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Implication for health policy/practice/research/medical education:
Dysfunction of pancreatic β-cells, insulin resistance, oxidative stress and low-grade chronic inflammation play important roles 
in the development of new-onset diabetes mellitus after transplantation (NODAT) among kidney transplant recipients. IL-17 
polymorphisms impact on the pathogenesis of NODAT and variations in IL-17R is connected with type 1 diabetes (T1D) that are 
reported to be associated with the pathogenesis of NODAT. 
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Introduction: New-onset diabetes mellitus after transplantation (NODAT) is a common 
complication of organ transplantation, leading to allograft dysfunction. Genetic alterations 
of inflammatory cytokines have been reported to be associated with glucose homeostasis and 
diabetes. 
Objectives: This study evaluated the rs763780 polymorphism of IL-17F gene in transplant 
recipients with and without NODAT.
Patients and Methods: The present retrospective study was conducted on ninety-one patients 
who have had a kidney transplant for at least three months. Patients were divided into two 
subgroups; recipients with NODAT (n = 32) and kidney recipients without NODAT (n = 59). 
After DNA extraction from patients’ blood samples, amplification and evaluation of specific 
polymorphism of the gene were performed using amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR). Clinical and demographic data of patients were 
collected. 
Results: The NODAT was detected in 81.3% (n = 26) of TT genotype carriers, 12.5% of TC 
genotype carriers and 6.3% of CC genotype carriers. No statistically significant differences 
between the studied groups in the frequency of C and T alleles and the distribution of the 
abovementioned genotypes were detected (P ≥ 0.721). In the NODAT group, graft rejection 
and age of patients were higher significantly (P ≤ 0.017).
Conclusion: No significant correlation between the incidence of diabetes and rs763780 
polymorphism of IL-17F gene was observed.
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Introduction
New-onset diabetes mellitus after transplantation 
(NODAT) is a severe complication that occurs after kidney 
transplantation, affecting 2% to 53% of allograft recipients 
(1,2). The NODAT is linked with an elevated risk of 
allograft rejection, infection and cardiovascular disease. 
Moreover, it is correlated with an increase in three-year 
mortality and a decline in the survival of allografts and 
transplant recipients (3). 

The result of a meta-analysis on 7140 kidney recipients 

indicates that acute rejection, tacrolimus administration, 
history of hypertension, viral infection (hepatitis B and 
C viruses), polycystic kidney disease, body mass index 
(BMI) (4), older age and family history of diabetes are risk 
factors for the development of NODAT (5). It has also been 
recently reported that high serum uric acid is connected 
with an increased risk of NODAT developing, independent 
of proven risk factors (6). Predisposing genetic factors 
as risk factors are also participated in the development 
of NODAT (7-9). Unfortunately, the results between 
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different populations are inconclusive and the clinic needs 
to identify the carriers of pharmacogenetics variants and 
the genetic risk factors involved in the development of 
NODAT. Early detection, management and treatment of 
NODAT may improve transplant outcome.

Numerous experimental and clinical studies have 
reported that inflammatory cytokines can be related to 
diabetes. IL-17F promotes several pro-inflammatory 
chemokines and cytokines and is considered as an 
inflammatory cytokine (10). Evidence supports definite 
role of IL-17 in the pathogenesis of type 2 (T2D) and type 
1 (T1D) diabetes. Through activating NF-κB (nuclear 
factor-kappa B) pathway, IL-17 triggers production of 
pro-inflammatory cytokines involved in the stimulation 
of insulin resistance, resulting in T2D development 
(11). Similar to T2D, dysfunction of pancreatic β-cells, 
insulin resistance, oxidative stress and low-grade chronic 
inflammation play significant roles in the NODAT 
development in kidney transplantation (12,13). 

Objectives
There is an overlap of risk factors for T2D and NODAT. 
However, the pathophysiology and clinical courses are 
different. Although β-cell destruction can be the main 
cause for the NODAT, rarely have there been reports on 
the impact of IL-17 polymorphisms on the pathogenesis 
of NODAT. Variations of IL-17RB, IL-17R, IL-17E and 
IL-7R that is connected with T1D are reported to be 
associated with the pathogenesis of NODAT (14). Here, 
the association between IL-17 gene polymorphism 
rs763780 and NODAT was examined in a group of Iranian 
renal transplant patients with and without NODAT.

