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Abstract. – OBJECTIVE: Chronic Hepatitis 
C virus (HCV) infection can cause severe ex-
trahepatic manifestations, such as mixed cryo-
globulins (MC), up to the development of B cell 
nonHodgkin’s lymphoma (B-NHL). Mechanisms 
transforming of HCV infection into lymphopro-
liferative and/or autoimmune disorders are still 
poorly understood. In course of HCV infection, 
the sustained virus-driven antigenic stimula-
tion may probably induce a B-cell clonal expan-
sion. Measurements of serum free light chains 
(FLCs) levels, considered as a direct marker of 
B cell activity, are analyzed with increasing in-
terest in clinical practice, for diagnosis, moni-
toring and follow-up of plasma cell dyscrasia. 
Syndecan-1 (CD138) is a transmembrane hepa-
ran sulfate proteoglycan expressed and actively 
shed by most myeloma cells. Membrane CD138 
represents the major receptor protein for HCV 
attachment to the hepatocyte surface and high 
levels of circulating sCD138 levels are detected 
in patients at early stage of B-cell chronic lym-
phocytic leukemia. This study is aimed to eval-
uate sCD138 and FLC levels as diagnostic bio-
markers of HCV-related MC with B-NHL.

PATIENTS AND METHODS: We enrolled 35 
HCV-MC-NHL patients, characterized for the 
specific type of cryoglobulins, and 25 healthy 
blood donors (HBD) as negative control. Serum 
sCD138 levels were determined using ELISA kits 
specific for human sCD138. Serum FLCs were 
assessed by means of the turbidimetric assay.

RESULTS: We found that serum levels of 
sCD138, as well as FLCs, were significantly 
higher in patients than in HBD (p<0.001).

CONCLUSIONS: In agreement with the defi-
nition of HCV-driven lymphoproliferative disor-

ders as the consequence of a multifactorial 
and multistep pathogenetic process, we sug-
gest that sCD138 and FLCs could be considered 
putative independent markers of worsening pro-
gression of the disease.
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Introduction

Hepatitis C virus (HCV) is a RNA hepatotro-
pic and lymphotropic virus affecting over 180 
million people, all over the world, by chronic 
infection1. In most cases, HCV infection of liver 
is followed by the development of extrahepatic 
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manifestations whose most frequent hallmark is 
an immune dysregulation:  mixed cryoglobulin-
emia (MC), characterized by cutaneous vascu-
litis, nephritis, peripheral neuropathy and clonal 
Bcell lymphoproliferations2. Epidemiologic stud-
ies, mainly from Italian and Japanese centers, 
have associated HCV infection with an increased 
risk of B cell non-Hodgkin’s lymphoma (B-NHL), 
with a prevalence range from 0.5% to 25%3-5. 
These studies suggested that other important 
genetic and/or environmental co-factors may be 
involved in the pathogenesis6. Mechanisms trans-
forming of HCV infection into lymphoprolif-
erative and/or autoimmune disorders are still 
poorly understood, although frequently many 
actors interconnected with each other, seem to 
contribute to their pathogenesis and progression. 
The chronic nature of the HCV infection led to 
speculate that a sustained virus-driven antigenic 
stimulation could drive B cell clonal (initially 
polyclonal) expansion. HCV-related lymphopro-
liferative disorders are characterized by the clon-
al expansion of B cell, above all in liver and, less 
frequently, in bone marrow or blood6. The hepatic 
areas of lymphatic proliferation, characteristic of 
HCV infection, are reminiscent of lymphatic fol-
licles present in almost all the cases of MC, and 
therefore, they are considered an important site 
of B cell clonal growth6. Reactivity against spe-
cific viral antigens can be identified through the 
presence of the circulating cryoglobulins (CGs) 
representing the first step of activation of B cell 
clones. However, even when immune system is 
compromised or overwhelmed, it will still en-
deavor to regain and maintain tolerance to self7,8.

