
 International Journal of 

Molecular Sciences

Article

Serum Biomarkers for Discrimination between
Hepatitis C-Related Arthropathy and Early
Rheumatoid Arthritis
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Abstract: In the present study, we aimed to estimate the concentrations of cytokines (interleukin 6,
IL-6, tumor necrosis factor-α, TNF-α) and auto-antibodies (rheumatoid factor IgM isotype, IgM-RF,
antinuclear auto-antibodies, ANA, anti–cyclic citrullinated peptide antibodies IgG isotype, IgG
anti-CCP3.1, anti-cardiolipin IgG isotype, IgG anti-aCL) in serum of patients with eRA (early
rheumatoid arthritis) and HCVrA (hepatitis C virus-related arthropathy) and to assess the utility of
IL-6, TNF-α together with IgG anti-CCP and IgM-RF in distinguishing between patients with true
eRA and HCVrA, in the idea of using them as differential immunomarkers. Serum samples were
collected from 54 patients (30 diagnosed with eRA-subgroup 1 and 24 with HCVrA-subgroup 2) and
from 28 healthy control persons. For the evaluation of serum concentrations of studied cytokines
and auto-antibodies, we used immunoenzimatique techniques. The serum concentrations of both
proinflammatory cytokines were statistically significantly higher in patients of subgroup 1 and
subgroup 2, compared to the control group (p < 0.0001). Our study showed statistically significant
differences of the mean concentrations only for ANA and IgG anti-CCP between subgroup 1 and
subgroup 2. We also observed that IL-6 and TNF-α better correlated with auto-antibodies in subgroup
1 than in subgroup 2. In both subgroups of patients, ROC curves indicated that IL-6 and TNF-α
have a higher diagnostic utility as markers of disease. In conclusion, we can say that, due to high
sensitivity for diagnostic accuracy, determination of serum concentrations of IL-6 and TNF-α, possibly
in combination with auto-antibodies, could be useful in the diagnosis and distinguishing between
patients with true eRA and HCV patients with articular manifestation and may prove useful in the
monitoring of the disease course.
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1. Introduction

Chronic hepatitis diseases have multifactorial etiology. The experimental data and clinical
observations have shown that the prevalence of chronic liver infections with hepatitis C virus
(HCV) is about 3% [1]. Besides the primary effects manifested in the liver, chronic HCV infection
may be associated with various extrahepatic manifestations (approximately 40–70%), such as
arthralgias, arthritis, vasculitis, paresthesia, myalgia, pruritus, sicca syndrome, cryoglobulinemia and
glomerulonephritis. Hence, we ought to differentiate between chronic HCV infection and primitive
rheumatic disease [2,3].

Studies have shown that the prevalence of hepatitis C virus-related arthropathy (HCVrA) is about
4% of patients presenting with HCV. This is a small percentage because many patients are diagnosed as
having an articular event only when consulting a specialist. Polyarthritis, similarly to early rheumatoid
arthritis (eRA), is symmetrical, involving mainly small joints but not associated with articular bony
erosions [4]. Poanta L. et al. undertook a prospective study in which presented evidence that 20% of
patients infected with HCV will have arthralgia in first year [5]. It has been observed that articular
manifestations present in patients with HCV are rheumatoid arthritis type or arthritis associated with
deposits of cryoglobulines. These patients have a high prevalence of positive rheumatoid factor (RF)
and therefore can often be wrongly diagnosed with eRA [6].

Because both eRa and HCVrA are complex disorders with multifactorial etiology, in clinic,
diagnosis problems may occur. One of the diagnosis problems is represented by the differentiation of
eRA from HCVrA: the signs and symptoms of HCVrA, including joint involvement, can be similar
to eRA, making the distinction between HCVrA and eRA difficult [7,8]. Moreover, the presence of
erosions, rheumatoid nodules, or positive anti–cyclic citrullinated peptide antibodies (anti-CCP) in
a patient, should generate the possible diagnosis of eRA. It is possible for HCV patients to develop
nonerosive arthritis without nodules, and it can also imitate eRA, so, if the erosions are not observed,
the discrimination is unable to be made easily [9,10].

The objective of this study was to estimate the concentrations of cytokines (interleukin 6, IL-6
and tumor necrosis factor-α, TNF-α) and auto-antibodies (rheumatoid factor IgM isotype, IgM-RF,
antinuclear auto-antibodies (ANA), anti-CCP antibodies IgG isotype, IgG anti-CCP3.1, anti-cardiolipin
IgG isotype, IgG anti-aCL) in serum of patients with eRA and HCVrA and to assess the utility of IL-6,
TNF-α together with IgG anti-CCP and IgM-RF in distinguishing between patients with true eRA and
HCVrA, with the idea of using them as differential immunomarkers.

2. Results

2.1. Clinical Characteristics of the Study Subjects

Among the 30 patients initially diagnosed with eRA (subgroup 1), 80% were female (sex ratio:
24 female/6 male), with age, mean ± stdv 55.77 ± 10.87 years. In the HCVrA subgroup (subgroup 2), a
female to male ratio was 14/10 (67%), mean age was 54.42 ± 7.49 years. In the control group, incidence
for women was 78% and age 52.36 ± 13.38 years. There was no significant difference in age between
the two subgroups (p = 0.342) (Table 1).

Table 1. Clinical characteristics of the study subjects.

Character eRA Subgroup 1
(n = 30)

HCVrA Subgroup 2
(n = 24) p Value Controls (n = 28)

Age (years) (mean ± stdv) 55.77 ± 10.87 54.42 ± 7.49 p = 0.342 52.36 ± 3.38
Gender (female /male) 24/6 (80%) 14/10 (67%) − 22/6 (78.5%)

CRP (mg/dL) 16.97 ± 5.14 16.27 ± 8.24 p < 0.0001 4.75 ± 2.15
ESR (mm/1st h) 33.60 ± 12.35 15.71 ± 6.33 p < 0.0001 11.68 ± 6.24

Cryoglobulinemia 13.33% 28%
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2.2. Cytokines Concentrations

In our study, we found that both proinflammatory cytokines IL-6 (38.77 pg/mL, 95% CI:
26.93–50.60) and TNF-α (63.32 pg/mL, 95% CI: 45.39–81.26) concentrations in the serum of patients in
subgroup 1 were higher than those in the control group (2.85 pg/mL, 95% CI: 2.08–3.62, p < 0.0001 and
4.29 pg/mL, 95% CI: 3.33–5.25, p < 0.0001, respectively). We also found statistical differences between
serum concentrations of IL-6 (29.13 pg/mL, 95% CI: 20.01–38.24) and TNF-α (54.63 pg/mL, 95% CI:
36.50–72.76) of patients in subgroup 2 and the control group (p < 0.0001) (Table 2).

