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Abstract. – OBJECTIVE: A still uncertain association between vitamin D levels and HCV
chronic liver diseases has been reported. Increased levels of serum-ree light chains (FLCs)
and an altered k/λ FLC ratio correlate with Mixed
Cryoglobulinemia (MC) vasculitis and/or B-cell
non-Hodgkin’s lymphoma in HCV-positive patients. We aimed to investigate the possible role
of vitamin D, vitamin D Binding Protein (DBP),
and FLCs levels as a tool for discriminating different stages of HCV- related MC and chronic liver diseases.
PATIENTS AND METHODS: Sixty-five untreated patients were retrospectively enrolled and 21
healthy blood donors (HBD) were used as controls. Vitamin D, DBP, FLCs, and cryoglobulins
levels were measured. Based on cryoglobulins,
patients were divided in three subgroups (without cryoglobulins, type II, and type III).
RESULTS: We didn’t find any significant differences in vitamin D and DBP levels between HCV
patients’ main groups and HBD. Serum FLCs
levels were significantly higher in HCV patients
than in HBD. FLCs ratio among patients’ subgroups did not reveal differences.
CONCLUSIONS: Our results confirm the presence of an increased serum level of FLCs in HCV
patients and suggest that nor vitamin D and DBP
or FLC levels can be considered reliable bio8506

markers for discriminating different stages of
HCV-associated chronic liver diseases and/or
HCV-associated extrahepatic manifestation. We
confirm that serological FLCs levels are significantly higher in patients than in HBD as a signature of B cell activation in course of HCV infection.
Key Words:
Vitamin D, Free light chains, Vitamin D binding
protein, HCV disorders.

Abbreviations
HCV: Hepatitis C virus; MC: Mixed Cryoglobulinemia;
B-NHL: B-cell non-Hodgkin’s lymphoma; CGs: Cryoglobulins; RF: rheumatoid factor; DBP: Vitamin D binding protein; FLCs: free light chains; HBD: healthy blood
donors.

Introduction
Hepatitis C virus (HCV) infection is characterized by a chronic clinical course with different multi-organ involvements. The current
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standard of care rapidly changed over the years
and new Direct Acting Antivirals made HCV
treatment more effective1. HCV chronic infection is associated with serious morbidity and
mortality due to liver complications, i.e., cirrhosis and liver cancer. The possible development of extrahepatic manifestations may occur
in up to 74% of patients linked to clonal B-cell
expansion leading to monoclonal gammopathy of undetermined significance (MGUS),
mixed cryoglobulinemia (MC), and overt
B-cell non-Hodgkin’s lymphoma (B-NHL)2,3.
MC represents the most frequent, best known,
and strictly HCV-associated extrahepatic manifestation. As reported by different studies 4,5,
more than 90% of MC patients are HCV positive. MC is considered a crosslink between an
autoimmune and B-lymphoproliferative disorder, clinically benign but evolving to a frank
malignancy in about 8-10% of cases5,6. MC is
systemic vasculitis characterized by an intravascular precipitate of cryoglobulins (CGs),
consisting in immune complexes from the patient’s serum (IgGs and IgMs) that precipitate
at a temperature less than 37°C and re-dissolve
when rewarmed in vitro.
Meltzer et al7,8 firstly described MC as a triad
of purpura, fatigue, and arthralgia. The IgM component has rheumatoid factor (RF) activity and
is produced by clonally expanded autoreactive B
cells7.
Vitamin D is a micronutrient that is considered
essential for human health with beneficial effects
on several body systems, including the innate
immune system, other than in bone metabolism.
Most of its requirements can be generated by
an individual’s exposure to summer-like sunlight, with dietary sources playing a supporting
role when sunlight exposure is limited. In the
hepatocytes, vitamin D can be hydroxylated by
cytochrome P450 enzymes into 25(OH)D9 that,
thanks to the half-life of 2-3 weeks, represent the
main circulating form.
The active form of vitamin D, the 1,25-dihydroxyvitamin D [1,25(OH)2D] (calcitriol), generated mostly in renal tubular cells, mediates its
beneficial effects through the specific receptor
(VDR). Calcitriol displays a very short half-life
(6-8 h) and its circulating levels are modulated
not only by parathyroid hormone (PTH) and
serum ionized calcium levels but also the serum
25(OH)D availability represents a key regulator.
For these reasons the 25(OH)D form is considered the best indicator of Vitamin D. The defi-

