetic fluid levels of IL-1A, IL-8,
1L-10, TNF-qa, and EGE. Conversely, the cardiac dis-
ease associated ascites has the lowest levels of 11.-2 and
MCP-1. Those with malignhancy associated ascites have
the highest levels of 1L-2 and VEGF and the lowest lev-
els of TL-1A, 11.-4, T1.-8, 11.-10, and TNF-q.

The present findings for these two distinct etiologic
groups suggest that the ascitic fluid immune response
manifested in the ascitic fluid may account in some way
for the lower rate of spontaneous bacterial peritonitis in
individuals with ascites due to these two unique causes
of cirrhosis.

Factors likely to represent protective cytokines asso-
ciated with a reduced risk for SBP include EGF, TNF-q,
IL-1A, IL-8, and 1L-10. Those ate more likely to be
associated with potential for SBP include: IL-1B, 11.-4,
MCP-1, and IFN-y (Table 4).

The data shown in Table 5 consisting of the serum-
ascites gradient enables one to determine whether the
primary source of the measured factor arose from the
vascular space or the peritoneal cavity. Specifically, those
with the positive value identify a primary vascular source
of the measured factor while a negative value identifies
these factors having their origin in the peritoneal cavity.

In summary, the present data suggest the well-rec-
ognized factors that include a reduced plasma oncotic
pressure, increased splanchnic venous congestion and
pressure, increased vascular permeability and an over-
whelmed lymphatic mechanism for removing ascitic
fluid account substantially for the development of clini-
cal ascites. They suggest that unique immune related
responses that differ between various hepatic disease
states may also contribute to the development of ascites
and the likelihood of developing spontancous bacterial
peritonitis. Further, these data suggest further that a
better understanding of the different immune response
characteristics present in cirrhotics of different etiolo-
gies may enable disease specific modulation of the im-
mune response in each and thereby contribute to the
development of improved therapies that control not
only to the development of ascites but also overall dis-
ease progression.
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tes and the likelihood of developing spontaneous bacterial peritonitis.

Peer review

The authors performed plasma and ascitic cytokines among various etiologies
of cirrhosis.

REFERENCES

1 Gendrel D, Raymond J, Coste ], Moulin F, Lorrot M, Guérin S,
Ravilly S, Lefevre H, Royer C, Lacombe C, Palmer P, Bohuon
C. Comparison of procalcitonin with C-reactive protein, inter-
leukin 6 and interferon-alpha for differentiation of bacterial
vs. viral infections. Pediatr Infect Dis | 1999; 18: 875-881 [PMID:
10530583]

2 Pinzani M, Vizzutti F. Fibrosis and cirrhosis reversibility:
clinical features and implications. Clin Liver Dis 2008; 12:
901-913, x [PMID: 18984473 DOI: 10.1016/j.c1d.2008.07.006]

3 Pinzani M, Rombouts K, Colagrande S. Fibrosis in chronic
liver diseases: diagnosis and management. | Hepatol 2005; 42
Suppl: S22-S36 [PMID: 15777570]

4 Kiyici M, Nak SG, Budak F, Gurel S, Oral B, Dolar E, Gulten
M. Lymphocyte subsets and cytokines in ascitic fluid of de-
compensated cirrhotic patients with and without spontane-
ous ascites infection. | Gastroenterol Hepatol 2006; 21: 963-969
[PMID: 16724979 DOI: 10.1111/}.1440-1746.2006.04229.x]

5 Mukozu T, Nagai H, Matsui D, Kanekawa T, Sumino Y. Se-
rum VEGF as a tumor marker in patients with HCV-related
liver cirrhosis and hepatocellular carcinoma. Anticancer Res
2013; 33: 1013-1021 [PMID: 23482775]

6 Liang B, Guo Z, Li Y, Liu C. Elevated VEGF concentrations
in ascites and serum predict adverse prognosis in ovarian
cancer. Scand | Clin Lab Invest 2013; Epub ahead of print
[PMID: 23473018 DOI: 10.3109/00365513.2013.773593]

7 Woodcock NP, Robertson ], Morgan DR, Gregg KL, Mitchell
CJ, MacFie ]. Bacterial translocation and immunohistochemi-
cal measurement of gut immune function. | Clin Pathol 2001;
54: 619-623 [PMID: 11477118 DOI: 10.1136/jcp.54.8.619]

8 Palma MD, Aller MA, Vara E, Nava MP, Garcia C, Arias-
Diaz ], Balibrea JL, Arias ]. Portal hypertension produces an
evolutive hepato-intestinal pro- and anti-inflammatory re-
sponse in the rat. Cytokine 2005; 31: 213-226 [PMID: 15950486
DOI: 10.1016/j.cyto.2005.04.008]

9 Francés R, Gonzalez-Navajas JM, Zapater P, Muiioz C, Cafo

R, Pascual S, Marquez D, Santana F, Pérez-Mateo M, Such ]J.

Bacterial DNA induces the complement system activation in

serum and ascitic fluid from patients with advanced cirrho-

sis. | Clin Immunol 2007; 27: 438-444 [PMID: 17404822 DOI:
10.1007/s10875-007-9090-2]

Papp M, Vitalis Z, Altorjay I, Tornai I, Udvardy M, Harsfalvi ],

Vida A, Kappelmayer J, Lakatos PL, Antal-Szalmas P. Acute

phase proteins in the diagnosis and prediction of cirrhosis as-

sociated bacterial infections. Liver Int 2012; 32: 603-611 [PMID:

22145664 DOI: 10.1111/j.1478-3231.2011.02689.x]

Klinman DM, Yi AK, Beaucage SL, Conover ], Krieg AM.

CpG motifs present in bacteria DNA rapidly induce lympho-

cytes to secrete interleukin 6, interleukin 12, and interferon

gamma. Proc Natl Acad Sci USA 1996; 93: 2879-2883 [PMID:

8610135 DOI: 10.1073/pnas.93.7.2879]

Francés R, Munoz C, Zapater P, Uceda F, Gascon I, Pascual

S, Pérez-Mateo M, Such J. Bacterial DNA activates cell medi-

ated immune response and nitric oxide overproduction in

peritoneal macrophages from patients with cirrhosis and

10

11

12

February 27, 2014 | Volume 6 | Issue 2 |



13

Attar BM et a/. Differences in the inflammatory response to ascites

ascites. Gut 2004; 53: 860-864 [PMID: 15138214 DOI: 10.1136/
gut.2003.027425]

Viallon A, Zeni F, Pouzet V, Lambert C, Quenet S, Aubert G,
Guyomarch S, Tardy B, Bertrand JC. Serum and ascitic pro-
calcitonin levels in cirrhotic patients with spontaneous bacte-
rial peritonitis: diagnostic value and relationship to pro-in-

(49

TR
JRaishideng®

WJH | www.wjgnet.com

91

14

flammatory cytokines. Intensive Care Med 2000; 26: 1082-1088
[PMID: 11030164 DOI: 10.1007/5001340051321]

Su DH, Zhuo C, Liao K, Cheng WB, Cheng H, Zhao XF. Val-
ue of serum procalcitonin levels in predicting spontaneous
bacterial peritonitis. Hepatogastroenterology 2013; 60: 641-646
[PMID: 23159389 DOI: 10.5754/hge12645]

P- Reviewers: Gorrell MD, Lo GH, Lu KZ, Tashiro H
S- Editor: Zhai HH L- Editor: A E- Editor: Liu XM

February 27, 2014 | Volume 6 | Issue 2 |



wJ

World Journal of
Hepatology

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.4254/wjh.v6.i2.92

World | Hepatol 2014 February 27; 6(2): 92-97
ISSN 1948-5182 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

BRIEF ARTICLE

Association between inherited monogenic liver disorders

and chronic hepatitis C

Linda Piekuse, Madara Kreile, Agnese Zarina, Zane Steinberga, Valentina Sondore, Jazeps Keiss, Baiba Lace,

Astrida Krumina

Linda Piekuse, Madara Kreile, Agnese Zarina, Zane Stein-
berga, Scientific Laboratory of Molecular Genetics, Riga Stra-
dins University, Riga LV-1007, Latvia

Valentina Sondore, Jazeps Keiss, Latvian Centre of Infec-
tious Diseases, Riga East University Hospital, Riga LV-1006,
Latvia

Baiba Lace, Astrida Krumina, Latvian Biomedical Research
and Study Centre, Riga LV-1067, Latvia

Author contributions: Krumina A and Keiss J designed the re-
search protocol; Pieckuse L and Lace B performed the research;
Piekuse L, Kreile M, Zarina A, and Steinberga Z performed the
experiments; Sondore V and Piekuse L analyzed the data; and
Piekuse L wrote the manuscript.

