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HCV Infection and Lymphoproliferative 
Disorders 
Mixed cryoglobulinaemia 
The most documented extrahepatic manifestation of 
HCV infection is essential mixed cryoglobulinaemia 
(EMC). This topic has been the object of a previous, 
exhaustive, review by Lunel & Musset (1). Briefly, 
EMC is characterised by the presence of temperature- 
sensitive protein complexes: in type II EMC, cryoglob- 
ulins are composed of a monoclonal rheumatoid factor 
(RF) (usually IgMK) against polyclonal IgG. In type 
III EMC, all components are polyclonal. Since mono- 
or polyclonal B lymphocyte expansion is responsible 
for cryoglobulin production, EMC may be considered 
a lymphoproliferative disorder (LPD). Due to the fact 
that EMC frequently coexists with bone marrow as- 
pects of B-cell non-Hodgkin’s lymphoma (NHL) and 
may evolve, in about 58% of cases, into a frank B- 
cell malignancy, it may be considered a “borderline” 
(benign/malignant) LPD. 

Evidence in favour of a pathogenetic link between 
EMC and HCV derives from a series of data including, 
first, the very high prevalence of HCV markers in 
EMC patients (l-8) with detection of HCV sequences 
in peripheral and bone marrow mononuclear cells in 
most patients, also in the absence of viraemia (9). The 
characteristic occurrence of EMC in patients with a 
longer history of HCV infection and/or elevated age 
suggests that EMC development depends on the length 
of infection (l,lO, 11). In the single patient, however, 
inherited or acquired factors predisposing to LPDs 
may accelerate the occurrence of cryoglobulinaemia 
and worsen corresponding clinical manifestations, as 
also suggested by observations made in patients receiv- 
ing a liver graft for HCV-related cirrhosis (12). 
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With respect to viral factors possibly involved in the 
pathogenesis of EMC/HCV, the majority of studies 
agree that no HCV genotype is specifically related to 
EMC, and that the more prevalent genotype observed 
in HCV-related EMC is the one most prevalent in the 
general HCV-positive population of the same geo- 
graphical area.( 1 , 1 1,13). However, a high prevalence of 
genotype 2 in EMC patients was observed in Italy 
(11,13-l 5). In some cases, this viral type was only ob- 
served in lymphatic cells (11). Therefore, it is still de- 
batable whether or not different viral types might exert 
a lesser or more important influence in favouring the 
appearance of LPDs. Indeed, it is interesting to note 
the intense stimulation of the lymphatic system re- 
ported during HCV type 2 infection (1617) as well as 
the recently observed high frequency of this type in 
different HCV-positive B-cell LPDs (18,19). Differ- 
ences in the geographical distribution of this subtype 
may account, at least in part, for the discrepancies 
among available data on the prevalence of HCV geno- 
types in EMC patients. 

Results of interferon treatment in EMC patients rep- 
resent an indirect proof for the pathogenetic link be- 
tween EMC and HCV infection (1). Controlled trials 
have now defined the efficacy of IFN alpha in the treat- 
ment of EMC. Response to IFN can be achieved in more 
than 50% of patients and includes improvement of cu- 
taneous vasculitis and renal function, reduction in hepa- 
titis C viraemia, serum cryoglobulin concentration, and 
IgM RF synthesis (5,20). However, almost 80% of re- 
sponders eventually have a clinical and biochemical re- 
lapse. Additional studies are therefore required to im- 
prove the outcome and extension of this therapy. 