When we compared the mean concentrations of IL-6 and TNF-α between the two subgroups, we
noticed that we have no statistically significant differences (p = 0.388, respectively p = 0.481) (Figure 1).
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Figure 1. Interleukin 6 (IL-6) and tumor necrosis factor-α (TNF-α) concentrations in serum of patients in
both subgroups and control group (Black circles represent IL-6 and TNF-α concentration of individual
serum samples; red lines represent mean values accompanied by 95% confidence interval; 95%
confidence interval is represented by black horizontal bars).

In the studied cohort of patients, we observe statistically significant differences in the
concentrations of CRP and the levels of ESR between both subgroups and the control group
(CRP/control group-p < 0.0001, ESR/control group-p < 0.0001) (Table 1). Comparing the mean
concentrations of CRP and ESR between the two subgroups, we noticed that we have highly statistically
significant differences between subgroup 1 and subgroup 2 (p < 0.0001).

2.3. Auto-Antibodies Concentrations

Another objective of our study was to investigate auto-antibodies profile in both subgroups.
In Table 2, we reproduced concentrations of these auto-antibodies investigated.

Following the analysis, our study showed statistically significant differences of the mean
concentrations only for ANA and IgG anti-CCP between subgroup 1 and subgroup 2 (ANA,
subgroup 1/ subgroup 2-p = 0.006, respectively IgG anti-CCP subgroup 2/subgroup 1-p < 0.0001)
(Table 2).

2.4. Correlations Between IL-6, TNF-α and Auto-Antibodies in eRA and HCVrA

Concentrations of both cytokines are correlated with each other in subgroup 1 (r = 0.337, p = 0.049)
and not correlated in subgroup 2 (r = −0.154, p = 0.471) (Tables 3 and 4). In addition, we observed that
IL-6 and TNF-α better correlated with auto-antibodies in subgroup 1 than in subgroup 2.
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Table 2. IL-6, TNF-α and auto-antibodies (antinuclear auto-antibodies—ANA, anti–cyclic citrullinated peptide antibodies IgG isotype, IgG anti-CCP, anti-cardiolipin
IgG isotype, IgG anti-aCL, rheumatoid factor IgM isotype, IgM-RF) concentrations in serum of patients with eRA, HCVrA and in the control group.

Parameter
(Mean, 95% CI)

Levels in Subgroup 1 Levels in Subgroup 2 Levels in Subgroups

RA Control p HCVrA Control p RA HCVrA p

IL-6 (pg/mL) 38.77 (26.93–50.60) 2.85 (2.08–3.62) < 0.0001 29.13 (20.01–38.24) 2.85 (2.08–3.62) < 0.0001 38.77 (26.93–50.60) 29.13 (20.01–38.24) = 0.388
TNF-α (pg/mL) 63.32 (45.39–81.26) 4.29 (3.33–5.25) < 0.0001 54.63 (36.50–72.76) 4.29 (3.33–5.25) < 0.0001 63.32 (45.39–81.26) 54.63 (36.50–72.76) = 0.481
ANA (U/mL) 12.43 (9.35–15.52) 4.55 (3.84–5.28) < 0.0001 17.67 (15.76–19.58) 4.55 (3.84–5.28) < 0.0001 12.43 (9.35–15.52) 17.67 (15.76–19.58) = 0.006

IgG anti-CCP (U/L) 100.40 (69.45–131.30) 5.75 (4.34–7.16) < 0.0001 16.99 (14.92–19.07) 5.75 (4.34–7.16) < 0.0001 100.40 (69.45–131.30) 16.99 (14.92–19.07) < 0.0001
IgM-RF (U/L) 65.27 (45.71–84.83) 5.07 (3.95–6.19) < 0.0001 44.42 (31.88–56.96) 5.07 (3.95–6.19) < 0.0001 65.27 (45.71–84.83) 44.42 (31.88–56.96) = 0.276

IgG anti-aCL (U/mL) 13.97 (11.19–16.74) 5.82 (4.41–7.24) < 0.0001 16.12 (12.85–19.38) 5.82 (4.41–7.24) < 0.0001 13.97 (11.19–16.74) 16.12 (12.85–19.38) = 0.346
CRP (mg/dL) 16.97 (15.06–18.89) 4.75 (3.92–5.59) < 0.0001 16.27 (12.79–19.75) 4.75 (3.92–5.59) < 0.0001 16.97 (15.06–18.89) 16.27 (12.79–19.75) < 0.0001

ESR (mm/1st h) 33.60 (28.99–38.21) 11.68 (9.47–14.31) < 0.0001 15.71 (13.04–18.39) 11.68 (9.47–14.31) < 0.0001 33.60 (28.99–38.21) 15.71 (13.04–18.39) < 0.0001

Table 3. Correlations between IL-6, THF-α and early rheumatoid arthritis (eRA) indices.

Parameter ANA IgG Anti-aCL IgM-RF IgG Anti-CCP IL-6 TNF-α CRP ESR

ANA r = −0.069
p = 0.717

r = 0.273
p = 0.145

r = −0.157
p = 0.407

r = −0.026
p = 0.890

r = 0.076
p = 0.688

r = 0.251
p = 0.181

r = 0.089
p = 0.639

IgG anti-aCL r = −0.320
p = 0.049 *

r = 0.052
p = 0.784

r = 0.158
p = 0.460

r = 0.349
p = 0.050 *

r = 0,129
p = 0.496

r = 0.274
p = 0.142

IgM-RF r = 0.418
p = 0.022 *

r = −0.231
p = 0.219

r = −0.131
p = 0.492

r = 0.294
p = 0.115

r = 0.071
p = 0.709

IgG anti-CCP r = 0.371
p = 0.044 *

r = −0.231
p = 0.219

r = −0.039
p = 0.837

r = −0.005
p = 0.979

IL-6 r = 0.337
p = 0.049 *

r = 0.017
p = 0.928

r = 0.029
p = 0.877

TNF-α r = −0.404
p = 0.027 *

r = 0.112
p = 0.557

CRP r = −0.020
p = 0.916

r Pearson correlation coefficient, * Statistically significant correlations.
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Table 4. Correlations between IL-6, THF-α and hepatitis C virus-related arthropathy (HCVrA) indices.

