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Abstract

Background and Aims: Natural killer T (NKT) cells have been suggested to play critical
roles in a wide range of immune responses especially against hepatotropic pathogens such as
hepatitis C virus (HCV). In the present study, we investigated the status of NKT cells
by producing interleukin-17 cytokine in peripheral blood.

Materials and Methods: As case-control study, 15 patients with chronic HCV infection and
healthy individuals were enrolled in the study. We determined the serum and peripheral blood
IL-17 levels after activating by based on Galactosylceramid and IL-2 then the IL-17 level was
measured by Enzyme-linked immunosorbentassey (ELISA) methods.

Results: Plasma level of IL-17 in patients with chronic infection did not differ compared to
the control group (5.5+2.4 vs. 6.2+1.2 pg/ml; p=0.5). The level of supernatant IL-17 was
significantly higher in both Galactosylceramid-IL-2-stimulated PBMCs than control group
and the ratio IL-17 after 72 h was higher than the other times. The plasma level of IL-17 in
HCV 3a-infected patients was higher than la-type patients but the difference was not
significant (6£2.5 vs. 4.8+2.5 p=0.45).

Conclusion: As the recent data, the roles of NKT cells in human liver injury and fibrosis
remain unknown. However, the precise role of NKT cells in HCV patients as this play a role

in innate immune responses in the liver in higher samples was performed.
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Introduction

Hepatitis C virus (HCV) is a hepatotropic
positive-strand RNA virus that has chronically
infected 170 million people of the world
population (1-4). A significant excess of
infected patients develop chronic hepatitis,
cirrhosis, and liver functional defects (5).
Approximately 80% of the patients fail to
control the infection and develops a chronic
infection (6). Interplay between immune
response with HCV leads to disease outcomes
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such as fibrosis progression; therefore,
characteristics of the immune response to HCV
for identifying precise mechanism of HCV
disease is crucial (7, 8).

Liver cells are major sites for HCV infection
and  distinctive  immune organ  with
approximately dominant innate immunity;
therefore, immune cells related to these cells
could be interplay with this virus (9). Innate
immune cells such as natural killer (NK) and
natural killer T (NKT) cells are enriched in the
liver and thymus, constitute around 30-50%
and 5-20% of intrahepatic and peripheral
blood lymphocytes, respectively (10, 11).
These cells and related cytokines with those as
biological mediators at different stages of liver
disease could potentially play a role in HCV
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control and the pathogenesis of HCV-induced
inflammatory liver disease (12, 13). They are
usually expanded in chronic viral infections
that NKT cells are restricted by CD1d and are
TH-1-biased in HCV-infected livers. To better
understand the potential role of NKT cells in
the pathogenesis of HCV-induced hepatitis,
must be identifying produced cytokines and
chemokines by NKT cells (14, 15), which may
exert direct antiviral effector functions and
modulating the adaptive immune responses .

In addition to, involvement of the cytokines of
these cells in pathogenesis of infectious
disease, recent studies have shown that there
are new subsets of NKT cells that can produce
interleukin-17 (IL-17) and enriched in liver
(16). Some studies have indicated the increased
IL-17 mediator correlated with the degree of
liver fibrosis. IL-17 is also associated with
other inflammatory diseases such as bladder
cancer, rheumatoid arthritis, and anti-tumor
responses (17-19). Recent studies
demonstrated that IL-17 acts as an interface
between inflammatory responses and cell
mediated immunity in cancer and infectious
diseases. IL-17 by enhancing of inflammatory
cytokines such as IL-6 and TNF-o and major
role in recruitment of inflammatory cells such
as neutrophil can promote the inflammatory
reactions and fibrosis progression (19, 20). The
control of inflammatory reactions and disease
by NKT cells direct to production of the pro-
inflammatory cytokines (21); IL-17, after the
exposing of NKT cells with lipoid antigens
such as a-Galactosylceramid, and, also direct
death of infectious cells (22, 23). However, it
is not clear whereas the number of data
indicated the main role of NKT cells in liver
fibrosis but other data, supporting role of these
cells for preventing of liver inflammatory
reactions .