ciency status is defined by a serum 25(OH)D level below 10 ng/mL that is very common among
the elderly, mainly for the low dietary vitamin D
intake and the lack of sunlight exposure10. Vitamin D deficiency is involved in the pathogenesis
of chronic liver diseases caused by hepatitis B
and C viruses; a close association among vitamin
D deficiency and HBV and HCV infections is
found worldwide11-16.
In course of advanced liver disease, total
vitamin D levels are frequently low, due to
malabsorption, to the failure of hepatic hydroxylation of 25-calciferol into 25(OH)D, and to
the decreased hepatic synthesis of the two main
transporters: albumin and Vitamin D binding
protein (DBP)16. DBP is an alpha2-globulin with
a molecular weight of 52 and 59 kDa member
of the albuminoid superfamily; it displays three
major phenotypes (DBP1F, DBP1S, and DBP2)
and more than 120 unique variants have been
described until now17. DBP has been detected in
different body fluids (serum, urine, breast milk,
ascitic fluid, cerebrospinal fluid, saliva, and
seminal fluid) and organs (brain, heart, lungs,
kidneys, placenta, spleen, testes, and uterus).
Although the most relevant functions are the
binding, the solubilization, and the transport
of vitamin D and its metabolites, DBP low
levels have been correlated with autoimmune
and inflammatory diseases, aspirin resistance
(i.e., failure of aspirin to inhibit platelet function)18 and arthritis19. Decreased production of
DBP and albumin might play a critical role in
chronic liver disease. However, patients with
cirrhosis and low albumin concentrations have
higher free 25(OH)D levels as a probable index
of chronic inflammation. Low circulating levels
of vitamin D have been also associated with a
higher risk of B-NHL; on the contrary, excessive
sun exposure, followed by an increased vitamin
D level, has been associated with a lower risk of
B-NHL20.
Serological levels of free light chains (FLCs)
are produced in excess of heavy chains during the
synthesis of immunoglobulins by plasma cells. In
subjects with normal kidney function their serum
levels can be considered as a direct marker of B
cell activity/dysfunction, which is otherwise difficult to measure. Their employment in routine
clinical practice proved to be particularly useful
for autoantibody-mediated diseases like systemic
autoimmune disorders21. FLCs represent a mixture of molecules that share only the molecular
weight and some typical properties, but the vari8507
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able structure of both monoclonal and polyclonal
FLCs may influence an individual FLC’s antigen-binding ability, its interaction with immune
cells, and the pathogenic potential. The specific
structural features distinguishing the pathological and non-pathological FLCs have not been well
described22. Serological FLCs levels are altered
in most of HCV-positive patients: an abnormally
elevated k/λ ratio seems to be a very interesting
marker as it is consistently associated with the
presence of MC vasculitis and/or B-NHL even in
patients without any symptoms, in the early-stage
of disease23,24.
In this research, we assessed serological
25(OH)D and DPB levels in HCV-positive naïve
and MC patients with different types of CGs.
FLCs levels were measured in all patients’ sera
for the evaluation of immune activation and inflammation degree. Our aim was to evaluate for
the first time the possible role of this peculiar
biomarkers signature as a tool for discriminating
different stages of HCV-associated chronic liver diseases and/or HCV-associated extrahepatic
manifestation.

