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Abstract

Multiple sclerosis (MS) is a central nervous system disease that causes demyelination and persistent
inflammation and most of them among young adults. The current study aimed to assess genetic polymorphism in
Programmed Cell Death 1(PDCD1) and Its ligand (PDLCD1) genes and the frequency of two single nucleotide
polymorphisms (SNPs) (rs2227981 and rs2282055). The study design is case-control that has been achieved at
Medical City and Al-Yarmouk teaching hospital from November 2021 to February 2022, Baghdad, Iraq. MS
patients (n=100) were divided into two groups; newly diagnosed (n=42), and patients with ongoing treatments
(58). These groups were compared to healthy subjects (n=55). The study for gene polymorphism of PDCD1 and
PDLCD1 and the Frequency of Two SNPs (rs2227981 and rs2282055) were measured by Real-time Polymer
Chain Reaction (RT-PCR) by using High-Resolution Melting (HRM). The results of this study found that the
genotypic frequencies of MS patients were 31% (n=31) normal AA and 48 % (n=48) heterozygous AG. Mutant
homozygous was found in GG 21 % (n=21). In controls, the results demonstrate 69% (n=38) wild-type AA,
27.27% (n=15) heterozygous AG, and mutant homozygous GG 3.6% (n=2). The odds ratio for the GG genotype
was 12.8 (0.2-5.9) with p=0.001 indicating that the homomutant genotype. In PDCD1 gene polymorphism
rs2227981 GG was at a higher risk of MS than the wild-type PDCD1 gene polymorphism rs2227981 AA. The
PDCDL1 gene polymorphism rs2227981 AG genotype has the second risk of MS after PDCD1gene polymorphism
rs2227981GG with 3.92-fold high risk than the wild type AA (OR =3.92 (1.8-8.2) p=0.0003). In conclusion, the
population-based case-control study, PDCD1, and PDLCD1 SNPs may be related to the pathogenesis of MS.
PDCD1gene SNP loci rs2227981 and PDLCD1gene SNP loci rs2282055 may be a new candidate polymorphic
locus for MS
Keywords: Multiple sclerosis, Polymorphism, PDCD1, PDLCD1, rs2227981, rs2282055.
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Introduction

The central nervous system is affected by
chronic  inflammatory,  autoimmune,  and
demyelinating diseases known as multiple sclerosis
(MS) and most of multiple sclerosis patients are
young adults @, Its four clinical presentations are
progressive relapsing MS (PRMS), secondary
progressive MS (SPMS), primary progressive MS
(PPMS), and relapsing-remitting MS (RRMS).
Relapsing-remitting MS (RRMS) which affects
roughly 87 percent of patients, is characterized by
acute attacks (relapses), which are followed by
partial or total recovery (remission) @.

Patients may exhibit a wide range of
symptoms, such as vision alterations (unilateral
visual loss, diplopia), weakness, poor coordination,
sensory loss, or modifications to bowel and bladder
movements. Cognitive shifts, exhaustion, and
temper disruption are less diagnostic but
nevertheless incapacitating symptoms. A severe
disability could potentially be resulted from a
disease's progression @, It is possible to treat MS
symptoms using a variety of drugs and other
methods. The treatment of patients with the
relapsing forms of this disease has been transformed
by the accessibility of disease-modifying medicines
@), These drugs probably work by reducing immune-
mediated inflammation to manage the underlying
iliness process. They neither treat the illness nor
repair the harm caused by earlier occurrences. When
these medications are administered to patients
before more serious, widespread injury and
incapacity have taken place, their effects typically
seem to be more powerful ®. The etiology of MS is
complex, involving both genetic and environmental
hazards ©. There are several theories that address
the causes of MS. The most generally recognized
explanation is that of inherited causality. Genetic
studies are essential in the case of MS.

According to the hypothesis put forth by
Ortler et al., who also demonstrated for the first
time that it was highly expressed in the
inflammatory regions of white matter in MS patients
and was likely expressed on activated microglia and

210

macrophages, B7-H1 expression may reduce T cell
activation and promote immune homeostasis in the
CNS @,

MS progression is thought to be influenced
by PDCD1gene polymorphism. Patients with MS
who have a PDCD1 gene polymorphism may have
an impairment to their T cells' ability to suppress
interferon (IFN) @ It is possible that PDCD1 and
PDLCD1 also have an immunosuppressive effect
because MS patients have considerably more
PDCD1 and PDLCD1 + interleukin (IL)-10+CD14+
and PDLCD1+IL-10+CD19+ cells during the
remitting phase compared to the relapsing phase.
Inhibiting PD-1 in lymphocytes during the acute
phase of MS significantly increases the proliferation
of CD4+ T cells and CD8+ T cells. However, this
impact is absent when PDLCD1 expression in APC
is inhibited, proving that PDCD1 is more effective
than PDLCD1 in promoting lymphocyte mortality
and reducing proliferation in MS ©). Additionally,
the PDLCD1 gene has a crucial causative role in the
development of cancer, its low expression in cells
serves as a reliable marker of how well a treatment
is working @9, The current study aimed to evaluate
the frequency of two SNPs (rs2227981 and
rs2282055) polymorphisms in PDCD1 and
PDLCD1 genes of Iragi individuals with multiple
sclerosis in comparison with apparently healthy
subjects.