Parameter ANA IgG Anti-aCL IgM-RF IgG Anti-CCP IL-6 TNF-α CRP ESR

ANA r = 0.649
p < 0.0001*

r = 0.077
p = 0.721

r = 0.428
p = 0.037 *

r = −0.202
p = 0.345

r = −0.160
p = 0.456

r = −0.037
p = 0.864

r = 0.303
p = 0.149

IgG anti-aCL r = 0.070
p = 0.744

r = 0.694
p < 0.0001 *

r = −0.056
p = 0.794

r = −0.411
p = 0.046*

r = 0.140
p = 0.515

r = −0.050
p = 0.817

IgM-RF r = −0.203
p = 0.498

r = 0.578
p = 0.003*

r = −0.052
p = 0.809

r = −0.269
p = 0.204

r = 0.210
p = 0.325

IgG anti-CCP r = −0.054
p = 0.802

r = −0.122
p = 0.571

r = 0.185
p = 0.386

r = −0.139
p = 0.516

IL-6 r = −0.154
p = 0.471

r = −0.101
p = 0.640

r = 0.298
p = 0.158

THF-α r = 0.050
p = 0.816

r = 0.015
p = 0.944

CRP r = −0.342
p = 0.101

r Pearson correlation coefficient, * Statistically significant correlation.



Int. J. Mol. Sci. 2017, 18, 1304 6 of 14

In subgroup 1, we noticed that: IL-6 correlated fairly well with IgG anti-CCP (r = 0.418, p = 0.044),
TNF-α correlated with IgG anti-aCL (r = 0.349, p = 0.050) and CRP (significant negative correlation,
r = −0.404, p = 0.027) and IgM-RF correlated with IgG anti-CCP (r = 0.418, p = 0.022) and IgG anti-aCL
(significant negative correlation, r = −0.320, p = 0.049).

In subgroup 2, we observe that: IL-6 correlated fairly well with IgM-RF (r = 0.578, p = 0.003),
TNF-α correlated with IgG anti-aCL (significant negative correlation, r = −0.411, p = 0.046), ANA
correlated with IgG anti-CCP (r = 0.428, p = 0.037) and IgG anti-aCL (strong positive correlation,
r = 0.649, p < 0.0001) and IgG anti-CCP correlated with IgG anti-aCL (strong positive correlation,
r = 0.694, p < 0.0001).

2.5. Diagnostic Performance of IL-6 and TNF-α as Disease Markers

Comparing the ROC curves for the studied parameters in the two subgroups of patients indicated
that IL-6 and TNF-α have a higher diagnostic utility as markers of disease (Table 5).

Table 5. Diagnostic performance of the investigated parameters.

Parameter AUC
Accuracy

Cut-off
Value p Value Sensitivity

%
Specificity

%
Youden
Index

RA IL-6 1.000 8.75 <0.0001 100.00 100.00 1.000
TNF-α 0.950 10.50 <0.0001 90.00 100.00 0.900

IgG anti-CCP 0.982 11.50 <0.0001 96.67 96.43 0.931
ANA 0.798 9.00 0.0001 63.33 100.00 0.633

IgM-RF 0.991 9.50 <0.0001 100.00 96.43 0.964
IgG anti-aCL 0.824 11.50 <0.0001 60.00 92.86 0.529

HCVrA IL-6 0.975 7.25 <0.0001 100.00 96.43 0.964
TNF-α 0.971 10.50 <0.0001 91.67 100.00 0.917

IgG anti-CCP 0.914 7.25 <0.0001 83.33 100.00 0.833
ANA 1.000 9.20 <0.0001 100.00 100.00 1.000

IgM-RF 0.935 15.00 <0.0001 87.50 96.43 0.839
IgG anti-aCL 0.891 11.50 <0.0001 79.17 92.86 0.720

ROC analysis revealed that IL-6 concentration indicated eRA presence with 100% accuracy using
the concentration of 8.75 pg/mL as an optimal cut-off value for discrimination between patients with
eRA and controls (95% CI: 1.000–1.000, p < 0.0001). The likelihood ratios of positive and negative
results obtained on the basis of optimal threshold values specific for eRA were as follows: LR(+) = 14.00
and LR(−) = 1.12 with sensitivity and specificity equal to 100 and 100%, respectively, Youden index
was 1.000 (Figure 2).

ROC analysis revealed that the IL-6 concentration indicated HCVrA presence with 97.50% accuracy
using the concentration of 7.25 pg/mL as an optimal cut-off value for discrimination between patients
with eRA and controls (95% CI: 0.927–1.024, p < 0.0001). The likelihood ratios of positive and negative
results obtained on the basis of optimal threshold values specific for eRA were as follows: LR(+) = 11.67
and LR(−) = 1.12 with sensitivity and specificity equal to 100% and 96.43%, respectively, the Youden
index was 0.964.

In case of TNF-α the calculated cut-off value for discrimination between patients with eRA and
controls was 10.50 pg/mL and using this value the diagnostic accuracy of TNF-α was 95.00% (95% CI:
0.883–1.017, p < 0.0001). The likelihood ratios of positive and negative results obtained on the basis
of optimal threshold values specific for TNF-α were as follows: LR(+) = 25.20 and LR(−) = 1.04 with
sensitivity and specificity equal to 90.00% and 100%, respectively, the Youden index was 0.900.

The cut-off value of TNF-α for discrimination between patients with HCVrA and controls was
10.50 pg/mL and using this value the diagnostic accuracy of TNF-α was 97.10% (95% CI: 0.929–1.013,
p < 0.0001). The likelihood ratios of positive and negative results obtained on the basis of optimal



Int. J. Mol. Sci. 2017, 18, 1304 7 of 14

threshold values specific for TNF-α were as follows: LR(+) = 25.67 and LR(−) = 1.04 with sensitivity
and specificity equal to 91.67% and 100%, respectively, the Youden index was 0.917.Int. J. Mol. Sci. 2017, 18, 1304  7 of 14 
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3. Discussion

Rheumatoid arthritis (RA) is a chronic, progressive, systemic inflammatory autoimmune disease in
which the body’s immune system mistakenly attacks the joint. The disease produces an inflammatory
infiltrate of immune cells as well as a series of destructive events such as: synovial hyperplasia, pannus
setting, bone and cartilage erosion and joint destruction. It results in swelling and pain in the joints
and around them [11,12].

In serum and synovial fluid collected from patients with RA we can determine besides RF
and anti–citrullinated protein antibodies (aCCPs), numerous auto-antibodies involved in the disease
etiopathogenesis [13,14]. Circulating auto-antibodies (ANA; anti-smooth muscle antibody, ASMA;
anti–mitochondrial antibody, AMA) have been implicated in about 48% of Chinese patients with
chronic HCV infection [15]. In the study made by Buskila D. et al., the authors remark that RF
(44%), ANA (38%), IgM anti-aCL (28%) and IgG anti-aCL (22%) were predominant, in cases with
HCV-positive patients [16]. ANA represents a serologic biomarker that is useful for diagnosing patients
with autoimmune or connective tissue diseases.

