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Abstract. A previous study revealed that protein tyrosine 
phosphatase receptor type D (PTPRD) is highly associated 
with diabetes mellitus, particularly for type 2 diabetes, through 
a genome‑wide association study. However, the influence 
of the human polymorphism in the 3'‑untranslated region 
(3'‑UTR) of PTPRD on gestational diabetes mellitus (GDM) 
has remained to be defined. The present study focused 
on the functional polymorphism located in the 3'‑UTR of 
PTPRD and whether it is associated with the susceptibility to 
develop GDM. A total of 1,100 pregnant female patients aged 
between 28 and 36 years within gestational weeks 24‑28 were 
recruited. The participants enrolled in the study comprised 
500 cases of GDM and 600 normal controls. Based on the 
screening results, the single nucleotide polymorphism (SNP) 
rs56407701 exhibited the most significant difference and may 
increase the susceptibility to GDM. A prediction of target 
microRNAs (miRNAs/miRs) using the miRNA SNP database 
indicated that SNP rs56407701 may be bound by miR‑450a, 
causing the suppression of PTPRD expression in subjects with 
the GC or CC genotype. In conclusion, The CC genotype of 
PTPRD rs56407701, which may be bound by miR‑450a, may 
increase the susceptibility of Chinese Han females to GDM 
during pregnancy. The present study provided a theoretical 
basis for the SNP rs56407701 being a source of GDM 
susceptibility loci.

Introduction

Gestational diabetes mellitus (GDM) is defined as any 
degree of abnormal glucose tolerance that occurs during 
pregnancy (1,2). Glucose intolerance is diagnosed during 
pregnancy and GDM is one of the most common complica‑
tions of pregnancy, affecting 3‑8% of pregnancies (3). The 

mechanisms of GDM remain to be fully elucidated. Binding 
insulin resistance and impaired insulin secretion lead to an 
underlying pathophysiology that may be influenced by interac‑
tions between genetic and environmental factors (4,5). The 
prevalence of GDM has increased in recent decades due to the 
increased mean age of pregnant females and increased suscep‑
tibility to obesity (6). Human and animal studies suggested that 
type 2 diabetes mellitus (T2D) and GDM may have certain 
pathological changes in common, including insulin resistance, 
cellular dysfunction and insulin deficiency (7). Studies such 
as genome‑wide association studies (GWASs) and single 
nucleotide polymorphism (SNP) strategies have identified 
numerous susceptibility genes associated with increased T2D 
sensitivity, including protein tyrosine phosphatase receptor 
type D (PTPRD) (8,9).

PTPRD is a member of the PTP family (10). PTPs are 
considered to regulate signaling molecules in a variety of 
cellular processes, including cell growth, differentiation, 
mitotic cycle and oncogenic transformation (11). The extracel‑
lular domain contains the meprin‑A antigen‑PTP domain (12). 
Transformation of the PTPRD gene may lead to the replace‑
ment of the highly conserved residues in the second tyrosine 
phosphatase catalytic domain Thr1365‑to‑Met, which is 
highly associated with the pathogenesis of cancer (13,14). 
Wang et al (15) determined that the mutant tyrosine phospha‑
tase is a tumor suppressor gene that regulates cell pathways 
and may potentially be utilized for therapeutic intervention 
in colorectal cancer. In addition, Chen et al (16) reported 
that silencing of PTPRD was caused by DNA methylation in 
a mouse model of T2D and in patients, and was correlated 
with DNA (cytosine‑5)‑methyltransferase 1 expression. The 
difference of postprandial blood glucose in the PTPRD 
rs17584499 CT+TT genotype was significantly lower than that 
of the rs17584499 CC genotype (17).

MicroRNAs (miRNAs/miRs) are small non‑coding RNA 
molecules consisting of 19‑25 nucleotides that have been iden‑
tified to have an important role in various human diseases (18). 
Studies have suggested that miRNA expression was 
tissue‑specific and it has been reported that certain miRNAs 
were specifically expressed in the placenta (placental‑specific 
miRNA). miRNAs negatively regulated the expression of 
target genes at the post‑transcriptional level by binding to the 
3'‑UTRs of the target information RNA (19,20). Increasing 
evidence proved that SNPs located at miRNA binding sites may 
lead to decreased or increased target mRNA translation. This 
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dysfunction was associated with cancer susceptibility (21,22). 
For instance, the CC genotype of cyclin‑dependent kinase 
inhibitor 2B rs1063192 in the miR‑323b‑5p binding site may 
increase the susceptibility of pregnant Chinese Han females 
to GDM (23).

The present study focused on the SNPs in the 3'UTR of 
PTPRD by using the miRNASNP‑v3 bioinformatics soft‑
ware (http://bioinfo.life.hust.edu.cn/miRNASNP/#!/) with 
the loss‑or‑gain strategy (24). A total of 17 potential SNPs 
were obtained as candidate SNPs, which may be associated 
with certain miRNAs and with the pathogenesis of GDM. 
Based on this, the association between the allele distribution 
and the susceptibility of GDM was further investigated in a 
case‑control study.

