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Abstract

Virus-specific immune responses have a major impact
on the outcome of the infection. Viral agents that are
characterized by latency, such as herpesviruses and
polyomaviruses, require a continuous immune control
to reduce the extent of viral reactivation, as viral clear-
ance cannot be accomplished, independently from the
anti-viral treatment. In transplant patients, morbidity
and mortality related to viral infections are significantly
increased. In fact, the key steps of activation of T-cells
are major target for anti-rejection immunosuppressive
therapy and anti-viral immune response may be altered
when infected cells and cellular effectors of immune
response coexist in a transplanted organ. The role of
cellular immune response in controlling viral replica-
tion and the main methods employed for its evalua-
tion will be discussed. In particular, the main features,
including both advantages and limitations, of available
assays, including intracellular cytokine staining, major
histocompatibility complex - multimer-based assays,
Elispot assay, and QuantiFERON test, will be described.
The potential applications of these assays in the trans-
plant context will be discussed, particularly in relation
to cytomegalovirus and polyomavirus BK infection. The
relevance of introducing viro-immunological monitoring,
beside virological monitoring, in order to identify the
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risk profile for viral infections in the transplant patients
will allows for define a patient-tailored clinical manage-
ment, particular in terms of modulation of immunosup-
pressive therapy and anti-viral administration.

© 2012 Baishideng. All rights reserved.

Key words: T-cell; Immune response; Viral replication;
Interferon-y; Transplantation
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INTRODUCTION

Virus-specific immune responses have a major impact on

the outcome of the infection. Viral infections are usually
followed by the complete clearance of the virus. How-
evet, in some cases, immune response is not able to elimi-
nate completely the virus, thus the infection may become
persistent. In general, cellular immune response plays a
more relevant role in the viral clearance, whereas humoral
immune response protects against the reinfection. Im-
mune response may vary according to genetic substrate
of the individual and the degree of immunocompetence.

In transplant patients, morbidity and mortality related
to viral infections are significantly increased. In fact, anti-
rejection immunosuppressive therapy weakens the im-

December 12,2012 | Volume 1 | Issue 6 |



mune functions and anti-viral immune response may be
altered when infected cells and cellular effectors of im-
mune response coexist in a transplanted organ.

In particular, viral agents that are characterized by
latency, such as herpesviruses and polyomaviruses, re-
quire a continuous immune control to reduce the extent
of viral reactivation, as viral clearance cannot be ac-
complished, independently from the anti-viral treatment.
The immunologic control of these viruses in the immu-
nocompromised host is complex and involves both the
innate and adaptative immune systems. As regards innate
immune system, polymorphisms of Toll-like receptors as
well as certain proteins, including complement proteins,
and defects in natural killer cells are associated with an
increased risk of viral reactivation. Adaptative immune
responses of B and T cells are critical in controlling viral
replication. In particular, while B cells may be important
in the humoral response in that they produce neutralizing
antibodies targeting virions, T-cell mediated responses,
including both CD4+ and CD8+ T-cells, are crucial
components for controlling viral replication of persistent
viruses'. Several phenotypic markers and functions have
been investigated in order to characterize virus-specific
CD4+ and CD8+ T cell responses, evidencing a great
heterogeneity against different viruses, with functional
sighatures being probably specific for each virus and be-
ing predominantly regulated by the levels of antigen load.
In this context, polyfunctional secretion and proliferation
[i.e., interferon (IFN)-y and interleukin-2] of CD4+ and
CD8+ T cells play a protective role in terms of antiviral

immunity in chronic viral infections™,

METHODS FOR EVALUATING VIRUS-
SPECIFIC CELLULAR IMMUNE RESPONSE

Evaluation of virus-specific T-cell responses can be made
by different methods (Table 1), including: intracellular cy-
tokine staining (ICS), major histocompatibility complex
(MHC)-multimer-based assay, Enzyme-linked Immunospot
(ELISPOT) assay and QuantiFERON-cytomegalovirus
(CMV) assay (specific for CMWV)*¥, Beside these virus-
specific assays, it is also available a non-specific test, the Im-
munKnow assay, that is used to evaluate the overall CD4+
Immune response.

Most of these assays have been used in experimental
settings and only for some of them commercial kit are
available. The majority of the assays are based on the de-
tection of IFN-y after stimulation with specific viral anti-
gens or viral lysates, the so-called IFN-y releasing assays
(IGRA). Anyway, other markers, including different cyto-
kines (e.g, interleukin-2, tumor necrosis factor-q,, e#.) can
be used. In terms of clinical utility, an ideal test should
evaluate both virus-specific CD4+ and CD8+ T-cell im-
mune response from both quantitative (number of virus-
specific T cells) and function (number of functional T
cells) points of view. Moreover, for an appropriate use in
the clinical setting, an assay should be easy and rapid to
perform, relatively inexpensive, highly reproducible, and
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applicable in different routine contexts. At the moment,
all the assays present specific advantages and limitations.

Intracellular cytokine staining

Most studies have analyzed virus-specific T-cell responses
using ICS for IFN-y using flow cytometry'l. Moreover,
ICS allows for evaluation of polyfunctionality of T
cells®. Whole blood or isolated peripheral blood mono-
nuclear cells (PBMCs) are stimulated with virus-specific
peptides or viral lysates. The assay is not restricted for
human leukocyte antigen (HLLA) when viral lysate is used
and there Is no need to know HLA type. Stimulated cells
are stained with monoclonal antibodies directed against
IFN-y. The method is rapid, with a short incubation time
and results being available within 24 h; can be performed
starting from low blood volume (approximately 1 mL);
it allows for identification of CD4+ and CD8+ T cells.
The major drawbacks are the need for a flow cytometer
and the lack of standardization. Among the advantages,
there is the possibility to freeze the cells and send them
to reference laboratory for testing.

MHC - multimer-based assays

MHC-multimer-based assays is characterized by the di-
rect staining of peptide-specific T-cells using peptide-
conjugated MHC class [ tetramers or pentamers'. This
method evaluates CD8+ T-cell responses, however it is
epitope-specific and require knowledge of the patient’
s HLA type. As for ICS, there is the need for access to a
flow cytometer and the assay is not standardized. Among
the advantages, the assay is rapid (1-2 h) and can be per-
formed starting from low blood volume (0.5-1 mL).

Elispot

The ELISPOT assay determines the number of T-cells
secreting IFN-y in specific response to a viral agent. Fol-
lowing stimulation with viral peptides or viral lysates, the
produced IFN-y is captured by a specific antibody, and
then quantified using a labeled antibody"”. The assay evalu-
ates both CD4+ and CD8+ tesponses and there is no
need to know HLA, as well as to use a flow cytometer.
There is the possibility to freeze the cells and send them to
reference laboratory for testing. Among the diasadvantag-
es, the method requires a relatively high volume of blood
(approximately 7-10 mL) and cannot differentiate between
CD4+ and CD8+ cells. Although some approaches to
standardize the assay, it is still not standardized. Results
are available within 24-30 h. A mitogen control assay can
determine general T-cell responsiveness. Commercially
available kits for virus-specific ELISPOT assays are avail-
able (AID, Autoimmun Diagnostika GmbH, Strassberg,
Germany).

QuantiFERON-CMV

This is a CMV-specific ELISA-based IFN-y release assay
and is commercially available (Cellestis Inc., Melbourne,
Australia). It can be easily performed starting from low
blood volume (3 mL) and results are available after

December 12,2012 | Volume 1 | Issue 6 |
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Table 1 Methods for evaluating cellular immune response

Method Advantages

Limitations

Low volume blood
Rapid

Intracellular cytokine staining

Knowledge of HLA not required
Identification of CD4+ and CD8+

Low volume blood
Rapid

MHC multimer staining

Elispot assay

Identification of CD4+ and CD8+

Flow cytometer required
Not standardized

Flow cytometer required
Not standardized
Not standardized

MHC: Major histocompatibility complex; HLA: Human leukocyte antigen.

30-40 h. It evaluates only CD8+ responses. The assay
may yield nonresponse results in the presence of global
immunosuppression (nonresponse to mitogen) as in
transplant patients. Test sensitivity decreases in lympho-
penic patients because an appropriate number of T-cells
are required for the production of IFN-y.

ImmunKnow assay

The Cylex ImmunKnow assay (Cylex Inc., Columbia,
MD, US) is a aspecific assay, which is commercially
available. It measures the overall immune response and
is indicative of immunesuppression. It determines the
amount of ATP produced in response to whole-blood
stimulation by an aspecific mitogen (phytohemagglutinin).

ROLE OF VIRUS-SPECIFIC CELLULAR
IMMUNE RESPONSE IN TRANSPLANT

PATIENTS
T-cell responses, including both CD4+ and CD8+, are

critically important for controlling viral replication. This
has been demonstrated by the use of adoptive immuno-
therapy for treatment of CMV and EBV infections and
by the higher frequency of viral reactivation in patients
treated with anti-lymphocyte agents. Eartly reconstitution
of cellular immune response prevents or reduces the du-
ration of the infection, thus avoiding the onset of discase
or relapses. On the other hand, a delayed or reduced
response represents the pathogenic base for the occur-
rence of repeated episode of infection and symptomatic
disease (in the absence of anti-viral treatment) ", The
role of cellular immune response in the context of organ
transplantation has been studied particularly for CMV.
In particular, it has been evidenced the basic role played
by both CD4+ and CD8+ responses’”. The CD8+ re-
sponse is prevalent during the acute phase of infection
and it provides for an immediate control of viral replica-
tion by the killing of cells in which CMV is replicating,
The CD4+ response is fundamental for the long-term
maintenance of antiviral control. In a study on solid-
organ transplant recipients, it has been demonstrated that
stable levels of CMV-specific CD4+ cells correlates with
the absence of infectious complications, whereas in pa-
tients with unstable levels of specific-CD4+ cells, several
episodes of viral reactivation occurred"”. The median
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frequency of CMV-specific CD8+ cells was significantly
higher in a group of 27 heart and lung transplant patients
in cases that did not developed CMV-disease!". More-
ovet, in a study on 73 renal transplant recipients, also the
median frequency of CMV-specific CD4+ cells was sig-
nificantly higher in patients that did not developed CMV
disease!*"’. Gerna and coll. proposed the classification
of transplant recipients into two groups in relation to
the temporal profile for CMV-specific cellular immune
response' . The Authors considered a group of early
responders, in which reconstitution of cellular immune
response occurred within 30 d posttransplantation, and
a group of late responders, in which cellular immune re-
sponse reconstitution occurred at > 30 d posttransplanta-
tion and/or was reduced. In these patients, the delay in
CD4+ response appeared to be particularly critical.

Another virus for which specific cellular response
has been investigated is polyomavirus BK. It has been
evidenced that healthy BKV-seropositive individuals
have CD4+ and CD8+ cells specific for BKV major an-
tigens (including latge T antigen and capsid viral protein
VP1)!". The unbalance between viral replication and
BKV-specific cellular immune response should repre-
sent the common denominator for the pathogenesis of
polyomavirus-associated nephropathy, a viral-associated
complication potentially leading to the lost of the trans-
planted organ and mainly occurring in renal transplant
patients™'. Tt has been evidenced that cellular response
to large T antigen and VP1 is significantly higher in pa-
tients with decreasing viremia in comparison to those with
increasing viremia'. Moreover, it seems that the level of
immune response is correlated particulatly to the adminis-
tration of some immunosuppressive drugs. For example,
in a study on kidney transplant patients 7z vivo, tesponses
were inversely correlated with tacrolimus through levels,
but not mycophenolate mofetil, prednisone or the over-
all immunosuppressive dosing . However, the clinical
role of BKV viro-immunological monitoring in renal
transplant recipient needs to be further investigated, in
particular it is likely that it could represent an approach to
modulate immunosuppression.

An interesting issue in the context of protective im-
munity is represented by the role of mucosal immuniza-
tion. As mucosal surfaces represent the major entry fro
many human pathogens (including HSV, HIV, respiratory
viruses, as well as mycobacteria), induction of mucosal
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immune system, including both innate and adaptative
responses (CD4+ T helper cells, Th17 cells, high avidity
CD8+ cytotoxic T lymphocytes, as well as IgA and IgG1
neutralizing antibodies) seem required for an effective
protection against pathogens that lead to chronic infec-

tions!"™",

CONCLUSION

The increase in the number of transplant patients and
the use of deeply immunosuppressive drugs have lead to
the emergence of viral infections that may influence the
outcome of these patients. Beside the adoption of proto-
cols for close virological monitoring, several studies have
underlined the role of viro-immunological monitoring in
the evaluation of patient’s risk of infection and disease,
decision on treatment by modulating immunosuppression
and/or using antiviral, and adoption of other diagnostic
strategies. There is no defined method to evaluate the cel-
lular immune response in transplant recipients, as at the
moment no assay is standardized and further studies, par-
ticularly on procedures, quality controls and references, as
well as interpretation of results are required to standard-
ize. However, ELISPOT assay is gaining increasing rec-
ognition due to the potential to evaluate both CD4+ and
CD8+ responses and other favoring features. Further
studies on the clinical role of cellular immune responses
are required, in particular with the aim of define modes
and temporal profile for viro-immunological monitot-
ing in different transplant contexts and for different viral
agents.
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Abstract

Viruses have been shown to be responsible for
10%-15% of cancer cases. Epstein-Barr virus (EBV) is
the first virus to be associated with human malignancies.
EBV can cause many cancers, including Burkett's lym-
phoma, Hodgkin’s lymphoma, post-transplant lympho-
proliferative disorders, nasopharyngeal carcinoma and
gastric cancer. Evidence shows that phosphoinositide
3-kinase/protein kinase B (PI3K/Akt) plays a key role in
EBV-induced malignancies. The main EBV oncoproteins
latent membrane proteins (LMP) 1 and LMP2A can ac-
tivate the PI3K/Akt pathway, which, in turn, affects cell
survival, apoptosis, proliferation and genomic instabil-
ity via its downstream target proteins to cause cancer.
It has also been demonstrated that the activation of
the PI3K/Akt pathway can result in drug resistance to
chemotherapy. Thus, the inhibition of this pathway
can increase the therapeutic efficacy of EBV-associated
cancers. For example, PI3K inhibitor Ly294002 has
been shown to increase the effect of 5-fluorouracil in
an EBV-associated gastric cancer cell line. At present,
dual inhibitors of PI3K and its downstream target mam-
malian target of rapamycin have been used in clinical
trials and may be included in treatment regimens for
EBV-associated cancers.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

It is now evident that virus-induced cancers account for
10%-15% of all cancer cases'™. Studies of viruses as
causes of cancer have played an important role in the
elucidation of the mechanisms of carcinogenesis, as indi-
cated by several Nobel Prizes being awarded to scientists
in the field of oncoviruses. The initial work to demon-
strate that viruses can induce cancer was done by Peyton
Rous™™. He identified Rous sarcoma virus as the cause of
chicken sarcoma in 1911, and the discovery earned him
the 1966 Nobel Prize. The human analogue of the viral
oncogene -S7¢ was found and named ¢-§7v, which was the
first human oncogene[s’()]. This work led to the awarding
of a Nobel Prize to John Michael Bishop and Harold E.
Varmus in 1989. More recently, Harald zur Hausen iden-
tified human papillomavirus (HPV) as the cause of cervi-
cal cancer (Nobel Prize, 2008)"”. This discovery led to the
invention of the vaccines Gardasil and Cervarix which
can effectively prevent HPV-associated cervical cancer™.
The Epstein-Barr virus (EBV); [also called human her-
pesvirus 4 (HHV-4)] is the first virus identified (in 1964)
to be associated with human cancers'". It belongs to the
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B-lymphotropic y-herpesvirus family with a genome con-
sisting of 172 kb of linear double-stranded DNA™"',
EBYV infects both epithelial and B-cells and, thus, can
induce both epithelial cancers and lyrnphoma“z’m. After
EBYV infection, there are two viral phases: lytic and la-
tent", Tn its Iytic phase, the virus replicates in epithelial
cells, and, in its latent phase, it transforms B-cells.

