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Introduction. The genetic variations of co-stimulatory molecules 
can affect the extent of T cell activity during T-cell mediated 
immunity, especially in transplant patients. This study aimed to 
investigate the association of programmed cell death 1 (PDCD1) and 
programmed cell death 1 ligand 1 (PDCD1LG1) gene polymorphisms 
with clinical outcome of kidney transplantation.
Materials and Methods. A total of 122 patients with a kidney 
transplant were included in this retrospective study. Patients were 
classified into two groups of biopsy-proven acute allograft rejection 
(AAR) and stable graft function (SGF) during the 5-year follow-
up period. Four single nucleotide polymorphisms in PDCD1 and 
PDCD1LG1 were determined in the groups of patients as well as 
in 208 healthy control individuals.
Results. The frequencies of PD-1.3 (+7146 G > A), PD-1.9 (+7625 
C > T), PD-L1 (8923 A > C), and PD-L1 (+6777 C > G) genotypes 
and alleles were not significantly different between the AAR and 
SGF groups. In comparison with healthy controls, PD-1.9 (+7625 
C > T) genotype and T allele were significantly more frequent in 
all of the patients and in those with SGF. Overall, 27 of 122 kidney 
allograft recipients experienced delayed graft function, and a 
higher frequency of PD-1.9 (+7625 C > T) genotype and T allele 
was observed in this group versus those without delayed graft 
function. Similarly, a significant high frequency of this genotype 
was found among the AAR subgroup of patients with delayed 
graft function.
Conclusions. Our results indicate that potentially functional 
genetic variation in PDCD1 can influence the outcome of kidney 
transplantation.
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INTRODUCTION
It is well documented that T cell activation is 

the main event in alloimmune response leading to 
allograft rejection. In fact, T lymphocytes play a 

central role in the induction and regulation of the 
adaptive immune response to foreign antigens.1 
Acute rejection as a major cause of morbidity in 
kidney transplant patients is considered to be an 
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important risk factor in development of chronic 
allograft nephropathy.2 Recent investigations have 
clarified how T lymphocytes, the central players 
of acute allograft rejection (AAR), migrate into 
the allograft and recognize alloantigens. In this 
context, the influence of co-stimulatory molecules 
and cytokines as well as contribution of the 
innate immune responses to allograft rejection 
has been shown intelligibly.3 Signalling through 
co-stimulatory molecules affect the regulation 
of T cell activation and therefore determines the 
outcome of virtually any primary and secondary 
immune responses.4

The important role of co-stimulatory molecules, 
particularly B7-CD28 family in development and 
progression of various autoimmune diseases have 
been shown clearly.5 One of the members of B7-
CD28 superfamily is known as programmed cell 
death 1 (PD1) molecule.3,5,6 The PDCD1 gene, 
mapping on chromosome 2q37.3, encodes a 55-
kD type 1 transmembrane inhibitory receptor, 
which contains an immunoreceptor tyrosine-based 
inhibitory motif (ITIM) in its cytoplasmic tail to 
induce downregulation of T cells responses in favor 
of peripheral tolerance.5-7 Interaction of PD1 and 
PD1 ligands (PDCD1LG1 and PDCD1LG2 genes) 
plays a crucial role in these tolergenic responses.8

Two types of PD1 ligands differ in their 
expression patterns; PDCD1LG1 is constitutively 
expressed on hematopoietic and nonhematopoietic 
cells as well as mast cells whereas, PDCD1LG2 
has an inducible expression on dendritic cells 
macrophages and bone marrow derived mast 
cells.9,10 As the interactions between PD1 and PD1 
ligands influence the extent of T cell activation, 
any changes in their structure and expression 
levels, mainly due to genetic variations, can affect 
T cells activity during autoimmune or alloimmune 
responses.11 The PDCD1 gene polymorphisms 
have been reported to be associated with several 
autoimmune diseases such as systemic lupus 
erythematus,12,13 type 1 diabetes mellitus,14,15 
ankylosing spondylites,16 and multiple sclerosis.7

