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ABSTRACT

Aim of the Work: This study aimed to investigate the serum level of sICOS molecule in chronic
Hepatitis C Virus (HCV) patients and its association with pathological injury and HCV viral load in
chronic hepatitis C patients to evaluate sICOS molecule as a novel biomarker for HCV replication,
and disease progression.

Patients and Methods: The study included 40 chronic HCV-infected patients divided into two
groups; group | 20 patients suffering of chronic HCV without cirrhosis, group Il 20 patients with
cirrhosis and group Il composed of 10 healthy controls. Serum level of sICOS was analyzed by
Enzyme Linked Immunosorbent Assay (ELISA). HCV viral load was estimated in all patients using
real time PCR. The correlation between serum sICOS) and HCV viral load was studied.

Results: Viral load in group | ranged from 401.11 to 880.000 IU/ml with a mean value of
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521.727 +152.225 and group Il ranged from 315.49 to 1.110.000 IU/ml with a mean value of
603.298+ 207.2. regard level of sICOS; it was significantly elevated in chronic HCV patients as its
mean level in group | was 56.35 + 6.75%, in group Il was 69.4+ 6,004% and in group Ill was
32+6.61% with P-value <0.001 (significant). In chronic HCV infection sICOS was positively

correlated with HCV viral load.

Conclusion: sICOS serum level significantly higher in chronic HCV patients than normal healthy
individuals. sICOS level in the serum was highly correlated with HCV viral load in chronic HCV-
infected patients, which made sICOS a novel indicator to evaluate HCV replication and disease

progression in chronic hepatitis C patients.

Keywords: sICOS; chronic HCV; HCV viral load.

1. INTRODUCTION

Hepatitis C is a liver disease caused by the
hepatitis C virus. The virus can cause both acute
and chronic hepatitis infection, ranging in severity
from a mild illness lasting a few weeks to a
serious, life long illness. 130-150 million people
globally have chronic hepatitis C infection [1].

The WHO estimates that 3% of the world’s
population becomes infected with HCV [2].

Tight correlation between host circulating CD8+
T cell-mediated immune response and control
of viral replication is classical characteristic of
long-term  HCV  infection. @ CD8+T  cell
maturation/activation markers are expected to be
associated with viral replication and disease
progression in chronic HCV infection [3].

The diagnosis of HCV infection is based on the
detection of anti —\HCV antibody by ELISA and it
is confirmed by an immunoblot assay or by the
presence of HCV RNA by polymerase chain
reaction (PCR) [4].

The sICOS (soluble inducible T cell co
stimulator) molecule is expressed on
lymphocytes, especially on T and B cells, and is
an inducible inhibitory regulator of T cell
activation [5]. Higher level of sICOS expression
in HCV infection was documented [6].

Many co-stimulatory molecules, such as CD28,
CD80, have two forms; membrane form and
soluble forms. sICOS is formed from alternative
mRNA splicing. Moreover, it has found that
sICOS is highly associated with active
lymphocytes presented in autoimmune diseases.
However, positive correlation with sICOS and
HCV viral load making this marker partially
associated with virus replication and HCV
pathogenesis, m aking sICOS an important
marker in cases of vhronic HCV [7].

Previous studies have demonstrated that co-
stimulators sICOS, are involved in the HCV
pathogenic progress. Co-stimulator; ICOS, also
assists in activating adaptive immunity,
particularly by aiding antibody secretion by B
cells. However, there is limited number of studies
concerning ICOS in HCV patients. Ribavirin
downmodulates ICOS in CD8+ T cells and
assists HCV clearance, indicating that ICOS
prevention is a novel choice for HCV treatment
[8]. In addition, ICOS has been found to be
upregulated in chronic HBV-infected cells.

Previous studies have demonstrated that there
are different isoforms of sICOS from alternatively
spliced messenger RNA (mRNA), and the
soluble isoforms of these may regulate immune
homeostasis [9]. In addition, soluble ICOS
(sICOS) and have been identified to be present
in numerous diseases, particularly autoimmune
diseases, such as systemic lupus erythematosus
(SLE) and cancer. However, the clinical
significance of this marker in chronic HCV
infection remains uncertain [10]. However, it will
be promising to use ICOS as a marker in follow
up of chronic HCV patients as it is easy to
perform, more rapid , and economically could be
afforded by all patients replacing polymerase
chain reaction with its high cost and complex
technique .

