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Abstract 

With over 180 million people affected worldwide, hepatitis C is considered a global problem. In order 
to establish chronic infections, the virus interferes with cellular mechanisms coordinated by cytokines’ 
network. Chronic HCV infection is associated with oral manifestations including periodontal disease. The 
aim of this study was to evaluate the levels of IL-6 and IL-10 in gingival crevicular fluid (GCF) versus 
plasma, in patients with chronic hepatitis C, in order to estimate the potential of oral fluids as substitute of 
blood for the evaluation of immune responses in this disease. 

Material and methods. Sample-pairs consisted of blood and GCF harvested from 32 anti-HCV 
positive patients (age range 35-74 y.o) and from control group (10 subjects without HCV infection), which 
were tested for anti-HCV antibodies, HCV viral loads and IL-6 and IL-10 levels. The dental evaluation was 
based on CPITN criteria. 

Results. All investigated patients were anti-HCV positive in plasma and GCF and HCV RNA was 
detected in 20/32 sample pairs. Significant differences were observed for IL-10 in plasma versus GCF 
(p=0.0025), but not for IL-6 (p= 0.44). The expression of IL-10 in GCF displays a significant correlation 
with the CPITN index.  

Conclusions. Elevated GCF levels of IL10 correlated with higher CPITN index and viremia, accounting 
for usefulness of GCF as an alternative non-invasive source for IL-10 detection in HCV positive cases.  

 
 

1. Introduction 
Hepatitis C virus (HCV) infection is a global health problem that affects 180 million 

people worldwide, near four million people being infected yearly (M. BERENGUER & al. 
[1.]). HCV causes acute liver disease of which near 80% leads to chronic infection with risk 
of subsequently development of cirrhosis and hepatocellular carcinoma (U.A. ASHFAQ & al. 
[2]). HCV infection induces both humoral and cellular immune response whose amplitude 
might lead to viral clearance or persistence. On the other hand, to circumvent the immune 
response and establish chronic infections, HCV acts either through high mutational rate in its 
genome (due to low fidelity of RNA polymerase) or through interferences with cellular 
mechanisms coordinated by cytokines’ network (P. FALLAHI & al. [3]). The large family of 
cytokines is divided according to the role they perform in the immune system regulation as 
pro-inflammatory (IL-1, IL-6, tumor necrosis factor (TNF)-alpha); T-helper 1 cytokines, 
(interferon-gamma, IL-12, IL-18) and T-helper 2 cytokine (IL-4, IL-5, IL-10). In liver tissue, 
cytokines have a dual role, coordinating both physiological (growth and regeneration) and 
pathological (fibrosis, cirrhosis) processes (A.R. ZEKRI & al. [4]). In HCV infection, pro-
inflammatory cytokines induced by viral proteins (like NS5B) and viral genome (dsRNA) 
(G.Y. YU & al.[ 5]) create an inflammatory environment in hepatic parenchyma, leading to a 
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chronic inflammation. In turn, chronic inflammation induced by this type of cytokines (like 
IL-6) promotes the progression of liver disease and increase the risk for hepatocarcinoma 
development (V.W. WONG & al. [6]). On the other hand, T-helper 2 (Th 2) cytokines can 
augment the humoral response. Elevate levels of Th 2 cytokines (like IL-10) are associate 
with persistent HCV infection and chronic disease (X.G. FAN & al. [7]). Therefore the pattern 
of cytokines secreted in HCV infection might have a great influence on final outcome (M.S. 
EBEID & al.[8], (P. FALLAHI & al. [3]). On the other hand, chronic HCV infection is 
associated with several oral manifestations like mucosal membrane jaundice, bleeding 
disorders, gingivitis, gingival bleeding (V.E. PANOV [9]). Among these manifestations, 
periodontal disease might be linked to viral chronic hepatitis. The pattern of cytokines from 
oral fluids might be influence by both HCV infection and oral diseases. Moreover, oral fluids 
like saliva and gingival crevicular fluid (GCF) proved to be alternate biological samples for 
detection of anti-HCV antibodies (V. GONZALEZ & al. [10]) and HCV RNA (T. SUZUKI & 
al. [11]). GCF is an ultra-filtrate of plasma that contains low concentration of IgG and IgM 
playing a major role in antimicrobial defence of the periodontium. The aim of this study was 
to evaluate the levels of IL-6 and IL-10 in GCF versus plasma, in patients with chronic 
hepatitis C, in order to estimate the potential of oral fluids as substitute of blood for 
investigations related to immune responses in HCV infection.  

