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Abstract
Chronic hepatitis C virus (HCV) infection has been as-
sociated with liver cancer and cirrhosis, autoimmune 
disorders such as thyroiditis and mixed cryoglobuli-
nema, and alterations in immune function and chronic 
inflammation, both implicated in B cell lymphoprolifera-
tive diseases that may progress to non-Hodgkin lym-
phoma (NHL). HCV bound to B cell surface receptors 
can induce lymphoproliferation, leading to DNA muta-
tions and/or lower antigen response thresholds. These 
findings and epidemiological reports suggest an asso-
ciation between HCV infection and NHL. We performed 
a systematic review of the literature to clarify this po-
tential relationship. We searched the English-language 
literature utilizing Medline, Embase, Paper First, Web of 

Science, Google Scholar, and the Cochrane Database of 
Systematic Reviews, with search terms broadly defined 
to capture discussions of HCV and its relationship with 
NHL and/or lymphoproliferative diseases. References 
were screened to further identify relevant studies and 
literature in the basic sciences. A total of 62 reports 
discussing the relationship between HCV, NHL, and lym-
phoproliferative diseases were identified. Epidemiologi-
cal studies suggest that at least a portion of NHL may 
be etiologically attributable to HCV, particularly in areas 
with high HCV prevalence. Studies that showed a lack 
of association between HCV infection and lymphoma 
may have been influenced by small sample size, short 
follow-up periods, and database limitations. The associ-
ation appears strongest with the B-cell lymphomas rela-
tive to other lymphoproliferative diseases. Mechanisms 
by which chronic HCV infection promotes lymphoprolif-
erative disease remains unclear. Lymphomagenesis is a 
multifactorial process involving genetic, environmental, 
and infectious factors. HCV most probably have a role 
in the lymphomagenesis but further study to clarify the 
association and underlying mechanisms is warranted.
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Core tip: This is a review of the literature regarding the 
relationship between hepatitis C virus and lymphopro-
liferative disease, an issue with unresolved conclusions 
until today.
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection is an insidi-
ous form of  liver disease that can silently progress to 
cirrhosis over a period of  10-30 years in 20% of  cases. 
Chronic HCV infection has also been associated with ex-
trahepatic manifestations, including membranoprolifera-
tive glomerulonephritis, various autoimmune disorders, 
and idiopathic pulmonary fibrosis.

HCV is a single, positive-strand RNA hepatotrophic 
virus with marked genetic variability[1]. It exhibits lym-
photropism, the ability to replicate in peripheral blood 
mononuclear cells, which may represent the association 
between HCV infection and the development of  lym-
phoproliferative disorders[2]. HCV is a the possible cause 
of  B-cell dysregulation diseases and conditions and B-cell 
lymphoproliferative disorders that may progress to non-
Hodgkin lymphoma (NHL)[3], three and was identified as 
a principle cause of  mixed cryoglobulinemia[4,5].

Infectious agents have been associated with the de-
velopment of  B-cell lymphoma[1], and several studies 
have suggested that infection with HCV is a risk factor 
for the development of  B-cell NHL[1-3].

Oncogenesis is a multifactorial process in which many 
viruses, including Epstein-Barr virus, human papilloma 
virus, and human T cell leukemia\lymphoma virus, play 
a well-known role.1 Epidemiological studies have dem-
onstrated an association between HCV infection and 
NHL[6-10], suggesting that HCV infection plays a role in 
the development of  premalignant and malignant hema-
tologic disorders[2,6,11,12]. Other studies have shown that 
treatment of  NHL with antiviral therapy in patients in-
fected with HCV can lead to regression of  lymphoprolif-
erative disease[13,14]. In contrast, other studies have shown 
a lack of  association between HCV infection and the 
development of  lymphoma[15,16]; thus, debate regarding a 
potential relationship between HCV and NHL continues.

RESEARCH
We searched the English-language literature utilizing 
Medline, Embase, Paper First, Web of  Science, Google 
Scholar, and the Cochrane Database of  Systematic Re-
views, with search terms broadly defined to capture dis-
cussions of  HCV and its relationship with NHL and/or 
lymphoproliferative diseases. References were screened 
to further identify relevant studies and literature in the 
basic sciences.

Findings supporting the association between HCV and 
NHL
In one study 3 on HCV-positive patients, 13.7% (32/233) 
had monoclonal gammopathy compared to an incidence 
in the general population of  1%. Of  the 32 cases, 24 
(75%) were benign and were not associated with a ma-
lignant disorder; however the other eight (25%) were 
associated with a malignant lymphoproliferative disorder 
or plasma cell disorder, and two additional subjects with-

out monoclonal gammopathy were diagnosed as having 
a malignant lymphoproliferative disease. In this study, 
the overall prevalence of  malignant lymphoproliferative 
disease/plasma cell disorder in individuals with HCV 
infection was 4.3%. Monoclonal gammopathy was found 
in 14% of  the patients with chronic HCV infection and 
was associated with malignant lymphoproliferative dis-
ease in more than 25% of  such patients.