MC syndrome, which in some cases may evolve 
to frank B-NHL, is the prototype of HCV-driv-
en autoimmune and lymphoproliferative disor-
ders7-10. MC implies the presence of circulating 
immune complexes composed of polyclonal Im-
munoglobulin (Ig) G (behaving as auto-antigens) 
and IgM with Rheumatoid Factor (RF) activity. 
MC is classified as type II CG that consists of Ig 
complexes formed by a monoclonal component 
(usually IgM) and polyclonal components (usual-
ly IgG, more rarely IgA) due to chronic antigenic 
stimulation of HCV infection. However, unlike 
frank malignant lymphomas, MC tends to remain 
unmodified for years or even decades and is fol-
lowed by overt lymphoid tumors in about 10% of 
cases11. Furthermore, HCV-MC patients display 
a 35 times higher risk of developing lymphoma 
than the general population12. HCV could exert 
its oncogenic effect indirectly modulating the 

host immune system13,14. The potential pathways 
of malignant transformation HCV-driven process 
are mainly three and involve the active partici-
pation of the virus. The viral antigens stimulate 
B-lymphocytes proliferation through the bind-
ing to surface lymphocyte receptors; HCV rep-
lication occurs inside B cells and the oncogenic 
effects could be induced by HCV intracellular 
proteins; the “hit and run” theory which means 
permanent damage of B cell, a direct mutagenic 
action of the virus on the B cells that induces 
a mutated phenotype, triggering error-prone15,16. 
HCV-associated B-NHL correlates with extended 
infection duration (15 years) and more frequent 
presentation of extra-nodal disease17. Despite fre-
quently reported in different studies, histotypes 
of B-NHL frequently associated with HCV are 
marginal zone lymphoma (MZL), particularly 
splenic zone lymphoma, lymphoplasmacytic 
lymphoma, and diffuse large B cell lymphoma 
(DLBCL)18,19. Therefore, the study and evaluation 
of B cell proliferation in HCV infected patients 
seem to be a useful tool in order to monitor and 
prevent the appearance of a B cells neoplastic 
event. Measurements of serum free kappa (k) and 
lambda (λ) light chains (FLCs) levels are consis-
tently encountering increasing interest in clinical 
laboratory procedures and many guidelines ac-
knowledge their use in clinical practice for diag-
nosis, monitoring and follow-up of monoclonal 
gammopathies20. FLCs have been currently deep-
ly investigated in different systemic autoimmune 
rheumatic diseases (SARD)21 but they seem to 
be a sensitive index of B cell activation even in 
organ-specific disorders22. 

Serum concentrations of FLCs are dependent 
upon the balance between production by plasma 
cells and renal clearance. The malignant B cell 
clone produces a monoclonal excess of only one 
type of light chain, often paralleled by the bone 
marrow suppression of cognate light chain, so that 
the k/λ ratio becomes highly abnormal. Accurate 
measurement of k/λ ratios provides a quantitative 
biomarker of clonality23. Although most cases of 
B-NHL are light chain restricted, only a minority 
of patients display sFLC abnormalities; moreover, 
in patients without a monoclonal component, the 
FLC assay proved to be of prognostic relevance24. 
The mechanism underlying this association is not 
clear but correlated with laboratory parameters 
indicating an immune system/ B cell dysregula-
tion; this might simply reflect an environment of 
cytokines or other immune system interactions 
that may trigger a malignant B cell growth24. 
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Syndecan-1 (CD138) is a transmembrane hep-
aran sulfate proteoglycan expressed and actively 
shed by most myeloma cells. Upon released, 
soluble (s) CD138 may interact with different cell 
types enhancing growth factor expression and 
bioavailability of signaling molecules, thus con-
ditioning the tumor microenvironment. Elevated 
serum levels of sCD138 have been specifically 
associated to malignancies and correlated with 
worse outcome in myeloma patients, as well as a 
good prognostic biomarker at different phases of 
the disease, arising from increased cell growth 
and proliferation, cell survival, cell invasion and 
metastasis, and angiogenesis25. 

Serum sCD138 level is higher in early stage 
B-cell chronic lymphocytic leukemia patients 
than in healthy controls, correlates negatively 
with peripheral blood lymphocyte count, and 
is higher in patients with more indolent disease 
course26. 

In HCV infection, sCD138 is the major recep-
tor protein for virus attachment to the hepatocyte 
surface27; so, its measurement could represent a 
valuable tool to be used alongside FLCs quan-
tification during the follow-up and monitoring 
of HCV-related MC patients undergoing treat-
ments10. 