 
 

2. Material and Methods  
Subjects. 32 patients, age range 35-74 years old, anti-HCV positive were recruited from 

Bals Infectious Disease Clinic, Colentina Hospital and a private dental office. The subjects 
were clinically and para-clinically evaluated, including liver function tests. Also, a control 
group consisting of 10 subjects without HCV infection (negative for HCV by both anti-HCV-
Ab and HCV RT-PCR) was selected. All the included subjects underwent an oral cavity 
examination. The dental evaluation was based on CPITN criteria (a screening procedure for 
clinical assessment of periodontal pockets, calculus and gingival bleeding (J. AINAMO & 
al.[12]). CPITN index is used to quantify the degree of periodontal damage, giving 
information on diagnosis and treatment. All the teeth were examined and the samples were 
harvested from the sextant with the highest score. From each subject a sample-pair consisted 
of blood and GCF was collected after written informed consent was obtained.  

Blood samples harvested on EDTA-treated tubes were depleted through centrifugation 
for 15 minutes at 2000 x g and resulted plasma were transferred into Eppendorf tubes.   

GCF samples were collected with filter cones, carefully to avoid gingival bleeding and 
saliva contamination. Blood contaminated cones were removed.  

All samples were collected in the same day and stored at – 80 C before use. 
Anti-HCV antibodies detection in plasma and GCF was performed with DIA.PRO 

(Diagnostic Bioprobes SRL, Milano, Italia), according to the manufacturer's instructions.  
HCV RNA load was determined by Geno-Sen’s HCV real-time PCR Kit (Professional 

Biotech Pvt. Ltd, India) according to the manufacturer’s instructions. The PCR was 
performed using Rotor Gene (Corbett Research, Australia). The RT- PCR program consisted 
of 15 minutes at 50°C (for cDNA synthesis), 10 minutes at 95°C (for initial denaturation) and 
45 cycles, including denaturation of 95°C for 15 seconds, 20 seconds annealing at 55°C and 
an extension for 15 seconds at 72°C. The kit uses a set of standards for the delivery of the 
calibration curve in order to determine the viral load of the analyzed samples. The detection 
limit of the kit is 30 IU/ml HCV RNA. 

IL-6 and IL-10 assays were performed by enzyme immunoassay (Mabtech, Sweden) 
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according to manufacturer's instructions. The results were calculated based on comparisons 
with standard curves. 

Statistical methods: Results were analyzed using GraphPad Prism 5.0 software. Column 
statistics was performed to generate mean value (min÷max), and Mann-Whitney test (t-test 
for column analyses) with a confidence interval of 95% was used to compare each set of cases 
with the controls. According to P value (statistic significance), the difference between cases 
and controls was considered to be non significant (NS) when >0.05, significant (S) when < 
0.05 and highly significant (HS) p< 0.01. Linear regression was performed for correlations 
between the cytokines levels in GCF and CPITN index. 

 
3. Results and discussions 
The investigated group consisted of 32 subjects (mean age of 55.4 years), 18 woman 

(mean age 58.16±10.43) and 14 men (mean age 51.25±14.95).  All the plasma and GCF 
samples from infected patients were positive in ELISA, with an immunoreactivity of 4.28 ± 
3.24 and 2.94 ±2.32 respectively.  HCV RNA levels were detected in 20/32 sample pairs of 
plasma and GCF (with a detection limit of 30IU/ml). The mean values for viral load in plasma 
and GCF are presented in Table 1.  

