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ABSTRACT

Introduction and Aim: One of the most prevalent diseases seen in Iragi patients undergoing hemodialysis treatment
for chronic renal disease is hepatitis C virus, also known as HCV infection (CKD). In this study, we intended to
determine whether immune checkpoint biomarkers such as CTLA-4, PD-1, and PD-L1 might be utilized to predict
the outcome for hemodialysis patients who had HCV infection and CKD.

Materials and Methods: The study comprised 90 Iragi patients. The participants were separated into three groups:
Group | (control group) consisted of those without viral infection. Group Il consisted of 30 HCV-infected patients
who did not receive antiviral medication, whereas Group Il consisted of 30 HCV-infected patients who had had
recent/previous antiviral drug treatment. ELISA was used to evaluate the serum predictive values of immunological
biomarkers in all three groups of people. The collected results were statistically analyzed.

Results: Serum levels of the measured biomarkers were seen elevated among all individuals in Group | and Il
showing a high statistically significant difference between patients’ group and healthy controls. The area under the
curve (AUC) for CTLA-4, PD-1, and PD-L1 was 93%, 99%, and 96%, respectively.

Conclusion: The prognostic factor-value of immune biomarkers investigated in this study could be used as predictors
in patients with CKD and infected with HCV.
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INTRODUCTION receptors respectively (7). The expression of these
he illness caused by the hepatitis C virus is immune checkpoints helps in limiting T-cell
widely regarded as the most frequent proliferation, restoring immunological function in the
bloodborne infection (1). There is both an microenvironment of tumors, and regulating

responses to self-proteins. Moreover, the expression
of these immune checkpoints helps regulate
responses to self-proteins (8). Recent clinical studies
have demonstrated that these indicators are
associated with several other medical diseases, such
as melanoma (9), sepsis (10), and viral infections
(12). In Iraq, on the other hand, there are no clinical
data available to demonstrate the function that these
biomarkers play as predictors for HCV infection. So,
the purpose of this study was to assess the prognostic
factor value of CTLA-4, PD-1, and PD-L1 immune
checkpoint biomarkers among Iragi patients who
were undergoing hemodialysis and who suffered
from CKD and HCV infection.

acute and a chronic stage of the infection (2). The
most common and widespread method by which
viruses are spread and transmitted is through contact
with blood and blood components (3). In developing
nations, infection with HCV is a major problem for
hemodialysis (HD) patients, with rates ranging from
6 to 60 percent and being associated with high
mortality rates (4). Chronic hemodialysis patients are
at a significant risk for infection, primarily because of
a lack of standard infection-precautions, insufficient
disinfection of HD machines, tools, and equipment,
and prolonged duration of hemodialysis. Because the
hemodialysis procedure requires vascular access for
extended periods of time, chronic hemodialysis
patients are at a significant risk for infection (5). MATERIALS AND METHODS
Immune checkpoints operate as immunological Studv desi q lati
regulators. They play a significant part in the process udy design and poputation

of self-tolerance, which stops the immune system Ninety people participated in this case-control study;
from arbitrarily attacking cells and stops autoimmune they were split into three groups of thirty each. Those
reactions to proteins found in the body's own tissues who were virus-free made Group 1 (the “control
(6) .The most important and widely studied immune group™). Patients with HCV infection who did not
biomarkers are Cytotoxic T-lymphocyte-associated receive any antiviral treatment were placed in Group
antigen 4 (CTLA-4), Programmed death-1 (PD-1) I, whereas those with HCV infection who had had
and Programmed death-ligand-1 (PD-L1), also antiviral drug therapies in the recent past or at some
known as CD152, CD279 and CD274 protein point in the past were placed in Group Ill. From
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October 3rd, 2021, to the end of December of the
same year, researchers from the lIragi Center of
Hemodialysis at the Baghdad Teaching Hospital and
the University of Baghdad's Department of
Microbiology conducted the study. Individuals were
interviewed directly to collect data on age, gender,
HD duration, vascular access technique, and the
presence or absence of chronic illnesses. Ethical
clearance for the study was obtained from the
Deanery of the College of Medicine/University of
Baghdad and the Head of the Iragi center of HD at
Baghdad Teaching Hospital (Letter dated 2021/9/28).

Inclusion and exclusion criteria

Patients with chronic kidney disease (CKD) who
were taking HD, with or without HCV infection, and
who did not have any ongoing microbial infections or
other serious medical diseases or ailments were
considered eligible to participate in this study. Prior
to the beginning of the experiment, the patients'
permission to participate was sought.