Patients and Methods
Patients
Sixty-five untreated patients with chronic HCV
infection were retrospectively enrolled, including
42 HCV-naïve (34 with the asymptomatic presence of CGs) and 23 HCV-positive patients with
symptomatic MC. Based on CGs, patients were
divided into three subgroups (without CGs, type
II, and type III).
Serum samples from 21 healthy blood donors
(HBD) age- and sex-matched were used as negative controls. Patients were recruited at the Liver
Diseases Clinic, Institute of Internal Medicine,
Fondazione Policlinico Universitario “A. Gemelli” – IRCCS (Rome, Italy). Quantitative HCVRNA detection was determined by a routine
method and the virus genotype was determined
for each sample (Siemens Healthcare, Erlangen,
Germany).
All patients had an estimated glomerular filtration rate of ≥60 mL/min/1.73 m2. Histological
features of liver specimens were analyzed with
METAVIR group scoring, assessed by transient
elastography Fibroscanâ, ranged from F0 to F425.
Patients who received vitamin D supplementation in their diet (during the last 2 years) were
excluded from the study.
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For HCV naïve patients the inclusion criteria
were: no previous antiviral treatments, absence
of symptoms of hepatic disease and autoimmune
and/or B-cell lymphoproliferative disorders, normal levels of C4 and C3, METAVIR score F0,
presence/absence of asymptomatic CGs. Exclusion criteria were: abnormal ALT values, renal
involvement or other symptoms related to MC
vasculitis, inflammatory diseases with elevated
levels of C-reactive protein or co-infections (HIV
and HBV).
For HCV-related MC patients, the inclusion
criteria were: free antiviral therapy period of
at least 6 months, advanced chronic liver fibrosis assessed with METAVIR score F2 and MC
syndrome according to the classification criteria
for MC proposed by the Italian Group for the
Study of Cryoglobulinemia in 1989 and revised
in 200226. Exclusion criteria were: presence of
chronic liver disease due to other non-HCV causes positivity for HBV surface antigen and anti-HIV antibodies.
Since exposure to sunlight is the main source
of vitamin D production and as it changes during
seasons, the status of serum vitamin D was evaluated during spring.
This research was approved by the Ethical
Committee of Fondazione Policlinico Universitario “A. Gemelli” – IRCCS. Written informed
consent was obtained from all individuals included in the study. The study protocol is conformed
to the ethical guidelines of the 1975 Declaration
of Helsinki (6th revision, 2008).
Laboratory Methods
Sera were obtained by standard centrifugation,
divided into aliquots, and stored at –80°C until
analysis.
The 25(OH)D was assayed in a blinded fashion
and in a single batch by a standardized clinical
assay, the Roche 25-OH Vitamin D Total (Roche
Diagnostics, Mannheim, Germany). It consists
of a fully automated sensitive immunoassay that
employs a recombinant fusion construct of the
vitamin D receptor ligand-binding domain for
specific capture of 25(OH)D. The dynamic range
of the assay is 4.0-150 ng/mL. The Vitamin D
status was defined according to 25(OH)D levels:
normal (≥30 ng/mL), deficient (<10 ng/mL), and
insufficient (10-29 ng/mL)27.
The DBP was assessed using a solid phase enzyme-linked immunosorbent assay (ELISA), the
Quantikine Human Vitamin D Binding Protein
immunoassay (R&D Systems, Minneapolis, MN,
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USA), according to manufacturer’s instructions
(normal range: 30-60 ng/mL according to Clinical and Laboratory Standards Institute guidelines28).
FLCs were measured by means of the Optilite
analyzer (FreeliteTM Human Kappa and Lambda
Free Kits, The Binding Site, Birmingham, UK)
according to the manufacturer’s recommendations. Free k normal range: 3.3-19.4 mg/L; free
λ normal range: 5.7-26.3 mg/L). A ratio of k/λ
<0.26 or >1.65 is abnormal. For CGs detection,
20 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 samples were transferred to Wintrobe
tubes and stored for at least 7 days at 4°C to
evaluate the presence of precipitates. The cryocrit percentage was assessed and the remaining
cryoprecipitate was recovered and washed three
times. The cryoprecipitate was re-suspended with
an appropriate volume of 3% PEG 6000 solution
and re-solubilized for 30 min at 37°C. CGs were
characterized by immunofixation electrophoresis
using a G26 Fully automated system (Interlab,
Rome, Italy).
Statistical Analysis
Data were analyzed using the Statistical Package for Social Science version 15.0 (SPSS, Chicago, IL-USA). Continuous variables are reported as mean±standard deviation (SD) or median
(range) according to the distribution of the data, while categorical variables are reported as
number and percentage. Analysis of categorical
variables was performed by the Chi-square test
or Fisher’s exact when appropriate. Comparisons
between groups of continuous variables were
performed by the Mann-Whitney U-test or t-test,
according to the data distribution. A two-sided
p-value <0.05 was considered associated with
statistical significance.