Cancer is characterized by the loss of the balance
between cell proliferation and apoptosis'~'". Tt has been
demonstrated that EBV can increase cell proliferation
and decrease apoptosis'”. EBV has been shown to cause
several B-cell lymphomas, including Burkitt’s lymphoma,
Hodgkin’s lymphoma and post-transplant lymphoprolif-
erative disorders (PTLDs). This notion is demonstrated
by the detection of EBV virus in these cancers, the repli-
cation of the virus and its ability to transform B-cells"*"”,
EBV is also closely associated with epithelial cancers.
For example, EBV can cause nasopharyngeal carcinoma
(NPC), a highly metastatic cancer™. The EBV latent
membrane proteins (LMP) 1 and LMP2A are frequently
detected in NPC?'. LMP1 may also lead to metastasis of
the cancer, as it has been demonstrated that LMP1 can
cause epithelial-mesenchymal transition (EMT) sia tran-
scription factor Snail®. Both LMP1 and Snail are cor-
related with NPC metastasis™. Overall, EBV has been
shown to be responsible for about 10% of gastric can-
cers wotldwide” >, However, the mechanisms for EBV-
induced gastric cancer are not clear.

Many EBV proteins are expressed in the latent phases
and are potentially related to carcinogenesis. These pro-
teins include EBV nuclear antigen (EBNA)-1, -2, -3A,
-3B, -3C and leader protein, and LMP-1, -2A and -2B"",
However, the major identified oncoproteins in EBV are
LMP1 and LMP2A™, These proteins can activate mul-
tiple signal pathways, such as the phosphoinositide 3-ki-
nase/protein kinase B (PI3K/Akt), the mitogen-activated
protein kinase (MAPK) and the signal transducer and ac-
tivator of transcription 3, all of which are important for
carcinogenesis' Y. LMP1 is considered as an analog of
the tumor necrosis factor receptor 1, and it can transform
human B-lymphocytes and rodent fibroblasts viz activa-
tion of multiple intracellular signal pathways through its
two signaling domains, the carboxyl-terminal activating
regions 1 and 2 (CTAR1 and CTAR2)™. Activated path-
ways include the nuclear factor kB (NF-kB), PI3K/Akt,
Notch, MAPK and Jun N-terminal protein kinase (JNK)
signaling pathwaysmmm. It has been demonstrated that
point mutations in the C-terminal region of the LMP1
cytoplasmic domain can influence the transforming
potential of the EBV by reducing the ability of LMP1
to activate PI3K/Akt, NF-kB and AP1™. LMP1 is es-
sential for EBV-mediated B-cell transformation and is
sufficient to transform several cell lines, such as rodent
fibroblasts™. A recent study showed that LMP1 expres-
sion is regulated by C/EBP in addition to EBNA2,
This article will discuss how EBV-expressed proteins ac-
tivate the PI3K/Akt pathway to cause carcinogenesis in
EBV-associated cancers. Although EBV oncogenes can
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affect many signal pathways, such as NF-xkB, MAPK, and
JNK, it seems that the PI3K/Akt pathway is the most
important. In an LMP1-mediated transformation of ro-
dent fibroblasts, inhibition of PI3K activity by Ly294002
induced apoptosis and inhibited cell growth, however,
the NF-kB inhibitor BAY 11-7085 had no such effect™.
Another study also showed that the PI3K/Akt pathway,
but not the MAPK or NF-kB pathways, can account for
the LMP-1-induced transformation"”

ROLE OF PI3K/AKT SIGNAL PATHWAY

IN CARCINOGENESIS AND METASTASIS

In 1985, Lewis Cantley initially discovered that PI3K
plays an important role in cancer” "', PI3K has now
been extensively studied with investigation determin-
ing its role in carcinogenesis and the potential use of its
inhibitors in the treatment of cancers™™*". This kinase
phosphorylates the 3> OH position of phosphatidylino-
sitol 4,5-biphosphate (PIP2) and converts it to phospha-
tidylinositol 3,4,5-triphosphate (PIP3), leading to activa-
tion of Akt which causes a cascade of cellular signal
alterations #a its downstream target proteins®

Many factors, such as insulin, insulin-like growth fac-
tor-1, vascular endothelial growth factor, and cytokines
interleukin (IL)-6, IL-17 can increase the activity of the
PI3K/ Akt pathway[(”ﬂm. Mutations of genes encoding
key components in the pathway have been found to cause
the pathway activation in many cancers™™”. Many cancer-
related viruses can also activate the PI3K/Akt pathway
and rely on it for their transformations™ . Such viral
oncoproteins include polyoma virus middle-T antigen,
Rous sarcoma virus oncoprotein v-Src, HPV oncopro-
teins E6, E7 and the human T-cell leukemia virus type 1
oncoprotein Tax"". It has also been demonstrated that
the PI3K/Akt pathway plays a critical role in the catcino-

. . .7

genesis of EBV viral oncoproteins

Activated Akt, which is phosphorylated by PDKI1,
can affect many downstream targets[38’421. The resulting
biological effects include increased genomic instability,
increased proliferation, decreased apoptosis and changed
cytoskeleton. (Figure 1)®. Genomic instability is impor-
tant for the accumulation of genetic mutations necessary
for carcinogenesismw. Recently, it was reported that
constitutively active (CA) Met tyrosine kinase (hepatocyte
growth factor receptor) can induce chromosomal insta-
bility (CIN), as indicated by increased centrosome counts,
multinucleated cells and micronuclei formation'®' .
While CA-Met increased both phosphorylated Akt and
phosphorylated Erk, only phosphorylated Akt is critical
in CA-Met-induced CIN. The PI3K inhibitor 1y294002,
PTEN (an inhibitor of PI3K), and siRNA against Akt
all abolished CA-met mediated CIN. It has also been
demonstrated that phosphorylation of Akt can block
checkpoint kinase 1 (Chk1), which controls cell cycle
progression and maintains genomic stability[m’“m. The
activation of Chk1 will phosphorylate cdc25A and induce
the transient arrest of cells in G1 and S phase before
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Figure 1 Epstein-Barr virus activates the phosphoinositide 3-kinase/pro-
tein kinase B pathway to transform cells. The Epstein-Barr virus latent pro-
teins latent membrane protein (LMP)1 and LMP2A activate the phosphoinositide
3-kinase/protein kinase B (PI3K/Akt) pathway, which promotes carcinogenesis
by increasing cell proliferation, genomic instability and cytoskeleton changes
and by decreasing apoptosis.

the onset of mitosis'®. The inhibition of Chk1 has been
shown to increase double-strand DNA breaks'®”.

The activation of Akt can increase cell proliferation
and cell size by accelerating the cell cycle and cell metabo-
lism. Akt can phosphorylate glycogen synthase kinase
3B (GSK3p) and, thus, deactivate it, leading to increased
cyclin D1 and Myc”. Myc is an oncoprotein that upregu-
lates cyclin-dependent kinase 4 (CDK4)*. Additionally,
the Akt-mediated inhibition of the forkhead protein re-
sults in the downregulation of the cell cycle proteins p27
and p21™ thus promoting cell cycle progression'”. Both
p27 and p21 are Gl-checkpoint CDK inhibitors which
can promote G1/8 transition and thus, accelerate cell cy-
cle!"™"™™ Another target activated by the activation of Akt
is mTORCI, which plays an important role in the carci-
nogenesis of many cancers, including Burkitt’s lymphoma
and NPC" ™, Phosphorylated Akt blocks TSC1 and 2
(tuberous sclerosis complex 1 and 2) and, thus, activates
Rheb (Ras homolog enriched in brain), thereby activating
the mTOC1 complexpsj. The mTORCI1 is composed of
mammalian target of rapamycin (mTOR), regulatory as-
sociated protein of mTOR (Raptor), mammalian L.ST8/
G-protein B-subunit like protein (mL.ST8/GBL), PRAS40
and Deptor'™”. The activation of mTORC1 can increase
protein synthesis, cell growth and cell metabolism vz its
downstream targetsm’m]. The mTORCI increases protein
translation by activating the 70 kDa ribosomal S6 kinase
(S6K), and inhibiting the elongation-initiation factor 4E
binding protein™™. A recent study using phosphoprome-
otic technique and new inhibitor Torinl revealed many
more proteins regulated by mTORCI including protein
Gtb 10 which feedback inhibits PI3K". Further study
may elucidate the roles of these proteins in mMTORC1 me-
diated carcinogenesis.

The activation of Akt can decrease apoptosis by de-
creasing Fas ligand transcription iz blocking the forkhead
protein and thus affecting FasI.-mediated apoptosis”™
Akt decreases the pro-apoptotic proteins BAD and BAX
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and increases anti-apoptotic Bel-xl, Bcl-2 and Mcll to
promote cell survival™. Akt also inhibits the p53 tumor-
suppressor, which can cause apoptosis under stimulation
of DNA damage or environmental factors™*).

Akt can also regulate cytoskeleton, which is important
for cell mobility and the metastasis of cancers®™™. The
p70 SO6K, a downstream target of mTORCI, has been
demonstrated to promote actin cytoskeleton change to
increase cancer cell migrationm. In addition, PI3K can
cause the change of cytoskeleton independent of Akt.
It can activate Racl, which also causes reorganization of

actin cytoskeleton™ ™.

INCREASED PI3K/AKT PATHWAY IN
EBV-INDUCED CANCERS

Examination of activated PI3K in EBV-associated can-
cers provides evidence for the critical role of the PI3K/
Akt pathway in the carcinogenesis of EBV. Adams ¢z al™"
(2009) examined eight cases of post-transplant Hodgkin
lymphoma and found that all of them expressed PI3K.
Analyses of NPC biopsy samples using microarray
and affymetrix assays showed PI3K mediated LMP2A-
induced expression of the carcinogenic UDP-glucose
dehydrogenase (UGDH) genem’%l. The overexpression
of LMP2A in HEK293 cells increased the expression
of UGDH which was abolished by the inhibition of the
PI3K/Akt pathway[gz]. Proteomic analyses of the EBV-
infected gastric carcinoma cell line NU-GC-3 [EBV (+)]
showed that EBV infection upregulated the phosphory-
lated Akt™. The fact that the increased phosphorylated
HSP27 was reduced by treatment with the PI3K inhibi-
tors Ly294002 and wortmannin suggests that EBV infec-
tion can upregulate the phosphorylation of HSP27 pia
the PI3K/Akt pathway. In PTLDs, protein microarrays
of samples from patients showed that PI3K, mTOR and
NF-«B were also dysregulatedw.

The activated PI3K/Akt pathway in EBV-associated
cancers have been demonstrated to be mediated by LMP1
and LMP2A. A study showed that LMP1 expression in
EBV-infected B-cells induced the production of cellular
IL-10, an autocrine growth factor for B cell lymphomas,
in a PI3K-dependent manner™. In these cell lines, PI3K/
Akt pathway is activated and the LMP1-mediated 1L.-10
production is suppressed by mTORCI inhibitor rapa-
mycin. It has also been demonstrated that expression of
dominant negative forms of LMP1 in EBV-immortalized
monocytic and lymphocytic cell lines resulted in decreased
Akt and NF-xB activities with increased apoptosism. At
present, six identified sequence vatiants of LMP1 includ-
ing Alaskan, China 1, China 2, Med+, Med-, and NC have
been shown to induce the PI3K/Akt signaling pathway
to similar extents after being transformed into Rat-1 fi-
broblasts, HFK cells and BJAB cells™, EBV LMP2A has
also been shown to activate PI3K in epithelial cells and to
affect differentiation™. In epithelial cells, the overexpres-
sion of LMP2A of Rhesus lymphocryptovirus (LCV),
which is highly homologous to EBV LMP2A activated
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the PI3K/Akt pathway, indicated by Akt activation and
GSK3p3 inactivation™. LMP2A was shown to act as a
B-cell receptor (BCR) signal, which results in B cells exit-
ing the bone marrow and decreases B cell apoptosis in the
periphery via the activation of PI3K™.

EBV CAUSES CANCER V/A THE
ACTIVATION OF THE PI3K/AKT
PATHWAY

There are many studies demonstrating that EBV can af-
fect the PI3IK/ Akt pathway to cause cancers. EBV activa-
tion of the PI3K/Akt pathway can increase carcinogen-
esis via multiple downstream targets, including increased

genomic instability, cell proliferation, decreased apoptosis
and increased cytoskeleton dynamics.