Lymphoma 
The association between HCV infection and B-cell 
non-Hodgkin’s lymphoma (NHL) has been reported 
both in patients with HCV-related type II EMC (EMC/ 
NHL) (13,21-23) and in patients without EMC (non- 
EMC-associated or “idiopathic” NHL) (24-37). As in 
EMC-associated NHL, “idiopathic” NHL also ap- 
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pears after long-lasting HCV infection (29). Many of 

these studies have been, so far, performed in Italy and 

there are some discordant reports from other geo- 

graphical areas (38,39). With respect to the possible 

association between HCV infection and different 

LPDs, a common observation is the lack of an associ- 

ation between HCV and non-B-LPDs (i.e., Hodgkin’s 

lymphoma or T’-NHL) (32,37). The relationship be- 

tween HCV infection and other B-cell LPDs, such as 

chronic lymphocytic leukaemia, Waldenstrom’s macro- 

globulinaemia, multiple myeloma, and different mono- 

clonal gammopathies, has been suggested and remains 

open to discussion (19,25,37,40). 

Taken together, the available data suggest the hypo- 

thesis that HCV infection is associated with B cell 

LPDs of different clinico-pathological characteristics, 

probably representing a predisposing factor that acts 

in a remote stage of their pathogenesis. 

Other Extrahepatic Diseases 
There are a series of disorders for which an association 

with HCV infection has been suggested, frequently 

without sufficient confirmation. These include idio- 

pathic pulmonary fibrosis, lichen planus, Sjiigren syn- 

drome, Mooren cornea1 ulcers, autoimmune thyroid- 

itis, and porphyria cutanea tarda. A pathogenetic link 

between HCV infection and some of these disorders 

has been suggested also on the basis of the response to 

antiviral therapy (41). Furthermore, in some cases, 

anti-viral treatment with interferon has been suggested 

actually to be responsible for the association. This may 

be the case in autoimmune phenomena involving the 

thyroid. 

Autoimmune thyroiditis 

A high prevalence of thyroid dysfunction and anti-thy- 

roid antibodies including thyroid microsomal, thyreo- 

globulin and thyroid peroxidase antibodies, has been 

found in up to 30% of chronic HCV infections. How- 

ever, some investigations were unable to find either a 

higher prevalence of HCV infection in patients with 

Hashimoto’s thyroiditis (42) or an increased preva- 

lence of thyroid dysfunction and antithyroid peroxi- 

dase antibodies in blood donors with HCV infection 

in comparison to controls (43). These patients may be 

particularly susceptible to the development of Hashim- 

oto’s thyroiditis or Grave’s disease following therapy 

with alpha interferon and to the direct reduction by r- 

IFN-alpha of the intrathyroidal organification of iod- 

ine (44). In fact, thyroid dysfunction is not infrequently 

observed in patients receiving r-IFN-alpha therapy be- 

cause of chronic active hepatitis of different aeti- 

ologies, and lFN-alpha therapy may induce, reveal or 

exacerbate various autoimmune-related disorders. In 

light of these data it is possible that cooperation be- 

tween IFN and HCV takes place in treated patients 

and that HCV infection plays a contributory role in 

the pathogenesis of such disorders. 

Other associations may, at least in part, overlap with 

the already-described extrahepatic manifestations of 

HCV infection. This is the case, for example, in the 

suggested link between HCV infection and Sjogren’s 

syndrome (SS) or idiopathic pulmonary fibrosis (IPF). 

Sjiigren’s syndrome 

Different viruses (i.e., herpes virus and retrovirus) have 

been suspected to play a role in triggering lymphoid 

proliferation, which, like EMC, may culminate in the 

development of a malignant lymphoma. A close re- 

lationship between SS and HCV has been shown by 

epidemiological studies (45,46) and the coexistence of 

EMC in patients with HCV-associated SS has been 

suggested (46). However, the pathogenetic role of HCV 

infection in the development of SS, as well as the 

characteristics distinguishing classical SS from the 

HCV-associated syndrome, have been an object of de- 

bate (47). More recently. observations of the presence 

of a typical autoimmune sialadenitis in HCV-positive 

subjects, similar to that described in primary SS 

(48,49), as well as experimental data, suggest that HCV 

might effectively be involved in the pathogenesis of this 

syndrome. In this respect, transgenic mice carrying the 

HCV envelope genes have recently been shown to de- 

velop an exocrinopathy involving salivary and lacrym- 

al glands, which strongly resembles SS (50). In con- 

sideration of the frequent association of SS with EMC 

in HCV-positive patients, as well as of the possible evo- 

lution of SS into a B-cell NHL (35,36,5 1,52), the syn- 

drome observed in infected patients may be interpreted 

as one of the possible clinical manifestations of the 

HCV-related lymphoproliferative disorder. 