Materials and methods

Study subjects. The study plan was approved by the Ethics 
Committee of The Red Cross Hospital of Qinghai Province 
(Xining, China) and written informed consent was obtained 
from all participants prior to data collection. The subjects 
provided written informed consent prior to specimen collec‑
tion. The study was approved by the ethics committee of 
Qinghai Red‑Cross Hospital (Xining, China). All methods 
were in accordance with the approved guidelines. Subjects who 
had been diagnosed with diabetes, had taken drugs that affect 
glucose metabolism or had other pregnancy complications 
were excluded from the study. GDM was diagnosed according 
to the standards of the American Diabetes Association (25). 
Subjects with negative results of the 50‑g glucose stimula‑
tion test or a normal glucose tolerance test were used as 
controls. Demographic data were collected for all individuals, 
including age, body height and weight, and resting blood 
pressure at 24‑28 weeks of gestation during the first preg‑
nancy. The pre‑pregnancy body mass index was calculated 
as [weight (kg)/height (m2)]. Routine laboratory evaluations 
were performed, including analysis of glycosylated hemo‑
globin (HbA1C), triglycerides, total cholesterol, low‑density 
lipoprotein cholesterol and high‑density lipoprotein (HDL) 
cholesterol. Blood glucose and serum insulin concentrations 
were measured at 0, 60 and 120 min after the 100‑g oral 
glucose tolerance test (OGTT). A total of 1,100 subjects were 
recruited, including 500 patients with GDM and 600 controls 
(Table I).

SNP selection. First, SNPs from the 3'‑UTR of the 
PTPRD gene were obtained from the National Center for 
Bioinformatics (NCBI) SNP database (dbSNP; http://www.
ncbi.nlm.nih.gov/snp/) and ENSEMBL v58 (https://www.
ensembl.org/index.html). From the 1000 genome browser 
(http://www.1000genomes.org/), SNPs in the Chinese 
population were identified. Subsequently, the miRanda 
(http://www.microrna.org), TargetScan (http://www.targetscan.
org/), PolymiRTS (http://compbio.uthsc.edu/miRSNP/) and 
miRDB software package (http://mirdb.org/) were used 
to study the miRNA targets of the SNPs of the binding 
sites. A bioinformatics analysis (http://bioinfo.life.hust.edu.
cn/miRNASNP2/index.php) was used to determine the 
function of the miRNA targets of the SNPs of the 3'‑UTR 
of PTPRD. If the SNP was in a high linkage disequilibrium 

(r2>0.8), only one SNP was genotyped. For the gain‑loss 
strategy analysis, the miRNA wild‑type (wild) sequence and 
SNP allele sequence was obtained (24). Subsequently, two 
target prediction tools, TargetScan (http://www.targetscan.
org/) and miRanda (http://www.microrna.org), were respec‑
tively used to estimate the target site. A total of four results 
were recorded, namely wild TargetScan (WT), wild miRanda 
(WM), SNP TargetScan (ST) and SNP miRanda (SM). If the 
target gene of a miRNA was present in both the WT and WM, 
but not in the ST and SM, the miRNA was considered to have 
a loss of this target gene. Conversely, if a target was present 
in both ST and SM, but not WT and WM, the miRNA was 
considered to have gained one target gene (26).

Genotyping. Genomic DNA was extracted from leukocyte 
microspheres of human plasma samples by traditional 
protease K (Beyotime Institute of Biotechnology) diges‑
tion and then extracted by phenol‑chloroform and ethanol 
precipitation. The TaqMan SNP genotyping test was used for 
genotyping. PCR was performed in a total volume of 5 µl 
containing TaqMan General Master Mix (Beyotime Institute 
of Biotechnology), 80X SNP genotyping Mix (Beyotime 
Institute of Biotechnology), DNase‑free Water and 10 ng 
genomic DNA. The PCR conditions were 2 min at 50˚C, 
10 min at 95˚C and 40 cycles at 95˚C for 15 sec and 60˚C for 
1 min in an ABI 7900HT Real‑Time PCR system (Thermo 
Fisher Scientific, Inc.). The PCR products were visualized 
by 1% agarose gel electrophoresis using ethidium bromide 
(MilliporeSigma).

Cell lines and culture. The 293T cell line was purchased 
from the cell bank of the Chinese Academy of Sciences. 
Cells were cultured in RMI‑1640 (Gibco; Thermo Fisher 
Scientific, Inc.) with 10% FBS (Invitrogen; Thermo Fisher 
Scientific, Inc.) in a humidified atmosphere with 5% CO2 at 
37˚C. miR‑450a mimics (5'‑TTT TTG CGA TGT GTT CCT AAT 
G‑3') and miR mimics control (5'‑ACG UGA CAC GUU CGG 
AGA ATT‑3') were obtained from GenScript. Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used for 
transfection in accordance with the manufacturer's protocol.