This study aimed to investigate the serum level
of sICOS molecule in chronic Hepatitis C Virus
(HCV) patients and its association with
pathological injury and HCV viral load in chronic
hepatitis C patients to evaluate sICOS molecule
as a novel biomarker for HCV replication, and
disease progression.

2 PATIENTS AND METHODS

This study was carried in Medical Microbiology
and Immunology Department, Tanta Faculty of
Medicine after approval of ethical committee in




Tanta Faculty of Medicine and a written consent
from all participants on 50 subjects; 40 Cases
with chronic HCV were selected from patients
attending Tropical Medicine Department-Tanta
University Hospital and 10 healthy individual
during the period from December 2016 to May
2017.

Cases in this study were divided into three
groups; Group |: Composed of 20 patients
suffering from chronic HCV without cirrhosis their
age ranged from 23 to 66 years, Group Il
Composed of 20 patients suffering from chronic
HCV with cirrhosis their age ranged from 38 to
69 years and Group Ill: 10 healthy individual their
age ranged from 35 to 68 years as a control

group.

All patients were subjected to Complete history
taking, Clinical examination. Routine Laboratory
investigations including Liver enzymes: AST and
ALT, serum bilirubin and Hb level. Ultrasound
used to evaluate HCV patients: liver cirrhosis or
not.Fibroscan used to evaluate HCV patients:
liver cirrhosis or not. Quantitative estimation of
HCV-RNA viral load in the blood of the patients
using real time-PCR, ELISA for estimation of the
serum level of sICOS.

2.1 Exclusion Criteria

All cases in the study were negative for HBV and
HIV and will not receive any HCV-specific
antiviral therapy 6 months before the study. The
healthy control individual approved to be HCV
negative.

2.2 Peripheral Blood Sample
5 ml of venous blood from patients and control
subjects were withdrawn with a disposable sterile

plastic syringe for ELISA and Real Time PCR.

2.3 Enzyme Linked
Assay (ELISA)

Immunosorbent

Serum level of sICOS of all patients and the
normal control group were estimated with ELISA
(R&D Systems, Inc., Minneapolis, MN, USA)
according to the manufacturer’s instructions [11].

2.4 Quantitative Assessment of HCN RNA
by Real Time PCR for HCV Patients

Quantitative detection of HCV RNA by real-time
PCR was performed using the light cycler
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tagman master mix kit on Roche Light cycler
version 2.0 (Roche Diagnostic, GmbH,
Mannheim, Germany). The cycle conditions of
RT-PCR include 95°C for 20 seconds, followed
by a further 40 cycles at 95°C for 10 seconds,
58°C for 15 seconds and 72°C for 10 seconds.
The sequence of the primer used was: forward
5'-GAAGGCAAGATGGCACTAAGCA-3'and
reverse 5-TCTCGTCTGTTGCCGGAGATAG-3'
[12].

2.5 Statistics

Statistical presentation and analysis of the
present study was conducted, using the mean,
standard deviation and chi-square test by SPSS
V.20.

3. RESULTS

This study was carried out on 50 subjects, was
done over the period from December 2016 to
May 2017. The study included three groups;
group | included 20 subjects with chronic HCV
without cirrhosis, and subjects were (12 male & 8
female, age range from 23 to 66 years and mean
age of 46.15 £ 11.979), group Il included 20
subjects with chronic HCV with cirrhosis, and
subjects were (12 male & 8 female, age range
from 38 to 69 years and mean age of 53.15 *
8.054), and group Il included 10 subject as
healthy control subjects were (6 male & 4 female,
age range from 35 to 68 years and mean age of
49.4 +10.606 with P-value was 0.110, 1.000
respectively.

The results of the study showed that ALT mean
level in group | was 9.92 £1.25, in group Il was
35.55+ 9.98 and in group Il was 10.46 +1.09
with p-value <0.001 (significant). There was no
significant difference between group | and Il
(Table 1).

Table 2 shows the serum level of AST as its
mean level in group | was 10.42 + .81, in group
Il was 35.5+ 7.95 and in group Il was 9.85 £1.19
with p-value <0.001 (significant). There was no
significant difference between group | and IIl.

Table 3 shows that there was a significant
difference between group | and group Il and
between group Il and group Il as regard level of
serum bilirubin as its mean level in group | was
.67+ .26, in group |l was 6.46+ 3.49 and in group
Il was .7 +.24 with p-value <0.001 (significant).
There was no significant difference between
group | and IlI.



As regard the viral load among the studied group
Table 4 shows that there was no significant
difference between group | and group Il as
regard level of viral load as its mean level in
group | was 521.727 +152.225 and in group Il
was 603.298+ 207.2 with P-value was 0.164
(insignificant).