Idiopathic pulmonary $brosis 

A pathogenetic link between HCV infection and IPF 

has been suggested because of the higher frequency of 

HCV markers in IPF patients than in normal controls 

(53,54) and the observation that some patients with 

HCV-positive chronic hepatitis treated with IFN-alpha 

developed pulmonary fibrosis. Moreover, there was an 

increased count of lymphocytes and neutrophils in 

bronchoalveolar lavage fluid in patients with HCV 

chronic infection (55) suggesting that HCV infection 

may trigger alveolitis (55). However, there are conflict- 

ing epidemiological data, mainly from the UK, making 

this association an object of debate (56). The fact that 

EMC may be complicated by interstitial lung involve- 
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ment suggests that the association between HCV and 
IPF may be indirect, at least in some cases, and due to 
surrounding HCV-related EMC. In a study we recently 
performed in a group of HCV chronically infected pa- 
tients with IPF, interstitial lung involvement appeared 
medially 4.553.2 SD. years after the clinical onset of 
chronic hepatitis and was associated with some rheu- 
matic symptoms and serum cryoglobulins and/or auto- 
antibodies (57). 

Dermatological manifestations 
Apart from the palpable purpura due to leukocytoclas- 
tic vasculitis, which is the most frequently observed 
dermatological manifestation of HCV-related EMC, 
HCV infection has also been associated with a series 
of different cutaneous disorders, including sporadic 
porphyria cutanea tarda (PCT) and cutaneous and/or 
mucosal lichen planus (LP). 

A strong association between sporadic PCT and 
HCV infection has been proposed on the basis of the 
observation of a high prevalence (>50%) of HCV 
markers in those patients, mostly in studies from 
southern Europe (58-61). In several studies, no alter- 
ations in porphyrin metabolism were demonstrated in 
HCV-positive patients without PCT (62,63), suggesting 
that HCV infection probably acts as a triggering factor 
in genetically predisposed subjects. In contrast, pre- 
liminary data suggest that HCV infection induces a de- 
creased concentration of uroporphyrinogen decarboxy- 
lase (URO-D), the enzyme responsible for PCT mani- 
festations, also in patients with no evidence of PCT 
(S. Fargion, personal communication). In addition, a 
significantly higher frequency of immunological alter- 
ations in HCV-positive patients with PCT, including 
anti-GOR antibodies, ANA, ASMA, anti-LKM 1, RF 
and mixed cryoglobulins than in healthy subjects and 
patients with different immunological diseases was ob- 
served, suggesting the pathogenetic importance of 
HCV-related autoimmunity in inducing the precipita- 
tion of this metabolic disorder (64). 

Lichen planus is another skin disorder which is 
thought to be associated with HCV infection on the 
basis of the observation of an increased frequency of 
HCV infection among LP patients, in particular in 
Italy and Japan (65-67). However, these results have 
not been confirmed by other reports from other geo- 
graphical areas and this association remains contro- 
versial. In addition, IFN treatment has been shown to 
trigger LP in some HCV-positive cases (68). The wide 
geographical variations reported for prevalence rates 
of HCV antibodies in LP patients are in agreement 
with the hypothesis of the prevalent role of host factors 
in the pathogenesis of LP (68). 