Another study[17] showed that the prevalence of  HCV 
among lymphoproliferative disease patients was 7.8% 
compared with a prevalence of  1.19% in the group with 
myeloproliferative and myelodysplastic disorders, and 
0.64% in the general population. After subtype analysis, 
the strongest association between HCV and lymphopro-
liferative disease was found in patients with diffuse large 
B-cell lymphoma. The authors proposed that an anti-
HCV antibody test should be performed routinely in 
lymphoma patients.

In another study, HCV prevalence was 17.5% (70/400) 
in lymphoma patients and 5.6% (22/396) in controls. 
The highest prevalence rates were found among patients 
with lymphoplasmacytic lymphoma and marginal zone 
lymphoma (30% and 26.6%, respectively), both of  which 
are considered indolent types of  B-cell NHL. Among the 
two largest subgroups of  B-cell NHL, the HCV preva-
lence was more elevated among patients with large B-cell 
lymphoma (19.0%), an aggressive form of  B-cell NHL, 
compared to patients with follicular B-cell NHL (13.9%), 
an indolent form of  lymphoma. This study suggests that 
the association between B-cell NHL and HCV infection 
is not genotype-specific because no difference in geno-
type distribution was found between the control group 
and the study group[18].

In contrast to the findings described above, several 
other studies have found that the genotype 2a was more 
frequent among patients with monoclonal gammopathy 
than those without[19,20]. Furthermore, genotypes 1b and 
2a were suggested to be risk factors for the developing 
lymphoma in HCV patients[21].

Other studies have compared the prevalence of  HCV 
infection among patients with different types of  lym-
phoproliferative disorders, including Hodgkin’s disease, 
acute lymphoblastic leukemia, multiple myeloma, T-cell 
NHL and B-cell NHL. A total of  537 patients were 
tested for HCV infection and compared to the general 
population. Among all lymphoproliferative disorders, the 
prevalence and the relative risk (RR) of  being infected 
with HCV was increased only in those with B-cell NHL 
and, specifically, in the subgroup of  immunocytomas, 
whereas the histologic types of  other patients were only 
occasionally associated with HCV infection[22]. Likewise, a 
recent meta-analysis of  15 case control studies and three 
prospective studies found a higher RR for NHL among 
HCV-positive individuals and the etiologic fraction of  
NHL attributable to HCV was more than 10% in areas 
with high HCV prevalence[23].

Finally, in a seminal study, response to interferon ther-
apy (interferon α and ribavirin, alone and in combination) 
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was compared for nine patients having splenic lymphoma 
with villous lymphocytes and HCV infection versus a 
control group of  six similarly treated patients having 
splenic lymphoma with villous lymphocyte who tested 
negative for HCV infection. All nine patients who tested 
positive for HCV had a remission of  their lymphoma 
after the loss of  detectable HCV RNA in the blood, and 
one patient had a relapse when HCV RNA became de-
tectable again. In contrast, none of  the six HCV-negative 
patients had a response to interferon therapy[14]. Similar 
findings were published in a subsequent study[24]. These 
studies comprise one of  the strongest arguments sup-
porting the association of  HCV infection with NHL.

Mechanism of pathogenesis
The mechanism by which chronic HCV infection promotes 
lymphoproliferative disease remains unclear. Some studies 
have shown that treatment of  HCV infection with viral 
elimination methods reduces the incidence of  malignant 
lymphoma in patients infected with HCV[14,25-27]. Over 
the years, several theories involving different mechanisms 
have been proposed. One such idea is that hypermutation 
induced by HCV infection of  the immunoglobulin genes 
in B cells can be the cause of  lymphomagenesis[28,29]. 
Another proposed theory is that HCV infection-induced 
hypermutation causes genetic instability and chromo-
somal aberrations, possibly resulting in neoplastic trans-
formation[30]. Soluble interleukin 2 receptor (sIL-2R) has 
been shown to take part in some cancers, including T-cell 
lymphoma, nasopharyngeal carcinoma, lung and breast 
cancer, epithelial ovarian cancer, renal cell carcinoma, 
and hepatocellular carcinoma in Egyptian patients[31-37]. 
In splenocytes of  HCV transgenic mice that express the 
full HCV genome in B cells (RzCD19Cre mice), the level 
of  IL-2R was higher than levels in splenocytes derived 
from mice that express Cre under the transcriptional 
control of  the B lineage-restricted CD19 gene. (CD19Cre 
mice). Furthermore, serum concentrations of  sIL-2R 
in RzCD19Cre mice that developed B-cell lymphomas 
were higher. Serum sIL-2Rα levels above 1000 pg/mL 
were highly suggestive for the development of  B-cell 
lymphomas in RzCD19Cre mice[38].