The two groups studied by us had similarly low levels of ANA. We noted smaller ANA incidences
in groups of investigated patients (16% in HCVrA, respectively 25% in eRA group).

According to Narciso-Schiavon J.L. et al., ANA positivity can constitute an immunological
epiphenomenon, on addressing the HCV patients [17]. It has been reported that up to 20% of healthy
people have positive ANA [18]. Unlike the general population, the prevalence of anti-aCL antibodies
is higher in patients with chronic HCV infection [19]. Various studies have reported that chronically
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infected HCV patients have low titers of ASMA, RF, anti-liver-kidney-microsomal antibodies (aLKM),
ANA and anti-aCL antibodies [20,21]. Patients with chronic HCV infection may have a high prevalence
of IgG isotype anti-aCL (22%) [22]. In HCV infection, Ordi-Ros J et al. found that the frequency of
anti-aCL was lowered by 6.6% [23].

In our study we observed that the frequency of anti-aCL antibodies in HCVrA infection was 3%.
Many research studies reported that, in comparison to the general population, the anti-aCL antibodies
prevalence is higher in HCV infection [2,6,24].

RFs (all three isotypes IgM, IgA and IgG) represent the auto-antibodies, discovered initially in
RA [25]. Involvement of isotype IgM-RF was observed in most studies with high titres and appearing
in the initial stages of development of RA [26,27].

Here, we found that, in the serum level of a positive IgM-RF, the eRA concentration was higher
than the HCVrA concentration, but the result was not statistically significant (p = 0.276), this parameter
being useless in the differential diagnosis.

The eRA and HCV patients with articular manifestation showed a 79% and 64.7% IgM-RF [28].
There might be 50–70% of cases with RF positive with HCV infection where patients display rheumatic
symptoms and signs [29]. The study carried out by Sène D. et al. showed that RF positivity was around
81% on patients with RA, whereas, in HCVrA, this positivity was situated between 54–82% [30].

The majority of researchers [16,31–33] were able to identify the antibodies IgM-RF in eRA (between
70% and 80%) and nonartritic HCV infected patients (19–80%), the same way as we identified them in
HCVrA patients, who displayed noteworthy incidence (70%). Owing to the fact that there could be
seen a similarity in both the prevalence of positive RF in investigated patients with HCVrA, and with
arthritis, the test is not to be used to make a reliable distinction between this current condition and the
classic eRA, a case mentioned by other researches too [9,33,34].

Because of the low specificity of RF, in many clinical trials, new serological markers were identified
to contribute with good diagnostic accuracy to the diagnosis of patients with eRA. One of these
serological markers are anti-CCP auto-antibodies. Nishimura K. et al. achieved a specificity of 95%
for anti-CCP and concluded that anti-CCP antibody had a better diagnostic accuracy than RF in the
diagnosis of patients with eRA [35]. In patients that have eRA, the increased specificity of 98% of
anti-CCP antibody might constitute a reason to eliminate other rheumatic or immune diseases in
patients with positive anti-CCP [35–41]. Pinheiro GC et al. acknowledged that anti-CCP antibodies are
more specific for RA (96–98%) and present in nearly 75% to 80% of patients with RA [42].

In our study, anti-CCP was positive in 66.6% of patients with eRA and respectively in 12.5%
of HCVrA patients. We found that anti-CCP antibodies have approximately equal specificity and
sensitivity (96.43% respectively 96.67%) in eRA, unlike patients with HCVrA where we met a specificity
of 100% and a lower sensitivity (83.33%).

The presence of anti-CCP antibodies is certified, by some studies, in 4.5% to 7% of the HCVrA
patients [30,34]. A different study showed that 83% of patients with established eRA and 4.5% of
patients with HCVrA had the anti-CCP antibody [24,43]. The patients infected with HCV are diagnosed
differentially for arthritis, due to the specific anti-CCP positivity, and this is more significant for eRA
than the other causes [44].

Our HCVrA and eRA patients presented an interesting prevalence of the positivity for anti-CCP,
2/24 (8%) and 20/30 (66.6%) respectively, but without significant correlation between such parameters
like ANA, IgM-RF, IL-6, TNF-α and articular involvement. There were no correlations between the
IgM-RF and the IgG anti-CCP in HCVrA. This finding was also mentioned by other authors (r = 0145;
p = 0498) [33], unlike eRA where IgG anti-CCP correlated fairly well with IgM-RF (r = 0.418; p = 0.022)
and IL-6 (r = 0.371; p = 0.044). These data provide strong evidence that the specificity recently attributed
to this parameter in the diagnosis of RA is meaningful. In order to make a distinction between
antibodies and cyclic citrullinated peptide for discriminating eRA of HCV infection, serological tests
are used, due to the fact that the antibodies proved to be positive in patients with eRA only [33].
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In the immune response to viral agents, a significant part is played by cytokines [45]. Cytokines
are known to be the key mediators of inflammation and joint destruction in RA [46,47]. IL-6, known as
a pro–inflammatory cytokine, is usually elevated during acute infection and inflammation [48,49].

In the present work, serum levels of IL-6 in both subgroups, the eRA and HCVrA, were
significantly higher than that of the control group (p < 0.001). The patients with HCVrA had lower
values compared to the patients with eRA levels. The enhanced serum levels of IL-6 in eRA patients
indicate an increased synthesis and hyperactivity of this cytokine in eRA. The increased values of this
cytokine in the RA and HCVrA patients suggests common synthesis mechanisms.

There were authors who noticed increased IL-6 level in RA and HCVrA [50]. Chung S.J. et al.
found significantly elevated levels of IL-6 in the serum of patients with RA, correlated with CRP
levels and in patients with severe disease activity it was observed that concentrations of IL-6 and
IL-11 decreased with improvement of symptoms. The authors concluded that these results suggest the
involvement of IL-6 in the pathogenesis of RA, with IL-6 levels reflecting disease activity [51].

Various pro-inflammatory cytokines seem to be activated in chronic HCV infection, the progress
of chronic hepatitis C being attributed mostly to them [52]. TNF-α is one of the best-studied cytokines
involved in HCV infection [53], TNF-α is considered to be a target in eRA, and the effect of anti–TNF-α
monoclonal antibody therapy in eRA is subject to debate [54,55].