Table 5 show the concentration of sICOS
between studied groups where there was a
significant difference between group [, Il and
group lll as regard level of sICOS as its mean
level in group | was 56.35 + 6.75, in group Il was
69.4+ 6,004 and in group Il was 3216.61 with P-
value <0.001 (significant).There was significant
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difference between group I&Il, Group I&lll and
Group lI&lll

Table 6 shows Correlation between sICOS and
other studied parameters in patients with chronic
HCV: This table shows that there were a
significant correlation between sICOS Level
and level HCV viral load, ALT, AST, serum
bilirubin.

Table 7 shows analysis of ROC curve
demonstrating cutoff point of sICOS

Fig. 1 shows that there was a significant
correlation between HCV viral load and sICOS.

Table 1. Level of serum ALT in the studied groups

Groups ALT U/L ANOVA
Range Mean * SD F P-value
Group | 8.000 - 12.000 9.920 + 1.253 33.088 <0.001*
Group Il 20.000 - 70.000 35.550 +  9.984
Group llI 8.500 - 12.000 10.460 + 1.093
Tukey’s Test
1&I11 &I H&ll
<0.001* 0.991 <0.001*
Normal range of ALT: 6-42 mg/dl
Table 2. Level of serum AST in the studied groups
Groups SGOT U/L ANOVA
Range Mean * SD F P-value
Group | 8.500 - 12.000 10.425 + 0810 48.318 <0.001*
Group Il 25.000 - 60.000 35.500 + 7.957
Group Il 8.000 - 12.000 9.858 + 1190
Tukey’s test
1&I1 1&I11 H&ll
<0.001* 0.985 <0.001*
Normal range of AST: 6-42 mg/dl
Table 3. Level of serum bilirubin in the studied groups
Groups Serum bilirubin mg/di ANOVA
Range Mean * SD F P-value
Group | 0.240 - 1200 0.678 + 0.266 39.806 <0.001*
Group Il 2.600 - 14500 6.468 +  3.499
Group IlI 0.200 - 1100 0.790 +  0.242
Tukey’s Test
1&I11 &I H&ll
0.003* 0.991 0.020*
Normal range of bilirubin: 0.2-1.00 mg/dl
Table 4. The level of viral load in the studied groups
Groups PCR T-test
Range Mean £ SD T P-value
Group | 401.11 - 880 521.727 + 152.225 -1.419 0.164
Group Il 315.49 - 1100 603.298 + 207.200
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Table 5. Concentration of sICOS among the studied studied groups

Groups sICOS ANOVA

Range Mean * SD F P-value
Group | 46.000 - 69.000 56.350 + 6.753 112.697 <0.001*
Group Il 60.000 - 79.000 69.400 + 6.004
Group llI 20.000 - 40.000 32.000 + 6.616
TUKEY'’S Test
1&I1 &Il H&ll
<0.001* <0.001* <0.001*

Table 6. Correlation between and sICOS and other studied parameters in patients with chronic
HCV
sICOS
R P-value

Age(Y) 0.149 0.360
PCR 0.461 0.003*
ALT 0.502 0.001*
AST 0.585 <0.001*
Serum bilirubin 0.461 0.003*

Table 7. Analysis of ROC curve showing cutoff point of siCOS

.ROC curve
Cutoff Sens. Spec. PPV NPV Accuracy
>40* 100.0 100.0 100.0 100.0 1.000

r=0.461 P-value=0.0031*

1200

1000

800+

600

400+

PCR

200
40 50 60 70 80

PD-1

Fig. 1. Correlation between sICOS and viral load



4. DISCUSSION

Hepatitis C virus infection is considered a
worldwide problem affecting more than 200
million people all over the world [11]. The WHO
estimates that 3% of the world’s population
becomes infected with HCV [1]. Egypt has the
highest HCV prevalence in the world [9]. About
12 to 15% of the total populations are infected,
with  HCV Genotype-4 accounting for the
overwhelming majority of HCV infections [12].

This study was aimed to investigate the serum
level of sICOS molecule and its association with
pathological injury and HCV viral load in chronic
hepatitis C patients to evaluate sICOS molecule
as a novel biomarker for HCV replication, and
disease progression.

HCV Viral Load is the amount of HCV viruses in
a given volume of the blood (usually 1 milliliter =
1 cubic centimeter). There appears to be no
significant correlation between HCV RNA levels
and ALT values or histological activity in patients
untreated by anti-viral therapies (Interferon). Viral
load varies between infected individuals but is
not a useful prognostic indicator nor does it
measure the severity of virus-induced liver
disease [13,14].