Materials and Methods

This case control study has been achieved at
Medical City and Al-Yarmouk teaching hospital
from November 2021 to February 2022 in Baghdad,
Irag. A Total of (100) MS lIraqgi patients (42 males
and 58 females) were enrolled in the current study,
divided into two groups 58 old MS patients (24
males and 34 females) and 42 newly diagnosed MS
patients (18 males and 24 females), and compared
with 55 healthy controls (24 males and 31 females).
Permissions were obtained from the medical city
hospitals in Baghdad, Iraq, and approved by the
University of Technology's institutional ethical
committee, Baghdad, Irag (Ref. No. AS 1974-17-


https://www.ncbi.nlm.nih.gov/snp/rs2227981
https://www.ncbi.nlm.nih.gov/snp/rs2282055
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3151595/#R2

Iraqi J Pharm Sci, Vol.33(3) 2024

10- 2021) in accordance with the Helsinki
Declaration of 1975 revised in 200049, All
participants were informed about the study design
and objectives and signed informed consent before
the collection of any data or samples. The medical
history for all patients has been taken, and detailed
clinical checks with a particular questionnaire
formula occupied for each patient contain; the
duration of disease, age, height, body weight, type
of drug, and symptoms include (vision problems,
bladder dysfunction, muscle stiffness and spasms,
tremor, slurred speech, fertility status, patient’s
family history of MS, and other diseases including
diabetes mellitus or hypertension), The neurologists
in the hospitals where the study was achieved used
several strategies to determine criteria for an MS
diagnosis and to rule out other possible causes of
whatever symptoms the patients were experiencing.
These strategies include a careful medical history, a
neurologic exam, various tests including magnetic
resonance imaging (MRI) and further testing with
spinal fluid analysis, evoked potentials and
additional imaging may be needed 2,

Blood sampling was three ml of whole blood from
each participant had to be drawn straight from the
vein into an EDTA-containing tube, and the
operation had to be done in an aseptic manner. DNA
extraction was done using the EasyPure® Blood
Genomic DNA Kit, the DNA was extracted and
purified from human whole blood samples
(TransGen, biotech. EE121-01). Gel electrophoresis
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was performed to verify that the DNA had been
extracted and was present on the Agarose gel
following the extraction process @3, The estimation
of DNA concentration and purity was done Using a
NanoDrop device, the concentration of DNA
samples was estimated. In order to measure the
concentration in ng/L at 260 nm wavelength and
determine the purity of the DNA, one microliter of
the extracted DNA was inserted in the lens of the
device. For DNA, a ratio of (1.8 — 2.0) is generally
regarded as "pure,”" and when the ratio falls below
(1.8). It can be a sign of the presence of pollutants
like protein, phenol, or other substances that absorb
intensely at or close to 280 nm @4, Genotyping of
polymorphisms was done by using the Real Time
Polymer Chain Reaction technique (RT-PCR) @ to
analyze the SNPs: PDCD1 for rs2227981 situated in
exon 5 and PDLCD1 for rs2282055 located in intron
1. The primers were constructed in accordance with
the full sequences of PDCD1 and PDCDL1, The
DNA sequences for the PDCD1 and PDLCD1 genes
were obtained from the GenBank database of the
National Center for Biotechnology Information
(NCBI). The PCR primers, were created using
Premier 3 software (version 0.4.0), with annealing
temperatures of 58°C , primer size PDCD1 for
rs2227981 SNP were 88 bp and PDLCD1 for
rs2282055 SNP were 52 bp .The company for Easy
Pure ® "Genomic DNA" was "Trans Gen bio tech”
,China. Table 1 contains the primer sequence and
prerequisites.

Table 1. Designed Primers used in the present study.