Laboratory analysis

Blood (5 ml) was drawn from all participants
included in Group I, 11, and I11. After serial addition
and washing, the optical density (O.D.) was measured
using an ELISA reader (MyBioSource, USA) at a
wavelength of 450 nm, and the results were recorded.
For quantitative sandwich in EIA, biomarkers were
captured by an immobilized antibody by first coating
a microtiter plate with antibody and then introducing
standards and samples via a micropipette into the
wells. The wells were rinsed and then refilled with
biotinylated monoclonal antibodies to remove any
unbound molecules. After the third washing, a
substrate solution was added to the wells to stop the

reaction. The streptavidin enzyme was linked. The
color variations of the bound biomarkers represent
their concentrations.

Statistical analysis

The results were analyzed with the SPSS program
(version 27; IBM Corp., USA) to determine the rate
of immune checkpoint biomarkers in patients with
Hepatitis C infection and on hemodialysis (with
antiviral drugs and without antiviral drugs) as well as
patients who were not infected with the hepatitis C
virus but on hemodialysis. Methods of descriptive
and inferential analysis were employed to study and
make predictions regarding the associations between
the variables, and a P value <0.005 was regarded as
being statistically significant.

RESULTS

Participants totaling ninety were included in the
investigation. The population consisted of 48 males
(53%), while the population consisted of 42 females
(47%). The participants' ages ranged anywhere from
19 to 69 years old, with a mean age of 51.1+14.7
years and a standard deviation of 14.7 years. The
number of men to women was approximately 1:1.35.
As a means of vascular access, the A.V. fistula was
utilized by a total of 79 (88%) of the patients, whereas
the dual lumen catheter was utilized by a total of 11
(12%) of the patients. The association with the
presence of other chronic diseases was also explored;
the results revealed that 78 (87%) of patients were
hypertensive, with differences that did not reach
statistical significance. The clinical studies that were
conducted across all of the groups are outlined in
Table 1.

Table 1: Quantitative parameters and clinical profile of the studied groups

Groups
Group I Group Il Group 11
Parameters Control HCV infected and HCV infected and P value
No. (%) Without treatment with treatment
No. (%) No. (%)

Gender Male 15 (50) 16 (53) 17 (57) 0.964
Female 15 (50) 14 (47) 13 (43)

Route of HD AV fistula 29 (97) 27 (90) 23 (77) 0.203
Dual lumen 1(3) 3 (10) 7(23)

Hypertension Yes 26 (87) 26 (87) 26 (87) 1

No 4(13) 4 (13) 4 (13)

Table 2: Post-hoc analysis of difference in HD duration for the studied groups

Clinical Group

Group |

| Group Il |

Group I

Hemodialysis duration

Group I- Control - 0.005* 0.002*
Group Il -HCV infected 0.005* - 1.0
and without treatment

Group Il1- HCV infected 0.002* 1.0 -
and with treatment

* Significant difference between clinical groups using Bonferroni post-hoc test at 0.05 level
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Data analysis shows that the mean duration of HD of
the participants was (4.31+£2.45) years, which was
significantly different between the patients and the
control groups, (5.0£2.3) and (3.0+2.1) vyears,
respectively, (controls have longer duration of HD).
The results are shown in Table 2.

Three immune checkpoint biomarkers were measured
for all the participants in this study. Data revealed the
mean level of PD-1, PD-L1 and CTLA-4 to be
(41.42£12.61, 134.48+42.6 and 647.5+212.9
respectively, with a high statistically significant
difference observed for their concentration among the
studied groups. The results are shown in Table 3.

Table 3: Post-hoc analysis of the differences for the studied immune checkpoint biomarkers

Clinical Group Group | | Groupll |  Grouplll
PD-1
Group I- Control - <0.001* <0.001*
Group Il- HCV infected <0.001* - <0.001*
and without treatment
Group I11- HCV infected <0.001* <0.001* -
and with treatment
PD-L1
Group I- Control - <0.001* <0.001*
Group - HCV infected <0.001* - <0.001*
and without treatment
Group I11- HCV infected <0.001* <0.001* -
and with treatment
CTLA4
Group I- Control - <0.001* <0.001*
Group Il- HCV infected <0.001* -
and without treatment
Group I11- HCV infected <0.001* <0.001* -
and with treatment

* Significant difference between clinical groups using Bonferroni post-hoc test at 0.05 level

Table 4: Results of ROC analysis for the studied immune checkpoint biomarkers
Biomarker | Cut-off value | Sensitivity | Specificity | AUC
PD-1 >20.0 100% 0% 99%
>32.5 100% 56.7%
>34.5 95.0% 96.7%
>37.5 76.7% 100%
PD-L1 >63.0 100% 0% 96%
>64.5 100% 3.3%
>90.5 96.7% 50.0%
>109.0 93.3% 93.3%
>133.5 78.3% 100%
CTLA-4 > 295 100% 0% 93%
>343.5 98.3% 3.3%
>415.0 96.7% 50.0%
>541.5 91.7% 80.0%
>596.5 73.3% 100%

The receiver operating characteristic (ROC) analysis
was used to assess the prognostic factor value of the
studied biomarkers among patients with HCV
infection and on HD. The values of AUC for PD-1,
PD-L1 and CTLA-4 biomarkers were 99%, 96% and
93%, respectively (Table 4). The sensitivity and
specificity for each biomarker studied using ROC
analysis is also presented in Table 4.