Supported by The Latvian Council of Science, National Project,
Nos. 09.1384 and 10.0010.02

Correspondence to: Linda Piekuse, MD, Scientific Labora-
tory of Molecular Genetics, Riga Stradins University, No. 16
Dzirciema Street, Riga LV-1007, Latvia. linda.piekuse@rsu.lv
Telephone: +37-1-67061542  Fax: +37-1-67471815
Received: September 23, 2013 Revised: December 16, 2013
Accepted: January 15, 2014

Published online: February 27, 2014

Abstract

AIM: To determine the frequencies of mutations that
cause inherited monogenic liver disorders in patients
with chronic hepatitis C.

METHODS: This study included 86 patients with chronic
hepatitis C (55 men, 31 women; mean age at diagno-
sis, 38.36 + 14.52 years) who had undergone antiviral
therapy comprising pegylated interferon and ribavirin.
Viral load, biochemical parameter changes, and liver
biopsy morphological data were evaluated in all pa-
tients. The control group comprised 271 unrelated in-
dividuals representing the general population of Latvia
for mutation frequency calculations. The most frequent
mutations that cause inherited liver disorders [gene
(mutation): A7P7B (H1069Q), HFE (C282Y, H63D),
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UGTI1A1 (TA)7, and SERPINA1 (PiZ)] were detected by
polymerase chain reaction (PCR), bidirectional PCR
allele-specific amplification, restriction fragment length
polymorphism analysis, and sequencing.

RESULTS: The viral genotype was detected in 80 of the
86 patients. Viral genotypes 1, 2, and 3 were present
in 61 (76%), 7 (9%), and 12 (15%) patients, respec-
tively. Among all 86 patients, 50 (58%) reached an
early viral response and 70 (81%) reached a sustained
viral response. All 16 patients who did not reach a
sustained viral response had viral genotype 1. Case-
control analysis revealed a statistically significant dif-
ference in only the H1069Q mutation between patients
and controls (patients, 0.057; controls, 0.012; odds ra-
tio, 5.514; 95%CI: 1.119-29.827, P = 0.022). However,
the H1069Q mutation was not associated with antiviral
treatment outcomes or biochemical indices. The (TA)
7 mutation of the UGT1A1 gene was associated with
decreased ferritin levels (beta regression coefficient =
-295.7, P = 0.0087).

CONCLUSION: Genetic mutations that cause inher-
ited liver diseases in patients with hepatitis C should
be studied in detail.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatitis C; Hepatolenticular degeneration
(Wilson's disease); ATP/B; SERPINAIL; UGT1Al1; HFE

Core tip: This is the first study to evaluate the asso-
ciation between hepatitis C and the most frequently
inherited monogenic liver diseases (hereditary hemo-
chromatosis, alpha-1 antitrypsin deficiency, Gilbert’s
syndrome, and Wilson’s disease) and their causative
mutations. This case-control study revealed an associa-
tion between hepatitis C and the mutation that causes
Wilson's disease. In addition, biochemical data analysis
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revealed an association between hepatitis C and the
mutation that causes Gilbert’s syndrome.
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INTRODUCTION

Hepatitis C is an infectious disease caused by the hepa-
titis C virus (HCV), which primarily affects the liver.
An estimated 130 to 200 million people worldwide are
infected with HCV". The most common monogenic
inborn errors of metabolism associated with liver dis-
ease are hereditary hemochromatosis, alpha-1 antitrypsin
deficiency, Wilson’s disease, and Gilbert’s syndrome.
These diseases have a particularly high frequency in
Northern Europe and Latvia®". Hereditary hemochro-
matosis 1s characterized by excessive iron overload and
is most commonly caused by HFE gene mutations",
The frequency of the most common HFE mutation,
C282Y, is 0.035 in Latvia and 0.026 Lithuania; however,
the frequency of hereditary hemochromatosis is lower at
0.013", Alpha-1 antitrypsin deficiency is caused by the
absence of the proteinase inhibitor alpha-1 antitrypsin,
and affected patients develop liver disease and emphy-
sema in the third or fourth decade of life". Wilson’s
disease is a progressive autosomal recessive disorder of
copper metabolism. The carrier frequency of the caus-
ative mutation is 1:80 in Latvia and 1:90 in Europem. Fi-
nally, Gilbert’s syndrome is characterized by benign un-
conjugated hyperbilirubinemia with a frequency of 5.0%
to 14.8% in Europem. Most reports on the coexistence
of monogenic liver diseases and HCV infection have fo-
cused ptimarily on hereditary hemochromatosis' because
elevated iron levels are necessary for viral replication®”.
Although the associations of HCV infection with alpha-1

[10,11] [12-14]

antitrypsin deficiency
have been investigated, the association of HCV infec-
tion with Wilson’s disease remains unclear. Copper
reportedly plays a potential role in the development of
HCV infection!>".

The aim of the present study was to determine the

and Gilbert’s syndrome

frequency of mutations that cause inherited monogenic
liver disorders in patients with chronic HCV infection
who have undergone antiviral therapy and in whom the
viral response status is known.

MATERIALS AND METHODS
Ethics

This study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved
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by the Central Medical Ethics Committee of Latvia. All study
participants signed an informed consent form that was
issued according to the regulations of the Central Medical
Ethics Committee of Latvia.

Subjects

Eighty-six patients with HCV infection who had un-
dergone antiviral treatment with ribavirin and pegylated
interferon were included in this study. These patients
comprised 55 men and 31 women with a mean age at
diagnosis of 38.36 + 14.52 years (men, 37.27 £ 15.69
years; women, 40.25 = 12.26 years). All patients were of
European descent. The pretherapeutic alanine transami-
nase level, iron level, ferritin level, viral load, and HCV
genotype were evaluated in all patients. The Knodell
histology activity index was used for morphological ex-
amination.

The control group comprised 271 unrelated individu-
als chosen to represent the general population of Latvia.
Participants in the control group underwent polymor-
phism frequency determination only. Biochemical as-
sociation analysis, clinical examination, and exclusion of
HCYV infection were not performed in this group.

Genotyping methods

Peripheral blood genomic DNA was purified by stan-
dard phenol: chloroform extraction and ethanol precipi-
tation with slight modification as described elsewhere!”
using reagents from Sigma Aldrich, Inc. (St. Louis, MO,
United States). A summary of the methods used in
this study is presented in Table 11820 Reagents used
for polymerase chain reaction (PCR) (buffers, dNTP
mix, Taq polymerase, and agarose) were obtained from
Thermo Fisher Scientific (Waltham, MA, United States).
Synthetic oligonucleotides, the sequences of which have
been previously published“’ls’zoj, were obtained from
Metabion GmbH (Martinsried, Germany). Fluorescent
PCR products were analyzed with an ABI Prism 310
Genetic Analyzer (Applied Biosystems Inc., Foster City,
CA, United States) using the reagents described in the
manufacturer’s protocol.