Extrahepatic Infection by HCV: Is There a Link 
with Extrahepatic Pathological Manifestations? 
The possibility that HCV also infects extrahepatic cells 
has been widely discussed. A series of cell types poss- 
ibly supporting viral replication has been proposed, in- 
cluding biliary cells (Loriot et al., submitted) and sali- 
vary gland epithelium (69). However, lymphatic cells 
represent the most studied cellular type. In vivo, HCV 
RNA sequences have been detected in fresh peripheral 
blood mononuclear cell (PBMC) preparations from 
HCV-infected patients (70-73). However, such an ap- 
proach does not allow distinction between absorption 
of serum particles and true infection of PBMC in vira- 
emit patients. Still, several observations support this 
hypothesis, including: (i) short-term cultures of PBMC 
which yield a significant increase in the amount of viral 
RNA on stimulation by PHA and PMA (70); (ii) in 
situ hybridization showed viral RNA in a limited per- 
centage (around 1%) of circulating PBMC and lymph 
nodes (74), (iii) PBMC from normal individuals can 
be infected by HCV (73,75); (iv) there is evidence that 
Epstein Barr virus-immortalised B cells and T-cell 
clones from HCV carriers show long-term persistence 
of HCV genomes (Bronowicki, personal communi- 
cation and 73) and (v) we recently presented strong 
evidence for the persistence of HCV RNA in PBMC 
obtained from HCV-positive subjects and injected into 
SCID mice (severe combined immunodeficient mice). 
Artefacts due to contamination with serum particles 
were excluded by this approach which showed infection 
of these mononuclear cells (76). 

A second issue concerns the detection of replicative 
forms of HCV RNA in PBMC. This point has been 
discussed with regard to the specificity of negative 
HCV RNA detection. Thus, although such negative 
strands are clearly detected in some patients and on 
stimulation with mitogens, the real prevalence of this 
phenomenon remains to be determined. In a recent 
study, Lerat et al., using a strand-specific RT-PCR 
strategy, showed the presence of HCV RNA sequences 
in PBMC from chronically infected patients, with a de- 
tection rate ranging from 15% to 100% and from 8% 
to 83.3% for the positive- and negative-strand RNA 
respectively, independently from viral load (77). Inter- 
estingly, this study suggests that HCV type 1 might 
show a distinct lymphotropism, in comparison to other 
frequent HCV types. Also, using a highly strand-speci- 
fic method of RTPCR, Shimizu et al. were able to 
demonstrate HCV RNA of negative polarity in PBMC 
samples from infected chimpanzees. In addition, they 
found that the capacity to infect PBMC and/or liver 
cells in chimpanzees, as well as human lymphocyte cell 
lines infected in vitro, varied among different HCV 

371 



A. L. Zignego and C. B&hot 

strains, suggesting the existence of lymphotropic HCV 
strains (78). The possibility of specific cell subsets har- 
bouring HCV sequences has also been discussed. HCV 
negative-strand RNA, possibly reflecting viral repli- 
cation, was found in all cell subsets in some studies 
(70,73) and in specific cell subpopulations in others 

(77). 
Finally, the possibility of PBMC infection by HCV 

has recently been confirmed in studies indicating that 
HCV infection of lymphoid cells may favour selection 
of distinctive viral variants. In a recent in vitro study, 
Kato et al. (79) observed that after infection of differ- 
ent cellular systems of lymphoid or hepatic origin, the 
predominant HVR 1 populations were different. Simi- 
larly in in vivo studies different quasispecies between 
serum and PBMC have been shown both in chronic 
hepatitis C patients and in HCV-positive patients un- 
dergoing liver transplantation (80-82 and Feray et al., 
personal communication). In particular, Maggi et al. 
recently observed considerable quasispecies differences 
between the liver and PBMC in all patients they ana- 
lysed involving variant numbers, relative quantities and 
relative electrophoretic mobilities. Genomic variants 
present in the liver and/or PBMC were not detected in 
the corresponding plasma samples, while certain HCV 
variants were present only in plasma. The differences 
in quasispecies composition between these tissues may 
arise from factors in the liver and PBMC which favour 
the growth of certain variants over others (82). 