Results
Serological Vitamin D Profile in
HCV Patients and Controls
When we analyzed the mean levels of 25(OH)
D in serum samples from all patients and controls, we did not observe any statistically significant difference: 33.3±19.2 ng/mL vs. 31±13.1 ng/
mL for 25(OH)D. More in details, among healthy
controls, levels of 25(OH)D were normal in 9/21

(42.86%), insufficient in 11/21 (52.4%), and deficient in 1/21 (4.8%); in patients, the 25(OH)D
levels were normal in 34/65 (52.3%), insufficient
in 26/65 (40%), and deficient in 5/65 (7.7%) (Figure 1, panel A). The analysis of 25(OH)D levels in
subgroups of patients with different CGs did not
show any significant difference. In the subgroup
without CGs, 3/8 (37.5%) were normal while 5/8
(62.5%) displayed insufficient levels of 25(OH)D;
no one with deficiency. In the subgroup of type
II CGs, levels were normal in 23/37 (62.17%), insufficient in 11/37 (29.72%), and deficient in 3/37
(81.08%). In the subgroup of type III CGs, 8/20
(40%) displayed normal levels of 25(OH)D, 10/20
(50%) insufficient, and 2/20 (10%) deficient levels
(Figure 1, panel B).
When we analyzed the mean levels of DBP
we did not observe any statistically significant
difference among patients and controls: 26.6±16.4
ng/mL vs. 26.5±10.2 ng/mL for DBP (Figure 1,
panel C). Analyzing the mean levels of 25(OH)D
and DBP between HCV naïve and symptomatic
patients with MC, we did not find any significant
difference (data not shown).
The analysis of DBP mean levels among different patients’ subgroups did not reveal any significant difference (Figure 1, panel D).
Free Light Chains Assessments in
HCV Patients and Controls
As we reported in Table I, serological FLC
mean levels were significantly higher all HCV
patients (naïve + symptomatic MC) then in
HBD (k: 42.2±44.7 vs. 9.2±4.2 mg/L, p<0.001;
λ: 25.3±22.3 vs. 11.7±6.1 mg/L, p<0.001; k/λ:
1.8±1.2 vs. 0.8±0.2, p<0.001).
The statistical analysis of the free k and λ
chains and their ratio among patients’ subgroups
(no CGs, type II, and type III CGs) did not reveal significant difference (k: 36.4±17.3 45.3±56.9
and 38.6±20.7 mg/L respectively; λ: 21.3±11.2,
24.0±27.4, and 29.2±13.2 mg/L, respectively; k/λ:
2.0±1.5, 2.0±1.4 and 1.3±0.5, respectively) (Figure 2, panel A, B, C).

Discussion
It is well established that vitamin D plays not
only a crucial role in the regulation of calcium
homeostasis and bone rearrangement but also
participates to the adaptive immune response,
promoting the switch from Th1 (pro-inflammatory) to Th2 (anti-inflammatory)-mediated immune
8509
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Figure 1. Frequency and distribution of Vitamin D and Vitamin D binding protein among study populations. A, Frequency
of 25(OH)D levels between patients and controls; B, Frequency of 25(OH) D levels between different Cryoglobulin subgroups;
C, Distribution of DBP concentration between patients and controls; D, Distribution of DBP concentration between different
Cryoglobulin subgroups.

responses and modulating immune cells such as
monocytes, macrophages, and B and T lymphocytes29. For this reason, vitamin D is considered
an immuno-regulator of autoimmune disorders.
According to the evidence that the 25(OH)D reduced the expression of collagen and other pro-fibrotic factors, leading to decreased fibrosis, its
dietary supplementation appeared as a good strategy for the prevention and management of HCV

related fibrotic disorders patients30,31. Therefore,
the evaluation of serological vitamin D profile in
HCV patients with extrahepatic manifestations
such as MC, could be particularly interesting31-33.
While it is well accepted that patients with
chronic HCV infection display low levels of
25(OH)D, its role as a prognostic biomarker is
still an unresolved question. Indeed, the association between low levels of 25(OH)D and the

Table I. Main characteristics of the study population.

N°
Sex
Age (years)
Vitamin D (ng/mL)
DBP (ng/mL)
FLCк (mg/L)
FLCλ (mg/L)
к/λ
METAVIR score
HCV MC F2-F4
CG Type II (no.)
CG Type III (no.)
CG Negativem (no.)