Statistical analysis

PLINK software™™ was used for genotyping data analy-
sis and quality control. Analysis adhered to a call rate of
< 98% and Hardy-Weinberg equilibrium P value of <
0.05. The chi-squate test was used to compare the pa-
tient and control groups with a significance threshold of
P < 0.05. SPSS software v.16.0 (SPSS Inc., Chicago, 1L,
United States) was used to compare mean biochemical
marker values between the patient and control groups
and between the two patient groups [with and without a
sustained viral response (SVR), defined as the inability to
detect viral RNA six months after therapylzzj. Parametric
values were compared using ANOVA, and nonpara-
metric data were evaluated with the Mann-Whitney test.
Genotype association analysis with biochemical mark-
ers was conducted using a full linear model comprising

February 27, 2014 | Volume 6 | Issue 2 |



Piekuse L et a/. Monogenic liver disorders and HCV

Table 1 Genotyping methods used in the present study

Disease Gene Mutation rs' Analysis method

Hereditary hemochromatosis HFE C282Y 151800562 PCR-RFLP with restrictase Rsal™
H63D 151799945 PCR-RFLP with restrictase Mbol"

Gilbert’s syndrome UGT1A1 (TA)7, UGT1A1*28 158175347 Fluorescent PCR™

Alpha-1 antitrypsin deficiency SERPINA1 PIZ 1528929474 Bi-PASA™

Wilson’s disease ATP7B H1069Q 1s76151636 Bi-PASA

'Single nucleotide polymorphism database number (http://www.ncbi.nlm.nih.gov/snp/). PCR: Polymerase chain reaction; RFLP: Restriction fragment
length polymorphism analysis; Bi-PASA: Bidirectional PCR allele-specific amplification.

Table 2 Allelic frequencies in patient and control groups

Gene rs' Mutation Patients Controls OR 95%Cl P value
(n = 86) (n = 271)

UGT1A1 158175347 (TA)7 0.371 0.350 1.098 0.643-1.871 0.796

HFE 151799945 C282Y 0.048 0.035 1.420 0.358-5.218 0.522

151800562 H63D 0.096 0.121 0.740 0.301-1.760 0.563

ATP7B 1576151636 H1069Q 0.057 0.012 5.514 1.119-29.827 0.022

SERPINA1 1528929474 PIZ 0.012 0.016 0.363 0.013-5.158 0.576

'Single nucleotide polymorphism database number (http:/ /www.ncbi.nlm.nih.gov/snp/). OR: Odds ratio.

three genetic effects: additive effects of allele dosage, tive response to treatment), a significant association was
dominance deviation from additivity (a negative value found between the iron level and the presence of viral
indicates a recessive allele), and the 2-df joint test of persistence (Table 3). Neither the other biochemical
both additive and dominance. Beta was evaluated as the markers nor the histology activity index showed statisti-
regression coefficient. Data were accepted as statisti- cally significant differences between the patient and con-
cally significant at a P value of < 0.05. Sex and age (with trol groups.

confirmed HCV infection) were used separately as co- In the patient group, association analysis was per-
variates. The adjusted beta coefficient and P value were formed between genetic markers and the biochemical
applied for each covariate. The association of the HCV markers alanine transaminase level, ferritin level, iron
genotype with the therapy response was assessed using level, and viral load. A statistically significant association
the ;(2 test. was found only between the ferritin level and the (TA)7

allele of the UGT7.47 gene. The strongest model for the
association of the UGT7.A7 gene with the ferritin level
RESULTS was dominance deviation from additivity (beta = -295.7,
Viral RNA was not detectable in 50 (58%) of the 86 P =0.0087), and the statistical significance remained af-

patients (30 men, 20 women) in the third month of anti- ter adjusting for age (betadjused = -264.4, Padjusea = 0.0219)
viral therapy. Sixteen (19%) patients (13 men, 3 women) and sex (betaadjused = -249.3, Padiused = 0.0305). The as-
did not reach an SVR. The HCV genotype was deter- sociations between the other biochemical indices and
mined in 80 patients; genotypes 1, 2, and 3 were present genetic markers were not statistically significant for any

in 61, 7, and 12 patients, respectively. All patients who of the analyzed models.
did not reach an SVR had viral genotype 1; for this rea-
5 0

zlc;n:, t(})lg 1osc)lds ratio (OR) and 95%CI were not calculated DISCUSSION

Genetic marker analysis revealed a significantly higher Numerous studies have been conducted to identify host
frequency of the .4TP7B H1069Q) mutation in patients and viral factors that influence antiviral therapy effi-
than in controls (0.057 »5 0.012, respectively; OR = 5.514; ciency in patients with HCV infection. Approximately
95%CI: 1.119-29.827, P = 0.022). Further results of the 40% to 50% of individuals with viral genotype 1 and
genetic marker analysis are shown in Table 2. 80% with genotypes 2 and 3 reach an SVR"". Compared

The presence of inherited liver disease was con- with these previously reported rates, a higher number
firmed in nine patients (eight had Gilbert’s syndrome of patients with genotype 1 in the present study reached
with genotype (TA)7/(TA)7, and one had hereditary SVR. In addition, all patients with genotypes 2 and 3
hemochromatosis with genotype C282Y/H63D). The reached an SVR. These differences between our study

presence of inherited liver disease was confirmed in 30 results and those in the literature are likely due to our
(11%) controls; all had Gilbert’s syndrome. small patient group and relatively young patient age (38.36

In the comparison of patients who had reached an + 14.52 years) because increasing age is a risk factor for
SVR with those who had viral persistence (i.c., nega- ineffective thcrapy[zz]. Various risk factors are reportedly
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Table 3 Characterization of the patient group
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Result of antiviral therapy Mean 95%CI of mean P value
Lower bound Upper bound
Age in year at diagnosis Sustained viral response 38.76 34.88 42.64 0.788
Viral persistence 37.87 32.07 43.66
Total 38.43 35.24 41.61
Alanine transaminase level Sustained viral response 106.45 81.73 131.17 0.056
Viral persistence 153.75 104.27 203.23
Total 123.65 99.86 147.44
Iron level Sustained viral response 20.84 18.19 23.49 0.015
Viral persistence 29.92 22.05 37.80
Total 24.71 20.98 28.45
Ferritin level Sustained viral response 298.67 185.52 411.82 0.354
Viral persistence 397.79 197.96 597.62
Total 336.09 231.98 440.20
Viral load Sustained viral response 1.91E + 06 1.12E + 06 2.70E + 06 0.115
Viral persistence 4.21E + 06 5.15E + 05 7.90E + 06
Total 2.75E + 06 1.35E + 06 4.14E + 06

associated with an individual patient’s response to antivi-
ral treatment, including the homocysteine level, vitamin
D level, and many other parametersm’m. However, only
sex, age, liver disease progression, viral genotype, and
insulin resistance are included in the clinical guidelines
as possible risk factors™. In the present study, the only
markers that significantly influenced the efficacy of an-
tiviral therapy were the alanine transaminase level (P =
0.056) and the iron level (P = 0.015). Iron is necessary
for the replication of HCV; however, iron depletion
therapy before antiviral therapy has not been proven
to be effective™. The small size of our patient group
is the main reason why the other data did not show a
statistically significant impact on the efficacy of antiviral
therapy.

Of all mutations that cause inherited liver diseases,
the most extensively studied are those that cause heredi-
tary hemochromatosis™. Although we did not detect a
statistically significant association between HCV infec-
tion and the C282Y or H63D mutation in our study, the
C282Y mutation was found to be more common in the
patient group than in the control group (frequency of
0.048 »s 0.035, respectively) (Table 2). We also failed to
detect an association between the iron or ferritin level
with either the C282Y or H63D mutation. This result
may have been due to our small patient group and/or
the ages of our patients (men, 37.27 * 15.69 years;
women, 40.25 £ 12.26 years). Our patients may have
been too young to manifest the symptoms characteris-
tic of hereditary hemochromatosis because symptoms
related to iron overload usually appear between the ages
of 40 and 60 years in men and after menopause in wom-
en””. In addition, the higher serum iron levels seen in
our patients with HCV infection may have been caused
by various factors other than HFE gene mutations; e.g.,
hepatocyte necrosis or increased intestinal iron uptakelzgj.