EBV increased genomic instability through the
activation of the PI3K/Akt pathway

Genomic stability is important to avoid carcinogenesis
and is maintained by the DNA repair system! 11,
It has been demonstrated that genomic instability plays
an important role in EBV-induced cancers" """, In hu-
man epithelial cells, LMP1 represses DNA repair via the
CTAR1-mediated activation of PI3K/Akt pathway™”.
The activated PI3K/Akt pathway resulted in inactiva-
tion of FOXO3a, which plays an important role in DNA
repair zia DNA damage-binding protein 1%, The critical
role of FOXO3a was further demonstrated by the fact
that constitutive expression of an active FOXO3a abol-
ished LMP1-mediated repression of DNA repair™. Fur-
thermore, a recent study has shown that phosphorylated
Akt can block Chk1 to affect genomic instability. This
effect may be involved in LMP-1-induced genomic insta-
bility and warrants further study.

EBV increased cell proliferation through the activation
of the PI3K/Akt pathway

In EBV-immortalized B-cells, also known as lymphoblas-
toid cell lines, the activation of the PI3K/Akt pathway
can promote E2F transcriptional activity to affect the
cell cycle and increase proliferationmg]. Inhibition of the
PI3K by Ly294002 in these cells reduced both cyclin D2
and cyclin D3, which are two key regulators of cell cycle
and increased p27, a cyclin-dependent kinase inhibitor""™.
CTARI1 of LMP1 has been identified to mediate the acti-
vation of PI3K signaling and associated induction of cell
cycle matkers in G1/S transition””. This PI3K activating
effect was mapped to the TRAF-binding domain within
CTARI. In Rat-1 fibroblast cells, PI3K/Akt has been
demonstrated to be a key factor in LMP1 mediated ro-
dent fibroblast transformation””. Inhibition of the path-
way abolished LMP1-induced cell growth. CTAR1 but
not CTAR2 is critical for the activation of the PI3K/Akt
pathway and associated cell growth. In human fibroblasts,
LMP1 also caused phosphoryaltion of Akt and decreased
levels of p27 and thus increased cell proljferationpsl. A
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study showed that, in an EBV-positive NPC cell line,
LMP1 enhanced cell growth and migration through the
activation of PI3K/Akt and NF-kB signaling which was
reduced by the inhibition of PI3K, Akt, and NF-xB"".
However, it has been shown that constitutive activation
of Akt alone is not sufficient to promote cell growth;
NF-kB activation is also required by LMP1 for its effect.
Activation of PI3K/Akt and NF-kB has also been dem-
onstrated to increase glucose import which is necessary

for increased cell proliferation[1 101,

EBYV decreased apoptosis through the activation of the
PI3K/Akt pathway

Several studies have shown that LMP2A can decrease
apoptosis zia the activation of the PI3K/Akt pathway. In
LMP2A transgenic mice, peripheral BCR-negative B-cells
have CA Ras, an upstream protein of PI3K with corre-
lated increased expression of Bcl-xI., a dowm-stream tar-
get protein of PI3K"". The specific inhibitors of PI3K
and Akt can cause apoptosis of these cells, suggesting
the important role of the PI3K/Akt in LMP2A medi-
ated B-cell survival. In an EBV-associated gastric cancer
cell line, LMP2A activated PI3K/Akt pathway has been
associated with the resistance to apoptosis induced by
chemotherapy[llz]. In PTLD-derived EBV+ B cell lines,
LMP2A increased caspase inhibitor XIAP to block apop-
tosis via the activation of PI3K/Akt pathwayms]. In NPC
cell lines, expression of LMP1 activated the PI3K/Akt
pathway and its downstream Bcl-2, which in turn sup-
pressed the pro-apoptotic activity of prostate apoptosis
response—4[“4]. These studies provide sufficient evidence
that PI3K/Akt is a key pathway in LMP1 and LMP2A-

mediated decreased apoptosis.

EBV increased cytoskeleton dynamics through the
activation of the PI3K/Akt pathway

The cytoskeleton plays an important role in carcinogenesis
through the control of cell mobﬂitylg“’m, and several can-
cer therapies have been developed targeting the proteins
regulating the cytoskeletonms’m]. The PI3K/Akt pathway
has been shown to play a key role in LMP1-induced actin
stress-fiber formation™. This pathway may be also impor-
tant in microtubule activity. A study has shown that EBV
LMP1 can activate cdc2, which, in turn, phosphorylates
Op18/stathmin, a regulator of microtubules' . Tt is pos-
sible that this process is mediated by the PI3K/Akt path-

way, as Akt has been shown to increase cdc2 activitymsj.

INHIBITION OF PI3K FOR THE
TREATMENT OF EBV-ASSOCIATED

CANCERS

The PI3K/Akt pathway is not only important in carci-
nogenesis and maintenance of cancer but is important
in metastasis and drug resistance to chemotherapy“w’m].
For example, insulin can increase drug resistance »ia this
pathwayw’m’lz“. Many studies have been performed to
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test PI3K/Akt inhibitors and their utilization in com-
bination with chemotherapeutic agentsmS'l?’l]. In EBV-
associated cancer, the PI3K/Akt pathway is increased, as
described above. Thus, the inhibition of the pathway may
be effective for the treatment of these cancers. Indeed,
some preliminary studies have shown that inhibiting the
pathway increased the effect of chemotherapy on EBV-
associated cancets.

In an EBV-positive gastric cancer cell line, SNU-719,
Ly294002 was tested in combination with 5-fluoroura-
cil (5-FU), a common chemotherapeutic agent ", In
these cells, the use of 5-FU alone increased phosphory-
lation levels of Akt and NF-xB. The increased activity
of the PI3K/Akt is known to cause drug resistance to
chemotherapymo’lzl]. By contract, the sequential treatment
of 5-FU and Ly294002 decreased their levels, as well as
bcl-2 expression, and increased the sensitivity of these
cancer cells to 5-FU. The therapeutic efficacy of the
mTOR inhibitor rapamycin has been demonstrated; it de-
creased tumor growth and metastasis in a mouse model
of EBV-associated Burkitt’s lymphoma established by
over-expression of both LMP2A and myc'™. Ly294002
and Akt inhibitor II also induced the apoptosis of EBV-
associated NK/T-cell lymphoma cell lines Hank-1 and
NK-YS, which have high levels of activated PI3K!"",
NPC is usually treated by radiotherapy, and studies have
shown that inhibition of the PI3K/Akt/mTOR pathway
can increase the sensitivity of cancer cells to radiothera-
py!L Thus, it may be useful to apply PI3K inhibitors in
the treatment of EBV-associated NPC.

At present, dual inhibitors of PI3K and mTOR in-
cluding BEZ235, PI-103, SF1126 and X1.756 have been
developed and some of them are in clinical trials to treat
cancers with activated PI3K”***'*|, These inhibitors may
be ideal compounds to be added into treatment regimens
for EBV-associated cancers. Compounds from traditional
medicine have been studied to inhibit signaling pathways;
specifically, curcumin and flavonoids can inhibit either
the PI3K/Akt pathway ot its downstream targets cyclo-
oxygenase-2 and NF-kB""*. These compounds could
also be tested for their effects on EBV-associated cancers.

CONCLUSION

The PI3K/Akt pathway can be activated by the EBV
virus proteins LMP1 and LMP-2A and plays an impor-
tant role in the carcinogenesis of EBV-associated can-
cers. This pathway is also known to be involved in drug
resistance to chemotherapy. Thus, the inhibition of the
pathway may have therapeutic implications for EBV-
associated cancers. Indeed, some inhibitors of the PI3K/
Akt pathway have been tested in EBV-associated cancer
cell lines. At present, dual inhibitors of PI3K and mTOR
have been developed and may be useful in the treatment
of EBV-associated cancets.
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Abstract

Non-Hodgkin’s lymphoma (NHL) is among the haema-
tological malignancies with high prevalence worldwide,
causing estimated 355900 new cases and 191 400
deaths in 2008. High prevalence of NHL is documented
in economically more developed areas while low preva-
lence is observed in less developed areas of the globe.
A wide array of environmental factors have been re-
ported to be either directly involved or in modifying the
risk of NHL development. In addition to these factors,
a number of infectious agents, chiefly viruses have also
been implicated in the development of NHL. This article
reviews the available literature to discuss the role of
hepatitis viruses in NHL development, possible mecha-
nisms of lymphomagenesis and also identify the areas in
which further research is required to better understand
this disease. A brief discussion on the clinical aspects
such as classification, staging, treatment approaches
have also been included in this article.
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INTRODUCTION

Cancer is a multifaceted disease, and arise mostly due to
the changes in the somatic genetic material where, the
interaction with the external factors play a very impor-
tant role, apparently both modifying the effect of each
other™, The disease, according to the GLOBOCAN
2008 data published by the IARC (International Agency
for Research on Cancer), is the most important cause
of death in developed countries; while second most im-
portant cause of death in developing countries and is
responsible for about 7.6 million deaths in 2008, world-
wide".

Cancer is a heterogeneous class of diseases display-
ing a wide range of pattern, origin site, distribution and
malignancy. Of the wide range, lymphomas constitute
an important group of cancers of the white blood cells
that arise in lymphoid tissues and generally remain local-
ized in lymph nodes or certain locations other than the
bone marrow. Lymphomas are broadly separated into
two groups, namely Hodgkin’s lymphoma (HL) and non-
Hodgkin’s lymphoma (NHL). The characteristic presence
of large, usually multinucleate cells called ‘Reed-Sternberg
cells” in tumour biopsy samples differentiate HL. from
NHL". About 80% to 90% NHLs are of B-cell origin,
while rest are of T-cell origin®. The staging and diagnos-
tic approaches have been reviewed elsewhere!™”,

NHL is among the haematological malignancies with
high prevalence worldwide. NHL ranks 8th and 11th
among the most common cancers in men and women
respectively, contributing 5.1% of all cancer cases and
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2.7% of all cancer deaths™. An estimated 355 900 new
cases and 191 400 deaths have been attributed to NHL
in 2008™”. NHL is more frequent in developed areas,
with the highest incidence rates found in Australia/New
Zealand, Western, Northern and Southern Europe, and
North America, while lowest rates are found in South-
Central and Eastern Asia, Eastern Europe and the Carib-
bean™. The incidence of NHL is usually low in Africa,
but in some sub-Saharan areas (particularly in East Afri-
ca) incidence of Burkitt’s lymphoma (a subtype of NHL)
caused by Epstein-Barr virus (EBV) among children is
remarkably highm. NHL incidence rates are also increas-
ing in certain developing countries such as Thailand and
Uganda, probably due to the acquired immunodeficiency
syndrome epidemic.

Wotldwide, the occurrence of NHL has been found
to be higher in men with age-standardized rate per
100 000 (ASR, standardized to the World Standard Popu-
lation) of 6.1 as compared to 4.2 for women™. The
ASR of NHL incidence has been found to be 10.3 and
4.2 in males from more developed and less developed
areas respectively. The ASR for NHL related mortality
in males has been found to be 3.6 and 3.0 in more devel-
oped areas and less developed areas respectively. On the
other hand, in females, the ASR of NHL incidence and
mortality has been found to be 7.0 and 2.2 respectively
from more developed areas, compared to incidence and
mortality to 2.8 and 1.9 respectively from less developed
areas™. Furthermore, the rise in incidences of NHL has
been found to be consistent across the globe which still
remains an enigma”ol. As NHL is a group of related yet
diverse cancers, originating from different and complex
etiologies, the issue of increase in the incidence is pootrly
understood.

ETIOLOGY

It has already been recognized that the major factors for
the development of NHL include genetic alterations/
damage to the cells and/or factors that are associated
with immunosuppression. Further, NHL tumours have a
high rate of genetic alterations like translocations, detect-
able in up to 90% of NHL cases ™", Recently, Lan and
colleagues have shown that polymorphisms in the Th1/

Th2 cytokine genes may contribute to lymphomagene-
sis''?. Tn addition, compromised immune system may also
increase the risk of NHL incidence by allowing cancer-
ous cells to escape the surveillance of immune system as
higher rates of NHL is observed in people with inherited
or acquited immunodeficiency syndromes and in people
receiving immunosuppressive therapym’m. However,
genetic predisposition on the higher incidence of NHL
among certain families is still a debatable issue™. The
common genetic changes in NHL, may occur due to var-
ied reasons: rearrangements of Immunoglobulin heavy
chain (IgH), Immunoglobulin k light chain (Igk), T cell
receptor [3 chain (TCRD), T cell receptor y chain (TCRg);
and translocations of BCL-6, C-MYC, ez."".
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Similar to most of the other cancers, several environ-
mental factors have been implicated in the origin of NHL.
Exposures to different agricultural chemicals like certain
herbicides (phenoxy-, triazine- groups), insecticides (orga-
no-chlorine and organophosphates), and industrial chemi-
cals like polychlorinated biphenyls and polybrominated
biphenyl, dioxins, organic solvents seems to be significant
risk factors for the onset of the disease”"". It was found
that exposed population (like farmers) of these chemi-
cals have higher rates of NHL than non-exposed popu-
lace"™" Again, long term exposure of nitrate in drinking
water, UV light, X-ray, radionuclides or electromagnetic
fields, ez. have also been implicated in the development
of NHL"™. Further, use of hair dyes, alcohol, tobacco,
certain diets, certain immunological conditions may also
facilitate in the development of NHL". However, posi-
tive correlation among the above mentioned risk factors
and the incidence of NHL is still a dubious issue/®"*'*">*.