Taken together, the available data indicate that 
hematopoietic cells may support HCV replication, al- 
though generally at low levels. Due to the fact that 
most extrahepatic manifestations of HCV infection are 
of lymphoproliferative and/or autoimmune nature, it is 
tempting to speculate that one important factor influ- 
encing their development may be viral lymphotropism 
(70,73,83). In this light, HCV infection of hematopoi- 
etic cells may represent a common “remote” patho- 
genesis, inducing similar mechanisms which may result 
in different clinical manifestations because of different 
individual, constitutional and/or environmental factors 
(84). It has also been suggested that direct infection of 
organ-specific cell populations by HCV may play a role 
in determining certain clinical manifestations, as in 
disorders of the salivary glands and kidney (35). 

The hypothesis concerning the critical importance of 
HCV lymphotropism in the pathogenesis of extrahep- 
atic manifestations of HCV infection was initially only 
supported by observation of the high frequency of HCV 
infection of peripheral or bone marrow lymphatic cells 
in most of these patients (9,83). The recent observations 
by Mecchia and co-workers offer a hypothetical role for 
the infection of lymphatic cells by HCV in determining 

autoimmune disorders. These authors analysed patients 
with HCV-related EMC and demonstrated the existence 
of disease-characteristic IgM specific for a cryptic epi- 
tope of the CDChke LAG-3 protein. A similar phenom- 
enon has been demonstrated in HIV infection, where it 
is possible to observe an autoimmune response against 
a cryptic epitope of CD4 protein due to an abnormal 
processing of this protein by infected T cells. It is thus 
plausible that cryptic epitopes of LAG-3 may stem from 
an abnormal processing of this protein by infected 
lymphocytes (85). The results by Lohr and co-workers 
are also interesting (86). They cultured PBMCs from pa- 
tients with chronic hepatitis C and found that only cells 
infected by HCV were able to release anti-HCV anti- 
bodies in the supernatant, whereas non-infected cells 
were anti-HCV negative in vitro. These data suggest that 
HCV infection in mononuclear cells stimulates anti- 
HCV secretion by B cells in vitro. In addition, using the 
particular model represented by intra-peritoneal injec- 
tion of lymphoid cells (PBMC or bone marrow cells) 
from chronically HCV-infected patients into SCID mice, 
we provided further evidence concerning the in vivo in- 
fection of lymphatic cells by showing long-term persist- 
ence of HCV RNA in human cells (mean follow-up: 2 
months) and the possibility of successful serial passages 
of HCV-positive cells. On the other hand, preliminary 
results obtained by comparing the behaviour of lym- 
phatic cells derived from patients with and without 
LPDs (lymphoma and leukaemia) showed that follow- 
ing the injection of PBMC from patients with LPDs, 
PBMC and sera yielded the strongest HCV RNA signals 
(plus and minus strand), and greater rapidity of lympho- 
proliferative tumour emergence was observed (76). 

The most important unsolved issue is the intimate 
pathogenetic mechanism(s) potentially involved in 
HCV-related LPDs. Since HCV cannot integrate in the 
host genome, it is possible to hypothesise that it trig- 
gers B-cell LPDs through indirect, concurrent mechan- 
isms, such as reactivation of other lymphotropic vi- 
ruses, environmental factors, and not secondarily, a 
genetic-driven hosts reactivity. No evidence for a co- 
operative role of coinfecting lymphotropic viruses in 
determining LPDs in HCV-positive patients could be 
demonstrated (87,88). 