In contrast to previous reports“o’]”, we did not detect
an association between HCV infection and alpha-1 anti-
trypsin deficiency. Again, this may have been due to the
small number of patients in our study and/or the fact
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that liver symptoms in patients with alpha-1 antitrypsin
deficiency more commonly manifest in childhood or
late adulthood. Advanced liver disease generally occurs
around the age of 066 years in individuals heterozygous
for the PIZ mutation™. The mean age of our patients
was 38.43 years at the completion of analysis.

Gilbert’s syndrome, also termed benign hyperbili-
rubinemia™, was included in our study because an es-
timated 10% to 15% of European descent individuals
are affected by this syndrome and because previous data
have demonstrated anti-inflammatory and antioxidant
functions of bilirubin”"*. The (TA)7 polymorphism of
the UGT17.A1 gene was shown to be significantly associ-
ated with the ferritin level (beta = -295.7, P = 0.0087).
Some studies have proposed that ferritin, being an acute-
phase reactant, behaves as a marker of more active and
advanced liver disease. Patients with chronic HCV infec-
tion and high serum ferritin levels reportedly have signif-
icantly more severe liver inflammation and fibrosis than
do patients with normal serum ferritin levels””. In our
study, patients with viral persistence had slightly elevated
ferritin levels. Based on the analysis of the association of
the ferritin level with genetic markers, the (TA)7 poly-
morphism could be associated with less prominent liver
inflammation and lower ferritin levels in patients with
HCYV infection. This may in turn lead to a better antiviral
treatment response, and future studies should address
this notion. Our results also support the idea that more
extensive liver inflammation can lead to viral persistence
as evidenced by the fact that alanine transaminase levels
were higher in patients with viral persistence.

Interestingly, the H1069Q mutation of the ATP7B
gene was found to be associated with chronic HCV
infection. We included this mutation in our analysis
because a high rate of Latvians reportedly carry this
mutation'. The ATP7B gene is involved in copper me-
tabolism. Copper is well known to be critical for the
proper functioning of both the humoral and innate
immune systems; however, its precise mechanisms of
action are unknown"". The spontaneous elimination or
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persistence of HCV infection depends on the host’s im-

mune status””. Previous reports have stated that the host

response to HCV infection may be primarily dependent
on the human leukocyte antigen system. However, other
factors, such as copper, may also influence the host re-
sponse because changes in copper levels in patients with
HCV infection have been reported“s’%’m. We propose
that the H1069Q mutation of the ATP7B gene may be
an important modifier in patients with HCV infection.
Future studies should investigate this in detail, especially
considering the fact that Wilson’s disease is treatable.

The main limitation of our study was the small num-
ber of patients and controls. No analysis was performed
to exclude HCV infection in the control group. Howev-
er, this was a pilot study. Research involving larger num-
bers of patients and controls in whom HCV infection
has been excluded is warranted.

COMMENTS
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Inherited monogenic liver diseases and their causative mutations may repre-
sent genetic factors responsible for changing the host response to hepatitis C
virus (HCV) infection. Although the association between HCV infection and he-
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the associations between HCV and the mutations causing alpha-1 antitrypsin
deficiency, Gilbert’s syndrome, and Wilson’s disease have been performed.

Research frontiers

Mutations that cause inherited liver diseases are highly distributed and as-
sociated with chronic inflammation and liver damage. This is one of the critical
points in HCV infection.

Innovations and breakthroughs

Many studies have been performed in an attempt to identify host genetic factors
that can influence the efficacy of antiviral therapy in patients with chronic HCV
infection. This is first study to analyze all of the most common genetic disorders
in one patient group. The results of this pilot study show that this research
should be continued with a larger group of patients.

Applications

Therapy for inherited liver disorders is either already available or is currently un-
der investigation. If the importance of such therapies with respect to alleviating
liver damage in HCV infection is proven, the efficacy of antiviral therapy may be
improved by establishing treatment that is more specifically targeted not only to
the viral life cycle, but also to factors directly associated with the development
of liver damage. Alpha-1 antitrypsin deficiency is a liver disease caused by the
absence of the proteinase inhibitor alpha-1 antitrypsin. Wilson’s disease is a
progressive autosomal recessive disorder of copper metabolism. Gilbert's syn-
drome is characterized by benign unconjugated hyperbilirubinemia.
Terminology

Hepatitis C is an infectious liver disease caused by the HCV, that affects an
estimated 130 to 200 million people worldwide. Inherited monogenic liver dis-
orders are inherited diseases, caused by mutations in one gene (autosomal
recessive inheritance), in which the primary manifestation is liver damage.

Peer review

This case-control study is the first to examine the association between HCV and
frequently inherited monogenic liver diseases (hereditary hemochromatosis,
alpha-1 antitrypsin deficiency, Gilbert's syndrome, and Wilson’s disease) and
their causative mutations. This study revealed an association between HCV
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Abstract

AIM: To investigate the effect of methylsulfonylmeth-
ane (MSM), recently reported to have anti-cancer ef-
fects, in liver cancer cells and transgenic mice.

METHODS: Three liver cancer cell lines, HepG2, Huh7-
Mock and Huh7-H-as®?', were used. Cell growth was
measured by Cell Counting Kit-8 and soft agar assay.
Western blot analysis was used to detect caspases, poly
(ADP-ribose) polymerase (PARP), and B-cell lymphoma

(49

TR
JBaishideng®

WJH | www.wjgnet.com

98

2 (Bcl-2) expressions. For /in vivo study, we adminis-
tered MSM to H-ras™' transgenic mice for 3 mo.

RESULTS: MSM decreased the growth of HepG2, Huh7-
Mock and Huh7-H-ras®*' cells in a dose-dependent
manner. That was correlated with significantly in-
creased apoptosis and reduced cell numbers in MSM
treated cells. Cleaved caspase-8, cleaved caspase-3
and cleaved PARP were remarkably increased in the
liver cancer cells treated with 500 mmol/L of MSM;
however, Bcl-2 was slightly decreased in 500 mmol/L.
Liver tumor development was greatly inhibited in the
H-ras™’ transgenic mice treated with MSM, compared
to control, by showing reduced tumor size and number.
Cleaved PARP was significantly increased in non-tumor
treated with MSM compared to control.

CONCLUSION: Liver injury was also significantly at-
tenuated in the mice treated with MSM. Taken togeth-
er, all the results suggest that MSM has anti-cancer
effects through inducing apoptosis in liver cancer.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Methylsulfonylmethane; Anti-cancer ef-
fects; Liver cancer cells; Transgenic mice; Hepatic tu-
morigenesis

Core tip: Methylsulfonylmethane (MSM) is an organic
sulfur-containing compound. MSM suppressed hepatic
tumor growth through activation of apoptosis. MSM
could be a potential candidate as an anti-liver cancer
agent.