Patients and Methods
Patients 
This retrospective study recruited renal kidney transplants 
from the transplantation ward of Imam-Reza hospital 
(Tabriz, Iran) between July 2012-2017. Patients with pre-
transplant fasting blood sugar of ≤99 mg/dL, ≥18 years 
old, patients who received allograft at least three months 
before this study and treated with the same protocol were 
included. Patients with pre-transplant diabetes and active 
viral infection (cytomegalovirus and BK virus) were 
excluded from the study. All clinical and demographic 
data of patients were collected. Genomic DNA was 
obtained from whole blood samples (2 mL) by ZiAViZ 
DNA extraction kit (Iran). In this method, magnetic 
nanoparticles were employed for higher efficiency. 
Amplification refractory mutation system-polymerase 
chain reaction (ARMS-PCR) method was used to 
examine the polymorphism of the gene using forward; 
5-AGACAGGACTTGTTGCAGAGCACTG 3, reverse 
wild type; 5-CGTCACCCCTGTCATCCAACG-3, and 
reverse mutant 5-CGTCACCCCTGTCATCCAACA-3 
primers.

Statistical analysis 
Data analysis was conducted using SPSS software version 
23.0. In descriptive statistical methods, normality was 
determined by Shapiro-Wilk test. The correlation 
between the gene polymorphism and each clinical 
parameters was reported as frequency (percentage) using 
chi-square or Fisher’s exact tests to compare the two 
groups. Ninety-five percent confidence interval (CI) were 
utilized; additionally P value less than 0.05 was considered 
statistically significant.

Results
In this retrospective study, the records of 369 transplant 
patients who had received kidney transplants in the 
transplant ward of Imam-Reza hospital in Tabriz between 
2012 and 2017 were reviewed. Of those, 30 patients died 
and 248 patients were excluded from the study for various 
reasons such as age <18 years, foreigners, pre-transplant 
diabetes, post-transplant cancer and dissatisfaction with 
participation in the study. Ninety-one patients including 
thirty-two kidney recipients with NODAT and 59 patients 
with no-diabetes met our criteria to be studied.

Patients’ characteristics 
There was a statistically significant difference between 
NODAT and non-diabetic groups regarding the age of 
participants; the mean age of NODAT cases was higher 
than the non-diabetic patients (P < 0.001). In the study 
of cholesterol (P = 0.246) and BMI (P = 0.501), no 
significant differences were observed between the two 
groups. Moreover, the mean level of triglyceride in the 
NODAT group was higher than the non-diabetic group, 
however, this difference was not statistically significant 
(P = 0.069). The duration of dialysis was significantly 
different between the two groups; median of 25.5 (18-
35.75) months in NODAT group compared to 16 (7-28) 
months in non-diabetic group (P = 0.003). The initial 
(P = 0.063) and three months after transplantation 
(P = 0.538) serum creatinine levels between the two 
groups were not statistically significant; however, six 
months post-transplantation, it became statistically 
significant (P = 0.023).

Among patients in the NODAT group, the incidence of 
diabetes was the same in both men and women (P = 0.229). 
Intragroup changes in serum creatinine levels of diabetic 
patients in different measurements (at discharge, three 
months and six months post-transplantation) were 
statistically significant (P = 0.013). Thus, the amount 
of creatinine shows a significant increase over time. 
No significant difference was observed between the 
groups regarding serum creatinine levels in repeated 
measurements (P = 0.077; Table 1).

There was no significant association between family 
history of diabetes and NODAT (P = 0.608). Among 
people with a family history of diabetes in the NODAT 
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group, 8 (40%) developed diabetes and this rate was twenty-
four (33.8%) in patients without a history of diabetes. No 
significant association was observed between living donor 
or deceased donor and NODAT (P = 0.9). However, all 
three patients who received transplant rejection (100%) 
were reported to be diabetic. We also found a significant 
connection between transplant rejection and presents 
diabetes (P = 0.017).

The frequency of IL-17 rs763780 gene polymorphism 
among studied groups
It was revealed that 82.4% (n=75) of transplant patients 
were carriers of TT genotype, 12.1% (n=11) were carriers 
of TC genotype and 5.5% (n=5) were carriers of CC 
genotype. The distribution of TT, TC and CC genotypes 
of rs763780 genotype and its comparison between case 
and control groups is shown in Table 2. We observed 
that 81.3% (n=26) of NODAT patients were TT genotype 
carriers, 12.5% were TC genotype carriers and 6.3% were 
CC genotype carriers. Moreover, no statistically significant 
difference between the groups in the distribution of the 
genotypes was detected (P = 0.721).

Associations of IL-17 gene polymorphism and NODAT
The correlation between the studied polymorphism 
and clinical parameters and the incidence of diabetes in 
transplant patients was investigated. In the NODAT group, 

fast blood sugar (FBS) six months after transplantation 
was higher in C allele carriers compared to T allele; 
however this difference was not significant (P = 0.856). 
According to Table 3, no significant correlation was seen 
between the distribution of TT, TC and CC genotypes of 
rs763780 genotype and any of the clinical parameters in 
transplant patients (P > 0.05). Moreover no significant 
difference between the genotypic distribution of rs763780 
genotype and serum creatinine concentration in the first, 
third and sixth months after transplantation was seen. 
The correlation coefficient between this polymorphism 
and the incidence of diabetes was (Phi=0.027) since this 
correlation coefficient was not significant (P = 0.249).