The findings of our studied cases offer interesting suggestions regarding the role of cytokines in
pathogenesis of HCV complicated with arthritis. Patients with chronic HCV infection and arthropaty
had a higher level of circulating TNF-α compared to those without articular implication (p < 0.0001).
The involvement of some cytokines in the pathogenesis of eRA has also been demonstrated in another
study already published by our research team. We have shown the involvement of IL-13 and IL-17 in
pathogenesis of eRA, serum concentrations of IL-13, IL-17, anti-CCP and IgM-RF were statistically
significantly higher in patients with eRA, compared to the controls and we concluded that IL-13 and
IL-17 might be of better use in the prediction of eRA activity status than IgM-RF and anti-CCP [56].

We demonstrated that the concentrations of the studied cytokines (IL-6, TNF-α) in serum better
correlated with the eRA indices than the HCVrA indices. Concentrations of both cytokines are
correlated with each other in subgroup 1 (r = 0.337, p = 0.049) and not correlated in subgroup 2
(r = −0.154, p = 0.471). We also observed that IL-6 and TNF-α better correlated with auto-antibodies in
subgroup 1 than in subgroup 2. The correlations between IL-6 and TNF-α were not very high.

When evaluating diagnostic utility of IL-6, TNF-α and auto-antibodies (IgM-RF, ANA, IgG
anti-CCP, IgG anti-aCL), their performances in terms of both diagnostic accuracy and Youden index
are comparable with the notion that IL-6 and TNF-α have higher specificity and sensitivity in both
subgroups. In the previous study we showed that IL-13 has a higher diagnostic utility than IL-17, CRP,
ESR, IgM-RF and anti-CCP as markers of disease activity [56].

In conclusion we can say that, due to high sensitivity for discrimination/diagnostic accuracy,
determination of serum concentrations of IL-6 and TNF-α, possibly in combination with
auto-antibodies could be useful in the diagnosis and distinguishing between patients with true eRA
and HCV patients with articular manifestation and may prove useful in the monitoring of the disease
course. In the future, in a study that will continue on this, we propose to apply this method to another
cohort of the patients, consisting of more subjects, to check this model. We also propose to use another
method and compare it to that used in this study.

4. Materials and Methods

4.1. Subjects and Clinical Assessment

The study group consisted of 54 patients (30 patients diagnosed with eRA-ubgroup 1, gender
ratio 6 M/24 F, mean age 56.22 years; and 24 patients diagnosed with HCVrA-subgroup 2, gender
ratio 10 M/14 F, mean age 54.42 years). In parallel, we investigated a control group that included
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28 persons unaffected by eRA and HCVrA. Controls were matched for sex, age at the time point of
blood sampling, and area of residence (rural or urban).

Early RA patients fulfilled the American College of Rheumatology (ACR) 1987 revised criteria for
the classification of RA [57]. They were all investigated, diagnosed and included into the studied group,
following the revised classification criteria of the American College of Rheumatology in 2010 [58].
All patients fitted the inclusion criteria for eRA (two or more swollen joints dating from more than 2
weeks, but less than 12 months from onset).

The patients with chronic HCV infection were included if there was a history of HCV seropositivity
(HCV antibodies) confirmed by PCR for the RNA HCV detections. The evidence of persistent infection
was established by liver biopsy or abnormal transaminases.

All patients co-infected with HIV or other hepatitis viruses (patients with positive HBs Ag)
and affected by diseases with similar clinical features, particularly psoriatic arthritis, systemic lupus
erythematosus (SLE), Sjögren’s syndrome, dermatomyositis, or overlap syndromes such as mixed
connective tissue disease, have been excluded from the study. Those subjects who received antiviral or
biological agents within 6 months of baseline were excluded too.

Serum samples were collected from 54 patients and from 28 controls (healthy persons) and
analyzed for concentrations of cytokines IL-6 and TNF-α, ANA, IgG anti-CCP3.1, IgM-RF, IgG-aCL,
erythrocytes sedimentation rate (ESR) and C-reactive protein (CRP).

4.2. Samples Collection

Blood samples were obtained from all subjects in tubes without additives by venous puncture in
a fasting state in the morning. Peripheral venous blood was collected into separator vacutainers and
allowed to clot for 30 min at room temperature. The test tubes were centrifuged at 3000× g for 10 min,
and serum samples were further divided into aliquots and stored at −80 ◦C until assessment. Before
testing, frozen probes were brought to room temperature, avoiding freezing-unfreezing cycles.

4.3. Immunological Investigations

Serological profile of patients with eRA, HCVrA and controls was performed in the Immunology
Laboratory of University of Medicine and Pharmacy of Craiova.

The analysis of serum parameters was based on a quantitative sandwich ELISA, according
to the manufacturer’s instructions. Serum ANA, IgG Anti-CCP3.1 and IgG-aCL were determined
by ELISA, using Quanta LiteTM-INOVA Diagnostics kits, (San Diego, CA, USA) (auto-antibodies
seropositivity was defined according to the manufacturer’s instructions). The investigation of serum
IgM-RF concentrations was achieved using AESKU.Diagnostics GmbH ELISA kits (Wendelsheim,
Germany) (positive > 15 U/L). For hsCRP dosage we used a DRG International, Inc. ELISA kit
(Springfield, NJ, USA) (the positive values were > 10 mg/L).

Serum concentrations of proinflammatory cytokines IL-6 and TNF-α were measured in patients
and in control persons using PeliKineTM human ELISA kit (Amsterdam, The Netherlands).

Cryoglobulin was done to all patients. For the identification of cryoglobulins presence, 10 mL of
blood was drawn from fasting patients and allowed to clot and the serum was then separated at 37 ◦C.
The samples were stored at 4 ◦C for 2 weeks and the cryoprecipitate presence was noted. Positive
samples were then rewarmed to 37 ◦C to determine if the cryoprecipitate re-dissolved.

All the procedures were followed in accordance with the ethical standards of the institutional
responsible committees for human studies and with the Helsinki Declaration of 1975, as revised in
2008. For realization of this study, we obtained the approval of the Committee of Ethics and Academic
and Scientific Deontology of the University of Medicine and Pharmacy from Craiova number 76/2014.
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4.4. Statistical Analysis

Patients’ data, management system, and data processing were performed using Microsoft Excel
and the Data Analysis module; statistical analysis was done using GraphPad Prism 5 Trial Version
(San Diego, CA, USA). All tests were two-sided and p values ≤ 0.05 were considered significant.

The significance of differences between groups was examined with a Mann-Whitney U test
or Kruskal-Wallis, when multiple comparisons were made. Correlation analysis between the
concentration of proinflammatory cytokines IL-6 and TNF-α and concentration of some auto-antibodies
(ANA, IgG Anti-CCP3.1, IgG-aCL and IgM-RF), CRP and ESR, were conducted with a Pearson's test.
All tests were two-sided and p values ≤ 0.05 were considered significant.