Kim JH, Shin HJ, Ha HL, Park YH, Kwon TH, Jung MR,
Moon HB, Cho ES, Son HY, Yu DY. Methylsulfonylmethane
suppresses hepatic tumor development through activation of
apoptosis. World J Hepatol 2014; 6(2): 98-106 Available from:
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INTRODUCTION

Liver cancer is the sixth most common malignancy and

the third most common cause of cancet-related mortal-
ity worldwide". Approximately 560000 cases are di-
agnosed each year and 550000 deaths are due to liver
cancer. In most countries, 75%-90% of liver cancers
are hepatocellular carcinomas”. The main risk factors
of liver cancer include infection with hepatitis B virus
(HBV) or hepatitis C virus (HCV)". Other risk factors
include excessive alcohol consumption, nonalcoholic
steatohepatitis, autoimmune hepatitis, primary biliary
cirrhosis, particularly aflatoxin B and various genetic
metabolic diseases'”. However, mortality is diminishing
with the development of vaccine and therapy methods.
In particular, therapy using natural extracts with no side
effects has been reported. It was recently reported that
tetrandrine induces apoptosis in human hepatocellular
carcinoma” and berbamine induces apoptosis and tu-
mor growth inhibition”.

Apoptosis is a physiological process for involution
and atrophy of various tissues and organs during devel-
opment and maintenance of tissue homeostasis'. The
apoptosis pathway is mediated by death receptors that
include tumor necrosis factor receptor (I'NFR), Fas
and TNF-related apoptosis-inducing ligand (TRAIL).
These ligands lead to the recruitment and activation of
initiator cysteine aspartic proteases (caspases) such as
caspases-8 and 10. These lead to the activation of cas-
pase-3. The active caspase-3 involves DNA fragmenta-
tion, nuclear fragmentation, membrane blebbing and
other morphological and biochemical changes'™. Other-
wise, apoptosis is initiated by the stress-mediated release
of cytochrome-c. The cytochrome-c activates initiator
caspase, typically caspase-9, which leads to the activation
of the executioner caspase-3. In response to apoptotic
stimuli, pro-apoptotic members of the B-cell lymphoma
2 (Bcl-2), Bcel-2-associated X protein (Bax) and Bcl-2
homologous antagonist killer (Bak) become activated
and act on the mitochondria to induce the release of
cytochrome-c®.,

Methylsulfonylmethane (MSM), an organic sulfur-
containing compound, inhibits LPS-induced release of
pro-inflammatory mediators in murine macrophages
through downregulation of nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB) signalingm.
Morteover, the effect of MSM has been reported in can-
cet. MSM suppresses breast cancer growth by down-reg-
ulating signal transducer and activator of transcription
3 (STAT3) and signal transducer and activator of tran-
scription 5b (STAT5b) pathways'”. Apoptotic effects in
other cancer cells, such as esophageal, gastric and liver
cancer cells, were reported!"”,

To further understand the effect of MSM in preven-
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tion of hepatic tumorigenesis, we have examined it in
liver cancer cell lines and liver cancer mouse model.

MATERIALS AND METHODS

Cell culture and stable cell lines

HepG2 and Huh7 cell lines were maintained in a DMEM
(HyClone, United States), supplemented with a 10% FBS
(HyClone, United States), penicillin/streptomycin (Hy-
Clone, United States) in a COz2 incubator at 37 'C. Huh7-
H-ras”"*" cell lines were generated by stably transfecting
H-ras""" in Huh7 cells. The pCAG—HA—H—m;GlZV—neo
was constructed as follows. The coding sequences for
mutated H-ras""*" were inserted by PCR cloning into the
EcoR I site of the pPCAG-HA-neo vector and confirmed
by restriction mapping and DNA sequencing. Huh7
cells were plated in 6-well culture plates for 24 h prior to
transfection. Cells were transfected with 3 pg of pCAG-
HA-H-7a5""*-neo construct using a Lipofectamine 2000
reagent (Invitrogen, United States), according to the
manufacturer’s instructions. After 48 h, cells were tryp-
sinized and plated in a medium containing 400 ug/mL
neomycin (G418). Following selection for 2 wk, total
populations of neomycin-resistant cells were pooled
and single-cells sorted into 96-well plates with a growth
medium containing 400 pg/ mL neomycin. Sorted single
cells were grown under selection for an additional 2 wk
and expanded into stable cell lines. The candidate clones
were analyzed by Western blot analysis using a HA (Roche,
Germany) antibody.

Animals

The generation of Heras'™ transgenic liver cancer mouse
model was previously described"”. We used 3 mo old
H-ras'™ transgenic male mice. H-ras'™ transgenic mice
were divided into two groups and administered with PBS
(control group, #» = 5) and methylsulfonylmethane (MSM,
100 pg/g) (treated group, » = 6) every day for 3 mo.
The genotyping of PCR primers for the H-ras'™ were
5-CTAGCGCTGCAGGAATTC-3’ and 5’-GTAGTT-
TAACACATTATACACT-3’. The mice were housed in a
pathogen-free animal facility under standard 12 h light/
dark cycle. All animal procedures were conducted in ac-
cordance with the guidelines of the institutional Animal
Care and Use Committee, Korea Research Institute of
Bioscience and Biotechnology (IKRIBB).

Reagents
MSM and crystal violet were purchased from Sigma-
Aldrich Co. (United States).

Cell growth assay (anchorage-independent)

The cell growth after treatment with MSM was mea-
sured by Cell Counting Kit-8 (CCK-8) (Dojindo, Japan).
HepG2 and Huh7 (Mock, H-ras""") cells were suspend-
ed at a concentration of 5 X 10’ cells /well and cultured
in 96-well flat bottomed microplate. After exposure to
MSM at different time points (0, 24, 48, 72 and 96 h),
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CCK-8 (10 pL) was added to each well of a 96-well flat
bottomed microplate containing 100 uL. of culture me-
dium and MSM (0, 200 pumol/T., 200 mmol/I, and 500
mmol/L) and the plate was incubated for 2 h at 37 C.
Viable cells were counted by absorbance measurements
at 450 nm using auto microplate reader (VERSAmax™,
United States).

Soft agar assay (Anchorage-dependent)

HepG2, Huh7 - Mock, and Huh7-H-ras""" (5 x 10°
cells) were suspended in 1 mL. of DMEM containing
0.3% agar in cell-growth medium and plated in tripli-
cates over a first layer of 0.6% agar in cell-growth me-
dium. The cells were grown at 37 C and 5% COz. Then
the viable colonies were stained with 0.01% crystal violet
(Sigma, United States) for 2 h. We treated with MSM (0,
200 umol/L, 200 mmol/L, and 500 mmol/L) on the
top agar on day 0. The MSM contained medium was
changed every day.

Flow cytometry analysis

Apoptosis was also evaluated by flow cytometry after
Annexin V-FITC/PI (BD Bioscience, United States)
staining. The cells were digested with trypsin and resus-
pended in 100 L. of binding buffer, 5 ul. of Annexin
V-FITC and added with 5 pl. of PI, and the mixture
was incubated at room temperature for 15 min in the
dark. The cells were analyzed using a BD FACSCalibur
(BD Bioscience, United States) and divided into four
groups: normal cells (Annexin V negative and PI posi-
tive), early apoptotic cells (Annexin V positive and PI
negative), late apoptotic cells (Annexin V positive and
PI positive) and necrotic cells (Annexin V negative and
PI positive). The percentages of the different cell groups
were determined by a scatter plot analysis.

Western blot analysis

We homogenized liver cancer cell lysates in lysis buffer
(20 mmol/L HEPES, 150 mmol/L NaCl, 2 mmol/L
EGTA, 1 mmol/L. EDTA, 20 mmol/L glycerol phos-
phate, 1% Triton X-100 and 10% glycerol) with protease
(Sigma, United States) and a phosphatase-inhibitor cock-
tail (Roche, Germany). Proteins were separated by SDS-
PAGE and transferred to nitrocellulose membranes. For
Western blot analysis, 30 ug protein lysates were sepa-
rated on 12% sodium dodecyl sulfate polyacrylamide
gels and transferred onto nitrocellulose membranes (Mil-
lipore, United States). The membranes were primarily
blotted with primary antibodies against GAPDH (Lab
Frontier, South Korea), HA (Roche, Germany), cleaved
caspase-3, cleaved caspase-8, cleaved PARP [Poly (ADP-
ribose) polymerase] or Bcl-2 (Cell Signaling Technology
Inc., United States) at 4 C overnight. They were washed
five times with 10 mmol/L Tris-HCI (pH 7.5) contain-
ing 150 mmol/IL. NaCl and 0.2% Tween-20 (IBST) and
incubated with horseradish peroxidase conjugated goat
anti-rabbit IgG or anti-mouse IgG (Pierce, United States)

(49

TR
JBaishideng®

WJH | www.wjgnet.com

100

for 1 h at room temperature. After the removal of excess
antibodies by washing with TBST, specific binding was
detected using a SuperSignal chemiluminescent substrate
(Pierce, United States) according to the manufacturer’s
instructions.