8510

HCV patients

Healthy controls

p-value

65 (42 HCV Naïve; 23 HCV symptomatic MC)
31M/34F
63 ± 9.8
33.3 ± 19.2
26.6 ± 16.4
42.2 ± 44.7
25.3 ± 22.3
1.8 ± 1.2
HCV naïve F0-F1
–
37
20
8

21
11M/10F
42 ± 5
31 ± 13.1
26.5 ± 10.2
9.2 ± 4.2
11.7 ± 6.1
0.8 ± 0.2

–
–
–
NS
NS
< 0.001
< 0.001
< 0.001

–
–
–

–
–
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Figure 2. FLCs distribution between different Cryoglobulin subgroups.

progression/degree of liver fibrosis and response
to antiviral therapy have been reported with conflicting results in HCV patients34-37. We aimed
to analyze the vitamin D profile in HCV naïve
patients and in patients with extrahepatic manifestations (HCV-related MC). Notably, for the
first time, we correlated the 25(OH)D serological
levels to different types of CGs (II and III), evaluating its role as a prognostic biomarker.
Considering that vitamin D deficiency represents the major public health problem in the
world, it is not surprising that we found similar
low levels in patients and in healthy controls38,39.
Indeed, we did not find any significant difference
in 25(OH)D vitamin D and DBP levels between
patients and healthy controls (Figures 1A and
B), between the two HCV patients’ main groups
(naïve vs. MC) (data not shown) and among patients’ subgroups (Figures 1C and D). Of note,
25(OH)D was normal in 34/65 HCV patients
(52.3%) and the mean level was >10 ng/mL in
the great majority of patients for each subgroup
with a very low occurrence of deficiency status
(<10 ng/mL). Our results are in contrast with
literature data that described a prevalence of
insufficient and/or deficient 25(OH)D levels in
correlation with the severity of the extra-hepatic

manifestations as in MC40,41. On the contrary,
our findings depict a scenario characterized by a
lack of correlation between 25(OH)D serological
levels and the severity of extrahepatic complications. Terrier et al41 showed that low 25(OH)
D levels correlate with the presence of MC and
systemic vasculitis in chronic HCV infection.
This is probably due to the different patients’
population and selection criteria and to another
method for 25(OH)D measurement. Although
the 5 patients with 25(OH)D deficient levels (<10
ng/mL) displayed severe extrahepatic manifestations (METAVIR score F4).
In addition to 25(OH)D, for the first time, we
assessed serological DBP levels, the binding protein that carries up to 88% of 25(OH)D and up
to 85% of 1,25(OH)2D (the active hormonal form
of vitamin D42. Moreover, DBP can be converted
into a macrophage-activator factor and actin-free
DBP has been correlated with organ dysfunction
in acute liver failure in association with different
stages of fibrosis. Furthermore, DBP is a serologic biomarker decreasing in liver fibrosis (F2-F4).
In combination with alpha 2 macroglobulin and
apolipoprotein AI, it may predict different stages
of liver fibrosis and its employment, if validated,
could reduce the more invasive liver biopsy43.
8511
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Here, we did not observe any significant difference in DBP levels between healthy donors and
HCV patients, and among the different subgroups
of HCV patients, suggesting that a reduction of
risk for liver fibrosis is independent to serological
DBP levels.
A common feature of diseases characterized
by immune stimulation and B-cell activation,
such as infection, inflammation, and autoimmune
disease, is the frequent occurrence of polyclonal immunoglobulins. FLCs may play a crucial
role in the pathogenesis of immune-inflammatory diseases and their overproduction usually is
a result of different degree of chronic immune
stimulation (Figure 2), with a ratio that remains
unchanged. FLCs are involved in several diseases
related to abnormalities in the pathways of natural
and acquired immunity, interacting with specific
immune mediators, surface membrane receptors,
and various cells of the immune system21. Polyclonal FLCs have been measured as possible
interesting markers in chronic HCV infection
and as probable predictive immune-biomarker
associated with more severe and active disease,
comorbidity and mortality44-46. These findings
could provide valuable insights into the role of
inflammatory mechanisms in HCV pathophysiology. In analogy to previous reports, our patients showed higher FLCs levels if compared to
HBD, confirming their role as a marker of B-cell
dysfunction/activity that occurs in the course of
HCV infection44,45,47. On the contrary, the analysis
of free k and λ chains and k/λ among patients’
subgroups did not reveal significant differences
(Figure 2). This finding could be suggestive of a
lack of clonal evolution of FLCs23.