According to contrasting data in previous
studies for major role of NKT, as innate
immunity major cells, in defense against viral
infections and also chronic HCV infection
outcomes, therefore, in line with previous
studies, for the purpose of the present study,
the culture supernatants was examined for
plasma concentration of IL-17 in patients with
chronic HCV infection and healthy individuals.
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Methods

Study Population

Blood samples were taken from 15 patients
with chronic HCV infection and 6 healthy
individuals without history of liver disease.
Written informed consent forms were obtained
from all study subjects in the study that was
approved by the Ethics Committee of Yazd
University of Medical Sciences were signed by
the patients between September 2012 and
February 2013. The chronic HCV was
diagnosed by elevated serum transaminase
levels for at least six months and consistently
detectable serum HCV RNA. All patients were
anti-HCV positive and were negative for
serological markers of HBV surface antigen
(HBs-Ag) and anti-Human Immunodeficiency
Virus  (HIV-1,2). Unused of immune
suppressing and HCV antiviral drugs was
including criteria. Genotyping of HCV and
HCV RNA titer was performed according to
previous studies .(Y¢)

Isolation of PBMCs and serum separation
Five mL of peripheral blood was obtained in
heparinated-containing tubes and PBMCs were
isolated from buffy coats using Ficoll-Hypaque
density gradient centrifugation (Pharmacia,
Uppsala, Sweden). Samples were centrifuged
at 3500 rpm for 20 minutes at 20°C without
brake, and washed three times at 1800g for 5
min at 20°C with phosphate-buffered saline
(pH = 7.3x0.1). The cell viability was
examined by trepan-blue and cultured at the
density of 1x105 cells/well. Four experimental
groups were considered as follows: 1) PBMCs
stimulated with IL-2 (5 ng/ml), 2) PBMCs
stimulated with  Galactosylceramid (100
ng/ml), 3) PBMCs stimulated with
Galactosylceramid and IL-2, and 4) plasma
alone. PBMCs suspensions and supernatant
were harvested after 48 and 72 hours, and
stored at —70°C for further analysis. In
addition, 2 mL peripheral blood was collected
for plasma separation, which were stored at
-70°C until use for cytokine measurement .
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Enzyme-linked
(ELISA)

The cytokine levels of IL-17 in culture
supernatants and plasma were measured and
quantitated by ELISA Kits according to the
manufacture’s  instruction  (Mabtech, ).
Sensitivity for IL-17 was 2 pg/mL. The
standard stocks were serially diluted in reagent
diluents to generate seven points for the
standard curves. The optical density of each
well was immediately determined using a
microplate reader set to 450 nm. The IL-17
levels were expressed in pg/mL.

Statistical Analysis

Data were analyzed using nonparametric
Mann-Whitney U tests by SPSS software v. 15
(SPSS, Chicago, IL, 173 USA). The mean *
SD were determined, a T-test for comparison
of means of different parameters was used.
p<0.05 was regarded as significant in all
statistical analysis.

immunosorbent  assay

Results

Table 1 demonstrates the distributionindicates
the demographic, clinical, and laboratory
characterization of patients and controls
regarding different clinical and laboratory data
criteria. The mean age was 32.1 = 6 years,
ranging between 21 to 43 years.

IL-17 cytokine level

The plasma level of IL-17 in patients with
chronic HCV and normal controls was
examined using ELISA method. Plasma level
of IL-17 in patients with chronic infection did
not differ compared to the control group

Table 1: Clinical and laboratory parameters in
hepatitis C patients and control group.

Chronic Control
Variables Hepatitis C (n=6)
(n=15)
Sex
Male 13 5 0.5
Female 2 1
Viral titer 1.4x10°
(1U/mL)
Genotypes
la 6
3a 9
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(5.5£2.4 vs. 6.2+1.2 pg/ml; p=0.5). The effect
of IL-2 on the synthesis of IL-17 by activated
PBMCs of patients with chronic HCV and
healthy controls was assessed by ELISA
analysis of supernatants from PBMCs co-
cultured with IL-2 and Galactosylceramid after
48 and 72 h (Table 2). The level of supernatant
IL-17 was increased in the IL-2-treated
PBMCs than control group but this difference
was not statistically significant. On other hand,
tThe supernatant IL-17 level in
Galactosylceramid-stimulated PBMCs in
chronic HCV patients produced more
compared to healthy group that although the
difference was not significant. Of interest, the
level of supernatant IL-17 in supernatant was
significantly increased in both
Galactosylceramid-  and IL-2-stimulated
PBMC:s in patients than control group that ratio
IL-17 after 72 h was higher than other times .
The plasma level of IL-17 in HCV 3a -infected
patients was higher than la- type patients that
this difference was not significant (6£2.5 vs.
4.8+2.5 p=0.45).