Moreover, sCD138 represents a non-invasive 
tool to estimate fibrosis, alternative to liver bi-
opsy. In chronic inflammatory diseases, sCD138 
levels do not increase and could discriminate 
against patients eligible for liver biopsy, exclud-
ing patients with other liver diseases28. 

The use of biomarkers in oncology has evolved 
from research to more routine clinical use, such 
as in diagnosis, monitoring of disease status and 
treatment efficacy. The aim of this study is the 
evaluation of sCD138 and FLC as serological 
biomarker to assess the status of HCV-related MC 
with B-NHL.

Patients and Methods 

Patients
In this retrospective study were consecutively 

enrolled 35 patients (16 female and 19 males, 
mean age 60.4 ± 1.7) with HCV infection and a 
diagnosis of DLBCL, from January 2013 to De-
cember 2016 referring at the Department of Gas-
troenterology, Fondazione Policlinico Universi-
tario “A. Gemelli”, IRCCS, in Rome (Italy). At 
the time of NLH diagnosis, all subjects checked 
for routine screening resulted HCV-RNA posi-

tive, cryocrit positive, without any evidence of 
autoimmune disorders, normal/low levels of C4 
and C3, in absence of antiviral therapy and HIV 
or co-infection HBV. Liver disease stage was 
assessed by liver elastography using FibroScan 
(Echosens, Paris, France), and the resulting stiff-
ness value has been converted in the correspond-
ing METAVIR score. NHL diagnosis was record-
ed according to the World Health Organization 
(WHO) 2008 classification29. 

All the patients with inflammatory diseases 
with elevated levels of C-reactive protein (CRP) 
or co-infections (HIV and HBV) and with a 
monoclonal gammopathy in the supernatant were 
excluded. Renal function was available for all the 
enrolled patients and patients with renal failure 
(estimated glomerular filtration rate was <60 mL/
min/1.73 m2) were excluded.

Furthermore, we also included 25 (13 female 
and 12 males, mean age 52.5±11.8) healthy blood 
donors (HBD) negative for monoclonal gammop-
athy research, absence of HIV or HBV infection.

The main demographic features of patients and 
HBD are reported in Table I.

Laboratory Testing
For CGs detection, 10 mL of peripheral blood 

were collected and immediately stored at 37°C 
in pre-warmed tubes without anticoagulant for 
30 min to enable complete blood clotting. Serum 
was transferred in Wintrobe tubes and stored for 
at least 7 days at 4°C to evaluate the presence of 
precipitates and flocculation. Before immunolog-
ic testing, the cryocrit percentage was assessed, 
the supernatant was removed and stored for sub-
sequent analyses. The remaining cryoprecipitate 
was recovered and washed 3 times. Cryoprecip-
itate was re-suspended with an appropriate vol-
ume of 3% PEG 6000 solution and re-solubilized 
for 30 min at 37°C30. CGs were characterized 
by immunofixation electrophoresis (IFE) with 
G26 Fully automated system (Interlab, Rome, 
Italy)31,32. 

Serum sCD138 levels were determined using 
ELISA kits specific for human sCD138 (Dia-
clone Research, Besançon, France). The assay 
was performed according to the manufacturer’s 
instructions and serum concentrations of sCD138 
were expressed as ng/mL. sCD138 levels were 
measured at least twice for each patient, with 
reproducible results.

Serum FLCs were assessed by means of turbi-
dimetric assay (Freelite TM Human Kappa and 
Lambda Free Kits, The Binding Site, Birming-
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ham, UK) and performed on the OPTILITE in-
strument (The Binding Site, Birmingham, UK). 
Samples were tested according to the manufac-
turer’s instructions and serum dilutions, where 
necessary, were performed according to the 
manufacturer’s recommendations.

The analyses were performed by an operator 
without knowledge of the clinical information of 
the handled sample.

Ethics and Consent
The study protocol, including benefits and 

harms, was explained for study participants and 
written informed consents were obtained. The 
study was approved by the Ehical Committee of 

Università Cattolica del Sacro Cuore, Fon-
dazione Policlinico Universitario “A. Gemelli” 
– IRCCS, Rome. The study protocol was carried 
out in accordance with the Declaration of Helsin-
ki, as revised in Seoul 2008.