 
Table 1. The viral load levels of patients 

 

Viral load  Gender 
Male (n=14) Female (n=18) 

GCF (mean) 12370 IU/ml 10002.5 IU/ml 
Plasma (mean) 1912950.4 IU/ml 1610330 IU/ml 

p values (plasma vs GCF) 0.0357 0.0238 
 

The results regarding the investigated ILs showed that the mean values in GCF were 
195.37 pg/ml for IL-6 and 44.65 pg/ml for IL-10. By comparison, the mean values of 
plasmatic levels were 319.33 pg/ml for IL6 and 94.05 pg/ml for IL10. Significant differences 
were observed for IL-10 in plasma versus GCF (p=0.0025), but not for IL-6 in plasma versus 
GCF (p= 0.44). On the other hand, in control group the mean values for IL-6 were 25.2 pg/ml 
in GCF and 35.3 pg/ml in plasma. Mean values of IL-10 were 23.41 pg/ml in GCF and 53.8 
pg/ml in plasma. Overall, IL-6 and IL-10 levels in plasma versus GCF from patients with 
chronic hepatitis C are presented in figure 1.  

 

 
a                                               b 

Figure 1. IL 6 (a) and IL 10 (b) levels in GCF versus plasma harvested from subjects with chronic hepatitis C 
IL-10 levels in plasma and GCF of patients and controls are shown in figure 2. 



Non-invasive method for the evaluation of IL-6 and IL-10 levels in patients with chronic hepatitis C 
 

Romanian Biotechnological Letters, Vol. 20, No. 6, 2015 
 

11021

   
   a      b 

Figure 2. The levels of IL-10 in plasma (a) and GCF (b) of patients/ controls 
 

Taking into account the role of dental status on ILs profile, further in this study the 
patients were divided in four groups, according to CPITN index: group I- CPITN 1 (no bags, 
tartar, mild bleeding on palpation; incipient gingivitis), group II- CPITN 2 (cases with pockets 
less than 3 mm, with calculus scaling; gingivitis installed), group III- CPITN 3 (cases with 4-
5 mm pockets and a mild form of periodontal disease) and group IV- CPITN 4 (cases with 
pockets greater than 6mm and installed periodontal disease). Moreover, as not all the subjects 
from groups I and II presented detectable levels of HCV RNA, they were subdivided 
according to this parameter (table 2). 

 
Table 2. IL-6 and IL-10 levels in GCF and plasma, according to CPITN index and viremia 

 
Patients Controls 

CPITN Index 1 2 3 4 0-I 
HCV RNA negative positive Negative Positive positive positive Negative 

Cases 5 5 7 7 4 4 10 

IL
6 

[p
g/

m
l]

 

G
C

F
 Mean 

(min÷max) 
255.7 

(7.2÷530) 
120.9 

(2.5÷480) 
81.1 

(3.2÷187.2)
350.0 

(25.5÷569.6) 
440 

(283.1÷593.8) 
443.6 

(307.2÷580) 
25.2 

(18.7÷45.5) 

P 0.4685 0.6787 0.0808 0.0140 0.0070 0.0070 n/a 

P
la

sm
a Mean 

(min÷max) 
291.4 

(8.8÷572.2) 
355.4 

(3.5÷1474) 
50.2 

(2.4÷125.5)
260.5 

(37.2÷887.2) 
123.3 

(107.2÷137.2) 
428 

(35.5÷820.5) 
35.3 

(19.2÷63.8) 

P 0.4685 0.5941 0.5964 0.0657 0.0070 0.0769 n/a 

IL
10

 [
pg

/m
l]

 

G
C

F
 Mean 

(min÷max) 
40.7 

(37÷43) 
40.4 

(35÷45) 
42.7 

(28÷99) 
46.5 

(33÷79) 
48.2 

(41÷53.7) 
55 

(48÷62) 
23.41 

(11÷41) 