During the last 3 decades, the role of infectious agents,
mainly viruses, in oncogenesis has become increasingly
significant. Approximately 15% to 20% of cancers are
associated with viral infections™". Apart from the above
mentioned genetic and environmental etiologic factors,
development of NHL has also been attributed to different

P25 For several years EBV has been considered

viruses
as important cause of NHL. In the later years, human im-
munodeficiency virus (HIV), hepatitis viruses B, C and G
(HBV, HCV, HGV/GBV-C), HTLV-1, HHV 8 and Sim-
ian Virus 40 (SV40) have also been implicated in the de-
velopment of NHL"™"™*">? This review will mainly focus
on the hepatitis viruses, HBV, HCV and HGV/GBV-C.
Both the hepatitis viruses, HBV and HCV have been
strongly associated with the hepatocellular carcinoma
(HCCO)™. Previously these two viruses were thought to
be solely hepatotrophic, but lately their occult lymphotro-
phic characteristic has been proved in human subjects as
well as in animal models™*". Although, the association
of HBV and HCV with NHL has been established, it
remains the question if these associations simply reflect
causal relationships. In this context, Marcucci and Mele,
have put forward 3 possibilities to explain these associa-
tions- (1) the immunosuppressive effect of the tumor
increases the risk of viral infection or reactivation; (2)
some previously unknown virus with a similar mode
of transmission might trigger the oncogenic signal;
and (3) the actual causal relationships between hepatitis
viruses and NHL!"”. The authors refuted the first two
possibilities and found the third to be correlating with
the available literature. The first possibility being ruled
out based on the fact that NHL is observed in a number
of patients in which immune deficiency is not significant,
while the second possibility was refuted for lack of any
evidence"”. Available studies apparently support the third
possibility of the oncogenic role of hepatitis viruses
in development of NHL"*, However the association
of HCV and HBV with the development of NHL is
much weaker as compared to the major risk for HCC
development caused by HBV and HCV***",
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HCV AND NHL

Mostly, the studies on the lymphomagenic role of hepati-
tis viruses have remained focused on HCV'"". The simple
evidence of an oncogenic role of HCV in NHL came
from antiviral therapy studies, which shows, peginterferon
and ribavirin (standard antiviral therapy against HCV)
could completely or partially restrict lymphoma in HCV
positive, but not in HCV-negative NHL patientsm’m].
More interestingly, in most patients, in a study, it was
found that antiviral treatment results in disappearance of
Ig heavy chain (IgnC) and t (14;18) translocation”", sug-
gesting the role of HCV in causing the genetic changes
that are associated with NHL.

The association between HCV and NHL is strongest
in geographic areas with highest prevalence of the viral
infection”. In a recent meta-analysis of 15 selected
studies, the pooled relative risk (RR) of all NHL among
HCV-positive persons was found to be 2.5 (95% CI:
2.1-3.1) in case-control studies and 2.0 (95% CI: 1.8-2.2)
in cohort studies™. Interestingly, the RR was significantly
elevated in geographic areas with high HCV prevalence
compared to areas with low HCV prevalence, which
correlate well with previous studies from countries with
low HCV prevalence, that could not observed any as-
sociation between HCV and NHL™, Tt was suggested
that undetectable association in countries with low HCV
prevalence, was mainly due to relatively small sample size
of HCV positive subjects™.

HCV is a positive, single-stranded RNA virus of the
Flaviviridae family™. During its replicative cycle it goes
through a negative-stranded RNA, but replication does
not include a DNA step, hence integration of HCV nu-
cleic acid sequences into the host genome seems improb-
able, lacking a critical property of classical oncogenic
retroviruses” . The HCV genome produces a single
polyprotein that is proteolytically processed by viral and
cellular proteases to produce structural (nucleocapsid, E1,
E2) and nonstructural (NS) proteins (NS2, NS3, NS4A,
NS4B, NS5A, and NS5B). Studies have demonstrated
that NS5A acts as a transcriptional activator, interacts
with other proteins and plays a crucial role in hepatocar-
cinogenesism. In addition, it participates in HCV protein
maturation and RNA replication, regulates gene expres-
sion in hepatocytes, stimulates cell proliferation, inhibits
apoptosis and influences interferon effect™. It has been
proposed that the E2 protein of HCV may be account-

able for chronic antigen-driven polyclonal B-cell prolif-
[39]

eration, leading to lymphomagenesis™ . However, the

oncogenic mechanism remains unclear.

HBV AND NHL

In comparison to HCV, the association of HBV with
NHL has been studied less thoroughly, despite the fact
that the first reports were published almost simultane-
ously on positive association between these two viruses
and NHL"™", The association between HBV and NHL

(49

Boichidongs  WIV | www.wjgnet.com

was studied by several authors in both HBV endemic
countries (e.g., South Korea, China) and non-endemic
countries (e.g., USA, Australia)m’“’w]. As discussed by
Nath and colleagues[so], results of previous retrospective
case-control studies have generally supported an
association (odds ratios: 1.5-3.6). Howevet, the available
data may be an underestimate of the real association
between HBV and NHL, because another form of silent
HBYV infection, known as occult hepatitis B infection has
been identified and established in the recent yearsps’m.

Occult HBV infections is defined for patients who
test negative for the most widely practised HBsAg de-
tection, but carry HBV-DNA in serum or tissues or
both”"". Moreover, replication-competent HBV-DNA
1s supposed to persists in the liver or lymphocytes or in
both the compartments for many years or even life long,
indicating complete HBV eradication to be an infrequent
event”. HBV DNA has been detected within lympho-
cytes but whether HBV could directly transform lym-
phocytes is uncertain, as some studies have not been able
to detect HBV in NHL cells™™**. In addition, the long
incubation period of HBV makes it difficult to precisely
estimate the significance of HBV in NHL".

HBYV is a small partially dsSDNA prototype virus of
the Hepadnaviridae farnily[sﬂ. During replication, it un-
dergoes transformation into covalently closed circular
dsDNA and replicate through an RNA intermediate. It
can also integrate into the host genornem]. HBV is char-
acterized by a genome consisting of 4 overlapping open-
reading frames: the § gene, encoding envelope proteins;
the core gene, encoding the core and “e” proteins; the
P gene, encoding DNA polymerase; and the “x” gene,
encoding a transcriptional transactivator. The HBV NS
X protein, a key regulatory protein of the virus that
modulates viral replication, pathogenesis, interacts with
a wide range of cellular proteins including P” has largely
been held responsible for the carcinogenic properties of
HBV,

HGV/GBV-C AND NHL

Discovered lately, HGV/GBV-C ate two viral agents that
have been shown to be different strains of the same virus
based on sequence similarity””, Overall, the worldwide
prevalence of HGV/GBV-C in blood donors ranges
from 0.9% to 10%. HGV/GBV-C is a parenterally trans-
mitted virus, which in most cases occurs in the setting of
co-infection of HBV and/or HCV. This coinfection has
been attributed to similar modes of transmission, as HBV
and HCV. The genome of HGV/ GBV-C is a positive-
sense RNNA having sequence and organization similar to
other viruses belonging to the Faviviridae family. The viral
genome contains a continuous open reading frame (ORF)
headed by a 458 nucleotide long 5' untranslated region
(UTR) followed by a 315 nucleotide long 3' UTR. The
ORF encodes a polyprotein of 2873 amino acids with a
helicase motif, two chymotrypsin-like protease motifs and
an RNA-dependent RNA polymerase motif™”.
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Although initially associated with hepatitis, consider-
ation of HGV/ GBV-C primarily as a hepatotropic virus
is still under debate””. It has been demonstrated that in
absence of coinfection with other hepatotropic viruses,
liver injury or viral replicative forms are usually not detect-
able in the liver®™”. Since the majority of HGV/ GBV-C
positive patients with HCC are also found to be coin-
fected with either HBV or HCV, it is difficult to assess the
true role of HGV in the etiology of HCCP. Neverthe-
less, results from a number of studies clearly indicate a
primary lymphotropic nature of GBV-C/HGV as the vi-
ral replicative forms (an indicator of active GBV-C/HGV
replication) have been detected in circulating lymphocytes,
bone marrow, spleen, mononuclear cells and lymph nodes
in a proportion of GBV-C/HGYV infected patientsw’w’“].

Considering the similarity between HCV and HGV/
GBV-C a similar relationship to the development of
lymphoma has been expectedm. In anticipation, some
recent studies have shown the positive correlation be-
tween HGV/GBV-C and NHL. Renzo and colleagues
reported that, in a series of unselected and untransfused
patients in Italy, the prevalence of HGV infections were
significantly higher in patients suffering from lymphopro-
liferative disease compared to healthy subjects[(’s]. Similar
reports on the association of HGV and NHL can also
be found from the countties like Germany, Canada, and
Greece™ ™. On the contrary, a study from Turkey, sug-
gested neither HCV nor HGV can be linked to NHL™.
Considering relatively late discovery studies on the exact
role of HGV/GBV-C and NHL development are scatrce
and further studies are needed to firmly conclude about
any correlation.

MECHANISM OF VIRUS INDUCED NHL

Based on the results of the association studies, Engels

classified known or suspected infectious agents of NHL
into three broad groups to explain the mechanism of
NHL developmentm. These three mechanisms are sche-
matically shown in Figure 1. First comes the lymphocyte
infecting and transforming viruses, which disrupt normal
cell functions and promote cell division. Second are those
infectious agents that lead to immune deficiency (e.g.,
HIV) resulting in elevated risk of NHLs. Third group
includes certain yet unknown infectious agents that may
increase NHL risk through continual immune stimulation
and lymphocytes activation. Two other hypothesis were
also proposed to explain the mechanism; the “hit-and-
run” hypothesis, which assumes that an agent significantly
initiates oncogenic stimulus in the lymphocyte and disap-
pears till NHL develops, and other “hygiene” hypothesis
assumes that exposure to common infectious agents in
early childhood, modulates NHL risk later in life. Al-
though previous studies seem to support the initial three
mechanisms, but the last two hypotheses (bit-and-run and
Iygiene hypothesis) are difficult to verify or prove since the
oncogenic stimulus/agent is not detectable/lost at the
time of NHL diagnosis.
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Lymphocyte
transforming viruses
Disrupted cellular activity

uncontrolled cell division
Environmental factors

Lack of surveillance -
elevated risk

Immune stimulation/
iymphocyte activation

Immune-deficiency
causing viruses

Unknown agents
“Hit and Run” (?)

Figure 1 Schematic diagram showing mechanisms for development of
non-Hodgkin’s lymphoma. NHL: Non-Hodgkin’s lymphoma.

Recently different workers have proposed that differ-
ent individual etiological mechanisms are not mutually
exclusive, but development of NHL is a multi causal
fo2.7.72 Recently, Marcucci and Mele hypothesised
that each of the individual etiological agents provides
subliminal oncogenic signals and are thus not strong
enough to cause pathogenesis by them alone"”. However,
they suggested that integration of two or more onco-
genic signals give rise to a supraliminal composite signal,
necessary for lymphomagenesis. To explain the observed
geographic discrepancies between incidence rates of
NHL and prevalence rates of viral infections, it was sug-
gested that geographic areas with a low prevalence of
viral infection may have a high prevalence of a yet un-
defined environmental factor that may integrate with the
viral oncogenic signal in a tissue specific manner""”,

Among the three hepatitis viruses, namely HBV, HCV
and HGV/GBV-C, mechanism of HCV related NHL
development is most widely studied (Figure 2). HCV is
considered a classical example of infectious agent caus-
ing NHL through persistent immune stimulation, associ-
ated with a range of immune-related conditions that can
lead to NHL™™. However, a direct oncogenic role of
HCV through B-cell infection and deregulation has been
proposed since the virus is lymphotropic, but this has
never been provedl75J. The observation of HCV viral ge-
nome or proteins in only a subset of the neoplastic cells
of HCV-associated NHLs, whereas frequently detection
of viral genome and proteins in the stromal cells sur-
rounding the neoplastic cells suggest that specific B-cell
clones proliferate as a consequence of the chronic anti-
genic stimulation sustained by HCV. The immunoglobin
variable region genes expressed by B-NHL cells from
HCV-positive patients show somatic mutations sugges-
tive of an antigen selection process and the amino acid
sequences of B-cell receptors in HCV-associated lym-
phoproliferations has been reported to have a similarity
with anti-HCV antibodies” ™. Moreover, the histologic
presentation of many B-NHL cells from HCV positive
patients are characteristic of germinal center (GC) and
post-GC B-cells, suggesting the occurrence of lymphom-

cvent
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Selection and amplification of cells with
oncogenic mutations/translocation

Anti-apoptotic
pathway

Deregulation of normal
cellular pathways

B-Cell proliferation

'7
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Figure 2 Schematic diagram showing possible modes of transformation of normal cells to non-Hodgkin’s lymphoma by viral agents. IgH: Immunoglobulin

heavy chain; miRNA: MicroRNAs; NHL: Non-Hodgkin’s lymphoma.

agenesis at the time of B-cells proliferation in response
to a viral antigenm.

Neoplastic transformation may also be the result of
direct anti-apoptotic pathways activated by HCV within
B-cells. In fact, HCV sequences have been detected
in lymph node biopsy specimens from patients with
B-NHL™ and the presence of HCV-associated proteins
within lymphoma cells has also been demonstrated™”.
Morteovert, studies in severe combined immunodeficiency
mice have provided evidence of the persistence and
low-rate multiplication of HCV infection in human
mononuclear cells®™. Finally, some HCV proteins have
been shown to exert anti-apoptotic effects in infected
cells in transgenic mice™*,

HCV related lymphoproliferation is thought to be
due to binding of HCV to receptors on the surface of
B-lymphocytes lowering their threshold for antigen re-
sponse, inducing DNA mutations, increased frequency
of abnormal chromosomal translocations associated with
NHL**! The identification of the specific binding of
HCV E2 protein to the ubiquitously abundant B-cell sur-
face molecule CD81, has supported the hypothesis that
a consistent polyclonal B-cell response to viral antigens
favour the development of lymphoproliferative disoz-
ders”"™. Although HCV can infect lymphocytes, there
is lack of evidence for its direct lymphomagenic role!”
Different studies have showed a significant association
between HCV infection and Bcl-2 rearrangement t(14;18
translocation)™ ™), In these patients, clonal expansion
of B-cells harboring translocation t(14;18) was demon-
strated, with overexpression of the anti-apoptotic Bcl-2
protein, resulting in higher Bcl-2/bax ratio®”"”. Fascinat-
ingly, the observation that treatment with interferon-¢ of
HCV positive patients with splenic marginal zone NHL,
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results in HCV clearance, reduced frequency of translo-
cation #(714,18) and regression of NHL clearly implies the
causal role of HCV infection in at least certain subsets
of NHLs""""”? Different possible modes of NHL
causation by viral infection are schematically presented in
Figure 2.