Conclusions
Our results demonstrate the presence of an
increased serum level of FLCs in HCV patients
as a signature of B cell activation in HCV related
MC. However, we suggest that nor 25(OH)D and
DBP levels or FLCs can be considered reliable
biomarkers for discriminating different stages
of HCV-associated chronic liver diseases and/or
HCV-associated extrahepatic manifestation. The
major limitation of our study is the small sample
size due to the relatively slow progression of these
diseases.
Assessments on a larger number of subjects
will be necessary to better define the role of vitamin D in liver pathology.
8512

Conflict of Interest

The Authors declare that they have no conflict of interests.

References
1) L am BP, Jeffers T, Younoszai Z, Fazel Y, Younossi ZM.
The changing landscape of hepatitis C virus therapy: focus on interferon-free treatment. Therap
Adv Gastroenterol 2015; 8: 298-312.
2) C acoub P, Gragnani L, Comarmond C, Zignego AL.
Extrahepatic manifestations of chronic hepatitis
C virus infection. Dig Liver Dis 2014; 46 Suppl 5:
S165-173.
3) Ferri C. Mixed cryoglobulinemia. Orphanet J Rare
Dis 2008; 3: 25.
4) Misiani R, Bellavita P, Fenili D, Borelli G, M archesi D,
M assazza M, Vendramin G, Comotti B, Tanzi E, Scu deller G, Z anetti A. Hepatitis C virus infection in
patients with essential mixed cryoglobulinemia.
Ann Intern Med 1992; 117: 573-577.
5) Zignego AL, Gragnani L, Giannini C, L affi G. The
hepatitis C virus infection as a systemic disease.
Intern Emerg Med 2012; 7 Suppl 3: S201-208.
6) Vallat L, Benhamou Y, Gutierrez M, Ghillani P, Her cher C, Thibault V, Charlotte F, Piette JC, Poynard
T, Merle-Béral H, Davi F, C acoub P. Clonal B cell
populations in the blood and liver of patients
with chronic hepatitis C virus infection. Arthritis
Rheum 2004; 50: 3668-3678.
7) Meltzer M, Franklin EC, Elias K, McCluskey RT, Coo per N. Cryoglobulinemia--a clinical and laboratory
study. II. Cryoglobulins with rheumatoid factor activity. Am J Med 1966; 40: 837-856.
8) K night GB, G ao L, Gragnani L, De Rosa FG, Gordon
FD, Agnello V. Detection of WA B cells in hepatitis C virus infection: a potential prognostic marker for cryoglobulinemic vasculitis and B cell malignancies. Arthritis Rheum 2010; 62: 2152-2159.
9) Rosen CJ. Vitamin D insufficiency. N Engl J Med
2011; 364: 248-254.
10) Cheng JB, L evine MA, Bell NH, M angelsdorf DJ,
Russell DW. Genetic evidence that the human CYP2R1 enzyme is a key vitamin D 25-hydroxylase.
Proc Natl Acad Sci 2004; 101: 7711-7715.
11) Sun PL, Zhang S. Correlations of 25-hydroxyvitamin D3 level in patients with ulcerative colitis with
inflammation level, immunity and disease activity. Eur Rev Med Pharmacol Sci 2018; 22: 56355639.
12) Hoan NX, Tong HV, Song LH, Meyer CG, Velavan
TP. Vitamin D deficiency and hepatitis viruses-associated liver diseases: a literature review. World
J Gastroenterol 2018; 24: 445-460.
13) A rteh J, Narra S, Nair S. Prevalence of vitamin D
deficiency in chronic liver disease. Dig Dis Sci
2010; 55: 2624-2628.
14) Pappa HM, Bern E, K amin D, Grand RJ. Vitamin D
status in gastrointestinal and liver disease. Curr
Opin Gastroenterol 2008; 24: 176-183.