Statistical Analysis 
Comparison of mean values was performed 

by Student’s t-test; p-values<0.05 were con-

sidered significant. A correlation analysis was 
carried out using the Pearson correlation coef-
ficient.

Results

Serum levels of sCD138, free k and λ chains 
were evaluated in HCV-NHL patients and HBD. 
The mean values (± standard deviation) of 
sCD138, free k and λ and k/λ ratio are reported 
in Table II. The statistical analysis revealed sig-
nificant differences between patients and HBD. 
Considering the group of patients, the high se-
rum levels of sCD138 ranged from 156 to 745 
ng/ml with a mean value that was significantly 
higher if compared with HBD group (p<0.001, 
Figure 1A), that included a series of values 
ranged up to 100 ng/ml. Similarly, significant 
differences were detected FLC profile between 
patients and controls (Figure 1B). The levels of 
free k were above the cut-off in all patients with 
a mean value that was significantly higher than 
in HBD (p<0.001). The levels of λ-free chain 

Table I. Demographic, clinical, and virologic correlates of HCV MC-related NHL patients and HBD.

 Correlates HCV MC-NHL (n. 35) HBD (n. 25)

Age 60.4 (± 1.7) 52.5 (± 11.8)
Gender (M/F) 19/16 12/13
Metavir score  
F2 20 
F3 15 
ALT (U/L) 98.4 (± 10) 18.0 (± 5)
AST (U/L) 84 (± 8) 14 (± 7)
Total Bilirubin (mg/dl) 0.96 (± 0.05) 0.65 (± 0.08)
Conjugated Bilirubin (mg/dl) 0.42 (± 0.02) 
Cryocrit (%) 6.2 (± 0.2) 
RF (UI/ml) 40.5 (± 1.7) < 10
C4 (mg/dl) 10 (± 0.05) 25 (± 18)
HCV-RNA (IU/ml × 106) 2.6 (± 0.48) 
HCV genotype  
1a 3 
1b 20 
2 4 
3 6 
4 2 

Table II. Mean values (± standard deviation) of sCD138, free k and λ and k/λ ratio in patients and controls.

 Subjects sCD138 ng/mL k mg/L λ mg/L k/λ

NHL (35) 398.03 ± 139.95 64.53 ± 29.81 28.67 ± 14.83 2.67 ± 1.59
HBD m (25) 52.76 ± 29.90 10.04 ± 4.27 11.5 ± 5.61 0.91 ± 0.27
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were above the cut off in 19/35 patients with a 
mean value that was higher and statistically sig-
nificant than in HBD (p<0.001). As result of this 
abnormal increment of FLC, the k/λ ratio was 
above the cut-off in 28/35 HCV NHL patients, 
with a mean value that was significantly higher 

than in HBD (p<0.001). We evaluated if levels 
of serum sCD138 in HCV positive-NHL with 
MC patients correlated with an abnormal FLC 
profile. We found that both free k and λ and the 
k/λ ratio were inversely related with sCD138, 
with a r<0 (Figure 2).

Figure 1. A, Distribution of serum levels of sCD138 between patients and controls. B, Distribution of serum levels of FLC 
between patients and controls.

Figure 2. Correlations between serum sCD138 and FLC in HCV positive-NHL with MC patients.
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Discussion

The measurement of serum tumor markers lev-
els is an economic and noninvasive diagnostic 
assay often requested to get information about the 
presence or absence of disease, and minimal re-
sidual disease (MRD). Despite in clinical practice, 
the real usefulness for patient monitoring during 
follow up as well as response to therapy evaluation 
in case of advanced cancer is frequently debate. In 
particular, the ideal serum tumor marker should 
be able to early detect diseases, predict response 
or resistance to specific therapies and monitor pa-
tients after primary therapy. Expression of markers 
within the same tumor can change depending on 
the specific site or stage of cancer. Despite this 
complexity and variability, most types of cancer 
are treated with the same generic therapies.