Interestingly, HCV-related LPDs usually appear 
after a long-lasting period of infection. During this 
phase some genetic aberrations can take place. Recent 
data suggest that HCV infection may influence onco- 
genes associated with LPDs. The recent observation of 
a genetic aberration (bcl-2 rearrangement) in one pa- 
tient with HCV/EMC during the benign phase of the 
disease, followed by the occurrence of additional gen- 
etic aberrations during the accelerated phase of the dis- 
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ease (89) is of particular interest. The Bcl-2 proto- 
oncogene codifies for the bcl-2 protein, which counter- 
acts the occurrence of apoptosis and prolongs cell sur- 
vival without affecting the cycling cells. This oncogene 
is located on chromosome 18 where its expression is 
subjected to complex regulating mechanisms. An in- 
creased expression of bcl-2 protein, observed in pa- 
tients with HCV-positive II EMC (14), may be due to 
the activation of bcl-2 gene in the absence of genetic 
modifications. However, BCL-2 overexpression in B- 
cells may be a consequence of reciprocal t( 14; 18) 
translocation. This translocation occurs during early 
B-cell development and juxtaposes the immunoglob- 
ulin heavy chain locus (IgH) with the bcl-2 locus, lead- 
ing to bcl-2 activation (90,91). T(14; 18) translocation 
is known as the most constant genetic aberration in 
follicular, but also in some diffuse lymphomas, and ap- 
pears to be one step in the progression of a normal cell 
to a cancer cell. It may be detected also in the absence 
of neoplastic transformation, following particularly 
strong antigenic stimulation, as suggested by its poss- 
ible detection in hyperplastic lymphoid tissues (92). In 
light of these data, the recent observation of a high 
prevalence of this mutation in patients with chronic 
HCV infection, with and without lymphoproliferative 
diseases (EMC, NHL), appears interesting and de- 
serves further analysis (93). 

Given the role of bcl-2 in the negative control of 
apoptosis, it is tempting to speculate that an initial 
polyclonal lymphoproliferation may eventually result 
in the emergence of a clone protected from apoptosis 
which, following additional mutational events can 
evolve into a frank malignancy (94). In turn, abnormal 
protection against apoptosis may predispose to auto- 
immunity and represent one of the possible mechan- 
isms by which HCV infection may persist in the host. 
The chronic stimulation of the lymphatic system by 
HCV, possibly amplified by the infection of lymphoid 
cells, together with the high viral variability, could ex- 
plain the high frequency of this mutation in HCV-posi- 
tive patients. The recent in vitro evidence for the con- 
trol of c-myc expression by the HCV core (95,96) might 
also be relevant to this issue, and the impact of co- 
operation between bcl-2 and c-myc in lymphomagen- 
esis has been well established (97). The recent identifi- 
cation of the CD8 1 protein as one of the HCV receptor 
candidates (98) further substantiates this hypothesis. 
CD81 is indeed expressed at the surface of a variety of 
cell types, including lymphocytes, and is implicated in 
B cell activation. It is therefore plausible that HCV- 
CD8 1 interactions might participate in the strong poly- 
clonal B cell activation observed during HCV infec- 
tion. 

Conclusions 
The apparent over-abundance of extrahepatic manifes- 
tations of HCV infection may be re-appraised when it 
is observed that the majority are based on lympho- 
proliferative and/or autoimmune mechanisms. This 
suggests that HCV infection leads to different clinical 
manifestations, probably by inducing a general ten- 
dency to develop lymphoproliferative and/or autoim- 
mune phenomena through a primary action on the 
lymphatic system. On the basis of this virus-related 
predisposition, the final clinical manifestations would 
greatly vary in different subjects according to individ- 
ual genetically and/or environmentally driven predis- 
posing factors. In other words, on the basis of the gen- 
eral “remote” pathogenetic mechanism, for each HCV- 
related extrahepatic manifestation, different pathogen- 
etic pathways, i.e. involving the production of RF, 
cryoglobulins, the intervention of local factors, etc., as 
suggested by various interesting studies (1,99), may 
lead to a full understanding of these disorders. Further 
studies will be critical in confirming or denying the 
many speculative pieces of this intricate and fascinat- 
ing puzzle. 
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