Lack of association between Vitamin D and HCV-related disorders
15) Gutierrez JA, Parikh N, Branch AD. Classical and
emerging roles of vitamin D in hepatitis C virus infection. Semin Liver Dis 2011; 31: 387-398.
16) Braun A, Kofler A, Morawietz S, Cleve H. Sequence and organization of the human vitamin
D-binding protein gene. Biochim Biophys Acta
1993; 1216: 385-394.
17) Delanghe JR, Speeckaert R, Speeckaert MM. Behind
the scenes of vitamin D binding protein: more
than vitamin D binding. Best Pract Res Clin Endocrinol Metab 2015; 29: 773-786.
18) Lopez-Farré AJ, M ateos-C aceres PJ, Sacristan D, A zcona L, Bernardo E, de Prada TP, A lonso -Orgaz S,
Fernández-A rquero M, Fernández-Ortiz A, M acaya C.
Relationship between vitamin D binding protein
and aspirin resistance in coronary ischemic patients: a proteomic study. J Proteome Res 2007;
6: 2481-2487.
19) Gibson DS, Newell K, Evans AN, Finnegan S, M an ning G, Scaife C, Mc A llister C, Pennington SR, Dun can MW, Moore TL, Rooney ME. Vitamin D binding
protein isoforms as candidate predictors of disease extension in childhood arthritis. J Proteomics 2012; 75: 5479-5492.
20) Vaidya R, Witzig TE. Prognostic factors for diffuse
large B-cell lymphoma in the R(X)CHOP era. Ann
Oncol 2014; 25: 2124-2133.
21) Basile U, Gulli F, Gragnani L, Napodano C, Pocino
K, R apaccini GL, Mussap M, Zignego AL. Free light
chains: eclectic multipurpose biomarker. J Immunol Methods 2017; 451: 11-19.
22) Napodano C, Pocino K, Rigante D, Stefanile A, Gulli F, M arino M, Basile V, R apaccini GL, Basile U. Free
light chains and autoimmunity. Autoimmun Rev
2019; 18: 484-492.
23) Terrier B, Sene D, Saadoun D, Ghillani -Dalbin P, Thi bault V, Delluc A, Piette JC, C acoub P. Serum-free
light chain assessment in hepatitis C virus-related lymphoproliferative disorders. Ann Rheum Dis
2009; 68: 89-93.
24) Geri G, Terrier B, Semoun O, Saadoun D, Sène D,
Charlotte F, Merle-Béral H, Musset L, Resche-Ri gon M, C acoub P. Surrogate markers of B cell
non-Hodgkin’s lymphoma in patients with hepatitis C virus-related cryoglobulinaemia vasculitis.
Ann Rheum Dis 2010; 69: 2177-2180.
25) Bedossa P, Poynard T. An algorithm for the grading
of activity in chronic hepatitis C. The METAVIR
Cooperative Study Group. Hepatology 1996; 24:
289-293.
26) Ferri C, Zignego AL, Pileri SA. Cryoglobulins. J Clin
Pathol 2002; 55: 4-13.
27) Emmen JM, Wielders JP, Boer AK, van den Ouweland
JM, Vader HL. The new Roche Vitamin D Total assay: fit for its purpose? Clin Chem Lab Med 2012;
50: 1969-1972.
28) Clinical and L aboratory Standards Institute. EP05-A3
evaluation of precision of quantitative measurement procedures: approved guideline. 3rd ed.
Clinical Laboratory Standards Institute; Wayne,
PA 19087 USA, 2014.