Chronic antigenic stimulation is thought to be impor-
tant in the pathogenesis of  HCV-related B-cell NHL .The 
immune response that occurs in HCV-positive patients 
against one HCV antigen, the E2 envelope glycoprotein 
(E2), suggests that the restricted V gene observed in lym-
phoproliferative disorders may be linked to this antigen. 
V-region genes from human anti-E2 antibodies derived 
from B cells of  HCV-infected individuals show a similar 
V gene bias to that observed in HCV-associated mixed 
cryoglobulinemia and NHL[39,40]. These studies implicate 
the specific immune response against the E2 antigen in 
the pathogenesis of  B-cell lymphoproliferative diseases 
and, potentially, in HCV-associated lymphomas. The E2 
protein may be the antigen involved in driving B cell pro-
liferation. B cells bind E2 via their specific B-cell receptor 
and could engage both B-cell receptor and CD19/CD21/

CD81 (tetraspanin) signaling complexes simultaneous-
ly[41,42]. Furthermore, the HCV core protein induces IL-10 
expression in mouse splenocytes[43] and IL-10 upregulates 
expression of  IL-2R (Tac/CD25) in normal and leuke-
mic B lymphocytes[44]. Therefore, IL-10 and IL-2R might 
induce B cell transformation and B-cell NHL. The induc-
tion of  IL-2, IL-10, and Bcl-2 by the HCV core protein 
and the induction of  IL-12 by E2 have been proposed as 
mechanisms that play a major role in lymphomagenesis[43].

Striking geographic differences in the prevalence of  
lymphoproliferative disease have been found, suggest-
ing that genetic and/or environmental factors are also 
involved in the pathogenesis of  this disorder. The preva-
lence is higher in Italy, the United States, Brazil, and Ja-
pan, but not in other countries where the prevalence of  
HCV infection in the general population is lower, such 
as in Canada. A total of  100 patients with B-cell lympho-
ma (10 high grade 46 intermediate grade 44 low grade) 
and 100 controls with non-hematological malignancies 
were studied in North America. None of  the controls 
or lymphoma patients had antibodies to HCV, suggest-
ing that HCV is unlikely to play an important role in the 
pathogenesis of  B-cell lymphoma in North America. 
In contrast, a study of  another general population was 
performed in patients of  second-generation Danish-
Swedish origin, and it was found that the presence of  
HCV infection was a risk factor for the development of  
NHL despite the low prevalence of  HCV infection in 
this population[10,18,45-51]. Factors that can contribute to 
geographic differences include the prevalence of  HCV 
infection in the general population-HCV appears to be 
associated with B-cell NHL mainly in countries such 
as Italy, where HCV is highly prevalent[52]; HCV geno-
type[53]; and the type of  virology testing used, since the 
detection of  HCV antibodies without testing for HCV 
RNA may underestimate the true rate of  HCV infection 
in NHL patients[54].

Findings against the association between HCV and NLH
In addition to the findings described above, data have 
been collected in recent years that argue against an asso-
ciation between HCV infection and lymphoproliferative 
disorders. One study from India showed that the inci-
dence of  HCV infection was 1% in patients with NHL 
and 0% in patients with chronic lymphocytic leukemia[55]. 
In another case-controlled study from Pakistan, the prev-
alence of  HCV infection was not significantly different in 
143 lymphoma patients compared with 29 controls (5% vs 
3.4%, respectively)[56]. A prospective case-controlled study 
assessed whether HCV infection preceded the develop-
ment of  NHL by examining the serum of  95 subjects 
with NHL diagnosed at a mean 21 years after screening 
for anti-HCV antibodies and HCV RNA. In this study, 
samples from four of  95 case subjects and one of  95 
matched control subjects had repeatedly reactive HCV 
enzyme-linked immunosorbent assay enzyme-linked im-
munosorbent assays. None of  these cases, however, were 
confirmed HCV seropositive by third generation strip 
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immunoblot assay (RIBA-3). Furthermore, none of  the 
serum samples from case subjects were found to be HCV 
RNA-positive by real time PCR (RT-PCR). Based on this 
study, HCV infection acquired during early adulthood 
was determined to not be a risk factor for subsequent 
B-cell neoplasia over the course of  a patient’s lifetime[49].

Another study exploring the association between HCV 
and HBV infections with lymphoproliferative diseases[18] 
showed no significant association between the presence 
of  anti-HCV antibodies and the risk of  developing NHL, 
multiple myeloma, or Hodgkin’s lymphoma. This study 
did find that chronic HBV infection may increase the risk 
of  lymphoid malignancies.

In a prospective study of  2162 patients with HCV 
infection in Japan, the incidence of  NHL was not consid-
erably elevated (only four of  the 2162 patients with HCV 
had NHL); however, the median follow-up time was less 
than 6 years. This short follow-up period may explain the 
low rate of  NHL in this study since NHL may typically 
develop only after long-standing HCV infection[57]. In an-
other study of  2,533 female patients infected with HCV, 
an association between HCV infection and NHL was not 
observed[58].

Several studies have failed to find an association be-
tween HCV infection and lymphoma subtypes such as 
mucosa-associated lymphoid tissue lymphoma of  the 
stomach[48,59-62]. Furthermore, a study of  HIV-positive pa-
tients with concurrent HCV infection revealed that HCV 
infection was not associated with an increased risk of  de-
veloping NHL. In addition, no relationship between NHL 
risk and anti-HBcAg or anti-HBsAg was found[19].