Sequence (5'—3’ direction) Band size (bp)
PDCD1 for rs2227981

Forward GTCCATCCTCAGGCCTCAG 88

Reverse CCTAGCGGAATGGGCAC
PDLCD1 for rs2282055

Forward AAGTCAGATTCTCCTTGCTCT 52

Reverse ACCTAGTAGAACCTGCCCTGT

Real Time PCR (RT-PCR) for Genotyping
Analysis was done by using the Qiagen Real-time
PCR System was used to perform RT-PCR (Rotor
gene with real time polymer chain reaction (RT—
PCR) software 2.3.4). The TransStart®Tip Green
RT-PCR Super Mix Kits (Eva green TransGen,

biotech. EE101-01) components were used to
quantify gene polymorphism by HRM as indicated
in (Table 2). A non-template control (NTC), a non-
amplification control (NAC), and a non-primer
control were used as negative controls in each
reaction that was carried out twice (NPC) (6)

Table 2. Reaction component and volume for RT PCR used in PDCD1 and PDLCD1 Genes SNP

experiment.
Component Final Volume reaction (ul)
Template 4
Forward Primer (10 pM) 1
Reverse Primer (10 uM) 1
2xEasyTag® PCR SuperMix 125
Nuclease-free Water 6.5
Total volume 25
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The heat profile shown in, was used to set the

Table 3. Thermal profile used in Genotyping SNPs.
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cycling protocol for the RT-PCR Reaction Run for
HRM Analysis (Table 3).

Step Temperature (°C) Duration Cycles
Enzyme activation 94 60 sec 1
Denaturation 94 5 sec

Annealing 58 15 sec 40
Extension 72 20 sec

HRM 65-95 0.2sec for 1 degree 1

Statistical analysis

Statistical Analysis System (version 9.1) for
Windows was used to conduct the statistical
analysis. Both patients and healthy controls were
used to test Hardy-Weinberg equilibrium (HWE).
Per genotype and per allele analysis was performed
using logistic regression, and the odds-ratio with a
95% confidence interval was estimated. The five
percent significance level was used.

Results and Discussion

Genotypes and alleles frequency of rs2227981 SNP
at PDCD1

This study examines rs2227981 SNP at
PDCD1 among lragi patients with MS disease and
in apparently healthy controls. The distribution of
genotype and allele frequencies among groups
compared with the control group for the PDCD1
gene polymorphism rs2227981 is shown in Table
(4). The genotypic frequencies of MS patients were
31% (n=31) normal AA and 48 % (n=48)
heterozygous AG. Mutant homozygous was found

in GG 21 % (n=21). In controls, the results
demonstrate 69% (n=38) wild-type AA, 27.27%
(n=15) heterozygous AG, and mutant homozygous
GG 3.6% (n=2). The results of genotype frequencies
of MS patient analysis shown in Table (4) reveal that
the wild-type genotype and wild-type allele were
taken as reference. In PDCD1 gene polymorphism
rs2227981, the odds ratio for the GG genotype was
12.8 (0.2-5.9) with p=0.001 indicating that
homomutant genotype. In PDCD1 gene
polymorphism rs2227981 GG was a higher risk of
MS than the wild type PDCD1 gene polymorphism
rs2227981 AA, The PDCD1 gene polymorphism
rs2227981 AG genotype has the second risk of MS
after PDCD1 gene polymorphism rs2227981GG
with 3.92 fold high risk than the wild type AA (OR
=3.92 (1.8-8.2) p=0.0003). The A allele frequency
values were 83% and 55% for apparently healthy
subjects and MS patients. Also, G allele frequency
values were 17% and 45% for apparently healthy
subjects and MS patients.

Table 4. Genotypes and alleles frequencies of the PDCD1 gene polymorphism rs2227981 for both patients

and control group

PDCD1 Frequencies (%) P value Odd ratio

rs2227981 Healthy Patient (95% C1)
(n=55) (n=100)

AA (n=38) (n=31) | - 1.00 (Reference)
69% 31%

AG (n=15) (n=48) 0.003 3.92 (1.8-8.2)
27.27% 48%

GG (n=2) (n=21) 0.001 12.8 (0.2-5.9)
3.6% 21%

A (n=91) (n=110) 1.00 (Reference)
83% 55%

G (n=19) (n=90) 0.0001 3.9(2.2-6.9)
17% 45%

The distribution of genotype and allele
frequencies among newly Patient group compared
with the control group for the PDCD1 gene
polymorphism rs2227981 is shown in table (5). The
genotypic frequencies of newly multiple sclerosis
patients were 40.47% (n=17) normal AA and 45.2
% (n=19) heterozygous AG. Mutant homozygous
was found in GG 14.28 % (n=6). In controls, the
results demonstrate 69% (n=38) wild type AA,
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27.27% (n=15) heterozygous AG and mutant
homozygous GG 3.6% (n=2). The results of
genotype frequencies of MS patient analysis shown
in table (5) reveal that the wild type genotype and
wild-type allele were taken as reference.

In PDCD1 gene polymorphism rs2227981, the odds
ratio for the GG genotype was 6.7 (0.1-3.6) with
p=0.02 indicating that homomutant genotype In
PDCD1 gene polymorphism rs2227981 GG was a
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higher risk of MS than the wild type PDCD1 gene
polymorphism rs2227981 AA, The PDCD1 gene
polymorphism rs2227981 AG genotype has the
second risk of MS after PDCD1 gene polymorphism
rs2227981 GG with 2.8-fold high risk than the wild

type AA (OR =2.8 (1.1-6.8)) with p=0.02.