In a previous study33 we showed early prognos-
tic biomarkers in low CGs, correlation between 
vascular endothelial growth factor, IgG subclass-
es and FLCs representing a multistage inflam-
mation of acquired immune system9. Moreover, 
we correlated serum biomarkers with clinical 
and laboratory response suggesting high levels 
of FLCs, IgM Heavy Chain and VEGF could 
represent the activity to identify MRD indicative 
of possible relapse or worsening outcome34. In 
the present research, we analyzed the potential 
value of sCD138 and FLCs as serum biomarker 
to be implemented for further use in the context 
of HCV-NHL with a type II CG.

sCD138 is released at high levels in some patho-
logical states, such as inflammations or microbial 
infections, but also in tumors26,35. Our results show 
that sCD138 and FLCs levels are significantly 
higher in our patient group if compared with HBD 
reflecting the double face of this disease: a neo-
plastic dysregulation of B cell. When we analyzed 
the trends of these two parameters in our patients 
looking for a correlation, we found an inverse 
trend, suggesting that sCD138 and FLC are two in-
dependent biomarkers of disease. sCD138 reflects 
the high tumor burden of disease while FLC is a 
specific clue of the monoclonal component. 

sCD138 released by membrane cell can accu-
mulate in the extracellular matrix or spread into 
the circulation where it remains in soluble state 
and can continue to exercise its function as a 
signal molecule, reaching very high levels in pa-
tients suffering from particular cancerous forms. 
By acting as key regulators of “cell signaling”, 
through their interactions with numerous growth 
factors and factors promoting angiogenesis, hepa-

ransulfates mediate a dramatic transformation of 
the microenvironment that supports the growth 
of the tumor as a real “organ” and promote the 
“aggressive” phenotype. By conditioning the ex-
tracellular microenvironment, CD138 amplifies 
the signal of cell growth factors thus supporting 
tumor growth36,37. 

In patients with DLBCL the prognostic perfor-
mance of FLC assay is altered by the presence of 
monoclonal IgM, while patients without a monoclo-
nal component FLC assay result to be of prognostic 
relevance. The mechanism underlying this associa-
tion is not still clear. Elevated FLC correlates with 
laboratory testing that indicate the immune system 
or B cell activation, reflecting an environment of 
cytokines or other immune system interactions fa-
vorable for malignant B cell growth24.

Our HCV-MC patients with B-NHL display 
a free k/λ ratio that is specifically higher then 
HBD, and mostly altered considering our previ-
ous papers analyzing patients at precedent stage 
to B-NHL9,33.

FLCs assays rely on the assumption that the 
assessment of an unbalanced production of FLC 
in a monoclonal gammopathy yields an altered 
FLC k/λ ratio. This is considered a reliable tool 
to define the disease grade of B-NHL. B-NHL is 
worsened by monoclonal IgM k type II CG, when 
the HCV-driven pathogenetic process leads the 
lymphomagenesis towards a no-return point mak-
ing it progressively independent from the etiologic 
agent. Considering the chronic nature of HCV 
infection, we suggest that a sustained virus-driven 
antigenic stimulation could induce B cell clonal 
mostly in the liver and, less frequently, in the bone 
marrow or blood6. Clonal B cell expansion could 
be correlated to the presence of extrahepatic man-
ifestations of HCV, high levels of CG and FLCs, 
and overt B cell of NHL. The well investigated 
strength association between FLC and autoimmu-
nity focused the questions regarding their role in 
the pathogenesis and diagnosis of human diseases. 
Different reports showed a correlation between 
FLC levels and disease activity suggesting that 
FLCs could be considered bioactive molecules 
rather than a secondary product of the synthesis of 
immunoglobulins, acting as pathogenic mini-auto-
antibodies in different disease-settings21,38,39.

Conclusions

The hepato- and lympho-tropism of HCV may 
be responsible for the variety of hepatic and extra-



Biomarkers in HCV related mixed cryoglobulinemia patients with non-Hodgkin lymphoma

8073

hepatic immune-mediated and neoplastic disor-
ders, such as mixed cryoglobulinemia syndrome 
and B-cell NHL. Precision medicine devoted to 
neoplastic disease is an evolving approach for the 
management of cancer patients that aims to tar-
get the new knowledge on pathogenesis to more 
precise tailored therapy. Many challenges are 
still open to identify clinically relevant markers 
for disease susceptibility and treatment efficacy. 
In the era of biological drugs, starting from our 
results, upon further deep analysis and validation 
on a large number of patients, the employment of 
sCD138 and FLC might change the profile of the 
HCV related syndromes, for prevalence, clinical 
characteristics and prognosis with an improve-
ment of clinical investigation.  
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