CONCLUSION
In conclusion, lymphomagenesis is a multifactorial pro-
cess in which genetic, environmental, and infectious fac-
tors can all be involved.

The above review described some studies that found 
a strong association between HCV infection and the 
development of  lymphoma, particularly non-Hodgkin 
lymphoma one of  the regions for this strong association 
between HCV and lymphoproliferative disease can be 
due to the overrepresentation of  lymphoplasmacytoid 
lymphomas/immunocytomas relative to other B-NHL 
histotypes in several studies is likely the result of  a se-
lection bias towards the inclusion of  patients with type 
Ⅱ MC in these centers, and this reason might account 
for the apparently high prevalence of  HCV infection in 
B-NHL patients in these series[63]. The studies presented 
here that showed a lack of  association between HCV 
infection and lymphoma may have been influenced by 
small sample size, short follow-up periods,and geograph-
ic variation. We believe this field of  study would benefit 
from further prospective trials.

REFERENCES
1 Peña LR, Nand S, De Maria N, Van Thiel DH. Hepatitis C 

virus infection and lymphoproliferative disorders. Dig Dis 

Sci 2000; 45: 1854-1860 [PMID: 11052331]
2 Ferri C, Caracciolo F, Zignego AL, La Civita L, Monti M, Lon-

gombardo G, Lombardini F, Greco F, Capochiani E, Mazzoni 
A. Hepatitis C virus infection in patients with non-Hodgkin’
s lymphoma. Br J Haematol 1994; 88: 392-394 [PMID: 7803287 
DOI: 10.1111/j.1365-2141.1994.tb05036.x]

3 Idilman R, Colantoni A, De Maria N, Alkan S, Nand S, Van 
Thiel DH. Lymphoproliferative disorders in chronic hepa-
titis C. J Viral Hepat 2004; 11: 302-309 [PMID: 15230852 DOI: 
10.1111/j.1365-2893.2004.00480.x]

4 Agnello V, Chung RT, Kaplan LM. A role for hepatitis C virus 
infection in type II cryoglobulinemia. N Engl J Med 1992; 327: 
1490-1495 [PMID: 1383822 DOI: 10.1056/NEJM199211193272104]

5 Misiani R, Bellavita P, Fenili D, Borelli G, Marchesi D, Mas-
sazza M, Vendramin G, Comotti B, Tanzi E, Scudeller G. 
Hepatitis C virus infection in patients with essential mixed 
cryoglobulinemia. Ann Intern Med 1992; 117: 573-577 [PMID: 
1326246 DOI: 10.7326/0003-4819-117-7-573]

6 De Rosa G, Gobbo ML, De Renzo A, Notaro R, Garofalo S, 
Grimaldi M, Apuzzo A, Chiurazzi F, Picardi M, Matarazzo 
M, Rotoli B. High prevalence of hepatitis C virus infection in 
patients with B-cell lymphoproliferative disorders in Italy. 
Am J Hematol 1997; 55: 77-82 [PMID: 9209002]

7 Mizorogi F, Hiramoto J, Nozato A, Takekuma Y, Nagayama 
K, Tanaka T, Takagi K. Hepatitis C virus infection in pa-
tients with B-cell non-Hodgkin’s lymphoma. Intern Med 
2000; 39: 112-117 [PMID: 10732826 DOI: 10.2169/internal-
medicine.39.112]

8 Montella M, Crispo A, Frigeri F, Ronga D, Tridente V, De 
Marco M, Fabbrocini G, Spada O, Mettivier V, Tamburini M. 
HCV and tumors correlated with immune system: a case-
control study in an area of hyperendemicity. Leuk Res 2001; 25: 
775-781 [PMID: 11489471 DOI: 10.1016/S0145-2126(01)00027-3]

9 Vallisa D, Bertè R, Rocca A, Civardi G, Giangregorio F, Fer-
rari B, Sbolli G, Cavanna L. Association between hepatitis 
C virus and non-Hodgkin’s lymphoma, and effects of viral 
infection on histologic subtype and clinical course. Am J 
Med 1999; 106: 556-560 [PMID: 10335728 DOI: 10.1016/
S0002-9343(99)00069-8]

10 Zuckerman E, Zuckerman T, Levine AM, Douer D, Gutekunst 
K, Mizokami M, Qian DG, Velankar M, Nathwani BN, Fong 
TL. Hepatitis C virus infection in patients with B-cell non-
Hodgkin lymphoma. Ann Intern Med 1997; 127: 423-428 
[PMID: 9312998 DOI: 10.7326/0003-4819-127-6-199709150-0
0002]

11 Cavanna L, Sbolli G, Tanzi E, Romanò L, Civardi G, Bus-
carini E, Vallisa D, Berté R, Rossi A. High prevalence of 
antibodies to hepatitis C virus in patients with lymphopro-
liferative disorders. Haematologica 1995; 80: 486-487 [PMID: 
8566896]

12 Luppi M, Grazia Ferrari M, Bonaccorsi G, Longo G, Narni 
F, Barozzi P, Marasca R, Mussini C, Torelli G. Hepatitis C 
virus infection in subsets of neoplastic lymphoproliferations 
not associated with cryoglobulinemia. Leukemia 1996; 10: 
351-355 [PMID: 8637247]