Table 5. Genotypes and alleles frequencies of the PDCD1 gene polymorphism rs2227981 for both the newly
diagnosed patients and control group.

Evaluation of the frequency of (rs2227981 and rs2282055)

The A allele frequency values were 83% and
63% for apparently healthy subjects and newly
multiple sclerosis patients. Also, G allele frequency
values were 17% and 37% for apparently healthy
subjects and newly multiple sclerosis patients,
respectively Table (5).

i 0,

PDCD1 Frequencies (%) e odd ratio

rs2227981 Healthy Newly Patient (95% CI)
(n=55) (n=42)
(n=38) (n=17)

AR 69% 40.47% 1.00 (Reference)
(n=15) (n=19) ]

AG 27.27% 45.2% 0.02 2.8 (1.1-6.8)
(n=2) (n=6) ]

cG 3.6% 14.28% 0.02 6.7 (0.1-3.6)
(n=91) (n=53) |

A 83% 63% 1.00 (Reference)
(n=19) (n=31) ]

G 17% 379 0.002 2.8 (L4-5.4)

The distribution of genotype and allele

frequencies among patients with ongoing treatments
group compared with Healthy for the PDCD1 gene
polymorphism rs2227981 is shown in table (6). The
genotypic frequencies of patients with ongoing on
treatments of multiple sclerosis were 24.13% (n=14)
normal AA and 50 % (n=29) heterozygous AG.
Mutant homozygous was found in GG 25.86 %
(n=15). In controls, the results demonstrate 69%
(n=38) wild type AA, 27.27 (n=15) heterozygous
AG and mutant homozygous GG 3.6% (n=2). The
results of genotype frequencies of MS patient
analysis shown in table (6) reveal that the wild type
genotype and wild type allele were taken as
reference.

In PDCD1gene polymorphism rs2227981,
the odds ratio for the GG genotype was 20.3 (0.4-

10.0) with p=0.0002 indicating that homomutant
genotype In PDCD1 gene polymorphism rs2227981
GG was a higher risk of MS than the wild type
PDCD1 gene polymorphism rs2227981 AA, The
PDCD1 gene polymorphism rs2227981 AG
genotype has the second risk of MS after PDCD1
gene polymorphism rs2227981 GG with 5.2 fold
high risk than the wild type AA (OR =5.2 (2.1-12.5)
with p=0.0002.The A allele frequency values were
83% and 49% for apparently healthy subjects and
newly multiple sclerosis patients. Also, G allele
frequency values were 17% and 50.9% for
apparently healthy subjects and patients with
ongoing multiple sclerosis treatments, respectively
(Table 6.).

Table 6. Genotypes and alleles frequencies of the PDCD1 gene polymorphism rs2227981 for both patients

undergoing therapy and control group.

Frequencies (%0)
PDCDL rs2227981 | o jcn Patients it P value 8g0d/0 rétll;J

(n:55) on_golng treatments

(n=58)

AA égi/i’s) 2:11;3/0 1.00 (Reference)
AG (2n?=21;30)/0 5(8;029) 0.0002 5.2 (2.1-12.5)
GG o) e 00002 | 20.3 (0.4-10.0)
A (g;;)l) 51%:15(;0) 1.00 (Reference)
G ) o) 00001 | 4.9(26-9.1)
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Genotypes and alleles frequency of rs2282055 SNP
at PDLCD1

This study examines rs2282055 SNP at
PDLCD1 among Iraqgi patients with MS disease and
in apparently healthy controls. The distribution of
genotype and allele frequencies among groups
compared with Healthy for the PDLCD1 gene
polymorphism rs2282055 is shown in Table (7). The
genotypic frequencies of MS patients were 42%
(n=42) normal TT and 43 % (n=43) heterozygous
TG. Mutant homozygous was found in GG 15 %
(n=15). In controls, the results demonstrate 74.5%
(n=41) wild type TT, 16.36% (n=9) heterozygous
TG and mutant homozygous GG 9%(n=5). The
results of genotype frequencies of MS patient
analysis shown in table (7) reveal that the wild type

Evaluation of the frequency of (rs2227981 and rs2282055)

genotype and wild type allele were taken as
reference. In PDLCD1 gene polymorphism
rs2282055, the odds ratio for the GG genotype was
29 (0.9-8.7) with p=0.05 indicating that
homomutant genotype. In PDLCD1 gene
polymorphism rs2282055 GG was at a higher risk of
MS than the wild type PDLCD1 gene polymorphism
rs2282055 TT, The PDLCD1 gene polymorphism
rs2282055 TG genotype has the first risk of MS after
PDLCD1gene polymorphism rs2282055 GG with
4.6-fold high risk than the wild type TT (OR =4.6
(2.0-10.7) p=0.0003). The T allele frequency values
were 82.7% and 63.5% for apparently healthy
subjects and MS patients. Also, G allele frequency
values were 17.27% and 36.5% for apparently
healthy subjects and MS patients, respectively
(Table 7).