Recently, Machida and colleagues have demonstrated
that HCV infection resulted in a 5 to 10-fold increase in
somatic gene mutation frequency in IgHC, BCL-6, p53,
and B-catenin genes of in vitro HCV-infected B-cell lines
and HCV-associated peripheral blood mononuclear cells,
lymphomas, and HCC, and proposed that this mutator
phenotype of HCV leads to selection and amplification
of deleterious mutations in the protooncogenes or tu-
mor-suppressor genes in tumors’. They also suggested
two different mechanisms of mutation, based on the ob-
servation that nucleotide-substitution pattern of p53 and
[B-catenin is different from that of IgHC. Very interestingly
this mutator function of HCV was found to be unique
among oncogenic viruses, as similar amplification of
protooncogene mutations in HCV-associated lymphomas
and HCCs were not detectable in other types of tumors,
lymphomas not related to HCV, HBV-associated HCCs,
and HCCs of nonviral origin. Furthermore, the ability of
HCYV to induce high mutation frequency of cellular genes
suggests that HCV may cause tumor formation by a Ait-
and-run mechanism.

Quite obviously, being of multi-factorial aetiology,
there are a number of possible mechanisms through
which HCV can induce lymphomagenesis, some elucidat-
ed, rest remain to be explored. Compared to HCV, HBV
was discovered much eatlier and its lymphotropic proper-
ties have been documented long back. Despite this fact,
ironically, HBV related research has not been propetly
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focused on its lymphomagenic properties. In contrast,
HGV/GBV-C being relatively newly discovered, stud-
les are in progress to describe different properties and
mechanisms of pathogenesis. It is assumed that being a
member of the Flaviviridae family, as HCV does, HGV/
GBV-C might utilize similar mechanisms.

MicroRNAs AND NHL

MicroRNAs (miRNA) are a group of lately discovered,
highly conserved small noncoding RNAs arising from
eukaryote genomes, that play an extremely important
role in post-transcriptional regulation and ate involved in
a wide variety of biological pathwaysl%%J. They control
gene expression through base-pairing with the 3>-UTRs
of target mRINAs, inducing mRNA degradation or sup-
pressing translation, depending on the perfection of
base-pairing””””. One miRNA is capable of regulating
the expression of multiple target genes; computational
analyses have indicated that expression of more than
30% human genes is regulated by miRNAs"". MiRNAs
show a highly tissue specific expression pattern, having
important role in organ development, cellular differen-
tiation, homeostasis, immune response, apoptosis and
carcinogenesis also””'""'"”. Very interestingly, apart from
eukaryotes, a number of DNA viruses have also been
shown to encode miRNAs, which probably help these
viruses in modulating host gene expression favourable for
its own replication””. Among the human DNA viruses,
mainly Herpesviruses (EBV; human cytomegalovirus,
hCMYV; herpes simplex virus, HSV; Kaposi’s sarcoma-
associated herpesvirus, KHSV, ¢#.), Polyomaviruses,
and Adenoviruses (human adenovirus, hAV) have been
reported to encode and express miRNAs” Using
computational approaches, recently, Jin and colleagues
found that HBV (Hepadnavirus family, DNA virus) could
putatively encode atleast one candidate pre-miRNA,
which could target one of its own viral mRNA, but could
not target any of the cellular transcripts“(m. However this
data remains to be experimentally validated at the cellular
level. In contrast, using standard sequencing or advanced
sequencing techniques, no viral miRNAs have been
identified HPV or in RNA viruses such as Lentiviruses
(human T-cell leukemia virus [, HTLV-1) or Flaviviruses
(HCV; dengue virus, DENV, ez.), which led to a general
thought that RNA viruses might not encode or express
similar regulatory small RNAs”>H10] Interestingly,
recently, Andrew Fire’s group studied infection of six
different RNA viruses (including HCV, DENV, West Nile
viruses, WNV, ex.) in 41 experimentally susceptible and re-
sistant host systems, and reported identification of a class
of RNA virus-derived small RNAs, termed as “vsRNAs”,
99.97% of them showing perfect homology only with
the infecting virus genomes. The authors also found that
the cellular short RNA apparatus was capable to employ
these vsRNAs as vsSRNA-primed Ago (Argonaute) com-
plexes, but the degree to which these complexes executed
silencing of functional viral RNAs and modulation of
cellular miRNAs require further invesrigations“m].
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Whether virus encoded regulatory small RNAs are
detectable or not in the infected cells, viral infection
has been shown to modulate the host cellular miRNA
expression, altering the cellular environment, leading to
pathogenesis[%]. Fascinatingly, it is well established that
certain viruses such as EBV, Vesicular Stomatitis virus
(VSV) induces host miR-155 expression which is one of
the typical multifunctional miRNAs involved in B-cell
differentiation and proliferation, and has been shown to
be overexpressed in Hodgkin and non-Hodgkin Iympho-
mas, chronic lymphocytic leukaemia”'"*"*, MiR-155
is involved in numerous physiological and pathological
processes including innate and adaptive immunity, in-
flammation and mmorigenesis“w]. It has been shown to
be important for immunoglobulin class switching and to
prevent potentially oncogenic chromosomal aberrations
through regulation of activation induced cytidine deami-
nase!" ™", In addition to miR-155, EBV also induces
miR-146a expression in B-cells""™. MiR-146a can target
TNF receptor associated factor 6 and Interleukin-1 recep-
tor-associated kinase 1, of the Toll-like Receptor signal-
ing pathway, suggesting a negative-feedback loop to limit
innate immune responses[m’m]. Similarly, E6 protein of
HPV downregulates the expression of miR-34a (a p53-
regulated miRNA) and miR-218, that leads to increase in
cell growth and tumorigenicitylm’lzzj. In contrast, viruses
may also induce miRNAs that restrict viral replication.
For example, HCV is known to upregulate IFN-f3, which
induces cellular miR-196, miR-296, miR-351, miR-431,
and miR-448, efc., which in turn attenuate viral replication
and viral accumulation!*”.

Apart from modulating the cellular miRNA expres-
sion, viruses can even encode mimics of host miRNAs,
the later been hypothesized to cause pathogenesis[%‘%].
Support to this thought comes from the fact that the
chicken oncogenic Marek’s disease virus type 1 (MDV-1),
expresses a miR-155-mimic, while the non-oncogenic
MDV-2 does not express miR-155. Viral mimic of cellu-
lar miR-155, known as miR-K12-11 has also been report-
ed from KSHV"™. More interestingly, viruses have been
recognized to utilize certain cellular miRNA for tissue
specific infection also. HCV has been demonstrated to
exploit a liver tissue specific miR-122 to positively regu-
late RNA replication“zsj. Mammalian miR-122 expression
is generally confined to the liver, and it helps maintain
liver tissue identity by regulating fatty acid and cholesterol
biosynthesis, pathways[%’%J. The liver-specific expression
of miR-122 and its positive effect on HCV replication
has been associated with hepatic tissue tropism of HCV
and it has been hypothesized that tissue specific expres-
sion of certain miRINAs subject viruses to selective pres-
sures, and viruses get optimized or evolved for replication
in certain tissues (target tissue), while certain other tissues
with different miRNAs might pose significant hurdles for
viral replication, rendering them non-target tissues for
the given virus”. This hypothesis has been firmly sup-
ported by experimental findings that engineering cellular
miRNA target sites in the viral genomes can alter tissue
tropism“zq. Even though further investigations are need-
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ed to conclude, but this might be a consistent explanation
for the compartmentalization of different variants/geno-
types of the same virus in different tissues of the same
subject, a phenomenon very frequently observed in a
number of viral infection"””

Although the miRNA expression patterns have been
widely studied in different human cancers, but similar
studies on NHL is relatively scarce, despite its immense
importance. Recently some studies have focused on the
role of miRNA in development of NHL" P, Generally,
up-regulation of miR-155 has been described in NHLs,
as well as in several other solid and hematologic malig-
nancies. Another miR-17-92 cluster has been found to be
frequently amplified in malignant B-cell lymphomas, and
is over-expressed in 65% of B-cell lymphoma patients' .
MiR-143 and miR-145 expression is shown to be reduced
in B-cell malignancies[133]. A recent study showed that
enforced expression of the miR-17-92 cluster accelerated
MYC induced lymphomagenesis[134]. Unfortunately how-
ever, there is hardly any published data on the miRINA
expression patterns among NHL patients infected with
HBV/HCV or HGV/GBV-C. A recent study clearly
demonstrated the existence of HBV- and HCV specific
differential cellular miRNAs expression profiles in HBV
and HCV infected liver samples as well in Huh 7.5 cell
culture models, revealing that entirely different pathways
were modulated in HBV or HCV infected liver™. These
results clearly depict the contribution of the hepatitis vi-
ruses (at the focus of this review mainly HBV and HCV)
in cellular miRNA deregulation leading to liver patho-
genesis. Similarly, it is plausible to assume that similar
to hepatocytes, these hepatitis viruses may also alter the
miRNA expression patterns in lymphocytes.

CLINICAL AND THERAPEUTICS FOR NHL

NHL comprises diverse subtypes of lymphoproliferative
malignancies with distinct epidemiologic, etiologic, mor-
phologic, genetic/moleculat, clinical, immunologic and
histological features"*"7. Compared to HL, different
NHLs have a higher tendency for extranodal sites. Like
most other cancers, prognosis of NHL largely depends
on the accuracy of histological classification, stage at
detection and response to treatment' . A number of
classification systems have been proposed and updated in
the past decades, systems such as Rappaport and Lukes
Collins classification system (developed in 1966, modi-
fied by Lukes Collins in 1974), Kiel classification system
(developed in 1974), Working Formulation (developed in
1982), and the Revised European-American Lymphoid
neoplasms classification (REAL, published in 1994) are
the important ones. Eatlier, classification was solely based
on morphological characteristics, but later immunologi-
cal, cytogenetic and molecular features were incorpo-
rated, that facilitate precise classification™. Presently, the
World Health Organization classification (based on the
principles of the REAL system, published in 2001, up-
dated in 2008) is widely accepted and practised ™" **'*,
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However, for selecting a therapeutic strategy, Ann Arbor
anatomic staging system is presently in practicems’m’mﬂ.

Being highly heterogeneous, different NHL subtypes
are assoclated with a variety of typical and atypical clini-
cal manifestations. However, more than 70% of the
patients do not present classic symptoms, and are inci-
dentally diagnosed while undergoing treatment for other
nonspecific complaints. Usually NHL may present atypi-
cally with fever, fatigue, loss of appetite, drenching night
sweats, weight loss, red patchy skin, eze. These general
symptoms are termed as “B symptoms” and are generally
associated with increased cancer “burden” due to delayed
detection and poor prognosis. In contrast to Hodgkin’s
disease, most patients with NHL present with advanced
stage Ill or [V disease. The most typical clinical presenta-
tion of NHL is lymphadenopathy or extranodal mass in
one or more lymph nodes. NHL involving abdominal
lymphatic tissues often present with swelling of belly
and lymphoma involving thymus is frequently presented
with chest pain, or respiratory problems, ez Sites often
involved in NHL include skin thyroid, breast, gastrointes-
tinal tract, brain, and ovaries or testes'””. NHL may also
involve unusual sites, such as epitrochlear or popliteal
nodes or Waldeyer’s ring (nasopharynx).

Generally, NHLs are divided into two prognostic
groups, the indolent lymphomas (mostly nodular or fol-
licular in morphology) have a relatively good prognosis
and the aggressive lymphomas have a shorter natural
history. Early-stages (I and II) of indolent lymphomas
are effectively treated with radiation therapy, but almost
incurable in advanced stages. However, a considerable
number of patients with aggressive lymphoma are
curable with intensive combination chemotherapy.

Significant improvements in the field of NHL man-
agement made in the recent years have resulted in cure
of 30% to 60% patients with aggressive NHL. Decision
on treatment depends largely on lymphoma sub-type,
stage, age and overall health condition of the patient,
ete. often, in certain cases of indolent lymphomas, treat-
ment delayed till the manifestation, technically known as
"watchful waiting". Nevertheless, majority of the patients
require treatment consisting of chemotherapy, radiation
therapy, and bone marrow/stem cell transplantation,
alone or in a combination.

Chemotherapy is the most imperative treatment and
often includes anti-cancer drug combinations!™*"**'*,
Methotrexate, Doxorubicin Hydrochloride, Chlorambu-
cil, Nelarabine, Tositumomab, Bleomycin, Cyclophospha-
mide, Liposomal Cytarabine, Pralatrexate, Romidepsin,
Rituximab, Vinblastine Sulfate, Vorinostat, ez, are some
of the drugs used for chemotherapy. Conversely, CHOP
(Cyclophosphamide, Hydroxydauno-rubicin/doxorubi-
cin, Oncovin, Prednisone or prednisolone), rituximab
with CHOP (R-CHOP), cyclophosphamide, oncovin,
procarbazine and prednisone, Etoposide, doxorubicin,
vincristine, prednisone, and cycolophosphamide, ifos-
famide, carboplatin and etoposide are some of the recipe
used for combination chemotherapy. Although chemo-
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therapy alone can cure several high-grade lymphomas, but
sometimes patients with recurring or drug irresponsive
lymphomas are considered for higher dose of chemo-
therapy followed by autologous bone marrow transplant.
The most widespread therapy for NHL is the R-CHOP
combination therapy and consists of the CHOP chemo-
therapy along with Rituximab immunotherapy (a chimeric
monoclonal antibody against CD20 protein, principally
found on B cells surface), which distinctively targets cet-
tain lymphoma cells and selectively kills them.

Apart from chemo-immune therapy, radio-immuno
conjugates (radio actives conjugated to monoclonal anti-
bodies) are also used for selective destruction of cancer-
ous cells. This therapy is among the best treatment for
NHL, as NHL is highly radiosensitive. In this therapy, lo-
dine-131 (Tositumomab) or the Yttrium-90 (Ibritumomab
tiuxetan) is conjugated to antibodies against CD20, in-
creasing the specificity, while diminishing off-target dam-

[145] .. . . . .
age . In addition, conjugation of immunotherapeutic
monoclonal antibodies with immunomodulators (such as
a-Interferon) is also under clinical trials"*!. Other treat-
ment approaches for NHL, drug regimen, efficacy and
results of different clinical trials may be found elsewhere
in more details!"™*"”"**'*! In addition, novel therapeutic
approaches, target pathways and potential small molecule
inhibitors for treatment of NHL resistant to convention-
al treatment have also been reviewed recently“%].