13 Giannelli F, Moscarella S, Giannini C, Caini P, Monti M, 
Gragnani L, Romanelli RG, Solazzo V, Laffi G, La Villa G, 
Gentilini P, Zignego AL. Effect of antiviral treatment in 
patients with chronic HCV infection and t(14; 18) translo-
cation. Blood 2003; 102: 1196-1201 [PMID: 12689948 DOI: 
10.1182/blood-2002-05-1537]

14 Hermine O, Lefrère F, Bronowicki JP, Mariette X, Jondeau K, 
Eclache-Saudreau V, Delmas B, Valensi F, Cacoub P, Brechot 
C, Varet B, Troussard X. Regression of splenic lymphoma 
with villous lymphocytes after treatment of hepatitis C vi-
rus infection. N Engl J Med 2002; 347: 89-94 [PMID: 12110736 
DOI: 10.1056/NEJMoa013376]

15 Yamac K, Aydemir S, Ozturk G, Fen T, Senol E. Hepatitis 
C infection in lymphoma patients in a Turkish center. Eur 
J Epidemiol 2000; 16: 685 [PMID: 11078127 DOI: 10.1023/
A:1007649227753]

16200 November 21, 2014|Volume 20|Issue 43|WJG|www.wjgnet.com

Khoury T et al . Hepatitus C and lymphoproliferative disease



16 Franceschi S, Polesel J, Rickenbach M, Dal Maso L, Probst-
Hensch NM, Fux C, Cavassini M, Hasse B, Kofler A, Led-
ergerber B, Erb P, Clifford GM. Hepatitis C virus and non-
Hodgkin’s lymphoma: Findings from the Swiss HIV Cohort 
Study. Br J Cancer 2006; 95: 1598-1602 [PMID: 17106439 DOI: 
10.1038/sj.bjc.6603472]

17 Shirin H, Davidovitz Y, Avni Y, Petchenko P, Krepel Z, 
Bruck R, Meytes D. Prevalence of hepatitis C virus infection 
in patients with lymphoproliferative disorders. Isr Med As-
soc J 2002; 4: 24-27 [PMID: 11802304]

18 Mele A, Pulsoni A, Bianco E, Musto P, Szklo A, Sanpaolo 
MG, Iannitto E, De Renzo A, Martino B, Liso V, Andrizzi 
C, Pusterla S, Dore F, Maresca M, Rapicetta M, Marcucci F, 
Mandelli F, Franceschi S. Hepatitis C virus and B-cell non-
Hodgkin lymphomas: an Italian multicenter case-control 
study. Blood 2003; 102: 996-999 [PMID: 12714514 DOI: 
10.1182/blood-2002-10-3230]

19 Andreone P, Gramenzi A, Cursaro C, Bernardi M, Zignego 
AL. Monoclonal gammopathy in patients with chronic hep-
atitis C virus infection. Blood 1996; 88: 1122 [PMID: 8704223]

20 Zignego AL, Ferri C, Giannini C, Monti M, La Civita L, 
Careccia G, Longombardo G, Lombardini F, Bombardieri S, 
Gentilini P. Hepatitis C virus genotype analysis in patients 
with type II mixed cryoglobulinemia. Ann Intern Med 1996; 
124: 31-34 [PMID: 7503475 DOI: 10.7326/0003-4819-124-1_P
art_1-199601010-00006]

21 Chuang SS, Liao YL, Chang ST, Hsieh YC, Kuo SY, Lu CL, 
Hwang WS, Lin IH, Tsao CJ, Huang WT. Hepatitis C virus 
infection is significantly associated with malignant lym-
phoma in Taiwan, particularly with nodal and splenic mar-
ginal zone lymphomas. J Clin Pathol 2010; 63: 595-598 [PMID: 
20530156 DOI: 10.1136/jcp.2010.076810]

22 Silvestri F, Pipan C, Barillari G, Zaja F, Fanin R, Infanti L, 
Russo D, Falasca E, Botta GA, Baccarani M. Prevalence of 
hepatitis C virus infection in patients with lymphoprolifera-
tive disorders. Blood 1996; 87: 4296-4301 [PMID: 8639788]

23 Gisbert JP, García-Buey L, Pajares JM, Moreno-Otero R. 
Prevalence of hepatitis C virus infection in B-cell non-Hodg-
kin’s lymphoma: systematic review and meta-analysis. 
Gastroenterology 2003; 125: 1723-1732 [PMID: 14724825 DOI: 
10.1053/j.gastro.2003.09.025]

24 Saadoun D, Suarez F, Lefrere F, Valensi F, Mariette X, Aou-
ba A, Besson C, Varet B, Troussard X, Cacoub P, Hermine 
O. Splenic lymphoma with villous lymphocytes, associated 
with type II cryoglobulinemia and HCV infection: a new en-
tity? Blood 2005; 105: 74-76 [PMID: 15353484 DOI: 10.1182/
blood-2004-05-1711]