The diagnostic values of studied markers were evaluated using receiver operating characteristic
(ROC) curves analysis. The performance was expressed as the area under the ROC curve (AUC, area
under ROC curve) together with 95% confidence interval (95% CI) and p statistics for the difference
between calculated AUC and AUC = 0.5 (weak discriminative marker). Cut-off values corresponding
to the highest accuracy were determined and for various threshold values investigated at each marker,
we calculated the sensitivity (Sn), specificity (Sp), and Youden index (sensitivity + specificity −1).

5. Conclusions

In conclusion, we can say that, due to high sensitivity for diagnostic accuracy, determination
of serum concentrations of IL-6 and TNF-α, possibly in combination with auto-antibodies, could be
useful in the diagnosis and distinguishing between patients with true eRA and HCV patients with
articular manifestation and may prove useful in the monitoring of the disease course.
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Citto Taisescu contributed reagents/materials/analysis tools; Isabela Siloşi, Mihail Virgil Boldeanu, Anica Dricu
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10. Kaptanoğlu, E.; Nadir, I.; Bakici, Z.; Hayta, E.; Türkmen, M.; Sezer, H.; Hizmetli, S.; Elden, H. Differentiation
of Rheumatoid Arthritis from HCV Infection: Rheumatoid Factor, Anti-Cyclic Citrullinated Peptide or
Anti-Mutated Citrullinated Vimentin? Arch. Rheumatol. 2010, 25, 19–23. [CrossRef]

11. Lutzky, V.; Hannawi, S.; Thomas, R. Cells of the synovium in rheumatoid arthritis. Dendritic cells.
Arthritis Res. Ther. 2007, 9, 219. [CrossRef] [PubMed]

12. Choy, E. Understanding the dynamics: Pathways involved in the pathogenesis of rheumatoid arthritis.
Rheumatology 2012, 51, v3–v11. [CrossRef] [PubMed]

13. Song, Y.W.; Kang, E.H. Autoantibodies in rheumatoid arthritis: Rheumatoid factors and anticitrullinated
protein antibodies. QJM 2010, 103, 139–146. [CrossRef] [PubMed]

14. Conca, P.; Tarantino, G. Hepatitis C virus lymphotropism and peculiar immunological phenotype: Effects on
natural history and antiviral therapy. World J. Gastroenterol. 2009, 15, 2305–2308. [CrossRef] [PubMed]

15. luo, J.C.; Hwang, S.J.; Li, C.P.; Lu, R.H.; Chan, C.Y.; Wu, J.C.; Chang, F.Y.; Lee, S.D. Clinical significance of
serum auto-antibodies in Chinese patients with chronic Hepatitis C: Negative role of serum viral titre and
genotype. J. Gastroenterol. Hepatol. 1998, 13, 475–479. [CrossRef] [PubMed]

16. Buskila, D.; Shnaider, A.; Neumann, L.; Lorber, M.; Zilberman, D.; Hilzenrat, N.; Kuperman, O.J.; Sikuler, E.
Musculoskeletal manifestations and autoantibody profile in 90 Hepatitis C virus infected Israeli patients.
Semin Arthritis Rheum. 1998, 28, 107–113. [CrossRef]

17. Narciso–Schiavon, J.L.; Freire, F.C.F.; Suarez, M.M.; Ferrari, M.V.O.; Scanhola, G.Q.; de Lucca Schiavon, L.;
de Carvalho Filho, R.J.; Ferraz, M.L.G.; Silva, A.E.B. Antinuclear antibody positivity in patients with chronic
hepatitis C: Clinically relevant or an epiphenomenon? Eur. J. Gastroenterol. Hepatol. 2009, 21, 440–446.
[CrossRef] [PubMed]

18. Mahler, M.; Hanly, J.G.; Fritzler, M.J. Importance of the dense fine speckled pattern on HEp-2 cells and
anti-DFS70 antibodies for the diagnosis of systemic autoimmune diseases. Autoimmun. Rev. 2012, 11, 642–645.
[CrossRef] [PubMed]

19. Dalekos, G.N.; Kistis, K.G.; Boumba, D.S.; Voulgari, P.; Zervou, E.K.; Drosos, A.A.; Tsianos, E.V. Increased
incidence of anti-cardiolipin antibodies in patients with hepatitis C is not associated with aetiopathogenetic
link to anti-phospholipid syndrome. Eur. J. Gastroenterol. Hepatol. 2000, 12, 67–74. [CrossRef] [PubMed]

20. Muñoz-Rodríguez, F.J.; Tàssies, D.; Font, J.; Reverter, J.C.; Cervera, R.; Sánchez-Tapias, J.M.; Mazzara, R.;
Ordinas, A.; Ingelmo, M. Prevalence of Hepatitis C virus infection in patients with antiphospholipid
syndrome. J. Hepatol. 1999, 30, 770–773. [CrossRef]

21. Abuaf, N.; Lunel, F.; Giral, P.; Borotto, E.; Laperche, S.; Poupon, R.; Opolon, P.; Huraux, J.M.; Homberg, J.C.
Non-organ specific autoantibodies associated with chronic C virus hepatitis. J. Hepatol. 1993, 18, 359–364.
[CrossRef]

22. Prieto, J.; Yuste, J.R.; Beloqui, O.; Civeira, M.P.; Riezu, J.I.; Aguirre, B.; Sangro, B. Anticardiolipin antibodies
in chronic hepatitis C. Implication of hepatitis C virus as the cause of the antiphospholipid syndrome.
Hepatology 1996, 23, 199–204. [CrossRef] [PubMed]

23. Ordi–Ros, J.; Villarreal, J.; Monegal, F.; Sauleda, S.; Esteban, I.; Vilardell, M. Anticardiolipin Antibodies
in Patients with Chronic Hepatitis C Virus Infection: Characterization in Relation to Antiphospholipid
Syndrome. Clin. Diagn. Lab. Immunol. 2000, 7, 241–244. [PubMed]

24. Palazzi, C.; Olivieri, I.; Cacciatore, P.; Pennese, E.; D'Amico, E. Difficulties in the differential diagnosis
between primitive rheumatic diseases and hepatitis C virus-related disorders. Clin. Exp. Rheumatol. 2005, 23,
2–6. [PubMed]

25. Ingegnoli, F.; Castelli., R.; Gualtierotti., R. Rheumatoid Factors: Clinical Applications. Dis. Markers 2013, 35,
727–734. [CrossRef] [PubMed]