Live cell counting by trypan blue stain

Huh7-H-ras™" cells were suspended at a concentration
of 0.3 x 10° cells /well and cultured in 6-well plate. After
exposure to MSM for 24 h, cells were calculated by try-
pan blue stain through an electron microscope (Nikon,

Japan).

Blood plasma analysis

Once a mo during the experimental period, blood sam-
ples were taken from orbital venous congestion. Plasma
was prepared by centrifugation of the blood at 10000
rpm for 5 min at 4 'C and stored at -70 ‘C until analysis.
Aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) levels were measured with an auto-
matic chemistry analyzer (Hitachi 7150, Japan).

Liver histology

The liver was removed from the mice and immediately
fixed in a buffer solution of 10% formalin for pathologi-
cal analysis. Fixed tissues were processed routinely for
paraffin embedding and 5 um sections were prepared
and stained with hematoxylin and eosin (H and E).
Stained areas were viewed using an optical microscope.

Statistical analysis

Data were analyzed using SigmaStat 3.1 software. All
data are presented as the mean T the standard error of
the mean (SEM) from at least three independent experi-
ments. Comparisons between groups were analyzed by
Student’s ~test for paired and unpaired measure. P value
< 0.001 was considered statistically significant.

RESULTS

MSM inhibits cell growth in liver cancer cell lines

To investigate the effect of MSM in cell growth, cell
lines such as HepG2, Huh7-Mock, and Huh7-H-ras"""
wete exposed to MSM in a dose-dependent manner.
Cell growth was analyzed at 0, 24, 48, 72 and 96 h us-
ing CCK-8. HepG2 cell growth was significantly inhib-
ited with treatment of 500 mmol/L but the growth of
Huh7-Mock and Huh7-H-ras""" cells was significantly
reduced with treatment of 200 mmol/L and 500 mmol/
L of MSM (Figure 1A). To assess the effect of MSM in
colony formation, we conducted a soft agar assay. As
shown in Figure 1B, colony size and number of HepG2
cell were decreased in a dose-dependent manner. How-
ever, Huh7-Mock and Huh7-H-ras""*" cells were remark-
ably inhibited in 200 mmol/L and 500 mmol/L (Figure
1B). These results suggest that MSM treatment inhibits
cell growth significantly in liver cancer cell lines.
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Figure 1 Inhibitory effect of methylsulfonylmethane in liver cancer cell lines. A: Cellular proliferation effects of MSM were measured by CCK-8 assay. Cells
were treated with MSM (0, 200 umol/L, 200 mmol/L, and 500 mmol/L) at different time points (0, 24, 48, 72 and 96 h); B: Anchorage-independent growth assay was
performed in liver cancer cells treated with MSM in a dose-dependent manner. °P < 0.001 vs control. MSM: Methylsulfonylmethane.

MSM induces apoptosis in liver cancer cell lines

To determine whether MSM induces apoptosis in liver
cancer cell lines, we utilized Annexin V /PI staining, ob-
served morphology and counted live cells. The Annexin
V /PI staining was performed to examine the reversion
of phosphatidylserine, a marker for apoptosis. Our re-
sults showed that the proportion of apoptotic cells was
induced by treatment of 200 mmol/L and 500 mmol/L
in liver cancer cell lines. Particularly, the apoptosis rate
was increased 6-fold in all liver cancer cell lines treated
with 500 mmol/L compared to control (Figure 2A).
We examined the morphology and counted live cells of
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Huh7-H-ras"". Morphological changes were observed
in 200 mmol/L and 500 mmol/L. Also, adherent cells
were decreased in 200 mmol/L and 500 mmol/L treated
with MSM. In addition, live cell number was significantly
reduced in 500 mmol/T. of MSM compared to control
(Figure 2B). The data indicate that MSM treatment in-
duces apoptosis in liver cancer cell lines.

MSM activates caspase-3, -8 and PARP in liver cancer
cell lines

The expression of HA-H-ra"">" in Huh7-H-ras""*" was
confirmed by Western blot. HA-H-7as""* was overex-
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Figure 2 Methylsulfonylmethane induces apoptosis in liver cancer cell lines. A: Detection of apoptotic cells by Annexin V. Cells were treated with MSM in a
dose-dependent manner for 24 h; B: Dose-dependent effects of MSM on the morphology and live cell counting of Huh7-H-ras®"" cell line for 24 h. °P < 0.001 vs con-
trol. MSM: Methylsulfonylmethane.

pressed in Huh7-H-ras®"?" cell (Figure 3A). To under-
stand the mechanisms involved in MSM-induced apop-
tosis in liver cancer cell lines, we first determined caspase
activity. The protein levels of cleaved caspase-3, cleaved
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in liver cancer cell lines treated with 500 mmol/L (Figure
3B). To investigate whether mitochondrial anti-apoptosis
proteins are involved in regulating MSM-induced apop-
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each result indicate a fold increase of band density as compared to control, GAPDH. MSM: Methylsulfonylmethane; PARP: Poly (ADP-ribose) polymerase.

tosis of liver cancer cell lines, we examined the protein
level of Bcl-2. The result indicated that Bcl-2 was de-
creased in liver cancer cell lines treated with 500 mmol/L
(Figure 3C). It suggests that MSM induced apoptosis by
regulating the expression of cleaved caspase-3, cleaved
caspase-8 and cleaved PARP.

MSM inhibits hepatic tumorigenesis in H-ras™"
transgenic mice

To investigate the suppression effects of MSM in he-
patic tumorigenesis, H-ras'® transgenic mice were orally
administered with MSM (100 pg/g) for 3 mo. Tumor
volume and number were significantly reduced in the
MSM treated group compared to the control group (Fig-
ure 4A). To determine histological changes, we exam-
ined the H and E staining in mouse liver. As shown in
representative photomicrographs of liver histology, the
tumor size in the MSM treated group was dramatically
decreased compared to the control group. Moreover,
necrosis was observed in the MSM treated group (Figure
4B). To confirm in vitro data on apoptosis, we examined
the protein levels of cleaved PARP. Cleaved PARP was
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increased in MSM treated non-tumors compared to PBS
treated control; however, not in tumor (Figure 4C). To
examine the effect of MSM in liver function of H-ras'"
transgenic mice, we checked AST and ALT levels. AST
levels were significantly lower in the MSM treated group
for 3 mo than the control group. ALT levels were also
lower in the MSM treated group for 1 mo than the con-
trol group (Figure 4D). These data suggest that MSM

. . 12V . .
suppresses liver damage in H-7as ™ transgenic mice.