Table 7. Genotypes and alleles frequencies of the PDLCD1gene polymorphism rs2282055 for both patients

and control group.

i 0,
PDLCD1 Frequencies (%) . e odd ratio
rs2282055 Healthy Patient (95% CI)
(n=55) (n=100)
% (n=41) (n=42)
m 74.5% 42% 1.00 (Reference)
% (n=9) (n=43) ]
G 16.36% 43% 0.003 4.6 (2.0-10.7)
% (n=5) (n=15) ]
cG 9% 15% 0.05 2.9 (0.9-8.7)
(n=91) (n=127)
T 82.7% 63.5% 1.00 (Reference)
(n=19) (n=73) ]
© 17.27 36.5% 0.0005 2.7 (1.5-4.8)

The distribution of genotype and allele
frequencies among newly Patient groups compared
with Healthy for the PDLCD1 gene polymorphism
rs2282055 is shown in table (8). The genotypic
frequencies of MS patients were 42% (n=42) normal
TT and 43 % (n=43) heterozygous TG. Mutant
homozygous was found in GG 15 % (n=15). In
controls, the results demonstrate 74.5% (n=41) wild-
type TT, 16.36% (n=9) heterozygous TG, and
mutant homozygous GG 9% (n=5). The results of
genotype frequencies of MS patient analysis shown
in Table (8) reveal that the wild-type genotype and
wild-type allele were taken as reference. In PDLCD1
gene polymorphism rs2282055, the odds ratio for

the GG genotype was 2.9 (0.9-8.7) with p=0.05
indicating that homomutant genotype. In PDLCD1
gene polymorphism rs2282055 GG was at a higher
risk of MS than the wild type PDL1 gene
polymorphism rs2282055 TT, The PDLCD1 gene
polymorphism rs2282055 TG genotype has the first
risk of MS after PDCD1 gene polymorphism
rs2282055 GG with 4.6-fold high risk than the wild
type TT (OR =4.6 (2.0-10.7) p=0.0003). The T allele
frequency values were 82.7% and 63.5%for
apparently healthy subjects and MS patients. Also,
G allele frequency values were 17.27 and 36.5% for
apparently healthy subjects and MS patients,
respectively (Table 8).

Table 8. Genotypes and alleles frequencies of the PDLCDZ1gene polymorphism rs2282055 for both the newly

diagnosed patients and control group.

i 0]
PDLCD1 Frequencies (%) _ e odd ratio

rs2282055 Healthy Patient newly (5% Cl)
(n=55) (n=42)
% (n=41) % (n=10) |

m 74.5% 23.8% 1.00 (Reference)
% (n=9) % (n=26) ]

G 16.36% 61.9 0.0001 11.8 (0.4-3.3)
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Continued Table 8.

Evaluation of the frequency of (rs2227981 and rs2282055)

0, = 0, —
ce o i 0.02 49 (1.2-19.4)
n=91 n=46
T 82.7% ) (54.83/0 ----- 1.00 (Reference)
(n=19) (n=38) ]
G 17.27 45 2% 0.0001 3.9 (2.0-7.6)

The distribution of genotype and allele
frequencies among patients with ongoing treatments
groups compared with Healthy for the PDLCD1
gene polymorphism rs2282055 is shown in table (9).
The genotypic frequencies of ongoing multiple
sclerosis treatments were 55.17% (n=32) normal TT
and 29.3 % (n=17) heterozygous TG. Mutant
homozygous was found in GG 15.5 % (n=9). In
controls, the results demonstrate 74.5% (n=41) wild
type TT, 16.36% (n=9) heterozygous TG and mutant
homozygous GG 9 %(n=5). The results of genotype
frequencies of MS patient analysis shown in table
(9) reveal that the wild-type genotype and wild-type
allele were taken as reference. In PDLCD1 gene
polymorphism rs2282055, the odds ratio for the GG

genotype was 2.3 (0.7-7.5) with p=0.16 indicating
that the homomutant genotype In PDLCD1 gene
polymorphism rs2282055 GG was at a higher risk of
MS than the wild type PDLCD1 gene polymorphism
rs2282055 TT, The PDLCD1 gene polymorphism
rs2282055 TG genotype has the first risk of MS after
PDLCD1 gene polymorphism rs2282055 GG with
2.4-fold high risk than the wild type TT (OR =2.4
(0.9-6.1) p=0.06). The T allele frequency values
were 82.7%  and 69.8%for apparently healthy
subjects and ongoing multiple sclerosis treatments.
Also, G allele frequency values were 17.27% and
30.2%%for apparently healthy subjects and MS
patients, respectively (Table 9).