The presence of a regulatory single-nucleotide 
polymorphism (SNP) in the intronic region of 
PDCD1 gene (rs 11568821, PD-1.3 A > T) was shown 
to be correlated with susceptibility to systemic 
lupus erythematus in Europeans and Mexicans.13 
The A allele for this SNP alters regulation of gene 
expression through disruption of binding of the 

Runt-related transcryption factor 1 to the enhancer 
of this gene. Another SNP in PDCD1 but in the 
exon region (PD-1.9 C > T, rs 2227982) affects 
protein synthesis through changing from valine 
to alanine amino acid.15 Preclinical studies on the 
role of PD1 and PD1 ligands in cardiac and islet 
transplantation have shown that PD1 and PD1 
ligands expression are induced within cardiac 
allografts undergoing rejection.17

S i m i l a r i t y  b e t w e e n  a u t o i m m u n i t y  a n d 
alloimmune responses to allograft antigens in 
the sense of inflammatory reactions indicates the 
essential role of T cells in initiation and regulation 
of these deleterious immune responses to foreign or 
self-antigens. This in turn highlights the contribution 
of regulatory molecules in T cell activation in these 
situations. Therefore, elucidation of the impact 
of genetic variation of these molecules on their 
functional activity has an importance in evaluation 
of T cell responses and it could be clinically relevant 
in transplant patients.18-20

Based on the literature, few studies have 
investigated the correlation between PDCD1 
and PDCD1LG1 genetic variations and outcome 
of liver and kidney transplants,4,21 which is not 
adequate to make a clear conclusion. Hence, this 
retrospective multicenter study aimed to investigate 
the association of PDCD1 and PDCD1LG1 gene 
polymorphisms with occurrence of AAR in kidney 
allograft recipients.

MATERIALS AND METHODS
Study Population

A total of 122 kidney allograft recipients who 
underwent transplantation between June 2007 
and September 2012 at 3 transplant centers of 
Sina Hospital, Emam Khomeini Hospital, and 
Labbafi-Nejad Medical Center, affiliated to Tehran 
University of Medical Sciences and Shahid Beheshti 
University of Medical Sciences, were enrolled in this 
retrospective study. Patients were classified into 2 
groups based on the occurrence of biopsy-proven 
AAR (AAR group) and having clinically stable 
graft function (SGF) without any previous episode 
during the 5 years of follow-up (SGF group). The 
data of 208 healthy control participants from our 
previous study16 were included for comparison. 
Acute rejection was defined based on clinical 
finding and confirmed by a biopsy protocol based 
on the Banff classification.22 Inclusion criteria 
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consisted of being first transplant recipients 
and having stable graft function for at least 18 
months posttransplantation without any clinical 
or paraclinical evidences of rejection. Exclusion 
criteria were having non-biopsy-proven AAR and 
second transplantation.

All of the patients received human leukocyte 
antigen (HLA)-mismatched kidney transplants (1 
to 6 mismatches) from cadaveric (n = 38), living 
unrelated (n = 77), and living related donors (n = 7). 
Other clinical data including cytomegalovirus 
infection status, delayed graft function (DGF), graft 
loss, and serum creatinine levels were considered 
for comparison between the two groups of patients. 
Delayed graft function was defined as rising of 
serum creatinine levels ( > 500 μm/L) and the need 
for dialysis during the 1st week posttransplant.23,24 
The allograft was considered lost upon return of 
the patient to dialysis. Patients with no history 
of clinical or biopsy-proven rejection and with 
good functioning graft, as judged by serum 
creatinine level ( < 1.5 mg/dL), were considered 
as SGF. Immunosuppressant regimen for all of 
the recipients consisted of conventional triple 
drug therapy with cyclosporine A or tacrolimus, 
mycophenolate mofetil or azathioprine, and methyl 
prednisone. None of the patients from either of 
the groups received antibody induction therapy. 
The study protocol was approved by the Research 
Ethics Committee of Tehran University of Medical 
Sciences and informed consents were obtained 
from all of the participants.

