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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
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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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Virus

O

Viral genome and Proteins

Somatic mutations Chromosomal Over-expression miRNA mediated
e.g., IgH, BCL-6, p53, translocations of Bcl-2; control
B-catenin etc. e.g., t(14;18) high Bcl2/Bax ratio e.g., miR-155

Selection and amplification of cells with
oncogenic mutations/translocation

Anti-apoptotic
pathway

Deregulation of normal
cellular pathways

B-Cell proliferation

'7

|

NHL

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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