P 0.0278 0.0100 0.0080 0.0394 0.0178 0.0070 n/a 

P
la

sm
a Mean 

(min÷max) 
52.0 

(37÷65) 
105.4 

(43÷268) 
48.47 

(37÷69) 
177.3 

(38÷569) 
82.7 

(57÷101.1) 
97 

(62÷132) 
53.8 

(38÷90) 

P 0.9371 0.2544 0.5193 0.8869 0.1119 0.0280 n/a 

H
C

V
 R

N
A

 [
IU

/m
l]

 

G
C

F
 

Mean 
(min÷max) 

n/a 
1109 

(625÷2500) 
n/a 

5293 
(155÷19370) 

5960 
(3874÷9330) 

2920 
(2780÷3060) 

n/a 

P
la

sm
a 

Mean 
(min÷max) 

n/a 
1910000 

(394743÷3701200) 
n/a 

2120000 
(305059÷3910000) 

1520000 
(305062÷2140000) 

2340000 
(653618÷4030000) 

n/a 

 
In GCF, elevated levels of IL-6 and IL-10 were found in subjects with higher CPITN 

index and viremia. Comparing the groups of patients with control, significant differences 
were found for group IV (p=0.007). Analyzing the plasmatic levels of interleukins, it was 
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found that IL-6 displayed higher levels in patients with HCV RNA. As IL-6 levels were 
higher in GCF comparing with plasma, it is to assume that the amounts of this cytokine reflect 
both the viral disease and the dental status. Plasmatic IL-10 levels were higher than those 
from GCF, suggesting that the expression of this cytokine is less related oral health status but 
to viremia. However, using linear regression it was found that the expression of IL-10 in GCF 
displays a significant correlation with the CPITN index (fig. 3). 

 
  

  
a                                                                             b. 

 

Figure 3. The correlation between GCF levels of IL-6 (a) and IL-10 (b) and CPITN index 
 
The data obtained showed that IL-6 presented elevated levels in both GCF and plasma as 

compared to control. In both cases its expression seems to correlate with HCV RNA as high 
levels of serum IL-6 were reported in chronic liver disease of viral ethiology (N.E. 
SPANAKIS &al. [13], Y. OYANAGI & al14) Moreover, Malaguarnera et al reported that in 
chronic HCV patients, serum IL-6 levels correlate with viral load and histological index (M. 
MALAGUARNERA & al. [15]).]. On the other hand, lower levels of IL-6 strongly associated 
with sustained virologic response (SVR), mainly in men (M. UEYAMA & al. [16]). In our 
group of patients, we found no significant differences between plasmatic levels of IL-6 in 
men versus women (p=0.77). Also for plasmatic IL-10 we failed to find differences between 
genders (p=0.79). In this study that comprises subjects with chronic HCV infection, IL-6 
levels are higher in GCF comparing to plasma, with augmented GCF levels in patients with 
severe CPITN index. As IL-6 is secreted in response to inflammation and local infection its 
amounts in GCF seems to reflect inflammation related to local oral status and viral disease. In 
this context, GCF seems not to be a suitable sample for IL-6 quantification in order to 
evaluate SVR or the resistance to antiviral therapy (PEG-IFN/RBV).  

As mentioned, Th2 immune response has been associated with the persistence of HCV 
infection, IL-10 (as a Th2 type cytokine) displaying suppressive function against the pro-
inflammatory responses (W. OUYANG & al.[17]). In our study, IL-10 presented higher 
amounts in plasma versus GCF. Plasmatic levels of IL-10 were higher in patients comparing 
to control group but not as elevated as other studies reported (I.M. EL_KADY & al.[18]). 
However, comparative studies regarding plasmatic levels of IL-10 in HCV positive cases 
versus control groups are contradictory.  It is suggested that high levels of serum IL-10 
correlate with poor responses to antiviral therapy (D.G. BROOKS & al[19]).  (K.K. FLYNN 
& al. [20]). In our study, the plasmatic levels of IL-10 in patients seem to be correlated with 
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disease progression. IL-10 levels in GCF are significantly higher than in control and 
correlated with CPITN index. Our data correlate with study of Teppe and colab, who found 
that high levels of IL-10 in oral fluid and oral tissue may play important role in mechanisms 
of periodontal diseases (E. TEPPE & al. [21])  