CONCLUSION

The available literature clearly signifies that hepatitis
viruses (HBV, HCV and HGV/GBV-C) have strong
lymphotropic properties and most of the published data
corroborate a causal association between these viruses
and NHL. Additionally, prevailing data showing rapid in-
crease in incidences and deaths due to NHL highlight the
magnitude of disease burden in developed as well as less
developed areas. Despite its significance, hepatitis virus
associated NHL remains poorly understood. Although,
mechanism of HCV related NHL has been studied in
some details, but the other two viruses have remained
pootly studied from the perspective of their involve-
ment in NHL development. It is also evident that there is
scarcity of data related to miRNA regulation patterns in
HBYV, HCV and HGV/GBV-C related NHL. The avail-
ability of miRNA regulation data might help reveal im-
portant facets of lymphomagenic mechanisms. Therefore
research efforts focused on hepatitis virus induced NHL
is essential to propetly understand the virus induced lym-
phomagenic mechanisms, in order to develop effective
intervention strategies and to reduce the disease burden.
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Abstract

Antiviral treatment is the only option to prevent or de-
fer the occurrence of hepatocellular carcinoma (HCC) in
patients chronically infected with hepatitis B virus (HBV)
or hepatitis C virus (HCV). The approved medication for
the treatment of chronic HBV infection is interferon-a
(IFNa) and nucleos(t)ide analogues (NAs), including
lamivudine, adefovir dipivoxil, telbivudine, entecavir
and tenofovir disoproxil fumarate. IFNa is the most
suitable for young patients with less advanced liver dis-
eases and those infected with HBV genotype A. IFNa
treatment significantly decreases the overall incidence
of HBV-related HCC in sustained responders. However,
side effects may limit its long-term clinical application.
Orally administered NAs are typically implemented for
patients with more advanced liver diseases. NA treat-
ment significantly reduces disease progression of cir-
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rhosis and therefore HCC incidence, especially in HBV
e antigen-positive patients. NA-resistance due to the
mutations in HBV polymerase is a major limiting fac-
tor. Of the NA resistance-associated mutants, A181T
mutant significantly increases the risk of HCC develop-
ment during the subsequent course of NA therapy. It
is important to initiate treatment with NAs that have a
high genetic barrier to resistance, to counsel patients
on medication adherence and to monitor virological
breakthroughs. The recommended treatment for pa-
tients with chronic HCV infection is peg-IFN plus riba-
virin that can decrease the occurrence of HCC in those
who achieve a sustained virological response and have
not yet progressed to cirrhosis. IFN-based treatment is
reserved for patients with decompensated cirrhosis who
are under evaluation of liver transplantation to reduce
post-transplant recurrence of HCV. More effective thera-
peutic options such as direct acting antiviral agents
will hopefully increase the response rate in difficult-to-
treat patients with HCV genotype 1. However, the risk
of HCC remains in cirrhotic patients (both chronic HBV
and HCV infection) if treatment is initiated after cir-
rhosis is established. Future research should focus on
investigating new agents, especially for those patients
with hepatic decompensation or post-transplantation.
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INTRODUCTION

Hepatocellular carcinoma (HCC), one of the most com-
mon and aggressive malignancies, is the third leading
cause of cancer-related deaths worldwide!". Chronic in-
fection with hepatitis B virus (HBV) and hepatitis C virus
(HCV) affect over 400 million and 170 million individuals
respectively, together contributing to 75%-80% of global
HCCY. The incidence of HCC has a wide geographical
variation due to the heterogeneous penetration of the
main causal factors within a given population®’. In HCC-
endemic areas, such as Asia and Africa, chronic HBV
infection is the principal etiological factor. While in the
West and Japan, chronic HCV infection plays a predomi-
nant role. Chronic HBV and HCV are progressive diseas-
es; the dynamic process involving the interplay between
the hepatitis viruses and host inflammatory factors con-
tributes to the development of advanced liver diseases
such as HCC. The most effective measure to avert HCC
is to prevent HBV and HCV infection. Hepatitis B vac-
cination for newborns has led to a substantial reduction
in the incidence of HCC in HBV endemic regions, while
no vaccine is currently available for HCV. For individuals
who are chronically infected with HBV or HCV, antiviral
therapy is the only option for the prevention of HCC.
In chronic hepatitis B or C patients without cirrhosis,
antiviral therapy may prevent the occurtence of HCC by
slowing the progression of liver diseases and possibly re-
versing liver damage'. In patients with advanced fibrosis
or cirrhosis, eradication ot opptession of HBV or HCV
does not remove this risk, but can control the complica-
tions and gain the time to prepare for liver transplanta-
tion"”, Postoperative antiviral therapy also improves the
prognosis of HBV/HCV-related HCC™". Therefore, the
treatment might be of greater benefit if patients are treat-
ed earlier and adhere to medications duting the course of
chronic HBV or HCV infection”. Several safe and effec-
tive medications have been approved. Decision to start ot
defer treatment should take into consideration the stage
of liver disease, initial virus replication status, adverse
effects, drug resistance and costs of the treatment. More-
over, the response should be closely monitored so that
the treatment can be modified in a timely fashion.

ANTIVIRAL THERAPY AND PREVENTION
OF HBV-RELATED HCC

The natural course of chronic HBV infection consists
of 4 phases, namely immune tolerant, immune clearance,
inactive (carrier) and reactivation phases. The immune
tolerance phase ot hepatitis B e antigen (HBeAg)-positive
chronic hepatitis B] is characterized by the presence of
HBeAg, normal serum alanine aminotransferase (ALT)
and high HBV DNA levels. Most patients in this phase
have minimal liver injury and little or no fibrosis”. The
immune clearance phase is characterized by the presence
of HBeAg, high serum HBV DNA levels, persistent or
intermittent elevation of ALT and active inflammation
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in the liver. During this phase, some patients undergo
spontaneous HBeAg seroconversion which occurs at a
rate of 10%-20% per year and others may experience
recurrent hepatitis flares and even progress to cirrhosis
or hepatic decompensation. The inactive (carrier) phase
is characterized by the absence of HBeAg, presence of
HBe antibody (anti-HBe), persistently normal ALT levels
and low or undetectable levels of serum HBV DNA.
Patients in this phase have a favorable prognosis[m]. The
reactivation phase (or HBeAg-negative chronic hepatitis
B) is characterized by the absence of HBeAg, presence
of anti-HBe, intermittently or persistently elevated serum
HBV DNA and ALT levels, and active inflammation in
the liver. Patients in this phase are usually older and have
more advanced liver disease than those in other phasesm.
However, patients vary regarding which phases they go
through. This is largely influenced by the HBV genotype
and host immune status. Previous studies have demon-
strated that the presence of HBeAg and persistently high
serum HBV DNA levels are risk factors for the occur-
rence of cirrhosis and HCC!" ',

Moreover, chronic infection with HBV genotype C
is more likely to cause liver cirrhosis than genotype B,
Chronic infection with genotype C (C2) is related to
HBV-associated HCC, especially in cirrhotic patients aged
> 50 years, whereas HBV B2 infection is related to high
prevalence of HCC in non-cirrhotic young patients and
HCC recurrence after resection'”. In addition, precore or
core promoter HBV variants that occur in most patients
can prevent or decrease the production of HBeAg[“J.
Different HBV subgenotypes have distinct patterns of
mutations. We and others have found that serum HBV
load (> 10* copies/mL) and viral mutations in the en-
hancer II /basal core promoter (Enh Il /BCP) regions
(such as C1653T, T1753V, A1762T/G1764A, T1674C/G
and C1766T/T1768A) and in the precore/core gene (such
as G1899A, C2002T, A2159G, A2189C and G2203A/
T), as well as in the preS region (such as T53C, preS2
start codon mutation, preS1 deletion, C2964A, A2962G,
C3116T and C7A) are significantly associated with the
occurrence of HCC'""™. Reduction of CD8" T cell epi-
topes in HBV to evade immune clearance is one of the
most common ways of these mutations. It remains to be
evaluated if the HCC-associated HBV mutants are still
sensitive to the antiviral treatment.

Clinical assessment of the treatment response relies
on intermediate outcomes, including a decrease in levels
of serum HBV DNA, HBeAg seroconversion, loss of
HBsAg, normalization of ALT levels and a decrease in
hepatic inflammation. The ultimate goal of the antiviral
therapy is to obtain clinical benefits by reducing com-
plications, including HCC. However, treatment choices
mainly depend on the degree of viral replication and
disease progression. Other factors, such as the patient’s
age, HBeAg status, family history of HCC, occupational
requirement and need for immunosuppressive or cancer
chemotherapy, could also influence the decision to start
or defer antiviral treatment. In patients with life-threaten-
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HBeAg-positive:
ALT > 2 ULN, histologic evidence of
severe inflammation, clinical
symptoms (jaundice, severe flare),
age > 40 yr, high HBV DNA;
HBeAg-negative

Serum HBV
DNA levels

>10* copies/mL

Decompensated
cirrhosis or acute
liver failure

IFN or NAs

NAs

HBeAg-negative in inactive

Chronic Advanced Compensated Decompensated
o N ) ) : A HCC
hepatitis fibrosis cirrhosis cirrhosis
Young (< 40 yr) HBeAg-
positive in immune tolerance
phase or inactive (carrier) phase; - > No recommended

treatment

(carrier) phase

Figure 1 Flowchart of therapy choice for patients with chronic hepatitis B virus infection. ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HCC:
Hepatocellular carcinoma; HBV: Hepatitis B virus; IFN: Interferon; NAs: Nucleos(t)ide analogues; ULN: Upper limit of normal.

ing liver diseases, such as acute liver failure, decompen-
sated cirrhosis or severe exacerbation of chronic hepatitis
B, antiviral treatment should be initiated as soon as pos-
sible in order to stabilize liver function and prepare for
liver transplantationizsj. In patients with advanced fibrosis
or compensated cirrhosis (those whose laboratory tests
indicate normal hepatic function and no evidence of por-
tal hypertension), antiviral treatment should be initiated
when serum HBV DNA levels > 10°* copies/mlL because
the risks of cirrthosis and HCC increase when serum
HBV DNA reaches or exceeds this level?". HBeAg-
positive chronic hepatitis patients who have ALT levels
persistently twice the normal upper limit or with clini-
cal and/or histological evidence of severe inflammation
should be considered for treatment. Patients older than
40 years should be treated if HBeAg remains positive
and the serum HBV DNA level is still high, regardless of
ALT levels. Given that sustained spontaneous remission
is rare, patients who have HBeAg-negative chronic hepa-
titis should also be considered for treatment. However, it
is not recommended to initiate antiviral therapy for young
HBeAg-positive patients (< 40 years) in the immune tol-
erance phase because most have little or no fibrosis and a
favorable prognosis during follow-up of up to 10 yearslzsj.
Another reason for deferring treatment is that antiviral
treatment is less efficacious during this phase due to the
low likelihood of treatment-related HBeAg seroconver-
sion. Continued monitoring is necessary for timely initia-
tion of treatment if patients fail to undergo spontaneous
HBeAg seroconversion. Treatment may also be deferred
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in the inactive (carrier) phase because no evidence sup-
ports the hypothesis that antiviral therapy will alter the
outcome of patients who ate truly in this phase. Howev-
et, the decision should only be made on the premise that
patients have been observed for at least one year of HBV
DNA and ALT levels tested on three or four occasions
(Figure 1).

Currently, interferon-oo (IFNa) and nucleos(t)ide
analogues (NAs) are the two main categories of medica-
tions approved for the treatment of chronic hepatitis B.
IFNo has an immunomodulatory activity that can lead
to a higher rate of HBeAg seroconversion and HBsAg
loss™>"”. Treatment with IFNg, may significantly decrease
overall HCC incidence in sustained responders, especially
in Asians”*. IFNq, may be used in carefully selected pa-
tients with compensated cirrhosis. It is most appropriate
for young patients, particularly among HBeAg-positive
patients who have a genotype A infection. However, it
is contraindicated in patients with decompensated cit-
rhosis to avoid sepsis and liver failure. It is also not used
in patients with severe exacerbations of chronic hepatitis
B or acute liver failure, and in those undergoing im-
munosuppressive or cancer chemotherapy. The major
advantages of IFNa-based treatment include short treat-
ment duration and a sustained off-treatment response
once achieved. However, low probability of achieving a
response and high costs as well as side-effects may limit
its long-time clinical use.

Treatment with NAs can also result in a significantly
lower incidence of HCC compared to untreated patients
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but it does not completely eliminate the risk of HCC,
particularly in patients with pre-existing cirrhosis. Hence,
patients with chronic hepatitis B require careful surveil-
lance for HCC, even when they are undergoing antiviral
therapy[zg’w]. Another disadvantage of NA treatment is
the long-term continuous treatment course, resulting
in antiviral drug resistance”. The choice of treatment
should consider the initial HBV-DNA levels, HBV geno-
type/subgenotype, age of the patient and any contra-
indication to NA treatment. NAs are most appropriate
for patients who have decompensated liver diseases or
contraindications to IFN, and those who are willing to
commit to a long duration of treatment. The treatment
should be initiated with NAs with a high genetic barrier
to resistance (that is, a low potential for drug resistance).

