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plays an important role in regulating T cell activation and maintaining
peripheral tolerance, where the PD-1 pathway was involved in the
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development of type 1 diabetes (T1DM), since the genetic background
of type 1 diabetes differs greatly among different populations. The aim
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of this study is to assess the relationship between PD-1 gene
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polymorphism and the incidence of T1DM in Iraqi patients. Materials
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and Methods: A total of 62 Iraqi patients with T1DM, and 62
apparently health controls were enrolled in this study to investigate the

relationship between genetic polymorphism rs11568821 (G A) intron-4 and rs10204525 (G
A) in 3′ untranslated region of PD-1 gene and the susceptibility to T1DM. The levels of
glycated hemoglobin (HbA1C), fasting blood glucose (FbG), C-peptide and lipid profile were
monitored. Genomic DNA was extracted from 4 mL peripheral blood samples collected from
each subject. Genotyping of the selected SNPs of PD-1 was achieved in T1DM patients and
healthy controls. Results: The results demonstrated significantly higher levels of fasting
plasma glucose, HbA1c; TC, TG, LDL, VLDL, and significantly decrease in serum levels of
C-peptide in T1DM patients compared to those of healthy controls, while there is no
significant difference in serum levels of high-density lipoprotein. Furthermore, results of the
present study clearly showed for the first time, that there is no association between PD-1gene
polymorphisms and T1DM in Iraqi diabetic patients. Conclusion: Our results indicate that
rs11568821 and rs10204525 SNPs in PD-1 are not significantly associated with T1DM and
the prognosis of patients with T1DM.
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INTRODUCTION
Type 1 diabetes mellitus or insulin dependent diabetes mellitus is a T cell-mediated
autoimmune disease described by beta cell destruction and dysfunction. It has a complex
etiology in which many genetic and environmental factors and the immune system are
implicated.[1] This type of diabetes usually presents with sever hyperglycemic symptoms
include polyuria, thirst, tiredness; weight loss and drowsiness usually indicate the upcoming
ketoacidosis.[2] Still, T1DM has a lower incidence compared with type 2 diabetes mellitus
(T2DM), even so, the genetically susceptible individuals at risk of T1DM believed to be at a
variable age, which can range from the very young (6 months), to over 70 years. There are
over 20 regions in the human genome that are associated with TIDM, but most of it make
only small contribution to the susceptibility of type 1 diabetes.[3] Programmed cell death 1
(PD-1), is a transmembrane protein that consider as immunoinhibitory factor belonging to the
CD28/B7 family. Accumulated studies showed that PD-1/PD-L1 pathway was involved in
the development of type 1 diabetes.[4] It plays a vital role in important role in down-regulating
the immune system by enhancing T cell activation as a core costimulatory molecule. Many
studies showed that blockage of the interaction between PD-1 and PD-L1 ligands can assisted
with better prognosis in various malignant tumors [5-6]. Low PD-1 might increase T cell
proliferation and activation which cause the destruction of beta cells, producing a possible
mechanism for T1DM. Since single nucleotide polymorphisms (SNPs) play critical roles in
the transcription and translation of genes as well as they have associations with the
appearance and development of diseases, studies had been committed to the associations
between gene polymorphisms with T1DM susceptibility. Researchers suggested that PD-1
and PD-L1 SNPs were associated with T1DM susceptibility in different populations.[4,7]
According to these findings, this study was aimed to investigate the relationship between
rs11568821 and rs10204525 PD-1 gene polymorphism and the susceptibility to T1DM in
Iraqi patients.
MATERIALS AND METHODS
This cross sectional study was carried out on consented 62 already diagnosed type 1 diabetic
patients (30 males and 32 females, 1 to 50 years) attending different health institutions
(Central Children Teaching hospital, National Diabetes Center, and private laboratory) in
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addition to 62 healthy individuals (31 males and 31 females) with normal blood glucose
levels in the period from September/2019 to November/2019 in Baghdad governorate.
Patients who were on lipid lowering medications were excluded. After an overnight fast,
blood samples were collected for fasting blood sugar. C-peptide and lipid profile [which
includes Triglycerides (TG), Total Cholesterol (TC), high density lipoprotein C (HDL-C),
low density lipoprotein C (LDL-C), and very-low density lipoprotein-C (VLDL-C)].
Genomic DNA was extracted from peripheral white blood cells of T1DM patients and
healthy controls, according to the protocol ReliaPrep™ Blood gDNA Miniprep System,
Promega/USA.
Genotyping of the PD-1 rs11568821 polymorphism
PD-1.3 +7146 (G A) rs11568821 and PD-1.6 +3737 (G A) rs10204525 of PD-1 gene were
amplifided by using specific primers designed in this study shown in table 1. Polymerase
chain reaction was performed in a total volume of 20μl mixture containing 3μl DNA, 1μl
forward primer, 1μl reverse primer, 10μl master mix and 5 μl nuclease free water. The
amplification conditions started with initial denaturation (95ºϹ) for 5 min., followed by 30
cycles of denaturation at 95ºϹ for 30 sec., annealing at 61 ºϹ for 30 sec., and extension at 72
ºϹ for 1min., then a final extension at 72° C for 7 min. PCR products were run on 1% agarose
gels and visualized by UV transilluminator.
Table 1: Oligonucleotide primers used for amplification of PD-1 gene
Sequence
Tm
Amplicon size (bp)
(5´→ 3´)
(ºC)
F: ATCTCTGTCCTCTAGCTCTG
rs11568821
61
998
R: TCCTCTCTGGCTCAATGT
F: TTCAGGGAAGGTCAGAAGAG
rs10204525
61
854
R: CCGTGATGTTGGAGGAATTT
SNP