DISCUSSION

The current study is the first in Iraq to detect serum
levels of three immune checkpoint biomarkers in
HCV-infected patients with CKD and on
hemodialysis. The main goal was to demonstrate the
prognostic factor value of these biomarkers among
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these patients, in addition to identify any possible
association between the demographic data and the
measured markers. In this study, men had a higher
infection rate than women, with a peak of infection
occurring between the ages of 50 and 59. These
findings were consistent with the findings of other
studies indicating that infection appears to be more
prevalent in men than in women (3) especially among
the aged due to decreasing physiological and mental
abilities making them susceptible to age-related
diseases (12). We observed women to have lower
HCV infection which is in line with a previous study
(13), which found that women had spontaneously
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better HCV clearance rates and slower rates of disease
progression if they develop chronic HCV infection.

According to the National Kidney Foundation of the
United States, the A.V. fistula is the ideal treatment
and gold standard for HD since it lasts longer and has
fewer complications like infections and thrombotic
complications (14). Regarding the vascular access for
HD, we observed that 88% of the patients were using
arteriovenous (A.V.) fistulas, which was consistent
with prior studies that determined this type of access
to be the optimal vascular access for HD patients'
longevity (15).

Increased arterial stiffness due to volume
overload/sodium retention, sleep apnea and use of
recombinant human erythropoietin have been
implicated as risk factors predisposing these patients
to the risk of hypertension (16). Regarding the
duration of HD, we found that the mean duration of
HD of the studied groups to be 4.31£2.45 years, with
a statistically significant difference existing between
patients and control groups. A study done in ltaly in
2012 and later supported by a CDC observation in
2018 exhibited that >50% of HCV outbreaks from
2008-2015 appeared in HD settings (17). This
observation, however, confirms the fact that the risk
of HCV infection is elevated as patients stay longer in
HD units, which support our findings concerning the
mean duration of HD. HCV diagnosis in patients with
CKD is often delayed due to many reasons, including
presence of nonspecific signs and symptoms,
fluctuating levels of liver enzymes, lower sensitivity
of detection tests and lower viremia seen among those
patients (18). In this study, a highly statistical
significance difference was observed between the
serum levels of the studied biomarkers among
participants in the three groups, with a P value <0.001
for all the markers. The significant use of these
biomarkers was proved to be efficient not only among
ESRD patients (19) and HCV infected patients (7), but
also to other diseases/medical conditions, including
melanoma (9), sepsis (10) and viral infections
including COVID-19 (11). Immune checkpoints have
been demonstrated to be utilized in the immune escape
of HCV, causing T-cell dysfunction, and the
expression of these molecules on suppressor cells,
thereby causing difficulties in excluding such
infections (20).

A comparison of infection outcomes with PD-1 levels
in this study revealed that during the acute phase of
infection PD-1 expression in HCV-specific T-cells
differs and varies greatly during the acute stage of
infection, implying that it is one of the independent-
determinants of outcomes. As a result, we conclude
that upregulation of PD-1 in the acute stage of
infection is associated with infection fighting, whereas
in the chronic stage, it is associated with infection
impairing (21). However, the findings of this study
contradict previous research that found PD-1 levels to
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be lowered despite persistently high HCV-RNA levels
(22). We recommend the diagnosis of HCV by
molecular techniques that give more accurate results,
because it was applied in different areas of medicine
to diagnose diseases (23-25). However, given that the
participants in this study were CKD patients taking
regular HD, such discrepancies in outcomes could be
caused by variations in study design, regional
differences, patient populations, assays used, and
conditions linked to such diseases. Nonetheless, the
study provides evidence that immune evasion
mechanisms allowing HCV to survive include either
epitope escape or signals keeping the expression of
checkpoint receptors on virus-specific T cells higher
(26).

CONCLUSION

From the above-mentioned outcomes, we could
conclude that CTLA-4, PD-1 and PD-L1 immune
checkpoint biomarkers have an excellent prognostic
factor-value as predictors for CKD patients on HD
with HCV infection. Men were more predisposed than
women to kidney diseases and their complications.
The A.V. fistula was the most predominant vascular
access method. Moreover, hypertension appears as a
common chronic disease among the CKD patients on
HD, and the risk of HCV infection is elevated as
patients stay more time in HD units.
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