IFNa

Two forms of IFNa are currently available: conventional
IFNa and the pegylated, long-acting formulation (PEG-
IFN). The introduction of PEG-IFN mainly impacts
tolerability. It allows for weekly injections compared to
the daily or three times/week schedules of conventional
IFNo administration, while maintaining similar antiviral
efficacy. Long-term follow-up of patients treated with
conventional IFNq therapy shows that responders have a
decreased incidence of decompensated cirrhosis or HCC
and improved overall survival compared with non-re-
spondersm]. A retrospective analysis of PEG-IFN in pa-
tients with HBeAg-positive hepatitis showed that factors
associated with response to treatment included high ALT,
low HBV DNA, female sex, older age and the absence
of previous IFN therapy. Patients with the best outcomes
were those with genotype A and high ALT or low HBV
DNA, and those with genotypes B or C and both high
ALT and low HBV DNA™, A recent meta-analysis of 14
trials suggested that PEG-IFN facilitated HBsAg clearance
or seroconversion in chronic hepatitis B patients. Accord-
ing to an assessment conducted in 24 wk after completion
of a 1 year course of PEG-IFN, approximately 30% of
HBeAg-positive patients achieved HBeAg seroconver-
sion and undetectable serum HBV DNA, and 15% of
HBeAg-negative patients had normalized ALT levels™.
Compared with the placebo, a 1 year course of PEG-
IFN therapy resulted in a greater HBV DNA decline in
HBeAg-seropositive patients (32% s 11%)™. A large
study evaluated long-term outcomes of IFNq therapy in
HBeAg seropositive patients by comparing 233 IFNa-
treated patients with 233 well-matched untreated controls
and the cumulative incidences at the end of 15 years
of follow-up (median 6.8 years, range 1.1-16.5 years) in
the IFNa-treated patients »s the controls were: HBeAg
seroconversion 74.6% »s 51.7% (P = 0.031); HBsAg
seroclearance 3% »s 0.4% (P = 0.03); cirrhosis 17.8% »s
33.7% (P = 0.041); and HCC 2.7% v5s 12.5% (P = 0.011)*".
Another meta-analysis with a total of 2742 subjects
pooled from 12 studies has shown that the risk of HCC
in patients treated by IFNa is reduced by 34% (RR = 0.66,
95%CI: 0.48-0.89) and the benefit is more significant
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among patients with early cirrhosis than among those
without cirthosis™. These data indicated that the main
advantages of IFN are durable administration course and
a high rate of HBsAg loss and HBeAg seroconversion,
particularly among HBeAg-positive patients who have a
genotype A infection compared with patients who are in-
fected with other HBV genotypes. However, the adverse
effects of IFNaq, including initial flu-like illness, fatigue,
bone marrow suppression and exacerbation of autoim-
mune illnesses, should be closely monitored.

NAs

There are five NAs approved for the treatment of chron-
ic hepatitis B: lamivudine, adefovir dipivoxil, telbivudine,
entecavir and tenofovir disoproxil. We have summarized
the pros and cons of each NA for the treatment of
chronic HBV infection in Table 1.

In patients who do not respond to IFNa, an oral
sequential therapy with NAs is preferable because of
its predictable efficacy and minimal side-effects. It has
been demonstrated that a 1 year course of NA treatment
results in high rates of undetectable serum HBV DNA,
normalization of ALT levels and increase in liver func-
tion, but low rates of HBsAg loss in chronic hepatitis
B patients with either positive or negative HBeAgBG’37].
Extending the duration of NA treatment to more than
1 year can increase rates of HBeAg seroconversion to
40%-50%, but rates of HBsAg loss remain below 10%
in patients with HBeAg-positive chronic hepatitis B pa-
tients after 5 years of treatment”™”. In a randomized
controlled trial, 651 HBsAg-positive patients with com-
pensated liver diseases were allocated into two groups:
receiving 100 mg/d lamivudine (# = 4306) or receiving
placebo (# = 215). HCC occurred in 3.9% of those in
the lamivudine group and 7.4% of those in the placebo
group (HR = 0.49, 95%CI: 0.25-0.99, P = 0.047) after a
median treatment duration of 32.4 mo (ranging from 0
to 42 mo)*. A meta-analysis pooling 5 studies (7 = 2289)
compared the incidence of HCC in patients with and
without NA treatment. It found that the incidence of
HCC was reduced by 78% (RR = 0.22, 95%CI: 0.10-0.50)
in the treatment arm, especially in HBeAg-positive pa-
tients”””. Similarly, a recent meta analysis pooling 3881
patients with NA treatment and 534 untreated controls
from 21 studies has concluded that NA treatment is as-
sociated with a lower incidence of HCC (2.8% »s 6.4%, P
=0.003)*".

Current approved NAs act primarily by inhibiting the
reverse transcription of the pregenomic HBV RNA to
the first strand of HBV DNA rather than directly inhib-
iting cccDNA. Therefore, viral relapse is common after
treatment. In addition, inadequate or slow decline in se-
rum HBV DNA levels during the first 12-24 wk of NA
treatment is associated with an increased risk of antiviral
drug resistance during continued therapy. Patients receiv-
ing NAs with a low genetic barrier to resistance, such
as lamivudine and telbivudine, should receive additional
therapy if initial viral decline is inadequate, while patients

December 12,2012 | Volume 1 | Issue 6 |



Chen LP et a/. Antiviral therapy prevents HCC

Table 1 Pros and cons of each nucleos(t)ide analogue therapy for the treatment of chronic hepatitis B infection

Nucleos(t)ide analogue Regimen Pros Cons
Lamivudine 100 mg daily  First licensed agent Highest incidence of resistant mutations of M204V /1 substitution
Well established safety and efficacy record  (20% at year 1, 70% at year 5)
Lowest cost Adverse effects including hepatitis flare ups, hepatic
decompensation and even death
Adefovir dipivoxil 10 mg daily ~ Low drug resistance rate, and no cross Incidence of resistant mutations of N236T and/or A181V
resistance with other nucleos(t)ide analogs  substitution (29% at year 5)
Adverse effects including renal tubular acidosis with
hypophosphataemia when treatment is prolonged
Telbivudine 600 mg daily Higher seroconversion rate Incidence of resistant mutations of M204I mutation (5% at year 1)
Adverse effects including myopathy and neuropathy
Entecavir 1.0 mg daily ~ Anti-HBV effect Incidence of resistant mutations of T184G or M250V (1.2% at
Lowest rate of resistance year 5) (I169T and M250V, or T184G and S202I if also lamivudine-
resistant)
Most expensive
Tenofovir disoproxil ~ 300 mg daily More potent in reducing HBV load in No resistant mutations reported at year 3

patients with prior failure or resistance

to lamivudine and/or adefovir

HBV: Hepatitis B virus.

who receive NAs that have a high genetic barrier to re-
sistance, including entecavir and tenofovir disoproxil,
may remain on the same drug if serum HBV DNA levels
continue to decline"*.

Lamivudine 100 mg/d is the first approved NA to
treat chronic hepatitis B and has been extensively used
for more than a decade with an excellent safety record.
Lamivudine treatment can reduce disease progression of
HBV-related cirrhosis, resulting in approximately a 50%
decrease in HCC incidence. Such efficacy is achieved
despite emergence of drug resistance in approximately
50% of cases”™. Long-term therapy with lamivudine
leads to viral breakthrough in some patients, owing to
the emergence of viral mutation harboring a M204V or
I substitution in the YMDD motif"". M204V/1 is the
most frequently encountered lamivudine-resistant mu-
tant. L180M mutation usually concurrently occurs with
M204V mutation. Another mutation, A181T, exists in a
substantial proportion of lamivudine-resistant patients.
More importantly, the emergence of A181T mutant sig-
nificantly increases the risk of HCC development in lami-
vudine-resistant patients during the subsequent course of
antiviral therapym’w. The rate of lamivudine resistance is
24% after 1 year and approximately 70% after 5 years'™,
Furthermore, lamivudine-resistance causes the attenu-
ation of HBV suppression, hepatitis flare ups, hepatic
decompensation and even death, thereby posing a setious
clinical challenge[%]. Because of the overlap between the
S and polymerase genes of HBV, a great proportion of
patients carrying A181T mutation also possess sW172*
nonsense mutation, resulting in truncation of the pre-S/
S reading frames. This partially explains why chronic
hepatitis B patients who fail to NA treatment at the late
stage are more likely to develop HCC compared to those
who respond to the treatment. Despite this, lamivudine
is still widely used in several countries, mostly because
of its low cost. Treatment of patients with lamivudine-
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resistance includes the addition of adefovir dipivoxil or
tenofovir disoproxil and entecavir rescue treatment. A
daily dose of 10 mg of adefovir dipivoxil is not an ideal
first-line NA therapy because of its low potency. A pro-
portion (20%-50%) of patients fails to achieve even a
10°-fold reduction in serum HBV DNA. Although adefo-
vir dipivoxil has been widely used in lamivudine-resistant
HBYV infection, up to 25% of patients fail to achieve a
satisfactory response and 30% of naive patients develop
adefovir dipivoxil resistance in 5 years'"". Furthermore,
adefovir mutations harboring a N236T and/or A181V
substitution emerge more frequently in lamivudine-resis-
tant patients than in treatment-nafve patientsms’so]. Entecavir
rescue monotherapy can be adopted as a treatment option
for patients with resistance to both lamivudine and adefovir
dipivoxil[51’52]. A clinical trial studying the long-term effi-
cacy of entecavir therapy with 146 patients has shown that
among patients with up to 5 years of continuous entecavir
0.5 or 1.0 mg therapy, 94% resulted in HBV DNA reduc-
tion to < 300 copies/mL and 80% achieve normalization
of ALT levels, while the HBeAg seroconversion and
decrease in HBsAg rates are only 23% and 1.4%, respec-
tively”™. Entecavir monotherapy may be efficacious in
adefovir dipivoxil-refractory chronic hepatitis B patients
with prior lamivudine-resistance if these patients have an
early virological response to the monotherapy at 12 wk.
Entecavir-resistance is rare in treatment-naive patients,
even with long-term therapy, but the cumulative prob-
ability of genotypic entecavir resistance with a combina-
tion of substitutions 1169T and M250V, or T184G and
52021, in lamivudine-resistant patients increases up to
51% after 5 years of treatment™"”, A recent meta-anal-
ysis has demonstrated that a combination therapy with
lamivudine and adefovir dipivoxil is more effective and
produces long-lasting effects than switching to entecavir
monotherapy in treating chronic hepatitis B patients with
lamivudine resistance. However, taking into account the
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practical benefits and the limitations of adefovir dipiv-
oxil, individualized therapy will be needed in patients with
a prior history of lamivudine-resistant infections”™, En-
tecavir rescue therapy for 96 wk is less efficacious in pa-
tients with lamivudine/adefovir dipivoxil-refractory HBV,
particularly in those who have an initial HBV DNA of >
10 copies/mL. Patients who achieve a HBV DNA level
of <10* copies/mL and a normalized ALT level should
continue, rather than stop, entecavir therapy™. Telbivu-
dine is as potent as entecavir. The therapeutic response to
telbivudine is superior to that of lamivudine in HBeAg-
positive and HBeAg-negative patients. In HBeAg-positive
patients, telbivudine has better outcomes compared to
lamivudine in terms of nondetectable viremia, HBeAg
loss and viral resistance”™. Resistance to telbivudine is
assoclated with a signature M2041 mutation in viral poly-

3
merase[

7,57 . . .

N Tenofovir disoproxil appears to be safe and
effective in patients with prior resistance to lamivudine
and adefovir dipivoxil and becomes the optimal choice of

B8 The cost-effectiveness of switch-

antiviral treatment
ing to tenofovir disoproxil or adding tenofovir disoproxil
to ongoing lamivudine in lamivudine-resistance patients
is still debatable. Adefovir dipivoxil-resistant mutants are
usually susceptible to lamivudine, telbivudine or enteca-
vir and they may also be sensitive to tenofovir disoproxil,
depending on the mutation pattern, while telbivudine or
the rare entecavir resistance strains are usually sensitive to
adefovir dipivoxil and tenofovir disoproxilm’()m. Despite
their high initial potency, 1 year of therapy with NAs does
not usually lead to sustained off-therapy responses and
therefore treatments usually last for several years or even
longer. Nowadays, entecavir and tenofovir disoproxil are
recommended as first-line treatments because of their
higher potency and lower risk of resistance compared to
lamivudine, adefovir or telbivudine™*!. Although it is dif-
ficult to compare entecavir and tenofovir disoproxil since
no comparison studies have been conducted, tenofovir
disoproxil monotherapy appears to be superior to enteca-
vir monotherapy in multidrug-resistant HBV.

ANTIVIRAL THERAPY AND PREVENTION
OF HCV-RELATED HCC

Cirrhosis 1s the strongest risk factor for HCC among pa-
tients with chronic HCV infection. Antiviral therapy to
inhibit and even eradicate HCV can result in decreasing
hepatic necroinflammation and, over time, causes reversal
of fibrosis and eventually decreases the risk of HCC™,
The standard of care in patients with chronic hepatitis
C consists of a 24 to 48 wk course of PEG-IFN@2a or
PEG-IFNa2b in combination with the guanosin analog
ribavirin. This therapy leads to a sustained virological
response (SVR) of 42%-52%, 65%-85% and 76%0-82%
of those infected with HCV genotype 1, HCV genotypes
4,5 or 6, and HCV genotypes 2 or 3, respectivel}7[62’63].
A clinical trial following-up 150 patients for 5 years has
shown that the clinical, virological, biochemical and histo-
logical outcomes of patients with SVR are favorable and
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recovery of normal or nearly normal liver architecture
is possiblem. The standard of care can decrease the risk
of HCC, although the effect is predominantly evident in
patients who achieve SVR and in those who have not yet
progressed to cirrhosis'”’. However, several studies have
demonstrated that, for patients with advanced fibrosis
ot cirrhosis, the risk of developing HCC remains even if
a SVR is achieved, highlighting the importance of con-
tinued surveillance in these patientslé7’6gj. A recent meta-
analysis pooled data from 20 studies (4700 patients with
HCV-related cirrhosis) and compared untreated patients
with those given IFNa alone or combined with ribavirin
treatment and it showed a reduced risk of HCC in the
treatment group (RR = 0.43, 95%CI: 0.33-0.56). Another
meta-analysis using data from 14 studies (n = 3310) indi-
cated that patients achieving a SVR had a lower incidence
of HCC (RR = 0.35, 95%CI: 0.26-0.46) compated with
nonresponders and the maximum benefits were observed
in those treated with ribavirin-based regimens (RR=0.25,
95%CIL: 0.14-0.46)". Due to the potential anti-tumoral,
anti-angiogenic and anti-fibrotic roles of IFNa, main-
taining IFNo therapy might decrease the tisk of HCC in
patients who fail to achieve SVR. However, several large-
scale randomized controlled trials with long (3-4 years)
and extended (up to 5 years) follow-up time have shown
that low-dose PEG-IFN in patients with advanced fibro-
sis of cirrhosis have minimal or even no benefit on overall
clinical outcomes™ ™", Although the treatment of HCV
chronic infection with the standard of care therapy can
eradicate HCV in 40%-90% of patients, approximately
10%-15% of patients have to discontinue the treatment
due to adverse effects. The adverse effects, ranging from
mild to moderate in severity, impact most organ systems
and can cause setrious and even life-threatening toxicity,
such as psychological disturbances, poor appetite, skin
rash, infection, anemia and leukopeniam. Accordingly,
patients should be closely monitored for adverse effects
during treatment.