There are conflicting data regarding the magnitude of cytokines’ levels in GCF. A 
comparative study on GCF and serum harvested from pregnant women with periodontal 
disease revealed that all investigated cytokines (IL-1β, IL-6, IL-8, IL-10, IL-12p70 and TNF-
α), except IL-10, were significantly higher in GCF than serum. On the other hand, periodontal 
depth and bleeding were found to be significantly associated with GCF IL-6 levels but not to 
serum levels (T. FIORINI & al. [22]).  Another study conducted on IL-6 and IL-8 in GCF of 
patients with chronic periodontitis, failed to found a strong relationship between cytokines 
amounts and periodontal destruction and inflammation.  

 
4. Conclusions 
Regarding the ILs, higher levels of IL-6 were found in patients with HCV RNA, without 

significant differences between plasmatic levels in men versus women.  Higher levels of IL-6 
in GCF associated with poor oral health. On the other hand, no differences between genders 
was observed for IL-10. IL-10 elevated levels correlated with higher CPITN index and 
viremia, accounting for usefulness of IL-10 as marker of disease progression to chronic HCV 
infection. The obtained data suggest that GCF might be used as an alternative source for IL-
10 detection in HCV positive cases.  

 
References 

1. M BERENGUER, FX LOPEZ-LABRADOR, TL WRIGHT. Hepatitis C and liver transplantation. J 
Hepatol.35:666-678 (2001). 

2. UA ASHFAQ, T JAVED, S REHMAN, Z NAWAZ,  S RIAZUDDIN. An overview of HCV molecular 
biology, replication and immune responses. Virology Journal 8:161 (2011)  doi:10.1186/1743-422X-8-161 

3. P FALLAHI, C FERRI, SM FERRARI, A CORRADO, D SANSONNO, A ANTONELLI, Cytokines 
and HCV-Related Disorders, Clinical and Developmental Immunology, 2012, doi:10.1155/2012/468107 

4. AR ZEKRI, MS ASHOUR, A HASSAN, HM ALAM EL-DIN HM, AM EL-SHELABY, MA ABDU-
SHADY MA. Cytokine profile in Egyptian hepatitis C virus genotype-4 in relation to liver disease 
progression. World J Gastroentero. 11(42):6624-6630 (2005). 

5. GY YU, G HE, CY LI, M TANG, S GRIVENNIKOV, WT TSAI, MS WU, CW HSU,  Y TSAI, LH 
WANG, M KARIN. Hepatic expression of HCV RNA-dependent RNA polymerase triggers innate 
immune signaling and cytokine production. Mol. Cell 48:313–321 (2012). 

6. VW WONG,  J YU, AS CHENG, GL WONG, HY CHAN, ES CHU, EK NG, FK CHAN, JJ SUNG, 
HL CHAN. High serum interleukin-6 level predicts future hepatocellular carcinoma development in 
patients with chronic hepatitis B. Int. J. Cancer 124:2766–2770 (2009). 

7. XG FAN, WE LIU, CZ LI, ZC WANG, XL LUO, DM TAN, GL HU, Z ZHANG, Circulating Th1 and Th2 
cytokines in patients with hepatitis C virus infection, Mediators of Inflammation, 7, 295–297 (1998). 

8. MEL-S EBEID, KA EL-BAKRY. Cellular immune response to infection by different genotypes of 
hepatitis C virus, Indian Journal of Clinical Biochemistry, 24 (3) 234-240 (2009). 