25 Kawamura Y, Ikeda K, Arase Y, Yatsuji H, Sezaki H, Hosa-
ka T, Akuta N, Kobayashi M, Suzuki F, Suzuki Y, Kumada H. 
Viral elimination reduces incidence of malignant lymphoma 
in patients with hepatitis C. Am J Med 2007; 120: 1034-1041 
[PMID: 18060923 DOI: 10.1016/j.amjmed.2007.06.022]

26 Misiani R, Bellavita P, Fenili D, Vicari O, Marchesi D, Sironi 
PL, Zilio P, Vernocchi A, Massazza M, Vendramin G. Inter-
feron alfa-2a therapy in cryoglobulinemia associated with 
hepatitis C virus. N Engl J Med 1994; 330: 751-756 [PMID: 
8107741 DOI: 10.1056/NEJM199403173301104]

27 Mazzaro C, Franzin F, Tulissi P, Pussini E, Crovatto M, Car-
niello GS, Efremov DG, Burrone O, Santini G, Pozzato G. Re-
gression of monoclonal B-cell expansion in patients affected 
by mixed cryoglobulinemia responsive to alpha-interferon 
therapy. Cancer 1996; 77: 2604-2613 [PMID: 8640712]

28 Machida K, Cheng KT, Pavio N, Sung VM, Lai MM. Hepa-
titis C virus E2-CD81 interaction induces hypermutation 
of the immunoglobulin gene in B cells. J Virol 2005; 79: 
8079-8089 [PMID: 15956553 DOI: 10.1128/JVI.79.13.8079-808
9.2005]

29 Machida K, Cheng KT, Sung VM, Shimodaira S, Lindsay 
KL, Levine AM, Lai MY, Lai MM. Hepatitis C virus induces 
a mutator phenotype: enhanced mutations of immunoglob-

ulin and protooncogenes. Proc Natl Acad Sci USA 2004; 101: 
4262-4267 [PMID: 14999097 DOI: 10.1073/pnas.0303971101]

30 Machida K, Kondo Y, Huang JY, Chen YC, Cheng KT, Keck 
Z, Foung S, Dubuisson J, Sung VM, Lai MM. Hepatitis C 
virus (HCV)-induced immunoglobulin hypermutation re-
duces the affinity and neutralizing activities of antibodies 
against HCV envelope protein. J Virol 2008; 82: 6711-6720 
[PMID: 18417597 DOI: 10.1128/JVI.02582-07]

31 Wasik MA, Sioutos N, Tuttle M, Butmarc JR, Kaplan WD, 
Kadin ME. Constitutive secretion of soluble interleukin-2 
receptor by human T cell lymphoma xenografted into SCID 
mice. Correlation of tumor volume with concentration of 
tumor-derived soluble interleukin-2 receptor in body fluids 
of the host mice. Am J Pathol 1994; 144: 1089-1097 [PMID: 
8178932]

32 Tsai MH, Chiou SH, Chow KC. Effect of platelet activating 
factor and butyrate on the expression of interleukin-2 re-
ceptor alpha in nasopharyngeal carcinoma cells. Int J Oncol 
2001; 19: 1049-1055 [PMID: 11605008]

33 Yano T, Yoshino I, Yokoyama H, Fukuyama Y, Takai E, 
Asoh H, Ichinose Y. The clinical significance of serum solu-
ble interleukin-2 receptors in lung cancer. Lung Cancer 1996; 
15: 79-84 [PMID: 8865125 DOI: 10.1016/0169-5002(96)00572-
7]

34 Tesarová P, Kvasnicka J, Umlaufová A, Homolková H, Jirsa M, 
Tesar V. Soluble TNF and IL-2 receptors in patients with breast 
cancer. Med Sci Monit 2000; 6: 661-667 [PMID: 11208388]

35 Macciò A, Lai P, Santona MC, Pagliara L, Melis GB, Man-
tovani G. High serum levels of soluble IL-2 receptor, cytokines, 
and C reactive protein correlate with impairment of T cell 
response in patients with advanced epithelial ovarian cancer. 
Gynecol Oncol 1998; 69: 248-252 [PMID: 9648596 DOI: 10.1006/
gyno.1998.4974]

36 Matsumoto T, Furukawa A, Sumiyoshi Y, Akiyama KY, 
Kanayama HO, Kagawa S. Serum levels of soluble inter-
leukin-2 receptor in renal cell carcinoma. Urology 1998; 51: 
145-149 [PMID: 9457310 DOI: 10.1016/S0090-4295(97)00476-7]

37 Zekri AR, Alam El-Din HM, Bahnassy AA, Zayed NA, 
Mohamed WS, El-Masry SH, Gouda SK, Esmat G. Serum 
levels of soluble Fas, soluble tumor necrosis factor-receptor 
II, interleukin-2 receptor and interleukin-8 as early predic-
tors of hepatocellular carcinoma in Egyptian patients with 
hepatitis C virus genotype-4. Comp Hepatol 2010; 9: 1 [PMID: 
20051112 DOI: 10.1186/1476-5926-9-1]