Although the standard of care therapy will probably
continue for some years, more effective therapeutic op-
tions with shorter treatment durations are being intro-
duced to increase the response rate in difficult-to-treat
patients (mainly infected with genotype 1) and reduce the
impact of HCV infection and related complications. So
far, intensive efforts have been made to develop different
compounds that specifically target the replication cycle of
the virus. These direct-acting antiviral agents (DAAs) act
by directly inhibiting the NS3/4A serine protease (which
processes the HCV polyprotein to generate mature viral
proteins), the NS5B polymerase (which replicates the vi-
ral RNA genome) and the NS5A phosphoprotein (which
functions as a part of the replicase complex)mm. The
new standard of care for patients with chronic hepatitis
C is to add nonstructural (NS) 3/4A protease inhibitors
boceprevir or telaprevir to the Peg-IFNa plus ribavirin
regimen. The recent sixty-first annual meeting of the
American Association for the Study of Liver Diseases
(AASLD) provided an overview of the pipeline of these
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novel drugs. Numerous other protease inhibitors, as well
as nucleoside and non-nucleoside inhibitors of the RNA-
dependent RNA NS5B polymerase and inhibitors of the
NS5A protein, are also under evaluation currently. These
can achieve higher SVR rates in previously untreated
patients infected with HCV genotype 1 and provide
successful medical care for those who have failed treat-
ment under current standard of care”. In a recent phase
I study, 465 chronic hepatitis C patients with poor
response to PEG-IFNa plus ribavirin therapy were al-
located to the triple therapy group and the control group.
It was found that the triple therapy significantly increased
SVR rates in these difficult-to-treat patients compared
with the controls (53% ws 14%)[78]. Remarkably, in a
group of HCV patients treated for 24 wk with this triple
therapy followed by another 24 wk of PEG-IFNu2b
plus ribavirin, the SVR rates for patients who had previ-
ously relapsed was 76% and up to 39% for those who
did not response to the standard therapy. Another report
of a phase Il study indicated that adding boceprevir
to the standard treatment leads to a notably increased
SVR (75% vs 38%) in treatment-naive patients who were
infected with HCV genotype 1" The combination of
three agents, PEG-IFNq, ribavirin and HCV protease
inhibitor, is able to increase SVR rates substantially. The
potency and safety of the two first generation HCV pro-
tease inhibitors are also confirmed in large phase Il stud-
ies. In the treatment-naive patients infected with HCV
genotype 1, the SVR rates are 75% with the addition of
telaprevir s 44% with the standard therapy and 68%
with the addition of boceprevir »s 40% with the standard
therapy. Although the upcoming triple therapy regimens
including telaprevir or boceprevir may be different, this
strategy means that in treatment-naive patients, treatment
duration will be reduced to 24 or 28 wk for the patients
with a rapid viral response, those with a negative result
of serum HCV RNA after 4 wk of exposure to an HCV
protease inhibitor. In addition, the single nucleotide poly-
morphisms around the gene encoding interleukin 28B
(IL28B) have been identified as key predictive factors™”
In treatment-naive HCV-1 patients treated with PEG-IFN
and ribavirin, among host and viral factors associated with
SVR, combination of IL.28B genotypes and rapid viral
response monitoring seems to provide a high predictive
value of treatment outcome, particularly in the context of
emerging therapies and DDAs"®". Furthermore, a study
combining a nucleoside polymerase inhibitor (RG7128)
and danoprevir led to an average of 5.1 log reduction
of plasma HCV RNA levels within 14 d™. Overall, this
treatment is not only an important step towards an IFN-
free regimen, but also reflects the high genetic barrier to
resistance associated with nucleoside polymerase inhibi-
tors. Co-administration of different classes of DAAs,
combined with or without PEG-IFNq, and/or ribavirin,
might make HCV RNA suppression possible in most
individuals who are infected with HCV genotype 1, in-
cluding those who are not responsive to PEG-IFNg”.
However, it is still unclear whether the novel agents will
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Standard course of IFN + Ribavirin
therapy with SVR
Maintenance IFN therapy with NR

IFN + Ribavirin therapy
before liver
transplantation

Chronic  Advanced Compensated Decompensated

hepatitis fibrosis cirrhosis cirrhosis HCC

Figure 2 Flowchart of therapy choice for patients with chronic hepatitis
C virus infection. HCC: Hepatocellular carcinoma; IFN: Interferon; NR: No
response; SVR: Sustained virological response.

be useful in the most difficult-to-treat patients, such as
those with advanced or decompensated liver diseases or
after liver transplantation. Furthermore, DAAs also need
to be developed for other HCV genotypes. Therefore,
characterizing resistance to DAAs and the combination
of antiviral agents with different resistance profiles in
clinical trials are the best strategies to prevent the emer-
gence of drug-resistant mutants and thereby maximize
SVR rate.

However, given the adverse effects, it remains uncer-
tain whether patients with decompensated cirrhosis could
tolerate HCV eradication treatment and therefore should
be treated to prevent progression of decompensation.
The AASLD recommends those patients to be referred
for consideration of liver transplantationm. Eradication
of HCV before liver transplantation could reduce post-
transplant recurrence of HCV, especially in patients
infected with HCV genotypes other than genotype 1™,
Thus, treatment should be reserved for those patients
awaiting liver transplantation. It is recommended that
patients with decompensated cirrhosis initiate treatment
at a low dose of IFN-based therapy. However, the treat-
ment should be administered with caution since it is still
unclear whether the novel agents will be effective in those
most difficult-to-treat patientsm’gs]. In addition, use of
hematological growth factors can improve the life quality
of treated patients and manage treatment-induced cyto-

penias (Figure 2).

CONCLUSION

In summary, antiviral treatment of chronic hepatitis B or
chronic hepatitis C is so far the only option to prevent
HCC. Treatment of chronic hepatitis B with IFNq, may
significantly decrease overall incidence of HCC in sus-
tained responders, while the adverse effects may limit its
long-term application. Orally administered NAs signifi-
cantly reduce disease progression of liver cirthosis, result-
ing in up to a 78% decrease in HCC incidence, especially
in HBeAg-positive patients. In patients with life-threat-
ening liver diseases, antiviral treatment should be initiated
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as soon as possible in order to stabilize liver function and
prepare for liver transplantation. Long-term continuous
treatment with NAs results in antiviral drug resistance
due to the mutations in HBV polymerase. Of the NA
resistance-associated mutants, A181T mutant significantly
increases the risk of HCC in lamivudine-resistant patients
during the subsequent courses of antiviral therapy. In ad-
dition, it remains to be explored if the HCC-associated
HBYV mutants, whose emergence is likely to be selected
by virus-host interaction during carcinogenesis, are sensi-
tive to the antiviral therapy.

The recommended treatment for patients with chron-
ic HCV infection is PEG-IFN plus ribavirin which can
decrease HCC incidence in those who achieve SVR and
have not yet progressed to cirrhosis. Patients with decom-
pensated cirrhosis are under evaluation of liver transplan-
tation, because achievement of a SVR is possible in these
patients but does not forestall the disease progression.
IFN and ribavirin therapy, therefore, should be reserved
in these patients to prevent post-transplant recurrence of
HCV. Mote effective therapeutic options such as DDAs
are promising in increasing the response rate of difficult-
to-treat patients with HCV genotype 1.

There is a great need to develop safer, more effective
and affordable antiviral therapies. To optimize treatment
responses, appropriate therapy should be initiated at the
proper time. Patients must be educated about the impor-
tance of treatment compliance. The response to antiviral
treatment should be closely monitored so that the ther-
apy can be modified when the initial one fails. HCC risk
remains in cirrhotic patients (both HBV and HCV infec-
tion) if treatment is initiated after cirrhosis is established
and close monitoring is needed. Future research should
focus on investigating the use of new agents, especially
for patients with hepatic decompensation or after trans-
plantation.
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and academic levels. So, to realize these desired attributes of W]~
and create a well-recognized journal, the following four types of
personal benefits should be maximized. The maximization of per-
sonal benefits refers to the pursuit of the maximum personal ben-
efits in a well-considered optimal manner without violation of the
laws, ethical rules and the benefits of others. (1) Maximization of
the benefits of editorial board members: The primary task of edito-
rial board members is to give a peer review of an unpublished sci-
entific article via online office system to evaluate its innovativeness,
scientific and practical values and determine whether it should be
published or not. During peer review, editorial board members can
also obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJ1”is an OA journal, readers around the world
can immediately download and read, free of charge, high-quality,
peer-reviewed articles from IW]1” official website, thereby realizing
the goals and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the benefits
of readers: Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the arguments,
viewpoints, concepts, theories, methods, results, conclusion or facts
and data of pertinent literature so as to validate the innovativeness,
scientific and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or viewpoints,
solid evidence and cortect conclusion; and (4) Maximization of the
benefits of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in an

(49

Boichidengs WV | www.wjgnet.com

open, fair and transparent environment, could contribute their wis-
dom to edit and publish high-quality articles, thereby tealizing the
maximization of the personal benefits of editorial board members,
authors and readers, and yielding the greatest social and economic
benefits.

Aims and scope

W] aims to report rapidly new theories, methods and techniques
for prevention, diagnosis, treatment, rehabilitation and nursing in
the field of virology. W]~ covers topics concerning arboviral in-
fections, bronchiolitis, central nervous system viral diseases, DNA
virus infections, encephalitis, eye infections, fatigue syndrome, hep-
atitis, meningitis, opportunistic infections, pneumonia, RNA virus
infections, sexually transmitted diseases, skin diseases, slow virus
diseases, tumor virus infections, viremia, zoonoses, and virology-
related traditional medicine, and integrated Chinese and Western
medicine. The journal also publishes original articles and reviews
that report the results of virology-related applied and basic re-
search in fields such as immunology, physiopathology, cell biology,
pharmacology, medical genetics, and pharmacology of Chinese
herbs.

Columns

The columns in the issues of W]I” will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the cutrent research status
in the important fields, and propose directions for the future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the
10 individual atticles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in virology; (8) Brief Articles: To briefly report the novel and
innovative findings in virology; (9) Case Report: To report a rare or
typical case; (10) Letters to the Editor: To discuss and make reply to
the contributions published in W]J1/; or to introduce and comment
on a controversial issue of general interest; (11) Book Reviews: To
introduce and comment on quality monographs of virology; and
(12) Guidelines: To introduce consensuses and guidelines reached
by international and national academic authorities worldwide on the
research in virology.
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

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 homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (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).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, W] 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://wwwicmje.
otg/cthical_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 shates 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

(49

Boichidengs WV | www.wjgnet.com

II

should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from expetiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal 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 teview boatd.
If human participants were involved, manuscripts must be accompa-
nied 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, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age 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.wignet.com/esps/. Authors are highly rec-
ommended to consult the ONLINE INSTRUCTIONS TO AU-
THORS (http://wwwwignet.com/2220-3249/g_info_20100722180909.
htm) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to wjv@wijgnet.com, ot by
telephone: +86-10-85381891. If you submit your manuscript on-
line, do not make a postal contribution. Repeated online submission
for the same manuscript is strictly prohibited.
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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
Medical College, Chengde 067000, Hebei Province, China. One au-
thor 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 L. 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,
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, Universi-
ty 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: +86-10-85381891 Fax: +86-10-85381893

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

(49

Boichidengs WV | www.wjgnet.com

1

Instructions to authors

Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

Thete are unstructured abstracts (no less than 256 wotds) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropti-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g: 6.92 £ 3.86 2 3.61 + 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

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

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. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /wwwwignet.com/2220-3249/¢_info_20100725072755.htm.

Illustrations

Figureq should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a bnef title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Flgure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B:.;Ci.;D: L B Fro Ge et It is our prmclple
to pubhsh hlgh resolution-figures for the prmted and 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 horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third seties of P values can be expressed as ‘P < 0.05 and P<001.
Othcr notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez., in a certain se-
quence.
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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 supetscript 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
otrder 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 ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5390).

Style for book references

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

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
6350]

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

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

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2000; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hyperzension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]
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Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell 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 J, 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)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data
Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y* (in Greek), related coefficient as  (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-
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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 ug/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 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3249/
g_info_20100725073806.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 are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSFE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: # time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

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

Restriction enzymes: EcoRl, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http:/ /www.wignet.com/2220-3249/¢_info_20100725071
851.htm

Frontier: http:/ /wwwwijgnet.com/2220-3249/¢_info_20100725071
932.htm

Topic highlight: http:/ /wwwwignet.com/2220-3249/¢_info_20100
725072121.htm

Obsetvation: http:/ /wwwwijgnet.com/2220-3249/¢_info_20100725
072232.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2220-3249/
g info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwijgnet.com/2220-324
9/ g info_20100725072543.htm

Review: http://wwwwignet.com/2220-3249/¢_info_201007250726
56.htm

Original articles: http:/ /wwwwijgnet.com/2220-3249 /¢ _info_2010
0725072755.htm

Brief atticles: http://wwwwjgnet.com/2220-3249/¢_info_2010072
5072920.htm

Case report: http:/ /www.wignet.com/2220-3249/¢_info_20100725
073015.htm

Lettets to the editor: http:/ /www.wignet.com/2220-3249/¢_info_2
0100725073136.htm

Book reviews: http://wwwwijgnet.com/2220-3249/¢_info_2010072
5073214.htm
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Guidelines: http:/ /www.wignet.com/2220-3249/¢_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Authors must revise their manuscript carefully according to the re-
vision policies of Baishideng Publishing Group Co., Limited. The
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