Polymerase chain reaction was performed in a total volume of 20μl mixture containing 3μl
DNA, 1μl forward primer, 1μl reverse primer, 10μl master mix and 5μl nuclease free water.
The amplification conditions started with initial denaturation (95ºϹ) for 5 min., followed by
30 cycles of denaturation at 95ºϹ for 30 sec., annealing at 61 ºϹ for 30 sec., and extension at
72 ºϹ for 1min., then a final extension at 72° C for 7 min. PCR products were run on 1%
agarose gels and visualized under by UV transilluminator.
Amplification products were sequenced and aligned with standard PD-1 gene in gene bank of
the National Center for Biotechnology Information (NCBI) by using Geneious program.
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Statistical analysis
The allele and genotype frequencies were evaluated by direct gene counting and compared
with the controls using the chi-square test. The odds ratio (OR) and 95% confidence interval
(CI) were examined for each allele and genotype, Hardy-Weinberg equilibrium (HWE), as
well as linkage disequilibrium.[8]
RESULTS AND DISCUSSION
Sixty-two Iraqi patients with T1DM were recruited in this study, most of them were having
symptoms including polyuria, thirst, tiredness, dehydration, and drowsiness, matched
healthy unrelated controls that were randomly selected. Subjects were classified according to
Fasting Blood Glucose (FBG) test as two groups: T1DM and the control group. Each group
consisting of 62 females and males, total 64 subjects each matched in age. The clinical and
biomarker for the two groups, T1DM and control sample are shown in Table 2.
Table 2: Clinical biomarkers for characterization of T1DM patients and healthy
controls.
Biomarker
T1DM patients* Healthy controls* P-value**
FBG (mg/dl)
300.30
108.11
0.0001
HbA1c (%)
9.27
5.23
0.0001
TC (mg/dl)
196.9
148.18
0.0001
TG (mg/dl)
176.58
101.61
0.0003
LDL (mg/dl)
113.13
82.90
0.0001
HDL (mg/dl)
51.55
57.2
0.151 (NS)
VLDL (mg/dl)
35.31
20.32
0.0003
C-peptide (ng/ml)
1.04
2.67
0.0001
*: Mean average; **: Significant (P<0.01); NS: Non-significant; FBG: fasting blood glucose;
HbA1c: glycated hemoglobin; TC: Total cholesterol; TG; triglycerides; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; VLDL: very low-density lipoprotein.
In this study, we observed that mean value for FBS in diabetics was 300.30 mg/dl and mean
value of HbA1C were found to be raised in diabetic patients to 9.27%. The results also
demonstrated significantly higher levels (P<0.01) of lipid profile (TC, TG, LDL, VLDL),
and significantly decrease in serum levels (P<0.01) of C-peptide in T1DM patients compared
to those of healthy controls, while there is no significant difference in serum levels of highdensity lipoprotein.
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Genotyping of PD-1 gene
This study was focused on the relation between PD-1 gene polymorphism and the incidence
of T1DM. However, there is no any study focused on the association between PD-1 gene
polymorphism and T1DM in Iraqi population. Therefore, this study was designed to
investigate rs11568821 and rs10204525 SNPs in PD-1 to ascertain whether this SNPs
influence the susceptibility to T1DM. Genomic DNA was extracted from blood samples of
patients and healthy controls with high concentrations (200-400 μg/ml), and purity (1.8-2.0),
then PD-1 was amplified, sequenced and genotyped. As shown in Table 3, frequencies of the
GG, GA and AA genotypes for rs11568821were 83.33%, 10% and 6.67% in the cases, and
80%, 16.67% and 3.33% in the controls, respectively. Compared with GG, there was no
difference in distribution of the GA and AA genotypic frequencies between cases and
controls. In addition, no difference was observed in frequency of allele between the two
groups. Frequencies of the genotype were in Hardy-Weinberg equilibrium in both groups.
According to these results, the homozygous GG genotype considered as predominant
genotype within the population of this study and the presence of GA and AA genotype in
control samples reveal that it has no effect on the susceptibility to T1DM that may be occur
due primarily to lifestyle factors and genetics as mentioned by Qian et al. [4], who found that
there is no association between PD-1.3 polymorphisms and T1DM susceptibility in Chines
population.
Table 3: Distribution and allele frequency of PD-1 gene polymorphism (rs11568821) in
T1DM patients and health controls.
Genotype
GG
GA
AA
Total
Allele Frequency
G
A

Patients
No. (%)
25 (83.33)
3 (10.00)
2 (6.67)
30

Control
No. (%)
24 (80.0)
5 (16.67)
1 (3.33)
30

P-value

O.R. (95% C.I.)