Samples and Genotyping
Five milliliters of peripheral blood was collected 

in vacutubes containing ethylenediaminetetraacetic 
acid and then DNA extraction was performed by 
phenol-chloroform method. After assessment of 
quantity and quality of DNA samples by ultraviolet 
spectrophotometers, polymerase chain reaction 
(PCR)-restriction fragment length polymorphism 
method was carried out to determine the single 
nucleotide polymorphisms in PDCD1 gene PD-1.3 
(+7146 G > A), PD-1.9 (+7825 C > T), PD-L1(8923 
A > C), and PD-L1 (+6777 C > G). The specific 
primers for detection of each SNPs were used 
according to the previous studies.8,16,24 Amplification 
reaction was prepared in a total volume of 20 μL 
containing 10 pm of each primers, 1.5 mM mgcl2, 
1x PCR buffer, 0.5 U Taq DNA polymerase, and 

100 ng of the genomic DNA.
The PCR conditions for all SNPs, were as follows: 

initial denaturation at 94°C for 2 minutes and 10 
cycles of denaturation at 94°C for 10 seconds, 
annealing at 66°C for 1 minute followed by 20 cycles 
of denaturation at 94°C for 10 seconds, annealing 
at 59°C for 45 seconds and extension at 72°C for 
2 minutes. The PCR products were run on 2% gel 
agarose electrophoresis and confirm PCR product-
specific bands using gel documentation system 
(Vilber, USA) and there after restriction fragment 
length polymorphism reactions on these products 
were performed using restriction enzymes (BanII 
for PDL-1 8923 A > C, BsrI for PD-L1 6777 C > G, 
PstI for PD-1.3 G > A, and Bpu10 for PD-1.9 C > T) 
according to manufactures’ instructions (Fermentas, 
Russia). Finally, digested products were analysed 
on 3% agarose gel electrophoresis.

Statistical Analysis
The Hardy-Weinbrg equilibrium was assessed 

in cases using the chi-square test or the Fisher 
exact test. The maximum likelihood estimation of 
haplotype frequencies from unphased genotypes 
were calculated by the expectation-maximization 
algorithm implemented in haplo.stats package 
within the R statistical software. Global test for 
comparison of haploytpe frequencies between the 
two groups was done by the likelihood ratio test. In 
order to compare genotype, allele, and haplotype 
frequencies between the two groups, we used the 
chi-square test or the Fisher exact test, and the results 
reported as P values as well as odds ratios and 
their 95% confidence intervals (95% CIs) by using 
the univariable logistic regression. Additionally, 
multivariable logistic regression analysis was done 
to identify correlations between covariates and 
kidney graft failure. P values less than .05 were 
considered significant. All computations were done 
using R package version 2.15.2.25

RESULTS
Demographic characteristics of all of the patients 

are summarized in Table 1. Among 122 kidney 
allograft recipients, 66% were men and 34% were 
women. Both groups of the patients were followed 
for 5 years. Although the patients with SGF had a 
longer follow-up period than the patients with AAR 
(P = .01, Table 1), the difference in age between the 
groups was not significant (P = .29, Table 1). Overall, 
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77 patients (63%) received HLA-mismatched kidney 
transplants from living unrelated donors, 38 (31%) 
received allografts from cadavers, and 7 (6.0%) 
received allografts from living related donors. The 

differences in donor sources were not significant. 
Panel reactive antibodies levels for all recipients in 
the two groups were between zero and 10% before 
transplantation. Cytomegalovirus infection was more 
frequent in the AAR group than the SGF group, 
although it was not significant (P = .53, Table 1).