DISCUSSION

MSM is naturally obtained from vatious species of fruits,
vegetables, grains, animals and animal products. The
chemical structure of MSM is a combination of oxygen
in dimethyl sulfoxide (DMSO), so also called dimethyl
sulfone (DMSOz2). The anti-inflammatory effects of
MSM on lipopolysaccharide-induced inflammatory re-
sponses in murine macrophages[9] and effects of MSM
in breast cancer by down regulating STAT3 and STAT5b
pathways'" were reported. However, the effect of MSM
has not been studied in liver cancer. In the present study,

February 27, 2014 | Volume 6 | Issue 2 |



Kim JH et a/. Methylsulfonylmethane suppresses hepatic tumor development

C 40 - b 0 PBS

PBS MSM

Non-tumor Tumor Non-tumor Tumor

Cleaved PARP — — N —— . — — — —

Relative expression
(cleaved PARP/GAPDH)

GAPDH —— ——————— ———— — -

Non-tumor  Tumor

D O PBS - PBS
180 - B MSM 180 - m MM

ALT (IU/L)
ALT (1U/L)
S

0 1 2 3
t/mo t/mo

Figure 4 Methylsulfonylmethane inhibits hepatic tumorigenesis in H-ras™ transgenic mice. H-ras™" transgenic mice were administered with PBS and MSM
(100 pg/g) every day for 3 mo. A: Liver morphologies of PBS (control) group (left) and MSM group (right) after administration for 3 mo; B: Hematoxylin and eosin
stained section in livers of PBS and MSM treated H-ras™” transgenic mice (Scale bars, 500 um); C: Expression levels of cleaved PARP in H-ras™ livers; D: The
levels of AST and ALT in plasma of H-ras™" transgenic mice treated with MSM. MSM: Methylsulfonylmethane; AST: Aspartate aminotransferase; ALT: Alanine ami-
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we found that MSM dramatically inhibits hepatic tumor tosis of human prostate cancer cells was due to accumu-
cell growth. We performed CCK-8 and soft agar assay. lated ROS™". Tn our study, ROS levels were significantly
Anchorage dependent tumor cell growth inhibition was inctreased in 500 mmol/L of MSM in Huh7 cell lines
found in liver cancer cells, such as HepG2, Huh7-Mock (Supplemental Figure 1), suggesting that MSM treatment
and Huh7-H-7zs""" treated with 500 mmol/T. of MSM regulated ROS levels in liver cancer cell lines.

(Figure 1A). Anchorage independent cell growth was To clarify the apoptotic mechanism stimulated by
also inhibited in the liver cancer cells treated with both MSM, we studied both the death receptor pathway and
200 mmol/L and 500 mmol/L of MSM (Figute 1B). the mitochondrial pathways'. Cell surface death recep-
The results indicate that MSM is effective in inhibiting tors, such as Fas which bind their ligands, initiate signal-

liver cancer cell growth. ing to activate caspase-8, caspase-3 to induce apoptosis,

To further investigate the apoptosis in liver cancer and signaling involved in mitochondrial release of cyto-
cells treated with MSM, we examined apoptotic cells by chrome-c, which activates caspase-9 and caspase-3'"". We
Annexin V/PI staining. Apoptotic cells were signifi- performed Western blot. Bel-2 was decreased in all of

cantly increased by treatment of 500 mmol/L in liver the cell lines treated with 500 mmol/L (Figute 3C) and
cancer cell lines (Figure 2A) and the morphology of MSM treatment led to an increased apoptotic response

Huh7-H-ra5""" cells was changed in 200 mmol/L and involving caspase-3, caspase-8 and PARP activation in
500 mmol/L. The numbers of live cells wete reduced in liver cancer cell lines (Figure 3B). The results demon-
500 mmol/L (Figute 2B). The tesult indicated that MSM strate that MSM induces apoptosis through activation of
caused apoptosis in liver cancer cell lines. the caspase pathway.

Cancer chemotherapy is known to induce tumor cell We performed 7z vivo studies to investigate the liver

death in a variety of cell types in part by promoting the tumor growth suppressive function of MSM. We orally
intracellular ROS. Recently, salinomycin-induced apop- administered MSM (100 pg/g) to H-ras'® transgenic
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mice for 3 mo. During the administration, body weight
ratio was not changed between MSM treated group
and control group (Supplemental Figure 2). However,
the AST and ALT levels of MSM treated group were
lower than the control group (Figure 4D). In addition,
tumor volume and number were noticeably reduced in
the MSM treated group (Figure 4A). The expression
of cleaved PARP was increased in MSM treated non-
tumors compared to PBS treated control; however, simi-
lar in tumors between the PBS and MSM treated group
(Figure 4C). As shown in photomicrographs of liver
histology, tumor size of the MSM treated group was de-
creased compared to the control group (Figure 4B). All
the data suggest that MSM improves liver function and
suppresses hepatic tumorigenesis through activation of
apoptosis.

MSM was efficacious with treatment of 500 mmol/L.
in inhibition of hepatic tumor cell growth. In addition,
the apoptosis rate was increased 6-fold in all of liver
cancer cell lines treated with 500 mmol/L compated to
control. These results indicate that MSM is efficacious
with treatment of the highest dose in liver cancer cells,
consistent with the result that MSM suppresses breast
cancer cell growth at 300 rnmol/L“O]. MSM is an ed-
ible natural organic compound present in many food
items and is not associated with any toxic effects, even
at higher concentrations' ', MSM administration with
high dose (100 ug/ g) to H-ras™ transgenic mice for 3
mo did not affect body weight ratio but improved liver
function by showing lowered AST and ALT levels and
remarkably retarded hepatic tumor growth in the MSM
treated group. All the results suggest that MSM could be
available for inhibition of hepatic tumor growth. Further
research is needed to be feasible in humans.

In summary, we showed that MSM induced growth
inhibition and apoptosis in hepatic tumorigenesis. There-
fore, MSM could be a potential candidate as an antican-
cer agent.

COMMENTS

Background

Liver cancer is the third most common cause of cancer-related mortality world-
wide. However, there are only a few effective ways to prevent or treat liver
cancer. Therefore, studies are going on in the area of liver cancer. Methylsul-
fonylmethane (MSM), an organic sulfur-containing compound, is naturally ob-
tained from various species of vegetables, grains, animals and animal products.
Recently, a study has reported that MSM can be used to inhibit breast cancer
growth.

Research frontiers

MSM is an edible natural organic compound present in many food items and is
not associated with any toxic effects, even at higher concentrations. Research
is focused on finding the efficacy of higher doses of MSM treatment in cells and
mice with H-ras activated liver cancer.

Innovations and breakthroughs

MSM decreased the growth of Huh7-H-rasG12V cells in a dose-dependent
manner. That was correlated with significantly increased apoptosis in MSM
treated cells. Cleaved caspase-8, cleaved caspase-3 and cleaved PARP were
remarkably increased in the liver cancer cells treated with 500 mmol/L of MSM.
Liver tumor development was greatly inhibited in the H-ras12V transgenic mice
treated with MSM compared to control, by showing reduced tumor size and
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number.

Applications

The results suggest that MSM could be a potential candidate for prevention of
liver cancer.

Terminology

MSM is a very simple organic sulfur-containing compound with a molar mass of
94.13 g/mol. MSM contains only eleven atoms and is found in foods, including
fruits, vegetables, grains and beverages.

Peer review

This study described the efficacy of MSM treatment in cells and mice with H-ras
activated liver cancer well. The results are interesting and indicate that MSM
could be used for preventing hepatic tumor growth.
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will give priority to manuscripts that are supported by major national
and international foundations and those that are of great basic and
clinical significance.

IWJH is edited and published by Baishideng Publishing Group
(BPG). BPG has a strong professional editorial team composed of
science editors, language editors and electronic editors. BPG current-
ly publishes 42 OA clinical medical journals, including 41 in English,
has a total of 15471 editorial board members or peer reviewers, and
is a world first-class publisher.