9. VE PANOV. Oral manifestations of hepatitis C virus, Journal of IMAB - Annual Proceeding (Scientific 
Papers,  19, (4) (2013) 

10. V GONZÁLEZ, E MARTRÓ, C FOLCH, A ESTEVE, L MATAS, A MONTOLIU, JR GRÍFOLS, F 
BOLAO, C TURAL,  R MUGA, JV PARRY, V AUSINA, J CASABONA. Detection of hepatitis C virus 
antibodies in oral fluid specimens for prevalence studies. Eur J Clin Microbiol Infect Dis 27(2):121-6 (2008). 

11. T SUZUKI, K OMATA, T SATOH, T MIYASAKA, C ARAI, M MAEDA, T MATSUNO, T 
MIYAMURA. Quantitative detection of hepatitis C virus (HCV) RNA in saliva and gingival crevicular 
fluid of HCV-infected patients. J Clin Microbiol. 43(9):4413-4417 (2008). 

12. J AINAMO, A  AINAMO. Validity and relevance of the criteria of the CPITN. Int Dent J.;44(5 Suppl 
1):527-32 (1994). 



CRISTIAN COMANESCU, CORALIA BLEOTU, IRINA HUICA, 
MIHAELA RADULESCU, CAMELIA GRANCEA, GABRIELA ANTON 

 

Romanian Biotechnological Letters, Vol. 20, No. 6, 2015 
 

11024

13. NE SPANAKIS, GA GARINIS, EC ALEXOPOULOS, GP PATRINOS, GP MENOUNOS, A 
SKLAVOUNOU, EN MANOLIS, VG GORGOULIS, D VALIS, Cytokine serum levels in patients 
with chronic HCV infection.  J Clin Lab Anal. 16(1):40-6 (2002). 

14. Y OYANAGI, T TAKAHASHI, S MATSUI S, et al. Enhanced expression of interleukin-6 in chronic 
hepatitis C. Liver  19:464–472 (1999) 

15. M MALAGUARNERA, I DIFAZIO, A LAURINO A. Serum interleukin 6 concentrations in chronic heapti-
tis C patients before and after interferon-alpha treatment. Int J Clin Pharmacol Ther. 35:385–388 (1997). 

16. M UEYAMA, M NAKAGAWA, N SAKAMOTO, I ONOZUKA,  Y FUNAOKA, T WATANABE, 
NITTA S et al. Serum interleukin-6 levels correlate with resistance to treatment of chronic hepatitis C 
infection with pegylated-interferon-α2b plus ribavirin, Antiviral Therapy.16:1081–1091(2011). 

17. W OUYANG,  S RUTZ, NK CRELLIN, et al Regulation and functions of the IL-10 family of cytokines 
in inflammation and disease. Ann Rev Immunol.29:71-109 (2011). 

18. IM EL-KADY, M LOTFY, G BADRA, S EL-MASRY, I WAKED. Interleukin (IL)-4, IL-10, IL-18 
and IFN-gamma cytokines pattern in patients with combined hepatitis C virus and Schistosoma mansoni 
infections. Scand J Immunol. 61(1):87-91 (2005). 

19. DG BROOKS, MJ TRIFILO, KH EDELMAN, et al. Interleukin-10 determines viral clearance or 
persistence in vivo. Nat Med 12:1301-9 (2006). 

20. KK FLYNN, GJ DORE, M HELLARD, B YEUNG, WD RAWLINSON, PA WHITE, JM KALDOR, 
AR LLOYD, RA FRENCH. Early IL-10 predominant responses are associated with progression to 
chronic hepatitis C virus infection in injecting drug users. J Viral Hepat. 18(8):549-61(2011). 

21. E TEPPE, E BERKER, Y TEZECAN, K ERATALAY et al, Joint Meeting of the Continental 
European, Israeli, and Scandinavian (NOF) Divisions of the IADR (August 25 – 28), 2004 

22. T FIORINI,  P VIANNA, P WEIDLICH, ML MUSSKOPF, CH MOREIRA, JA CHIESA, CK 
ROSING, RV OPPERMAN, C SUSIN, Relationship between cytokine levels in serum and gingival 
crevicular fluid (GCF) in pregnant women,  Cytokine. 58(1):34-39 (2012). 

 
 