Discussion
In the present study, no significant association was 
detected between the allele frequency and distribution of 
TT, TC and CC genotypes of rs763780 IL-17F gene and 
the incidence of NODAT in kidney transplant patients.

In NODAT, both insulin secretion and peripheral 
insulin function appear to be impaired, where 
inflammatory cytokines and chemokines also play roles in 
this process (15). Numerous studies have been shown that 
inflammatory cytokines can promote beta cell damage 
and apoptosis in diabetes. Genetic variants of interleukins 
are linked with an elevated NODAT risk. Th17 and Treg 
cells are essential factors in the development of diabetes. 

Table 1. Demographic and basic characteristics of the participants

Variables Non-NODAT recipients NODAT recipients P value*
Number 59 32
Gender (F/M) 28/31 11/21 0.22
Age (years) 40.44 ± 10.63 51.59 ± 11.14 <0.001
BMI (kg/m2) 30.08 ± 30.89 26.6 ± 3.88 0.501
Cholesterol (mg/dL) 166.19 ± 38.42 176.66 ± 45.02 0.246
TG (mg/dL) 159.76 ± 81.69 213.34 ± 139.03 0.069
Creatinine (mg/dL) 1.23 ± 0.3 1.38 ± 0.36 0.063
Creatinine after 3 month (mg/dL) 1.33 ± 0.38 1.4 ± 0.44 0.538
Creatinine after 6 month (mg/dL) 1.3 ± 0.35 1.49 ± 041 0.023
Dialysis length 16 (7-28) 25.5 (18-35.75) 0.001a

TG: triglyceride, BMI: body mass index, F: female, M: male, NODAT: new-onset diabetes mellitus after transplantation.The quantitative data are 
expressed as mean ± SD. 
a Median (interquartile range) is presented. * P value is based on Mann-Whitney U test and P value ≤ 0.05 was considered as statistically significant 
outcome.

Table 2. The results of the studied polymorphism in kidney transplants

Cases 
No. (%)

Controls 
No. (%) Chi-square OR (95% CI) P value*

Genotypes
TT 24 (80%) 50 (84.7%) 0.005 0.878 (0.0278-2.771) 0.941
TC 4 (12.5%) 6 (10.2%) 0.030 1.128 (0.291-4.373) 0.861
CC 2 (6.3) 3 (5.1%) 0.128 1.119 ( 0.176-7.112) 0.721

Alleles
T 52 (86.7%) 106 (89.83%) 0.001 0.886 ( 0.34-2.31) 0.998
C 8 (13.3%) 12 (10.17%) 0.001 1.128 (0.433-2.941) 0.998

Note: Obtained results were based on https://wpcalc.com/en/equilibrium-hardy-weinberg, OR: odds ratio, CI: confidence interval. *P value ≤0.05 was 
considered as statistically significant outcome.
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Although beta-cell dysfunction is a major cause of 
NODAT, studies of cytokines associated with beta-cell 
dysfunction in patients with NODAT have rarely been 
conducted.

Studies on solid organ transplantation including bone 
marrow transplantation have highlighted the importance 
of polymorphisms of the IL-17F and IL-17A genes in the 
pathogenesis of allograft rejection (16). The association 
between IL-17A (17) and IL-17F gene polymorphisms 
with acute rejection (16) and the use of IL-17 serum levels 
as the primary marker of acute rejection (18,19) have 
been reported in kidney transplantation. IL-17F gene SNP 
7489A/G is linked with graft failure (20). Moreover, the 
association of IL-17A rs2275913 gene polymorphism with 
histopathological changes of kidney allograft (21) and 
its association (rs2275913 GG) with an increased risk of 
delayed graft function and higher serum creatinine have 
been reported (22). The GA genotype of the IL-17F gene 

polymorphism (rs11465553) might be associated with 
a high risk of transplanted renal function and return to 
dialysis after kidney transplantation (22).