Discussion

In this study, plasma and PBMCs levels of IL-
17 in patients chronic HCV and healthy
individuals were analyzed. In addition to
previous studies, NKT cells activates by a-
GalCer that has been shown to induce rapidly
NKT cell activation and enhance the anti-
tumor activity of NKT cells (22, 23). NKT
cells are shown to play a role in chronic liver
injury, inflammation, and fibrosis (25). Note
the case, which liver is particularly enriched in
NKT cells and in which are activated by
hepatotropic viruses such as hepatitis C virus
(HCV). It appears that the activation of NKT
cells play an essential role in recruiting virus-
specific T cells and in inducing antiviral
immunity in liver (14, 21). Therefore the
mediators related to NKT cells such as IL-17
could be involved with hepatitis infections (16,
18). Based on our findings the levels of plasma
IL-17 in chronic HCV patients were higher
than healthy individuals although the
difference was not significant (17, 26-28). Of
course this data was in accordant with previous
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Table 2: Plasma and supernatant levels of IL-17 in chronic HCV patients and control group.

Variables Chronic hepatitis C Control P value
IL-17 plasma level
Mean+SEM 5.5+2.4 6.2+1.2 0.5
IL-17 Supernatant level stimulated with IL-2 48 h 72 h
MeanzSEM
ean 0.2720.1 0.3£0.15 0.1x0.18 0.24
IL-17 Supernatant level stimulated with Gal =
Meant+SEM 0.15+0.03 0.4+0.14 0.11+0.08 0.16
IL-17 Supernatant level stimulated with both
Gal +L-2 0.340.12 0.660.15 0.160.07 0.05
Mean+SEM D T D '

* Galactosylceramid

survey but in contrast to other studies. The
limitations of recent results may be due to the
low number of samples .

In addition to the effect of the IL-17 level in
blood and also low half life for cytokine
therefore the levels of the IL-17 indicated not
better geed data. The activation of lymphocytes
by the specific cytokines such as IL-2 may
have contributed to the responses induced by
lymphocytes because it appears that NKT cell
responses may support T cell responses via
their effect on antigen-presenting cells. Also
acceleration of the NKT cells by a-GalCer with
a specific effect on NKT cell could be shown
the role of these cells in liver injury.
Progression of liver fibrosis by increased liver
injury may dominate over the effect of a-
GalCer on liver fibrosis, leading to stimulatory
effects of a single a-GalCer injection on liver
fibrosis induced by NKT cells (16, 25). Little
data is available on the role of NKT cells-
related mediators in chronic HCV patients in
Iran. The present study showed the increasing
effect of a-GalCer along with IL-2 rather than
alone conditions. This increasing level was
found in chronic HCV patients than healthy
individuals. This data demonstrate that the
especially activation of NKT cells in HCV
patients due to the involvement of these cells
with secreting I1L-17.

Conclusion

Our findings suggest that NKT cells may play
a detrimental role in chronic HCV patients
depending on the degree of NKT cell

activation. During chronic liver injury, NKT
cells may be playing a role in activating the
early response with secreted IL-17 but for
determine the role of the liver fibrosis is better
the patients with disease different stage was
include. Of course, reported that NKT cells
increase in chronically infected livers and
produce cytokines such as IFN-y, IL-4 and IL-
13, suggesting that NKT cells may contribute
to the progression of liver fibrosis in patients
with chronic hepatitis viral infection. Our study
did not rule out the role of NKT cells in human
liver injury and fibrosis, and further
investigations are warranted regarding the role
of NKT cells in patients infected with HCV.

References

1. Bartenschlager R, Kaul A, Sparacio S.
Replication of the hepatitis C virus in cell culture.
Antiviral research. [Research Support, Non-U.S.
Gov't Review]. 2003;60(2):91-102.

2. Choo QL, Kuo G, Weiner AJ, Overby LR,
Bradley DW, Houghton M. Isolation of a cDNA
clone derived from a blood-borne non-A, non-B
viral hepatitis genome. Science. [Research Support,
Non-U.S. Gov't]. 1989;244(4902):359-62.