Columns

The columns in the issues of WJH will include: (1) Editorial: The
editorial board members are invited to make comments on an im-
portant topic in their field in terms of its current research status
and future directions to lead the development of this discipline; (2)
Frontier: The editorial board members are invited to select a highly
cited cutting-edge original paper of his/her own to summarize ma-
jor findings, the problems that have been resolved and remain to be
resolved, and future research directions to help readers understand
his/het important academic point of view and future research direc-
tions in the field; (3) Diagnostic Advances: The editorial board mem-
bers are invited to write high-quality diagnostic advances in their field
to improve the diagnostic skills of readers. The topic covers general
clinical diagnosis, differential diagnosis, pathological diagnosis, lab-
oratory diagnosis, imaging diagnosis, endoscopic diagnosis, biotech-
nological diagnosis, functional diagnosis, and physical diagnosis; (4)
Therapeutics Advances: The editorial board members are invited to
write high-quality therapeutic advances in their field to help improve
the therapeutic skills of readers. The topic covers medication therapy,
psychotherapy, physical therapy, replacement therapy, interventional
therapy, minimally invasive therapy, endoscopic therapy, transplanta-
tion therapy, and surgical therapy; (5) Field of Vision: The editorial
board members are invited to write commentaries on classic articles,
hot topic articles, or latest articles to keep readers at the forefront of
research and increase their levels of clinical research. Classic articles
refer to papers that are included in Web of Knowledge and have re-
ceived a large number of citations (ranking in the top 1%) after being
published for more than years, reflecting the quality and impact of
papers. Hot topic articles refer to papers that are included in Web of
Knowledge and have received a large number of citations after being
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published for no more than 2 years, reflecting cutting-edge trends in
scientific research. Latest articles refer to the latest published high-
quality papers that are included in PubMed, reflecting the latest re-
search trends. These commentary articles should focus on the status
quo of research, the most important research topics, the problems
that have now been resolved and remain to be resolved, and future
research directions. Basic information about the article to be com-
mented (including authors, article title, journal name, year, volume,
and inclusive page numbers; (6) Minireviews: The editorial board
members are invited to write short reviews on recent advances and
trends in research of molecular biology, genomics, and related cut-
ting-edge technologies to provide readers with the latest knowledge
and help improve their diagnostic and therapeutic skills; (7) Review:
To make a systematic review to focus on the status quo of research,
the most important research topics, the problems that have now been
resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to write
a series of articles (7-10 articles) to comment and discuss a hot topic
to help improve the diagnostic and therapeutic skills of readers; (9)
Medical Ethics: The editorial board members are invited to write arti-
cles about medical ethics to increase readers” knowledge of medical
ethics. The topic covers international ethics guidelines, animal studies,
clinical trials, organ transplantation, ez.; (10) Clinical Case Conference
or Clinicopathological Conference: The editorial board members
are invited to contribute high-quality clinical case conference; (11)
Original Articles: To report innovative and original findings in hepa-
tology; (12) Brief Articles: To briefly report the novel and innovative
findings in hepatology; (13) Meta-Analysis: Covers the systematic
review, mixedtreatment comparison, meta-regression, and over-
view of reviews, in order to summarize a given quantitative effect,
e.g., the clinical effectiveness and safety of clinical treatments by
combining data from two or more randomized controlled trials,
thereby providing more precise and externally valid estimates than
those which would stem from each individual dataset if analyzed
separately from the others; (14) Case Report: To report a rare or
typical case; (15) Letters to the Editor: To discuss and make reply to
the contributions published in IWJH, or to introduce and comment
on a controversial issue of general interest; (16) Book Reviews: To
introduce and comment on quality monographs of hepatology; and
(17) Autobiography: The editorial board members are invited to write
their autobiography to provide readers with stories of success or
failure in their scientific research career. The topic covers their basic
personal information and information about when they started do-
ing research work, where and how they did research work, what they
have achieved, and their lessons from success or failure.
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Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
efe. The reviewing points include: (1) Statistical methods should be
described when they are used to verify the results; (2) Whether the
statistical techniques are suitable or correct; (3) Only homogeneous
data can be averaged. Standard deviations are preferred to standard
errors. Give the number of observations and subjects (1). Losses
in observations, such as drop-outs from the study should be re-
ported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence 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).
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Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, I/JH requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate 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 Considerations 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 serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [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 Med-
ical 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 conform 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 Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional 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, manusctipts must be accom-
panied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents 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. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page,
Abstract, Introduction, Materials and Methods, Results, Discus-
sion, Acknowledgements, References, Tables, Figures, and Figure
Legends. Neither the editors nor the publisher are responsible for
the opinions expressed by contributors. Manuscripts formally ac-
cepted for publication become the permanent property of Baish-
ideng 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 ani-
mals of their institution or national animal welfare committee. For
the sake of transparency in regard to the performance and report-
ing of clinical trials, we endorse the policy of the ICMJE 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
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available, to our knowledge, is http://www.clinicaltrials.gov spon-
sored by the United States National Library of Medicine and we en-
courage 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, photo-
graphs 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 dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http:/ /www.wjgnet.com/esps/. Authots are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTH-
ORS (http://wwwiwijgnet.com/1948-5182/¢_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 bpgoffice@wijgnet.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 ample mar-
gins. Style should conform to our house format. Required informa-
tion 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 ICMJE, based on (1) substantial contribu-
tions 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 ver-
sion 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 Med-
ical 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 JE 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 I and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive 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, af-
filiation, the complete name of institution, city, postcode, province,
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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, Uni-
versity of California, Box 0538, San Francisco, CA 94143, United
States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +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 on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Abstract

There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92 = 3.86 »s 3.61 £ 1.67,
P < 0.001), and 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.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, 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.

1llustrations

Figures should be numbered as 1, 2, 3, ez, 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. Keep-
ing 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 gas-
tritis after treatment. A: ...; B: .; Ci s D: s Bl Bl G Llete Tt s
our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., 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 hotizontal line under the title, a
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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. "P < 0.05,
"P < 0.01 should be noted (P > 0.05 should not be noted). If there
are other seties of Pvalues, ‘P < 0.05 and ‘P < 0.01 are used. A third
series of P values can be expressed as P < 0.05 and ‘P < 0.01. Other
notes in tables or under illustrations should be expressed as 'E,°E,
°F; or sometimes as other symbols with a superscript (Arabic numer-
als) in the upper left corner. In a multi-curve illustration, each curve
should be labeled with @, o, m, 0, A, A, ef., in a certain sequence.

Acknowledgments

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

REFERENCES

Coding system

The authot should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!™”. Tf references are cited directly
in the text, they should be put together within the text, for example,
“Prom references””*Y, 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 ensutre
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/Sim-
pleTextQuery/, respectively. The numbets 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 in-
itial 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 DOTI: 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
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of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
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section analysis in revision total joint arthroplasty. Clin Orthop
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No volume or issue
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Careaction 2002; 1-6 [PMID: 12154804]

Books
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Chapter in a book (list all anthors)
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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 tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller |, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
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Patent (list all authors)
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Statistical data
Werite as mean * SD or mean * SE.

Statistical expression

HExpress 7 test as 7 (in italics), I test as I (in italics), chi square test as
x’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243641.

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 abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations ate 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,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 ime or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyeA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wignet.com/esps/NavigationInfo.aspxrid=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the

(49

TR
Jaishideng®

WJH | www.wjgnet.com

Instructions to authors

revision policies of Baishideng Publishing Group Co., Limited. The
revised version, along with the signed copyright transfer agreement,
responses to the reviewers, and English language Grade A certifi-
cate (for non-native speakers of English), should be submitted to
the online system zia the link contained in the e-mail sent by the edi-
tor. If you have any questions about the revision, please send e-mail
to esps@wjgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for re-
vision. (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.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-5182/¢_info_20100107114726.htm.

Responses to reviewers

Please tevise 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 papers supported by a foundation, authors should provide a copy
of the approval document and serial number of the foundation.

STATEMENT ABOUT ANONYMOUS PUBLICA-
TION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manusctipts based on the peer reviewers'
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