0.78 NS
0.22 NS
0.78 NS
---

0.54 (0.38-0.71)
0.67 (0.55-0.81)
0.54 (0.38-0.71)
---

0.88
0.12

0.88
0.12

1.0 NS
1.00 NS

-----

However there were several studies indicated the correlation of this SNP with T1DM as the
study which indicated that PD-1.3 located in in intron 4 of the PD-1 gene, alters the binding
affinity of a transcriptional factor RUNX, and was highly associated with T1DM, other study
suggested that the A allele of PD-1.3 SNP is significantly associated with the susceptibility to
type 1 diabetes [P=0.037, odds ratio (OR) =1.92] in Caucasians.[9] Its frequency was found to
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be 12.2% of diabetic individuals against 6.8% of controls, hence indicating a significant
association was confirmed in two separate populations of type 1 diabetes patients originating
from two different regions in Denmark. Testing the pooled material further revealed that PD1.3 G/A and A/A genotypes are significantly associated with susceptibility to T1DM

[10]

.

Some study conducted on the meta-analysis demonstrated a significant association of the
PD1.3 polymorphism with T1DM and RA susceptibility in Europeans and Asians
populations.[11]
Studies have been healed on PD1.3 SNP demonstrate the association of this SNP with
different autoimmune diseases and cancers. Some studies have indicated that PD-1.3 is
associated with the development of SLE in European and Mexican populations.[12]
Furthermore, studies reported a significantly increased risk of SLE among Egyptian females
carrying the dominant PD1.3 GG genotype [P=0.0029, OR=1].[13] evaluation of the
association of PD-1.3 SNP including in Iranian patients with juvenile onset systemic lupus
erythematosus (JSLE) and healthy controls was investigated, founding that there was a great
influence of the PD1.3 SNP on the development of JSLE in Iranian population.[14] Moreover,
there was a statistical significance was shown between PD-1.3 G/A polymorphism and risk of
RA.[15] particularly, it has been proved that the PD-1.3 (A/G) polymorphism is associated
with colon cancer in an Iranian population with [P=0.015, OR=2.2].[16] However, no
significant association has been reported for breast cancer in an Iranian population [17] and for
hepatocellular carcinoma (HCC) in a Turkish.[18]
PD-1.3 G/A is located in intron 4, in general, polymorphic sequence variations are considered
to be rather harmless, especially if located in noncoding parts of a gene. Even so, this SNP is
a guanine (G) to adenine (A) polymorphism in the PD-1 intron was suggested as an
enhancer-like because of the presence of four tandem repeats that have multiple putative
binding sequences of transcription factors, it has the ability to alter the binding of the runtrelated transcription factor 1 (RUNX1) and modify the transcriptional regulation proficiency
of the PD-1 gene.[19]
Results indicated in Table 4, shown that the frequencies of the GG, GA and AA genotypes
for PD-1.6 (rs10204525) were 70.00%, 26.67% and 3.33% in the cases, and 63.33%, 30.00%
and 6.67% in the controls, respectively. Compared with GG, there was no difference in
distribution of the GA and AA genotypic frequencies between cases and controls. In addition,
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no difference was observed in frequency of allele between the two groups. Frequencies of the
genotype were in Hardy-Weinberg equilibrium in both groups. According to these results, the
homozygous GG genotype considered as predominant genotype within the population of this
study and the presence of GA and AA genotype in control samples reveal that it has no effect
on the susceptibility to T1DM that may be occur due primarily to lifestyle factors and
genetics . These result match with same studies conducted on T1DM patients in China and
East Asian that proved there was no association between PD-1.6 polymorphism and
T1DM.[20][4]
Table 4: Distribution and allele frequency of PD-1 gene polymorphism (rs10204525) in
T1DM patients and health controls.
Patients
No. (%)
GG
21 (70.00)
GA
8 (26.67)
AA
1 (3.33)
Total
30
Allele Frequency
G
0.83
A
0.17
Group

Control
No. (%)
19 (63.33)
9 (30.00)
2 (6.67)
30

P-value

O.R. (C.I.)

0.082 NS
0.277 NS
0.781 NS
---

0.794 (0.62-1.14)
0.562 (0.41-0.74)
0.538 (0.38-0.71)
---

0.78
0.22

0.748 NS
0.748 NS

-----

However PD-1.6 has been contribute in few studies to insure its correlation with other
disease such as acute anterior uveitis[21], aplastic anemia[22], Takayasu’s arteritis[23], Hodgkin
lymphoma[24], gastric cardiac adenocarcinoma[25], and breast cancer[26], but all of them show
that there was no correlation between the SNP and the incidence of these disease. On the
other hand, Qiu et al.[27] proved that the PD-1 rs10204525 GG homozygote genotype was
associated with a borderline statistically decreased risk of esophageal cancer [OR = 0.68,
95%, P = 0.067].
PD-1.6 rs10204525, located in 3′ untranslated region, it may be involved in the modification
of the inflammatory cytokines levels by modulating polyadenylation through the linkage
disequilibrium with other nucleotide polymorphisms.[28]
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