3. Crockett SD, Keeffe EB. Natural history and
treatment of hepatitis B virus and hepatitis C virus
coinfection. Annals of clinical microbiology and
antimicrobials. [Review]. 2005;4:13.

4. Lohmann V, Hoffmann S, Herian U, Penin F,
Bartenschlager R. Viral and cellular determinants
of hepatitis C virus RNA replication in cell culture.
Journal of virology. [Research Support, Non-U.S.
Gov't]. 2003;77(5):3007-19.

Iranian Journal of Virology, Volume 8, Number 4, 2014 9


http://journal.isv.org.ir/article-1-158-en.html
http://dx.doi.org/10.21859/isv.8.4.6
https://journal.isv.org.ir/article-1-158-en.html

[ Downloaded from journal isv.org.ir ROkl from journal.isv.org.ir at 23:48 +0430 on Monday April 24th 2017

[ DOI: 10.21859/isv.8.4.6 ]

Comparison between interleukine-17 levels by NK-T cells in patients with chronic hepatitis C ...

5. Neumann AU, Lam NP, Dahari H, Gretch DR,
Wiley TE, Layden TJ, et al. Hepatitis C viral
dynamics in vivo and the antiviral efficacy of
interferon-alpha therapy. Science. [Clinical Trial
Randomized Controlled Trial Research Support,
Non-U.S. Gov't Research Support, U.S. Gov',
Non-P.H.S. Research Support, U.S. Gov't, P.H.S.].
1998;282(5386):103-7.

6. Hoofnagle JH, Seeff LB. Peginterferon and
ribavirin for chronic hepatitis C. The New England
journal of medicine. [Review]. 2006;355(23):2444-
51.

7. Rehermann B. Hepatitis C virus versus innate
and adaptive immune responses: a tale of
coevolution and coexistence. The Journal of
clinical investigation. [Research Support, N.I.H.,
Intramural Review]. 2009;119(7):1745-54.

8. Sharma A, Chakraborti A, Das A, Dhiman RK,
Chawla Y. Elevation of interleukin-18 in chronic
hepatitis C: implications for hepatitis C virus
pathogenesis. Immunology. [Research Support,
Non-U.S. Gov't]. 2009;128(1 Suppl):e514-22.

9. Fainboim L, Chernavsky A, Paladino N, Flores
AC, Arruvito L. Cytokines and chronic liver
disease. Cytokine & growth factor reviews.
[Review]. 2007;18(1-2):143-57.

10.Rehermann B, Nascimbeni M. Immunology of
hepatitis B virus and hepatitis C virus infection.
Nature reviews Immunology. [Research Support,
U.S. Gov't, Non-P.H.S. Review]. 2005;5(3):215-
29.

11.Gao B, Radaeva S. Natural killer and natural
killer T cells in liver fibrosis. Biochimica et
biophysica acta. 2013;1832(7):1061-9.

12.Godfrey DI, Hammond KJ, Poulton LD, Smyth
MJ, Baxter AG. NKT cells: facts, functions and
fallacies. Immunology today. [Research Support,
Non-U.S. Gov'tReview]. 2000;21(11):573-83.
13.Godfrey DI, MacDonald HR, Kronenberg M,
Smyth MJ, Van Kaer L. NKT cells: what's in a
name? Nature reviews Immunology. [Research
Support, Non-U.S. Gov't Research Support, U.S.
Gov't, P.H.S.]. 2004;4(3):231-7.

14.Bendelac A, Savage PB, Teyton L. The biology
of NKT cells. Annual review of immunology.
[Research Support, N.I.H., Extramural Research
Support, Non-U.S. Gov't Review]. 2007;25:297-
336.

15.Lucas M, Gadola S, Meier U, Young NT,
Harcourt G, Karadimitris A, et al. Frequency and
phenotype of circulating Valpha24/Vbetall
double-positive natural killer T cells during
hepatitis C virus infection. Journal of virology.
[Research Support, Non-U.S. Govt].
2003;77(3):2251-7.

10  Iranian Journal of Virology, Volume 8, Number 4, 2014

16.Michel ML, Keller AC, Paget C, Fujio M,
Trottein F, Savage PB, et al. Identification of an IL-
17-producing NK1.1(neg) iNKT cell population
involved in airway neutrophilia. The Journal of
experimental medicine. [Comparative  Study
Research Support, Non-U.S. Gov't].
2007;204(5):995-1001.