Among 61 patients with biopsy-proven AAR, 
21 (34.4%) lost their allograft and returned to 
dialysis or received a second transplant. This group 
also showed a higher frequency of DGF (29.4% 
versus 14.75% in the SGF group, P = .08; Table 1) 
and higher serum creatinine levels during the 
follow-up (P < .001, Table 1). The frequencies of 
PD-1.3 (+7146 G > A), PD-1.9 (+7625 C > T), PD-L1 
(8923 A > C), and PD-L1 (+6777 C > G) genotypes 
and alleles were not significant between the two 
groups (Table 2). However, in comparison with the 
healthy controls, PD-1 +7625 C > T genotype was 
significantly more frequent in all of the patients 
and in those with SGF (P = .001 and P = .001, 
respectively; Table 2). The frequency of PD-1 
+7625 T allele was also high in all of the patients 
and those with SGF compared to healthy control 
s (P < .0001 and P = .001 respectively, Table 2).

Overall ,  27 of  122 the recipients (22.1%) 

Parameters
AAR 

Group
 (n = 61) 

SGF Group
 (n = 61) P

Follow-up duration, mo 43.8 ± 36.2 61.3 ± 22.4 .01
Age, y 33.9 ± 13.2 31.4 ± 10.9 .29
Sex 

Male 42 (68.9) 32 (52.5) 
Female 19 (31.1) 29 (47.5) .09

Donor Source
Cadaver 23 (37.7) 15 (24.6) .17
Living unrelated 33 (54.1) 42 (68.85) .26
Living related 3 (4.9) 4 (6.55) > .99

Cytomegalovirus infection 18 (29.5) 14 (23.0) .53
Rejection type

Cell-mediated 53 (86.9) … …
Antibody-mediated 7 (11.5) … …
Cellular and humoral 1 (1.6) … …

Graft loss 21 (34.4) … …
Delayed graft function 18 (29.5) 9 (14.8) .08
Serum creatinine level, 

mg/dL
3.06 ± 1.39 1.08 ± 0.13 < .001

Table 1. Characteristics of Kidney Allograft Recipients With 
Acute Allograft Rejection (AAR) and Stable Graft Function (SGF)

P

Genotype AAR Group
 (n = 61) 

SGF Group
 (n = 61) 

Control Group
 (n = 208) 

AAR vs 
SGF

AAR vs 
Control

SGF vs 
Control

AAR and SGF 
vs Control

PDCD1
+7146

G > G 50 (81.9) 52 (85.2) 164 (78.8) .80 .72 .35 .36
A > G 11 (18.0) 9 (14.7) 41 (19.7) .80 .91 .35 .54
A > A 0 0 3 (1.4) .29
G 111 (90.9) 113 (92.6) 369 (88.7) .81 .58 .28 .25
A 11 (9.0) 9 (7.4) 47 (11.2) .81 .58 .28 .25

+7625
C > C 55 (90.1) 51 (83.6) 198 (96.5) .42 .08 .001 .001
C > T 6 (9.8) 10 (16.4) 7 (3.4) 
T > T 0 0 0
C 116 (95.0) 112 (91.8) 403 (98.3) .43 .08 .001  < .001
T 6 (4.9) 10 (8.2) 7 (1.7) … … … …

PDCD1LG1
+8923

A > A 17 (27.8) 20 (32.8) … .69 … … …
A > C 43 (70.5) 40 (65.6) … .69 … … …
C > C 1 (1.6) 1 (1.6) …  > .99 … … …
A 77 (63.1) 80 (65.6) … .78 … … …
C 45 (36.8) 42 (34.4) … .78 … … …

+6777
C > C 61 (100) 61 (100) …  > .99 … … …

*AAR indicates acute allograft rejection and SGF, stable graft function.

Table 2. Alleles and Genotypes of PDCD1 and PDCD1LG1 Gene in Kidney Allograft Recipients and Healthy Controls*
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experienced DGF. Comparison of PDCD1 and 
PDCD1LG1 alleles and genotypes between the 
two groups of patients demonstrated a higher 
frequency of PD1.9 +7625 C > T genotype and T 
allele in the recipients with DGF (P = .04 and P = .05, 
respectively; Table 3). Similarly, a significant high 
frequency of this genotype was observed among 
the AAR subgroup of patients with DGF (P = .05, 
Table 3). However, PD-1.9 T allele was also more 
frequent in this group compared to those without 
DGF although it was marginally significant (P = .06, 
Table 3). Considering the type of AAR based on 
the biopsy protocol in the AAR group, higher but 
nonsignificant frequencies of PD-1.3 +7146 A > G, 
PD-1.9 +7625 C > C, and PDL1 8923 A > C genotypes 
were observed in the recipients with cell-mediated 
compared to antibody-mediated AAR (Table 4).