In this study the level of viral load in group |
ranged from 401.11 to 880.000 IU/ml with a
mean value of 521.727 +£152.225 and group I
ranged from 315.49 to 1.110.000 IU/ml with a
mean value of 603.298+ 207.2 with no significant
different between the two groups as regard level
of viral load. So HCV viral load could not reflect
the degree of liver histological damage.

In agreement with this study, Pei Liu et al. [15]
found no significant connection was noted
between serum HCV-RNA titer and the grades of
liver necroinflammatory activity (r=0.50, P=0.667)
or the stage of liver fibrosis.

In contrast, Adinolfi et al. [16] held that serum
HCV-RNA titer was correlated to the severity of
liver damage, which could be accelerated by high
HCV load and fat degeneration.

In HCV infection, persistent infection appears to
be due to weak CD4" and CD8" T-cell responses
during acute infection, which fail to control viral
replication [17].

Dimitra et al. [18] had found a strong CD8" T-cell
response in the peripheral blood in the chronic
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HCV patients and also found no correlation was
recorded between the numbers of
CD8+lymphocytes and the degree of fibrosis.

ICOS is a costimulator that help in activating
adaptive immunity, by aiding antibody secretion
by B cells. The studies that investigate the serum
level in chronic HCV patients is still limited.
Ribavirin downmodulates ICOS in CD4+ T cells
and help in HCV clearance, indicating that ICOS
prevention is a novel choice for HCV treatment
[19,20].

In the present study the serum level of sICOS
was significantly higher in the patients with
chronic HCV than healthy controls as there was
significant difference between group |, Il and
group Il as regard level of sICOS as its mean
level in group | was 56.35 + 6.75%, in group Il
was 69.4+ 6,004% and in group Il was
3216.61% with P-value <0.001 (significant).

This came in agreement with Dongsheng et al.
[21] who found that the sICOS levels were
significantly higher in the HCV group compared
with the normal control group. They explained
that these molecules have an immunomodulatory
function and Increased production of sICOS may
interfere with the patient's adaptive immune
function. They added that sICOS may compete
and interfere with the ICOS interactions with their
respective  ligands, leading to immune
dysregulation and a defective immune response.

As regard the correlation between sICOS and
other studied parameters in patients with chronic
HCV this study showed that there were a
significant correlation between sICOS level and
level HCV viral load, ALT, AST, serum bilirubin.

In accordance to the results of this work
Dongsheng et al. [21] found that sICOS levels
correlated with Total and direct bilirubin and did
not correlate with ALT levels that came in
reverse to this study.

This study showed that there is a significant
correlation between the serum level of sICOS
and HCV viral load. Dongsheng et al. [21] found
this positive correlation between sICOS and level
of HCV antibodies in the serum. They explained
that high levels of sICOS and high levels of anti-
HCV antibody are closely associated, that is
explained that high level of sICOS occur as a
result of shedding from the active T-cell
membranes, that makes production of sICOS
very important in HCV infection. The detailed



immunopathological roles of those soluble co-
stimulatory molecules in HCV infection require
further study.

5. CONCLUSION

sICOS serum level significantly higher in chronic
HCV patients than normal healthy individuals.
sICOS level in the serum was highly correlated
with HCV viral load in chronic HCV-infected
patients, which made sICOS a novel indicator
to evaluate HCV replication and disease
progression in chronic hepatitis C patients.

ACKNOWLEDGEMENT
The teamwork of this research markedly
acknowledges  Medical Microbiology and
Immunology, Tropical Medicine, and Internal

Medicine Departments, Faculty of Medicine,
Tanta University for great help and support.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. World Health  Organization (WHO).
Initiation for Vaccine Research (IVR). Viral
cancer: Hepatitis C; 2009.
Available:http://www.who.int//vaccine rese
arch/diseasel/viral_cancers/en/index2html
(Accessed 3 February 2011)

2. World Health  Organization (WHO).
Hepatitis C, hepatitis C key facts, Fact
sheet no. 164, World Health Organization
Media; 2014.
Available:http://www.who.int/mediacentre/f
actsheets/fs164/en/index.html

3. Wedemeyer H, He XS, Nascimbeni M.
Impaired effect or function of hepatitis C
virus-specific CD8+ T cells in chronic
hepatitis C virus infection. J Immunol.
2002;169:3447-3458.