38 Kasama Y, Sekiguchi S, Saito M, Tanaka K, Satoh M, Kuwa-
hara K, Sakaguchi N, Takeya M, Hiasa Y, Kohara M, Tsu-
kiyama-Kohara K. Persistent expression of the full genome 
of hepatitis C virus in B cells induces spontaneous develop-
ment of B-cell lymphomas in vivo. Blood 2010; 116: 4926-4933 
[PMID: 20733156 DOI: 10.1182/blood-2010-05-283358]

39 Allander T, Drakenberg K, Beyene A, Rosa D, Abrignani 
S, Houghton M, Widell A, Grillner L, Persson MA. Recom-
binant human monoclonal antibodies against different 
conformational epitopes of the E2 envelope glycoprotein of 
hepatitis C virus that inhibit its interaction with CD81. J Gen 
Virol 2000; 81: 2451-2459 [PMID: 10993933]

40 Chan CH, Hadlock KG, Foung SK, Levy S. V(H)1-69 gene 
is preferentially used by hepatitis C virus-associated B cell 
lymphomas and by normal B cells responding to the E2 vi-
ral antigen. Blood 2001; 97: 1023-1026 [PMID: 11159532 DOI: 
10.1182/blood.V97.4.1023]

41 Pileri P, Uematsu Y, Campagnoli S, Galli G, Falugi F, Petrac-
ca R, Weiner AJ, Houghton M, Rosa D, Grandi G, Abrignani 
S. Binding of hepatitis C virus to CD81. Science 1998; 282: 
938-941 [PMID: 9794763 DOI: 10.1126/science.282.5390.938]

42 Quinn ER, Chan CH, Hadlock KG, Foung SK, Flint M, Levy 
S. The B-cell receptor of a hepatitis C virus (HCV)-associated 
non-Hodgkin lymphoma binds the viral E2 envelope pro-
tein, implicating HCV in lymphomagenesis. Blood 2001; 98: 
3745-3749 [PMID: 11739181 DOI: 10.1182/blood.V98.13.3745]

16201 November 21, 2014|Volume 20|Issue 43|WJG|www.wjgnet.com

Khoury T et al . Hepatitus C and lymphoproliferative disease



43 Machida K, Tsukiyama-Kohara K, Sekiguch S, Seike E, Tóne 
S, Hayashi Y, Tobita Y, Kasama Y, Shimizu M, Takahashi H, 
Taya C, Yonekawa H, Tanaka N, Kohara M. Hepatitis C vi-
rus and disrupted interferon signaling promote lymphopro-
liferation via type II CD95 and interleukins. Gastroenterology 
2009; 137: 285-296, 296.e1-e11 [PMID: 19362089]

44 Fluckiger AC, Garrone P, Durand I, Galizzi JP, Banchereau 
J. Interleukin 10 (IL-10) upregulates functional high affin-
ity IL-2 receptors on normal and leukemic B lymphocytes. J 
Exp Med 1993; 178: 1473-1481 [PMID: 8228801 DOI: 10.1084/
jem.178.5.1473]

45 Talamini R, Montella M, Crovatto M, Dal Maso L, Crispo A, 
Negri E, Spina M, Pinto A, Carbone A, Franceschi S. Non-
Hodgkin’s lymphoma and hepatitis C virus: a case-control 
study from northern and southern Italy. Int J Cancer 2004; 
110: 380-385 [PMID: 15095303 DOI: 10.1002/ijc.20137]

46 King PD, Wilkes JD, Diaz-Arias AA. Hepatitis C virus infec-
tion in non-Hodgkin’s lymphoma. Clin Lab Haematol 1998; 20: 
107-110 [PMID: 9681221 DOI: 10.1046/j.1365-2257.1998.00110.
x]

47 Kashyap A, Nademanee A, Molina A. Hepatitis C and B-cell 
lymphoma. Ann Intern Med 1998; 128: 695 [PMID: 9537949 
DOI: 10.7326/0003-4819-128-8-199804150-00022]

48 Chindamo MC, Spector N, Segadas JA, Pimenta G, Vander-
borght B, Morais JC, Milito C, Moraes Coelho HS. Preva-
lence of hepatitis C infection in patients with non-Hodgkin’
s lymphomas. Oncol Rep 2002; 9: 657-659 [PMID: 11956646]

49 Rabkin CS, Tess BH, Christianson RE, Wright WE, Waters 
DJ, Alter HJ, Van Den Berg BJ. Prospective study of hepa-
titis C viral infection as a risk factor for subsequent B-cell 
neoplasia. Blood 2002; 99: 4240-4242 [PMID: 12010836 DOI: 
10.1182/blood-2002-01-0226]

50 Collier JD, Zanke B, Moore M, Kessler G, Krajden M, Shep-
herd F, Heathcote J. No association between hepatitis C and 
B-cell lymphoma. Hepatology 1999; 29: 1259-1261 [PMID: 
10094973 DOI: 10.1002/hep.510290422]