Haplotype analysis by expectation-maximization 
algorithm for PD-1.3 and PD-1.9 SNPs also showed 
no statistical differences between the two groups 
of the patients (Table‌‌ 5). In addition, multivariable 
logistic regression analysis demonstrated that DGF 
was associated with graft loss in the AAR group 
(P = .02, Table 6).

AAR Group

Genotype AAR Group
 (n = 61) 

SGF Group
 (n = 61) P OR (95%CI) DGF

 (n = 27) 
No DGF
 (n = 43) P OR (95%CI) 

PDCD1
+7146

G>G 24 (88.9) 78 (82.1) .55 0.57 (0.12 to 2.34) 17 (94.4) 33 (76.8) .14 0.19 (0.01 to 1.72) 
A>G 3 (11.1) 17 (17.9) 1 1 (5.6) 10 (32.2) 1
A>A 0 0 0 0 …
G 51 173 .57 1.67 (0.44 to 7.48) 35 76 .17 4.61 (0.57 to 99.86) 
A 3 17 1 1 10 1

+7625
C>C 20 (74.1) 86 (90.5) .04 0.30 (0.09 to 1.02) 14 (77.8) 41 (95.3) .05 0.17 (0.02 to 1.27) 
C>T 7 (25.9) 9 (9.5) 1 4 (22.2) 2 (4.6) 1
T>T 0 0 … 0 0 …
C 47 181 .05 0.33 (0.11 to 1.06) 32 (88.8) 84 (97.7) .06 0.19 (0.02 to 1.30) 
T 7 9 4 (11.1) 2 (2.3) 1

PDCD1LG1
+8923

A>A 9 (33.3) 28 (29.5) .88 1.20 (0.43 to 3.25) 4 (22.2) 13 (30.2) .74 0.66 (0.15 to 2.76) 
A>C 17 (63) 66 (69.5) .68 0.75 (0.28 to 2.01) 13 (72.2) 30 (69.8) .90 1.13 (0.29 to 4.55) 
C>C 1 (3.7) 1 (1) .39 3.62 (0.00 to 137.90) 1 (5.6) 0 .29 …
A 35 122 .93 1.03 (0.52 to 2.03) 21 (58.3) 56 (65.1) .61 0.75 (0.31 to 1.80) 
C 19 68 > .99 15 (41.7) 30 (34.9) > .99 1
+6777
C>C 27 (100) 95 (100) 18 (100) 43 (100) …

Table 3. Alleles and Genotypes PDCD1 and PDCD1LG1 Gene in Kidney Allograft Recipients and in Patients With Acute Allograft 
Rejection With and Without Delayed Graft Function*

*AAR indicates acute allograft rejection; SGF, stable graft function; DGF, delayed graft function; OR, odds ratio; and CI, confidence interval.

Patients with Acute Rejection

Genotype Cell-mediated 
 (n = 53) 

Antibody-mediated 
 (n = 7) P

PDCD1
+7146

G>G  42 (79.2)  7 (100)  0.33
A>G  11 (20.7)  0  0.33
A>A  0  0
G  95 (89.6)  14 (100)  0.35
A  11 (10.4)  0

+7625
C>C  49 (92.4)  5 (71.4)  0.14
C>T  4 (7.54)  2 (28.6)  0.14
T>T  0  0
C 102 (96.2)  12 (85.7)  0.14
T  4 (3.8)  2 (14.3)  0.14