4. Pawlotsky JM. Use and interpretation of
virological tests for  hepatitis C.
Hepatology. 2002;36:65-73.

5. Radziewicz H, Ibegbu CC, Fernandez ML.
Liver-infiltrating lymphocytes in chronic
human hepatitis C virus infection display
an exhausted phenotype with high levels of
PD-1 and low levels of CD127 expression.
J Virol. 2007;81:2545-2553.

10.

11.

12.

13.

14.

15.

Alm EI-Din et al.; MRJI, 21(3): 1-8, 2017; Article no.MRJI.35995

Urbani S, Amadei B, Fisicaro P, et al. The
outcome of acute hepatitis C is related to
virus-specific CD4 function and maturation
of antiviral memory CD8 responses.
Hepatology. 2006b;44:126-139.

Warnatz K, Bossaller L, Salzer U, Skrabl-
Baumgartner A, Schwinger W, van der
Burg M, van Dongen JJ, Orlowska-Volk M,
Knoth R, Durandy A. Human ICOS
deficiency abrogates the germinal center
reaction and provides a monogenic model
for common variable immunodeficiency.
Blood. 2006;107:3045-3052.

Atsukawa M, Nakatsuka K, Kobayashi T,
Shimizu M, Tamura H, Harimoto H,
Takahashi H, Sakamoto C. Ribavirin
downmodulates inducible costimulator on
CD4" T cells and their interleukin-10
secretion to assist in hepatitis C virus
clearance. J Gastroenterol Hepatol.
2012;27:823-831.

Klenerman P, Semmo N. Cellular immune
responses against persistent hepatitis C
virus: Gone but not forgotten. Gut.
2006;55:914-916.

Zhonghua Lin, Nancy Y, Ning C. In vivo
antigen-driven plasmablast enrichment in
combination with antigen-specific cell
sorting to facilitate the isolation of rare
monoclonal antibodies from human B cells.
Nature Protocols. 2014;9:1563.

Meffre C, Lestrat Y, Delarocque-
Astagneau E. Prevalence of hepatitis B
and hepatitis C virus infections in France in
2004: Social factors are important
predictors after adjusting for known risk
factors. J Med Virol. 2010;82:546-555.
Levin MK, Gurjar M, Patel SS. A Brownian
motor mechanism of translocation and
strand separation by hepatitis C virus
helicase. Nat Struct Mol Biol. 2005;12:
429-435:8477-8484.

Lavanchy D. Evolving epidemiology of
hepatitis C virus. Clin Microbiol Infect.
2011;13(2):107-115.

Zekri AR, Bahnassy AA, Abdel-Wahab SA.
Expression of pro- and anti-inflammatory
cytokines in relation to apoptotic genes in
Egyptian liver disease patients associated
with  HCV-genotype-4. J Gastroenterol
Hepatol. 2009;24:416-28.

Pei Liu, Ying Li. Correlations of serum
hepatits C virus RNA and alanine
transaminase with liver histopathological
changes in patients with chronic hepatitis
C. 2009;167-169.



16.

17.

18.

Adinolfi LE, Gambardella M, Andreana A.
Steatosis accelerates the progression of
liver damage of chronic hepatitis C patients
and correlates with specific HCV genotype
and visceral obesity. Hepatology. 2001;33:
1358-64.

Gruner NH, Gerlach TJ, Jung MC.
Association of hepatitis C virus-specific
CD8+ T-cells with viral clearance in acute
hepatitis C. J Infect Dis. 2000;181:1528-
1536.

Dimitra D, Marina K, Athanasia M. T-
lymphocyte subsets in peripheral blood
and liver tissue of patients with chronic
hepatits B and C. In vivo Journal.
2011;25(5):833-840.

19.

20.

21.

Alm EI-Din et al.; MRJI, 21(3): 1-8, 2017; Article no.MRJI.35995

Albrecht E. What is viral load? Hepatitis
Central Source; 2014.
Available:http://www.hepatitiscentral.com
Witsch EJ, Peiser M, Hutloff A, Buchner K,
Dorner BG, Jonuleit H, Mages HW,
Kroczek RA. ICOS and CD28 reversely
regulate IL-10 on re-activation of human
effector T cells with mature dendritic
cells. Eur J Immunol. 2002;32:2680-
2686.

Dongsheng W, Ding'an Z, Qin Du, Qi
Liang. Aberrant production of soluble
inducible T cell co stimulator (sICOS) and
soluble programmed cell death protein 1
(sPD 1) in patients with chronic hepatitis C.
2013;7(4):1197-1202.

© 2017 Alm EI-Din et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/20829