26. Deane, K.D.; O'Donnell, C.I.; Hueber, W.; Majka, D.S.; Lazar, A.A.; Derber, L.A.; Gilliland, W.R.; Edison, J.D.;
Norris, J.M.; Robinson, W.H.; et al. The number of elevated cytokines and chemokines in preclinical
seropositive rheumatoid arthritis predicts time to diagnosis in an agedependent manner. Arthritis Rheum.
2010, 62, 3161–3172. [CrossRef] [PubMed]

27. Deane, K.D.; Norris, J.M.; Holers, V.M. Preclinical rheumatoid arthritis: Identification, evaluation, and future
directions for investigation. Rheum. Dis. Clin. N. Am. 2010, 36, 213–241. [CrossRef] [PubMed]

28. Al-Dahshan, M.A.; Al-Dahshan, T.A. Hepatitis C virus infection associated arthritis. J. Egypt Soc. Parasitol.
2012, 42, 33–40. [CrossRef] [PubMed]

http://dx.doi.org/10.5152/akd.2010.03
http://dx.doi.org/10.1186/ar2200
http://www.ncbi.nlm.nih.gov/pubmed/17850683
http://dx.doi.org/10.1093/rheumatology/kes113
http://www.ncbi.nlm.nih.gov/pubmed/22718924
http://dx.doi.org/10.1093/qjmed/hcp165
http://www.ncbi.nlm.nih.gov/pubmed/19926660
http://dx.doi.org/10.3748/wjg.15.2305
http://www.ncbi.nlm.nih.gov/pubmed/19452570
http://dx.doi.org/10.1111/j.1440-1746.1998.tb00671.x
http://www.ncbi.nlm.nih.gov/pubmed/9641643
http://dx.doi.org/10.1016/S0049-0172(98)80043-7
http://dx.doi.org/10.1097/MEG.0b013e3283089392
http://www.ncbi.nlm.nih.gov/pubmed/19382301
http://dx.doi.org/10.1016/j.autrev.2011.11.005
http://www.ncbi.nlm.nih.gov/pubmed/22100330
http://dx.doi.org/10.1097/00042737-200012010-00013
http://www.ncbi.nlm.nih.gov/pubmed/10656213
http://dx.doi.org/10.1016/S0168-8278(99)80127-5
http://dx.doi.org/10.1016/S0168-8278(05)80281-8
http://dx.doi.org/10.1002/hep.510230201
http://www.ncbi.nlm.nih.gov/pubmed/8591841
http://www.ncbi.nlm.nih.gov/pubmed/10702499
http://www.ncbi.nlm.nih.gov/pubmed/15789880
http://dx.doi.org/10.1155/2013/726598
http://www.ncbi.nlm.nih.gov/pubmed/24324289
http://dx.doi.org/10.1002/art.27638
http://www.ncbi.nlm.nih.gov/pubmed/20597112
http://dx.doi.org/10.1016/j.rdc.2010.02.001
http://www.ncbi.nlm.nih.gov/pubmed/20510231
http://dx.doi.org/10.12816/0006292
http://www.ncbi.nlm.nih.gov/pubmed/22662593


Int. J. Mol. Sci. 2017, 18, 1304 13 of 14

29. Örge, E.; Cefle, A.; Gürel-Polat, N.; Hulagu, S. The positivity of rheumatoid factor and anti-cyclic citrullinated
peptide antibody in nonarthritic patients with chronic hepatitis C infection. Rheumatol. Int. 2010, 30, 485–488.
[CrossRef] [PubMed]

30. Sene, D.; Ghillani-Dalbin, P.; Limal, N.; Thibault, V.; Van Boekel, T.; Piette, J.C.; Cacoub, P. Anti-cyclic
citrullinated peptide antibodies in hepatitis C virus associated rheumatological manifestations and Sjogren’s
syndrome. Ann. Rheum. Dis. 2006, 65, 394–397. [CrossRef] [PubMed]

31. Shmerling, R.H.; Delbanco, T.L. How useful is the rheumatoid factor? An analysis of sensitivity, specificity,
and predictive value. Arch. Intern. Med. 1992, 152, 2417–2420. [CrossRef] [PubMed]

32. Clifford, B.D.; Donahue, D.; Smith, L.; Cable, E.; Luttig, B.; Manns, M.; Bonkovsky, H.L. High prevalence
of serological markers of autoimmunity in patients with chronic hepatitis C. Hepatology 1995, 21, 613–619.
[PubMed]

33. Lienesch, D.; Morris, R.; Metzger, A.; Debuys, P.; Sherman, K. Absence of cyclic citrullinated peptide antibody
in nonarthritic patients with chronic hepatitis C infection. J. Rheumatol. 2005, 32, 489–493. [PubMed]

34. Wener, M.H.; Hutchinson, K.; Morishima, C.; Gretch, D.R. Absence of antibodies to cyclic citrullinated
peptide in sera of patients with Hepatitis C virus infection and cryoglobulinemia. Arthritis Rheum. 2004, 50,
2305–2508. [CrossRef] [PubMed]

35. Nishimura, K.; Sugiyama, D.; Kogata, Y.; Tsuji, G.; Nakazawa, T.; Kawano, S.; Saigo, K.; Morinobu, A.;
Koshiba, M.; Kuntz, K.M.; Kamae, I. Meta-analysis: Diagnostic accuracy of anti-cyclic citrullinated peptide
antibody and rheumatoid factor for rheumatoid arthritis. Ann. Intern. Med. 2007, 146, 797–808. [CrossRef]
[PubMed]

36. Anzilotti, C.; Merlini, G.; Pratesi, F.; Tommasi, C.; Chimenti, D.; Migliorini, P. Antibodies to viral citrullinated
peptide in rheumatoid arthritis. J. Rheumatol. 2006, 33, 647–651. [PubMed]

37. Vander Cruyssen, B.; Hoffman, I.E.; Zmierczak, H.; Van den Berghe, M.; Kruithof, E.; De Rycke, L.;
Mielants, H.; Veys, E.M.; Baeten, D.; de Keyser, F. Anti-citrullinated peptide antibodies may occur in
patients with psoriatic arthritis. Ann. Rheum. Dis. 2005, 64, 1145–1149. [CrossRef] [PubMed]

38. Gottenberg, J.E.; Mignot, S.; Nicaise-Rolland, P.; Cohen-Solal, J.; Aucouturier, F.; Goetz, J.; Labarre, C.;
Meyer, O.; Sibilia, J.; Mariette, X. Prevalence of anti-cyclic citrullinated peptide and anti-keratin antibodies in
patients with primary Sjogren’s syndrome. Ann. Rheum. Dis. 2005, 64, 114–117. [CrossRef] [PubMed]