Table 9. Genotypes and alleles frequencies of the PDLCDZ1gene polymorphism rs2282055 for both patients

undergoing therapy and control group.

Frequencies (%)
PDLCD1 Patients with Odd ratio
rs2282055 Healthy ongoing treatments | - value (95% CI)
(n=55) =
(n=58)
% (n=41) %(n=32) |
i 74.5% 55.17% 1.00 (Reference)
% (n=9) % (n=17) ]
TG 16.3 29.3% 0.06 2.4 (0.9-6.1)
% (n=5) % (n=9) ]
GG 9% 15.5 0.16 2.3(0.7-7.5)
(n=91) (=81 |
T 82.72% 69.8% 1.00 (Reference)
(n=19) (n=35) ]
© 17.27% 30.2% 0.02 2.0 (1.0-3.9)

T and B cell activation is primarily regulated by the
inhibitory immunoreceptor, Programmed Cell
Death-1 (PDCD1), a member of the B7/CD28
superfamily, which is expressed on T, B, and
myeloid cells. Increasing evidence indicates that
activation of PDCD1 by its ligands PDLCD1 (B7-
H1) or PDLCD2 (B7-DC) suppresses T cell
receptor-mediated proliferation and cytokine
generation in activated T cells @), PDCD1
exclusively controls T cell function in suboptimal T
cell receptor activation and CD28 co-stimulation
circumstances, which is consistent with its function
in preserving self-tolerance 8. Cytokines (e.g., IL-
6, IL-10), the degree of co-stimulation, and TLR
signaling all have an impact on the result of PDCD1
activation. % Animal models of MS provide
evidence (EAE) PDCD1/PDLCD1/2 pathway
involvement in the etiology of MS is strongly
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confirmed @9 Taken together, these data point to the
PD-1 molecule as a potential key player in the
pathogenesis of MS. Pawlak-Adamska and his
colleagues believed that the PDCD1 polymorphic
variation may be MS risk as well as prediction
factors in a direct or indirect manner because genetic
variation may interfere with the proper expression
and function of encoded molecules. From an
autoimmune perspective, PDCD1-mediated
suppression of T cell proliferation and IFN
production (in a dose-dependent manner) indirectly
affects the levels of PDCD1 following optimum
stimulation by lowering basal and induced PDCD1
expression at early-to-intermediate stages of CD4+T
cell activation. Therefore, it has been proposed that
PDCD1 expression and function are subject to
aberrant control @Y. Two more SNPs were included
in the analysis: a synonymous mutation at PDCD1.5
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rs2227981 (NP 005009.2: p. Ala268=) and a
missense change at codon 215 (NP 005009.2: p.
Ala215Val), both of which are found in exon 5 of
the PDCDL1. Only two studies have examined the
relationship between polymorphism variation in the
PDCD1 gene and multiple sclerosis to date, and
none have examined the functional implications of
those SNPs 2, Investigating the possible role of this
co-stimulatory pathway in MS patients suffering
from various disease subtypes and to determine
whether immunotherapy has any effects on the
expression of these molecules. PDLCD1-expressing
CD19 and CD14 cells in myelin basic protein MBP-
stimulated cultures of all the participants in the
study;  results  suggested that PDCD1/
PDLCDlinteraction  stimulates both  IL-10
production and apoptosis of Ag-specific 3.

Conclusion

This study potentially demonstrates an
association of PDCD1 and PDLCD1 gene
polymorphisms, rs2227981 and rs2282055 in Iraqi
patients with Multiple Sclerosis. The study found
that the genotypic frequencies of MS patients were
31% normal AA and 48 % heterozygous AG.
Mutant homozygous was found in GG 21 %. In
controls, the results demonstrate 69% wild-type AA,
27.27% heterozygous AG, and mutant homozygous
GG 3.6%. In PDCD1 gene polymorphism
rs2227981 GG was at a higher risk of MS than the
wild-type PDCD1 gene polymorphism rs2227981
AA. The PDCD1 gene polymorphism rs2227981
AG genotype has the second risk of MS after
PDCD1 gene polymorphism rs2227981GG with
3.92-fold high risk than the wild type AA. There
were substantially more PDLCD1 gene SNP loci in
MS patients compared to controls. PDLCD gene
SNP locus rs2282055 and PDCD1gene SNP locus
rs2227981 might be potential MS candidate
polymorphism loci and played a critical role in
immune responses and subsequently the MS.
Acknowledgments

We appreciate the support and involvement
of MS patients and healthy participants in this study.
Additionally, we appreciate the help from the
Medical City and Al Yarmouk Teaching Hospital
staff members and the Iragi Ministry of Health and
Environment.
Conflicts of Interest

There are no conflicts of interest.
Funding

No financial support was received from any
Institution.
Ethics Statements

Permissions were obtained from the medical
city hospitals in Baghdad, Iraq, and approved by the
University of Technology's institutional ethical

Evaluation of the frequency of (rs2227981 and rs2282055)

216

committee, Baghdad, Iraq (Ref. No. AS 1974-17-
10- 2021) in accordance with the Helsinki
Declaration of 1975 revised in 2000.