The IL-17F T/C (rs763780) variant can lead to a 
substitution of histidine with arginine at amino acid 
position 161, inhibiting the function of IL-17F in regulating 
IL-17 synthesis (23). Romanowski et al reported that this 
variant is significantly associated with NODAT (22). In 
the present study, NODAT was detected in 81.3% (n=26) 
of TT genotype carriers, 12.5% of TC and 6.3% of CC 
genotypes carriers. There was no statistically significant 
variance between the groups regarding the frequency 
of distribution of the above genotypes. The frequency 
of TT genotype in our patients was higher than the 
study by Romanowski et al (22). In their study, NODAT 
was observed in 10.97% of TT carriers and 42.86% of 
individuals with TC genotype. Diabetes was significantly 
associated with IL-17F T/C polymorphism (rs763780) 

Table 3. Frequency of IL-17 rs763780 genotype regarding clinical variables

Parameters Genotypes Mean Std. Deviation
95% CI for mean

P value*
Lower Bound Upper Bound

Age (years)
TT 43.69 11.826 40.97 46.41

0.216TC 44.82 13.029 36.06 53.57
CC 53.40 11.104 39.61 67.19

BMI (kg/m2)
TT 29.707 27.4086 23.401 36.013

0.777TC 25.545 3.8459 22.962 28.129
CC 23.460 1.6592 21.400 25.520

On dialysis time (month)
TT 24.44 20.055 19.83 29.05

0.848TC 21.27 12.618 12.80 29.75
CC 26.60 25.432 -4.98 58.18

FBS (mg/dL)
TT 83.81 10.151 81.48 86.15

0.314TC 88.55 10.348 81.59 95.50
CC 81.60 13.885 64.36 98.84

FBS after 3 months (mg/dL)
TT 122.39 92.430 101.12 143.65

0.911TC 111.55 30.878 90.80 132.29
CC 113.80 40.598 63.39 164.21

FBS after 6 months (mg/dL)
TT 105.69 38.620 96.81 114.58

0.809TC 102.82 32.854 80.75 124.89
CC 116.40 62.540 38.75 194.05

Cholesterol (mg/dL)
TT 170.17 41.996 160.51 179.84

0.944TC 170.55 39.868 143.76 197.33
CC 163.80 32.268 123.73 203.87

TG (mg/dL)
TT 180.23 112.432 154.36 206.09

0.952TC 172.18 79.351 118.87 225.49
CC 168.40 107.614 34.78 302.02

Creatinine (mg/dL)
TT 1.3067 0.35220 1.2256 1.3877

0.355TC 1.1927 0.13719 1.1006 1.2849
CC 1.1440 0.22678 0.8624 1.4256

Creatinine after 3 months 
(mg/dL)

TT 1.3864 0.43098 1.2872 1.4856
0.300TC 1.2500 0.23550 1.0918 1.4082

CC 1.1520 0.19018 0.9159 1.3881

Creatinine after 6 months 
(mg/dL)

TT 1.3576 0.36883 1.2727 1.4425
0.556TC 1.4936 0.50680 1.1532 1.8341

CC 1.3540 0.43276 0.8167 1.8913

BMI: body mass index, FBS: fast blood sugar, F: female, M: male, TG: triglyceride, NODAT: new-onset diabetes mellitus after transplantation. P value ≤ 
0.05 was considered as statistically significant outcome.
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(22), since in the present study, no significant association 
between NODAT and CC and TC genotypes was seen. In 
previous studies, the C17 allele of the IL-17F rs76378 gene 
polymorphism was associated with high concentrations of 
long-term creatinine and high severity of tubular atrophy 
and interstitial fibrosis were reported (21). However, in 
the present study, no significant difference was observed 
between the distribution of genotypes of the IL-17F T/C 
(rs763780) and the amount of creatinine and FBS three 
months and six months after transplantation.

In this study, we found that the age of recipients was 
statistically different between the studied groups and 
the NODAT were older than controls. This result was 
consistent with the results of a cohort of young transplant 
recipients with a lower risk of NODAT, which may be due 
to active immunity and general body physiology (24). 
Likewise, the results showed that gender does not have 
an important role in the incidence of diabetes, but in a 
previous study, male gender dominance was a prominent 
feature (24). In addition, no statistically significant 
difference between the two groups in BMI was seen. In 
contrast, most results from previous studies reported a 
significant relationship between the incidence of diabetes 
and BMI (5). 

Conclusion
No significant link was detected between the IL-17F 
rs763780 polymorphism and NODAT in kidney recipients 
of northwest of Iran. Further investigation is required to 
confirm our results. Moreover, a significant association 
between NODAT and acute rejection was observed. 
Identification of the predisposing genetic factors are 
needed to identify the recipients with a higher risk to 
develop diabetes after transplantation. 

Limitations of the study
Small sample size was one of the limitations of the study. 
Results requires further investigation with a larger sample 
size. Given that a network of genes may be involved in 
the pathogenesis of NODAT in transplant patients, it is 
suggested that in future studies, instead of one or more 
genes, a set of genes be examined to select candidate 
genes with diagnostic role. Genetic biomarkers associated 
with NODAT will be effective in selecting appropriate 
immunosuppressive therapy and patient management. 
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