39. Bombardieri, M.; Alessandri, C.; Labbadia, G.; Iannuccelli, C.; Carlucci, F.; Riccieri, V.; Paoletti, V.; Valesini, G.
Role of anti-cyclic citrullinated peptide antibodies in discriminating patients with rheumatoid arthritis from
patients with chronic hepatitis C infection-associated polyarticular involvement. Arthritis Res. Ther. 2004, 6,
R137–R141. [CrossRef] [PubMed]

40. Caspi, D.; Anouk, M.; Golan, I.; Paran, D.; Kaufman, I.; Wigler, I.; Levartovsky, D.; Litinsky, I.; Elkayam, O.
Synovial fluid levels of anti-cyclic citrullinated peptide antibodies and IgA rheumatoid factor in rheumatoid
arthritis, psoriatic arthritis, and osteoarthritis. Arthritis Care Res. 2006, 55, 53–56. [CrossRef] [PubMed]

41. Low, J.M.; Chauhan, A.K.; Kietz, D.A.; Daud, U.; Pepmueller, P.H.; Moore, T.L. Determination of anti-cyclic
citrullinated peptide antibodies in the sera of patients with juvenile idiopathic arthritis. J. Rheumatol. 2004,
31, 1829–1833. [PubMed]

42. Pinheiro, G.C.; Scheinberg, M.A.; Aparecida da Silva, M.; Maciel, S. Anti-cyclic citrullinated peptide
antibodies in advanced rheumatoid arthritis. Ann. Intern. Med. 2003, 139, 234–235. [CrossRef] [PubMed]

43. Antonelli, A.; Ferri, C.; Galeazzi, M.; Giannitti, C.; Manno, D.; Mieli-Vergani, G.; Menegatti, E.;
Olivieri, I.; Puoti, M.; Palazzi, C.; et al. HCV infection: Pathogenesis, clinical manifestations and therapy.
Clin. Exp. Rheumatol. 2008, 26, S39–S47. [PubMed]

44. Riccio, A.; Postiglione, L.; La Dogana, P.; Spano, A.; Marzocchella, C.; Tarantino, G. Anti-cyclic citrullinated
peptide antibodies in patients affected by HCV-related arthritis. J. Biol. Regul. Homeost Agents 2008, 22, 57–61.
[PubMed]

45. Antonelli, A.; Ferri, C.; Ferrari, S.M.; Colaci, M.; Fallahi, P. Immunopathogenesis of HCV-related endocrine
manifestations in chronic hepatitis and mixed cryoglobulinemia. Autoimmun. Rev. 2008, 8, 18–23. [CrossRef]
[PubMed]

46. Han, Z.Q.; Huang, T.; Deng, Y.Z.; Zhu, G.Z. Expression profile and kinetics of cytokines and chemokines in
patients with chronic hepatitis C. Int. J. Clin. Exp. Med. 2015, 8, 17995–18003. [PubMed]

http://dx.doi.org/10.1007/s00296-009-0997-1
http://www.ncbi.nlm.nih.gov/pubmed/19547976
http://dx.doi.org/10.1136/ard.2005.038042
http://www.ncbi.nlm.nih.gov/pubmed/16474032
http://dx.doi.org/10.1001/archinte.1992.00400240041006
http://www.ncbi.nlm.nih.gov/pubmed/1456851
http://www.ncbi.nlm.nih.gov/pubmed/7533120
http://www.ncbi.nlm.nih.gov/pubmed/15742441
http://dx.doi.org/10.1002/art.20355
http://www.ncbi.nlm.nih.gov/pubmed/15248231
http://dx.doi.org/10.7326/0003-4819-146-11-200706050-00008
http://www.ncbi.nlm.nih.gov/pubmed/17548411
http://www.ncbi.nlm.nih.gov/pubmed/16511941
http://dx.doi.org/10.1136/ard.2004.032177
http://www.ncbi.nlm.nih.gov/pubmed/15695535
http://dx.doi.org/10.1136/ard.2003.019794
http://www.ncbi.nlm.nih.gov/pubmed/15231509
http://dx.doi.org/10.1186/ar1041
http://www.ncbi.nlm.nih.gov/pubmed/15059277
http://dx.doi.org/10.1002/art.21691
http://www.ncbi.nlm.nih.gov/pubmed/16463412
http://www.ncbi.nlm.nih.gov/pubmed/15338508
http://dx.doi.org/10.7326/0003-4819-139-3-200308050-00021
http://www.ncbi.nlm.nih.gov/pubmed/12899598
http://www.ncbi.nlm.nih.gov/pubmed/18570753
http://www.ncbi.nlm.nih.gov/pubmed/18394318
http://dx.doi.org/10.1016/j.autrev.2008.07.017
http://www.ncbi.nlm.nih.gov/pubmed/18708169
http://www.ncbi.nlm.nih.gov/pubmed/26770394


Int. J. Mol. Sci. 2017, 18, 1304 14 of 14

47. Danis, V.A.; Franic, G.M.; Rathjen, D.A; Laurent, R.M.; Brooks, P.M. Circulating cytokine levels in patients
with rheumatoid arthritis: Results of a double blind trial with sulphasalazine. Ann. Rheum. Dis. 1992, 51,
946–950. [CrossRef] [PubMed]

48. Kishimoto, T. IL-6: From its discovery to clinical applications. Int. Immunol. 2010, 22, 347–352. [CrossRef]
[PubMed]

49. Antonelli, A.; Ferri, C.; Ferrari, S.M.; Ghiri, E.; Marchi, S.; Colaci, M.; Bruschi, F.; Fallahi, P. High
interleukin-6 and tumor necrosis factor-α serum levels in hepatitis C infection associated or not with
mixed cryoglobulinemia. Clin. Rheumatol. 2009, 28, 1179–1185. [CrossRef] [PubMed]

50. Riccio, A.; Postiglione, L.; Sabatini, P.; Linvelli, M.; Soriente, I.; Sangiolo, M.G.; Amato, P.; Tarantino, G.
Similar serum levels of IL-6 and its soluble receptors in patients with HCV–related arthritis and rheumatoid
arthritis: A pilot study. Int. J. Immunopathol. Pharmacol. 2012, 25, 281–285. [CrossRef] [PubMed]

51. Chung, S.J.; Kwon, Y.J.; Park, M.C.; Park, Y.B.; Lee, S.K. The correlation between increased serum
concentrations of interleukin-6 family cytokines and disease activity in rheumatoid arthritis patients.
Yonsei Med. J. 2011, 52, 113–120. [CrossRef] [PubMed]
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