Author Contribution

The authors confirm contribution to the paper
as follows: study conception and design: Sarah
Abdulhameed Sahib, Ghassan Mohammad Suliman,
Huda Jaber Waheed; data collection: Sarah
Abdulhameed Sahib; analysis and interpretation of
results: Sarah Abdulhameed Sahib, Ghassan
Mohammad Suliman, Huda Jaber Waheed draft
manuscript preparation: Sarah Abdulhameed Sahib,
Huda Jaber Waheed. All authors reviewed the
results and approved the final version of the
manuscript.

References

1. Hoftberger R, Lassmann H. Inflammatory
demyelinating diseases of the central nervous
system. Neuropathology [Internet]. 2018;263-
83. Available from: http:// dx. doi. Org /10. 1016
/ b978 -0-12-802395-2.00019-5

2. Diaz C, Zarco LA, Rivera DM. Highly active
multiple sclerosis: An update. Multiple Sclerosis
and Related Disorders [Internet]. 2019 May;
30:215-24. Available from: http:// dx. doi. Org
/10. 1016/j.msard.2019.01.039

3. Correale J, Gaitdn MI, Ysrraelit MC, Fiol MP. P
rogressive multiple sclerosis: from pathogenic m
echanisms to treatment. Brain [Internet]. 2016 O
ct 29; aww258. Available from: http://dx.doi.org
/10.1093/brain/aww258

4. Bailey SM, Rice CM. Symptomatic Treatment f
or Progressive Multiple Sclerosis. Progressive M
ultiple Sclerosi . 2017; 11;155-205. http://dx.do
i.0rg/10.1007/978-3-319-65921-3 7

5. Pujades-Rodriguez M, Morgan AW, Cubbon
RM, Wu J. Dose-dependent oral glucocorticoid
cardiovascular risks in people with immune-
mediated inflammatory diseases: A population-
based cohort study. Rahimi K, editor. PLOS
Medicine [Internet]. 2020;17(12): e1003432.
http: // dx. doi. Org /10. 1371/ journal.
pmed.1003432

6. Dobson R, Giovannoni G. Multiple sclerosis — a
review. European Journal of Neurology . 2018
Nov 18;26(1):27-40.http:// dx. doi. org/ 10.
1111/ene.13819

7. Ortler S, Leder C, Mittelbronn M, Zozulya AL,
Knolle PA, Chen L, et al. B7-H1 restricts
neuroantigen-specific T cell responses and
confines  inflammatory = CNS  damage:
Implications for the lesion pathogenesis of
multiple  sclerosis. European Journal of
Immunology. 2008; 18;38(6):1734—44. .http://d
x_.doi .org/ 10. 1002 /eji .200738071



https://www.ncbi.nlm.nih.gov/snp/rs2227981
https://www.ncbi.nlm.nih.gov/snp/rs2282055
http://dx.doi.org/10.1016/b978-0-12-802395-2.00019-5
http://dx.doi.org/10.1016/b978-0-12-802395-2.00019-5
http://dx.doi.org/10.1016/j.msard.2019.01.039
http://dx.doi.org/10.1016/j.msard.2019.01.039

Iraqi J Pharm Sci, Vol.33(3) 2024

10.

11.

12.

13.

14

15.

Li H, Zheng C, Han J, Zhu J, Liu S, Jin T. PD-
1/PD-L1 Axis as a Potential Therapeutic Target
for Multiple Sclerosis: A T Cell Perspective.
Frontiers in Cellular Neuroscience. 2021; 15.
http:// dx. doi. Org / 10.3389 /fncel .2021
716747

Alvarez-Luquin DD, Arce-Sillas A, Leyva-Hern
andez J, Sevilla-Reyes E, Boll MC, Montes-Mo
ratilla E, et al. Regulatory impairment in untreat
ed Parkinson’s disease is not restricted to Tregs:
other regulatory populations are also involved. J
ournal of Neuroinflammation. 2019;16(1). http:/
/dx.doi.org/10.1186/s12974-019-1606-1
Albukhaty S, Al-Musawi S, Abdul Mahdi S, Sul
aiman GM, Alwahibi MS, Dewir YH, et al. Inve
stigation of Dextran-Coated Superparamagnetic
Nanoparticles for Targeted Vinblastine Controll
ed Release, Delivery, Apoptosis Induction, and
Gene Expression in Pancreatic Cancer Cells. M
olecules. 2020;25(20):4721. http://dx.doi.org/10
.3390/molecules25204721.