PDCD1LG1
+8923

A>A  14 (26.4)  3 (42.9)  0.39
A>C  38 (71.7)  4 (57.1)  0.41
C>C  1 (1.9)  0  1.00
A  66 (62.3)  10 (71.4)  0.70
C  40 (37.7)  4 (28.6) 

Table 4. Alleles and Genotypes PDCD1 and PDCD1LG1 Gene 
in Kidney Allograft Recipients With Acute Allograft Rejection by 
rejection Type*
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DISCUSSION
In spite of modern immunosuppressant therapies 

that are effective in reducing the incidence of AAR, 
chronic allograft nephropathy and graft loss are still 
a major problem in solid organ transplantation.26-28 
Apart from nonimmunologic factors including 
thrombosis, graft failure has several significant 
immunological etiologies, in which T lymphocytes 
play a crucial role in almost all of these immune 
responses to allograft antigens.23 Hence, molecular 
and structural investigations of the co-stimulatory 
molecules involved in regulation of T cell activity 
may have critical importance in evaluation of 
cellular alloimmunity and possible consequent 
therapeutic interventions. Several studies have 
shown that genetic variations in some of these co-
stimulatory molecules such as PDCD1, PDCD1LG, 
CTLA4, CD86, and ICOS could be considered as 
genetic susceptibility risk factors for graft rejection 
although a little is known about clinical relevance 
of PDCD1 and PDCD1LG1 gene polymorphisms 
in kidney transplant patients.1,4,20,29

Genetic analysis of PD1 and PD1 ligand molecules 
in the kidney allograft recipients of this retrospective 
study demonstrated that all patients with AAR or 
with stable graft function had a higher frequency 
of PD-1.9 +7625 C > T genotype in comparison 
with healthy controls. This genotype was also 
more frequent among patients with SGF compared 
to healthy controls. In addition, all trnasplant 

patients showed higher frequencies of PD-1.9 
+7625 T allele than healthy controls. Remarkably, 
among all patients, those with DGF during the first 
week after transplantation showed an increased 
frequency of PD-1.9 C > T genotype and T alleles 
in comparison with recipients without DGF. Also, a 
similar difference was found between AAR patients 
with DGF and those without DGF. A higher but 
marginally significant frequency of T allele for PD-1.9 
+7625 position was also observed in patients with 
DGF as compared to those without DGF in the AAR 
group. A similar study by Karimi and colleagues,21 
but on liver transplant patients, demonstrated that 
PD-1.9 C > T and PD-1.3 A > G gene polymorphisms 
were not associated with AAR. We also observed 
no significant differences for these SNPs between 
the AAR and SGF groups of patients. The only 
study on kidney transplant patients by Ebadi and 
coworkers4 showed a significant association between 
PD-1.1 A > A genotype and AAR episodes, which 
is different regarding the evaluated PD1 SNPs 
in our study. Thus, this comparison should be 
interpreted cautiously.

According to the key role of this inhibitory 
pathway in induction of regulatory responses, it is 
rational that selective stimulation of PD1-PD1 ligand 
pathway may play an important inhibitory role in 
regulating T cell activation and allograft rejection.30 
In other words, in the context of submaximal T 
cell co-stimulation or in the framework of CD28 
or CD154 blockade, targeting PD1 or PD1 ligand 
using monoclonal antibodies can modulate T- and 
B-cell mediated responses and consequently block 
allograft rejection.31

It is speculative that any potential therapeutic 
intervention targeting PD1-PD1 ligand pathway 
could be more effective by clarification of precise 
mechanism of this pathway as an integral part of 
maintaining immune tolerance, which is not yet 
fully understood.32 In this context, understanding 
the expression patterns, structure, and function 
of these molecules mainly influenced by genetic 

Variables OR (95% CI) P
Cytomegalovirus infection 1.774 (0.348 to 9.047) .49
Age 1.045 (0.993 to 1.100) .09
Sex 1.367 (0.320 to 5.841) .67
Donor sources .31

Cadaveric 2.405 (0.150 to 38.694) .53
Living unrelated 0.855 (0.058 to 10.643) .78

Delayed graft function 0.163 (0.035 to 0.774) .02
PD-1.9 0.981 (0.155 to 6.189) .98
PD-1.3 0.940 (0.231 to 3.820) .93

Table 6. Predictive Values of Covariate for Graft Loss*

*OR indicates odds ratio and CI, confidence interval.