51 Schöllkopf C, Smedby KE, Hjalgrim H, Rostgaard K, Pa-
num I, Vinner L, Chang ET, Glimelius B, Porwit A, Sund-
ström C, Hansen M, Adami HO, Melbye M. Hepatitis C 
infection and risk of malignant lymphoma. Int J Cancer 2008; 
122: 1885-1890 [PMID: 18271005 DOI: 10.1002/ijc.23416]

52 Silvestri F, Baccarani M. Hepatitis C virus-related lympho-
mas. Br J Haematol 1997; 99: 475-480 [PMID: 9401053 DOI: 
10.1046/j.1365-2141.1997.4023216.x]

53 Silvestri F, Barillari G, Fanin R, Pipan C, Falasca E, Salmaso 
F, Zaja F, Infanti L, Patriarca F, Botta GA, Baccarani M. The 
genotype of the hepatitis C virus in patients with HCV-
related B cell non-Hodgkin’s lymphoma. Leukemia 1997; 11: 

2157-2161 [PMID: 9447835 DOI: 10.1038/sj.leu.2400869]
54 Mazzaro C, Zagonel V, Monfardini S, Tulissi P, Pussini E, 

Fanni M, Sorio R, Bortolus R, Crovatto M, Santini G, Tiri-
belli C, Sasso F, Masutti R, Pozzato G. Hepatitis C virus and 
non-Hodgkin’s lymphomas. Br J Haematol 1996; 94: 544-550 
[PMID: 8790157 DOI: 10.1046/j.1365-2141.1996.6912313.x]

55 Varma S, Dhiman RK, Srivastava D, Malhotra P, Chawla 
Y. Absence of hepatitis C virus infection among patients 
with lymphoproliferative disorders in northern India. Gas-
troenterology 2004; 126: 1498-1499; author reply 1499 [PMID: 
15131829 DOI: 10.1053/j.gastro.2004.03.045]

56 Bilwani F, Zaidi Y, Kakepoto GN, Adil SN, Khurshid M. 
Prevalence of hepatitis C virus in lymphoproliferative dis-
orders. J Pak Med Assoc 2004; 54: 202-206 [PMID: 15241999]

57 Ohsawa M, Shingu N, Miwa H, Yoshihara H, Kubo M, Tsu-
kuma H, Teshima H, Hashimoto M, Aozasa K. Risk of non-
Hodgkin’s lymphoma in patients with hepatitis C virus infec-
tion. Int J Cancer 1999; 80: 237-239 [PMID: 9935205]

58 Meisel H, Reip A, Faltus B, Lu M, Porst H, Wiese M, Roggen-
dorf M, Krüger DH. Transmission of hepatitis C virus to chil-
dren and husbands by women infected with contaminated 
anti-D immunoglobulin. Lancet 1995; 345: 1209-1211 [PMID: 
7537841 DOI: 10.1016/S0140-6736(95)91992-9]

59 Zucca E, Roggero E, Maggi-Solcà N, Conconi A, Bertoni F, 
Reilly I, Castelli D, Pedrinis E, Piffaretti JC, Cavalli F. Preva-
lence of Helicobacter pylori and hepatitis C virus infections 
among non-Hodgkin’s lymphoma patients in Southern Swit-
zerland. Haematologica 2000; 85: 147-153 [PMID: 10681721]

60 Luppi M, Longo G, Ferrari MG, Barozzi P, Marasca R, Mor-
selli M, Valenti C, Mascia T, Vandelli L, Vallisa D, Cavanna L, 
Torelli G. Clinico-pathological characterization of hepatitis 
C virus-related B-cell non-Hodgkin’s lymphomas without 
symptomatic cryoglobulinemia. Ann Oncol 1998; 9: 495-498 
[PMID: 9653489 DOI: 10.1023/A:1008255830453]

61 Sánchez Ruiz AC, Yebra Bango M, Portero F, Provencio Pul-
la M, Miralles Flores C, España Saz P. [Prevalence of hepatitis 
C virus infection in patients with non-Hodgkin’s lymphoma]. 
Med Clin (Barc) 2001; 116: 333-334 [PMID: 11333763 DOI: 
10.1016/S0025-7753(01)71818-0]

62 Ellenrieder V, Weidenbach H, Frickhofen N, Michel D, Prüm-
mer O, Klatt S, Bernas O, Mertens T, Adler G, Beckh K. HCV 
and HGV in B-cell non-Hodgkin’s lymphoma. J Hepatol 1998; 
28: 34-39 [PMID: 9537861 DOI: 10.1016/S0168-8278(98)80199-2]

63 Germanidis G, haioun C, Dhumeaux D, Reyes F, Pawlotsky 
JM. Hepatitis C virus infection, mixed cryoglobulinemia, and 
B-cell non-Hodgkin’s lymphoma. Hepatology 1999; 30: 822-823 
[PMID: 10490376 DOI: 10.1002/hep.510300323]

P- Reviewer: Germanidis G    S- Editor: Qi Y    
L- Editor: A    E- Editor: Liu XM

16202 November 21, 2014|Volume 20|Issue 43|WJG|www.wjgnet.com

Khoury T et al . Hepatitus C and lymphoproliferative disease



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

4   3


	16197
	WJGv20i43-The Back cover