17.Yasumi Y, Takikawa Y, Endo R, Suzuki K.
Interleukin-17 as a new marker of severity of acute
hepatic injury. Hepatology research : the official
journal of the Japan Society of Hepatology.
2007;37(4):248-54.

18.Zhang JY, Zhang Z, Lin F, Zou ZS, Xu RN, Jin
L, et al. Interleukin-17-producing CD4(+) T cells
increase with severity of liver damage in patients
with chronic hepatitis B. Hepatology. [Research
Support, Non-U.S. Gov't]. 2010;51(1):81-91.
19.Hammerich L, Heymann F, Tacke F. Role of
IL-17 and Th17 cells in liver diseases. Clinical &
developmental immunology. [Research Support,
Non-U.S. Gov't Review]. 2011;2011:345803.
20.Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-
17 and Th17 Cells. Annual review of immunology.
[Research Support, Non-U.S. Gov't Review].
2009;27:485-517.

21.de Lalla C, Galli G, Aldrighetti L, Romeo R,
Mariani M, Monno A, et al. Production of
profibrotic cytokines by invariant NKT cells
characterizes cirrhosis progression in chronic viral
hepatitis. J Immunol. [Research Support, Non-U.S.
Gov't]. 2004;173(2):1417-25.

22.Mattner J, Debord KL, Ismail N, Goff RD,
Cantu C, 3rd, Zhou D, et al. Exogenous and
endogenous glycolipid antigens activate NKT cells
during microbial infections. Nature. [Research
Support, Non-U.S. Gov't Research Support, U.S.
Gov't, P.H.S.]. 2005;434(7032):525-9.

23.Zhou D, Mattner J, Cantu C, 3rd, Schrantz N,
Yin N, Gao Y, et al. Lysosomal glycosphingolipid
recognition by NKT cells. Science. [Research
Support, Non-U.S. Gov't Research Support, U.S.
Gov't, P.H.S.]. 2004;306(5702):1786-9.

24 Hafez AA, Vasmehjani AA, Baharlou R, Nasab
SDM, Davami MH, Najafi A, et al. Analytical
Assessment of Interleukin-23 and-27 Cytokines in
Healthy People and Patients With Hepatitis C Virus
Infection (Genotypes 1 and 3a). Hepatitis monthly.
2014;9-14.

25.Notas G, Kisseleva T, Brenner D. NK and NKT
cells in liver injury and fibrosis. Clin Immunol.
[Research Support, N.I.H., Extramural Research
Support, Non-U.S. Gov't Review]. 2009;130(1):16-
26.

26.Jimenez-Sousa MA, Almansa R, de la Fuente C,
Caro-Paton A, Ruiz L, Sanchez-Antolin G, et al.


http://journal.isv.org.ir/article-1-158-en.html
http://dx.doi.org/10.21859/isv.8.4.6
https://journal.isv.org.ir/article-1-158-en.html

[ Downloaded from journal isv.org.ir ROkl from journal.isv.org.ir at 23:48 +0430 on Monday April 24th 2017

[ DOI: 10.21859/isv.8.4.6 ]

Increased Thl, Th17 and pro-fibrotic responses in
hepatitis C-infected patients are down-regulated
after 12 weeks of treatment with pegylated
interferon plus ribavirin. European cytokine
network. [Research Support, Non-U.S. Gov't].
2010;21(2):84-91.

27.Foster RG, Golden-Mason L, Rutebemberwa A,
Rosen HR. Interleukin (IL)-17/IL-22-producing T
cells enriched within the liver of patients with

Najafi A et al

chronic hepatitis C viral (HCV) infection.
Digestive diseases and sciences. [Research
Support, N.I.H., Extramural Research Support,
U.S. Gov't, Non-P.H.S.]. 2012;57(2):381-9.
28.Sousa GM, Oliveira IS, Andrade LJ, Sousa-Atta
ML, Parana R, Atta AM. Serum levels of Thl7
associated cytokines in chronic hepatitis C virus
infection. Cytokine. [Research Support, Non-U.S.
Gov't]. 2012;60(1):138-42.

Iranian Journal of Virology, Volume 8, Number 4, 2014 11


http://journal.isv.org.ir/article-1-158-en.html
http://dx.doi.org/10.21859/isv.8.4.6
https://journal.isv.org.ir/article-1-158-en.html
http://www.tcpdf.org