PD1.3-PD1.9 Haplotypes AAR Group
 (n = 61) 

SGF Group
 (n = 61) OR (95% CI) P

G-C, % 86.4 84.4 1.29 (0.48 to 3.55) .61
A-C, % 8.7 7.4 1.00 (0.27 to 3.65) > .99
G-T, % 4.6 8.2 0.58 (0.13 to 2.54) .72

Table 5. PDCD1 Haplotypes in Kidney Allograft Recipients*

*AAR indicates acute allograft rejection; SGF, stable graft function; OR, odds ratio; and CI, confidence interval.
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variations could be very informative and somewhat 
predictive for outcome of alloimmune responses 
in transplant patients, in order to modulate T cell-
mediated responses using more specifically and 
minimal dose of immunosuppressant.

Observation of the higher frequency of PD-1.9 
+7625 C > T genotype in our patients compared to 
healthy controls could be indicative of probable 
altered contribution of PD1 molecule in PD1-
PD1 ligand pathway due to nonsynonymous 
polymorphism (Val215Ala) and subsequently 
different effect of this pathway on T cell-mediated 
responses in kidney transplant patients. More 
importantly, we found higher significant frequencies 
of the same genotype in patients with DGF and 
expectedly in the AAR subgroup of patients with 
DGF.

This association of PD-1.9 +7625 C > T genotype 
and T allele with occurrence of DGF also suggests 
that single amino acid change in PD1 structure can 
affect the function of this molecule and subsequently 
the status of T cell responses. As the most cases 
with DGF were in the AAR group, higher frequency 
of this genotype and allele among this group of 
patients may indicate the altered function of PD1-
PD1 ligand inhibitory pathway in regulation of 
T cells alloimmunity. Nonetheless, several other 
inhibitory molecules such as CTLA-4 and ICOS, not 
been tested in this study, are involved in regulating 
the dynamic balance between effector T cells and 
regulatory T cells in any immune responses.1,21,24

Some studies on transplant patients have 
shown that protective role of regulatory T cells 
is induced through PD1-PD1 ligand activation. 
Accordingly, it has been demonstrated that PD1 
mRNA levels may act as an informative biomarker 
for AAR and corresponding outcome after renal 
transplantation so that, increased levels PD1 as a 
negative co stimulatory molecule counters the effect 
of alloimmune responses during AAR episodes. 
Thus, decreasing or lack of PD1 function can lead 
to allograft dysfunction and even graft failure.32 
Utilizing this effective biomarker at DNA, mRNA, 
or protein levels besides other immune markers, 
such as antibodies to donor’s antigens (mainly 
HLA), T cell activation marker (sCD30), regulatory 
T cells profiles, and mediators in peripheral blood, 
allows the clinicians to extend the potential benefits 
of tapering immunosuppressant to an upgrading 
number of patients with predictable outcome.32-36 

However, as we did not analyse the PD1 at mRNA 
or protein level in these patients, our data should 
be interpreted cautiously with respect to the 
association between PDCD1 gene polymorphism 
and clinical outcome of kidney allografts.

CONCLUSIONS
To our knowledge, this is the first report on 

correlation between occurrence of DGF and 
presence of PD-1 +7625 C > T genotype in kidney 
transplant patients with biopsy-proven AAR. Our 
results indicate that potentially functional genetic 
variation in PDCD1 can influence the outcome of 
kidney transplantation. Further investigations with 
larger sample sizes are needed to determine whether 
this amino acid change alters the protein structure 
and affects its function and more importantly to 
find the clinical relevance of this genetic variation 
with kidney allograft outcome.
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