Rid A, Schmidt H. The 2008 Declaration of Hel
sinki - First among Equals in Research Ethics? J
ournal of Law, Medicine &amp; Ethics. 2010;38
(1):143-8. http://dx.doi.org/10.1111/j.1748-720
x.2010.00474.x

Omerhoca S, Yazici Akkas S, Kale Icen N. Mul
tiple sclerosis: Diagnosis and Differrential Diag
nosis. Archives of Neuropsychiatry . 2018; http:
/ldx.doi.org/10.29399/npa.23418.

Ayoib A, Hashim U, Gopinath SCB. Automated
, high-throughput DNA extraction protocol for d
isposable label free, microfluidics integrating D
NA biosensor for oil palm pathogen, Ganoderm
a boninense. Process Biochemistry .2020; 92:44
7-56. http://dx.doi.org/10.1016/j.prochio.2020.0
2.003.

JAli Jan M, Al-Saadi B, Al-Khafaji H, Al-Saedi

M. Primer and Probe Designing to Detect SNP r
s 4073 in Interleukin-8 Gene in Iragi Patients wi
th Bronchial Asthma. Journal of Applied Scienc
es and Nanotechnology. 2021;1(3):51-7. http://d
x.doi.org/10.53293/jasn.2021.3542.1034
Garibyan L, Avashia N. Polymerase Chain Reac
tion. Journal of Investigative Dermatology [Inte
rnet]. 2013;133(3):1-4. http://dx.doi.org/10.103
8/jid.2013.1

Evaluation of the frequency of (rs2227981 and rs2282055)

217

16.

17.

18.

19.

20.

21.

22.

23.

Gong R, Li S. Extraction of human genomic DN
A from whole blood using a magnetic microsph
ere method. International Journal of Nanomedic
ine [Internet]. 2014;3781. http://dx.doi.org/10.2
147/ijn.s59545

Ghosh C, Luong G, Sun Y. A snapshot of the
PD-1/PD-L1 pathway. Journal of Cancer. 2021
;12(9) :2735-46. http:// dx. doi.Org /10.7150
/jca. 57334

Brown JA, Dorfman DM, Ma F-R, Sullivan EL,
Munoz O, Wood CR, et al. Blockade of Program
med Death-1 Ligands on Dendritic Cells Enhan
ces T Cell Activation and Cytokine Production.
The Journal of Immunology. 2003;170(3):1257—
66. http://dx.doi.org/10.4049/jimmunol.170.3.1
257

Li C, Han X. Melanoma Cancer Immunotherapy
Using PD-L1 siRNA and Imatinib Promotes Ca
ncer-Immunity Cycle. Pharmaceutical Research.
2020 May 31;37(6). http://dx.doi.org/10.1007/s1
1095-020-02838-4

Chen L, Pai V, Levinson R, Sharpe AH, Freema
n GJ, Braun J, et al. Constitutive Neuronal Expr
ession of the Immune Regulator, Programmed D
eath 1 (PD-1), Identified During Experimental A
utoimmune Uveitis. Ocular Immunology and Inf
lammation .2009;17(1):47-55. http://dx.doi.org/
10.1080/09273940802491884.
Pawlak-Adamska E, Nowak O, Karabon L, Pok
ryszko-Dragan A, Partyka A, Tomkiewicz A, et
al. PD-1 gene polymorphic variation is linked w
ith first symptom of disease and severity of rela
psing-remitting form of MS. Journal of Neuroim
munology. 2017; 305:115-27. http://dx.doi.org/
10.1016/j.jneuroim.2017.02.006

Kroner A, Mehling M, Hemmer B, Rieckmann P
, Toyka KV, Méurer M, et al. A PD-1 polymorp
hism is associated with disease progression in m
ultiple sclerosis. Annals of Neurology. 2005 23;
58(1):50-7. http://dx.doi.org/10.1002/ana.20514
Trabattoni D, Saresella M, Pacei M, Marventan
o I, Mendozzi L, Rovaris M, et al. Costimulator
y Pathways in Multiple Sclerosis: Distinctive Ex
pression of PD-1 and PD-L1 in Patients with Di
fferent Patterns of Disease. The Journal of Imm
unology. 2009; 15;183(8):4984-93. http://dx.do
i.0rg/10.4049/jimmunol.0901038



https://www.ncbi.nlm.nih.gov/snp/rs2227981
https://www.ncbi.nlm.nih.gov/snp/rs2282055
http://dx.doi.org/10.3390/molecules25204721
http://dx.doi.org/10.3390/molecules25204721
http://dx.doi.org/10.1111/j.1748-720x.2010.00474.x
http://dx.doi.org/10.1111/j.1748-720x.2010.00474.x
http://dx.doi.org/10.1080/09273940802491884
http://dx.doi.org/10.1080/09273940802491884
http://dx.doi.org/10.4049/jimmunol.0901038
http://dx.doi.org/10.4049/jimmunol.0901038