29) Baeke F, Takiishi T, Korf H, Gysemans C, M athieu C.
Vitamin D: modulator of the immune system. Curr
Opin Pharmacol 2010; 10: 482- 496.
30) A rtaza JN, Norris KC. Vitamin D reduces the expression of collagen and key profibrotic factors
by inducing an antifibrotic phenotype in mesenchymal multipotent cells. J Endocrinol 2009; 200:
207-221.
31) Buonomo AR, Z appulo E, Scotto R, Pinchera B, Per ruolo G, Formisano P, Borgia G, Gentile I. Vitamin D
deficiency is a risk factor for infections in patients
affected by HCV-related liver cirrhosis. Int J Infect
Dis 2017; 63: 23-29.
32) Hoe E, Nathanielsz J, Toh ZQ, Spry L, M arimla R,
Balloch A, Mulholland K, L icciardi PV. Anti-inflammatory effects of vitamin D on human immune
cells in the context of bacterial infection. Nutrients
2016; 8: pii: E806.
33) R agab D, Soliman D, Samaha D, Yassin A. Vitamin
D status and its modulatory effect on interferon
gamma and interleukin-10 production by peripheral blood mononuclear cells in culture. Cytokine
2016; 85: 5-10.
34) Udomsinprasert W, Jittikoon J. Vitamin D and liver fibrosis: molecular mechanisms and clinical
studies. Biomed Pharmacother 2019; 109: 13511360.
35) Ko BJ, K im YS, K im SG, Park JH, L ee SH, Jeong SW,
Jang JY, K im HS, K im BS, K im SM, K im YD, Cheon GJ,
L ee BR. Relationship between 25-hydroxyvitamin
d levels and liver fibrosis as assessed by transient elastography in patients with chronic liver
disease. Gut Liver 2016; 10: 818-825.
36) G arcía-Á lvarez M, Pineda-Tenor D, Jiménez-Sousa
MA, Fernández-Rodríguez A, Guzmán -Fulgencio M,
Resino S. Relationship of vitamin D status with advanced liver fibrosis and response to hepatitis C
virus therapy: a meta-analysis. Hepatology 2014;
60: 1541-1550.
37) Ren Y, L iu M, Zhao J, Ren F, Chen Y, L i JF, Zhang JY,
Qu F1, Zhang JL, Duan ZP1, Zheng SJ. Serum vitamin D₃ does not correlate with liver fibrosis in
chronic hepatitis C. World J Gastroenterol 2015;
21: 11152-11159.
38) Holick MF. The vitamin D deficiency pandemic:
approaches for diagnosis, treatment and prevention. Rev Endocr Metab Disord 2017; 18: 153-165.
39) K ramkowska M, Grzelak T, Walczak M, Bogdanski
P, Pupek-Musialik D, Czyzewska K. Relationship between deficiency of vitamin D and exponents of
metabolic syndrome. Eur Rev Med Pharmacol Sci
2015; 19: 2180-2187.
40) Gentile I, Scarano F, Celotti A, DE Iuliis E, Scarano
R, Granata V, Pinchera B, Meola M, D’A mbra A, Piccirillo M, DI Paola F, C avalcanti E, Izzo F, Scarpa to N, Borgia G. Low vitamin D levels are associated with the presence of serum cryoglobulins in
patients with chronic HCV infection. In Vivo 2015;
29: 399-404.
41) Terrier B, Jehan F, Munteanu M, Geri G, Saadoun D,
Sène D, Poynard T, Souberbielle JC, C acoub P. Low

8513

U. Basile, C. Napodano, K. Pocino, A. Barini, M. Marino, et al.
25-hydroxyvitamin D serum levels correlate with
the presence of extra-hepatic manifestations in
chronic hepatitis C virus infection. Rheumatology
(Oxford) 2012; 51: 2083-2090.
42) Speeckaert M, Huang G, Delanghe JR, Taes YE. Biological and clinical aspects of the vitamin D binding protein (Gc-globulin) and its polymorphism.
Clin Chim Acta 2006; 372: 33-42.
43) Ho AS, Cheng CC, L ee SC, L iu ML, L ee JY, Wang
WM, Wang CC. Novel biomarkers predict liver fibrosis in hepatitis C patients: alpha 2 macroglobulin, vitamin D binding protein and apolipoprotein
AI. J Biomed Sci 2010; 17: 58.
44) Basile U, Gragnani L, Piluso A, Gulli F, Urraro T,
Dell’A bate MT, Torti E, Stasi C, Monti M2, R apaccini
GL, Zignego AL. Assessment of free light chains in
HCV-positive patients with mixed cryoglobulinae-

8514

mia vasculitis undergoing rituximab treatment.
Liver Int 2015; 35: 2100-2107.
45) Gulli F, Basile U, Gragnani L, Fognani E, Napodano C, Colacicco L, M iele L, De M atthaeis N, C attani P, Zignego AL, R apaccini GL. Autoimmunity and
lymphoproliferation markers in naïve HCV-RNA
positive patients without clinical evidences of autoimmune/lymphoproliferative disorders. Dig Liver Dis 2016; 48: 927-933.
46) Basile U, Napodano C, Pocino K, Gulli F, Santini SA,
Todi L, Marino M, R apaccini GL. Serological profile of
asymptomatic HCV positive patients with low level
of cryoglobulins. Biofactors 2019; 45: 318-325.
47) Zignego, AL, Giannini C, Ferri C. Hepatitis C virus-related lymphoproliferative disorders: an
overview. World J Gastroenterol 2007; 13: 24672478.