Reverse transcription‑quantitative (RT‑q)PCR assay. Total 
RNA was obtained from placental tissues harvested after birth 
by using TRIzol® reagent as described by the manufacturer 
(Invitrogen; Thermo Fisher Scientific, Inc.). For mRNA 
detection, total RNAs (500 ng) were reverse transcribed using 
an RT kit (cat. no. D350A; Takara Bio, Inc.). GAPDH was used 
as an internal control. qPCR was performed using ABI Prism 
7900HT (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol of Mir‑XTM miRNA 
qRT‑PCR SYBR® kit (cat. no. 638314; Takara Bio, Inc.). The 
amplification conditions were 95˚C for 10 min, followed by 
40 cycles of 95˚C for 30 sec, 55˚C for 40 sec and 72˚C for 
30 sec, and finally 4˚C for 30 min for cooling. The primers 
used were as follows: PTPRD forward, 5'‑CTC CAA GGT TTA 
CAC GAA CAC C‑3'; and reverse, 5'‑AGT CCG TAA GGG TTG 
TAT TCT GA‑3'; GAPDH forward, 5'‑GGA GCG AGA TCC 
CTC CAA AAT‑3'; and reverse, 5'‑GGC TGT TGT CAT ACT 
TCT CAT GG‑3'. The results were assessed using the 2‑∆∆Cq 
method (27,28).
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Construction of luciferase‑based reporter plasmids. The 
fragments containing the 3'‑UTR with the G or C alleles of 
SNP rs56407701 were amplified by GenScript. The PCR 
product was cloned into the pMIR‑REPORT luciferase system 
(Ambion; Thermo Fisher Scientific, Inc.). The amplified frag‑
ment was verified by DNA sequencing by GenScript. The 
pRL‑TK vector containing Renilla luciferase was used as a 
normalization control.

Dual‑luciferase reporter assay. The 3'‑UTR sequence of 
PTPRD predicted to interact with miR‑450a or the mutant 
sequence of the predicted target (synthesized by GenScript) 
were inserted into the pMIR‑REPORT vector at the restric‑
tion enzyme cutting site of HindIII and SacI (provided by 
GenScript). 293T cells (1x105) cultured on 24‑well plates 
were co‑transfected with pMIR reporter vectors containing 
wild‑type or mutant PTPRD 3'‑UTR fragments and miR‑450a 
or control, and pRL‑TK containing Renilla luciferase was 
used for normalization.

Statistical analysis. Data were examined regarding whether 
they followed a normal distribution in order to select an 
appropriate parametric or non‑parametric test. The chi‑square 
test was applied to compare differences in categorical vari‑
ables. The skewness coefficient and kurtosis coefficient were 
determined by 0 and the Kolmogorov‑Smirnov test was 
performed by P>0.05. For continuous variables with a normal 
distribution, the results were expressed as the mean ± SD or 
the mean ± SEM. For continuous variables with a normal 
distribution, an unpaired Student's t‑test was used to compare 
between two groups. For comparison of multiple groups, 
ANOVA was applied. In the case of significant results obtained 
by ANOVA, Bonferroni's post hoc test was employed as a 

multiple‑comparisons test with 0.05 as the significance level. 
The Hardy‑Weinberg equilibrium for each SNP genotype was 
determined by the chi‑square test. The relationship between 
SNPs and the susceptibility to GDM was calculated by multi‑
variate logistic regression analysis with the odds ratio (OR) 
and 95% CI. All statistical tests were bilateral and P<0.05 was 
considered to indicate statistical significance.

Results

Patient characteristics. The clinical characteristics of patients 
with GDM and the control group are presented in Table I. 
No difference was obtained in age and gender distribution. 
After fasting and in the OGTT, blood glucose, HbA1C and 
triglycerides of patients with GDM were higher than those in 
the control group (P<0.001). The HDL cholesterol level in the 
GDM group was significantly lower than that in the control 
group (P<0.05). Sufficient physical activity during pregnancy 
was associated with a significantly reduced incidence of GDM.

Although the original rationale of the present study was 
focused on genetics, according to a recent report the food intake 
was also associated with GDM (29). Differences in food intake 
between pregnant females with and without GDM, including 
cereals, vegetables, fruit, dairy products and sweet beverages, 
were also analyzed. Furthermore, ORs and respective 95% 
CIs of developing GDM between the two categories of food 
consumption were calculated, i.e. ‘once a day or more’ vs. ‘less 
than once a day’. Regarding daily consumption, females with 
GDM exhibited a significantly more frequent daily intake of 
dairy products and sweet beverages (Table SI).

miR SNPs in the 3'‑UTR of the PTPRD gene and genotype 
and allele analysis. As presented in Table II, 17 SNPs were 

Table I. Frequency distributions of selected variables in patients with GDM and healthy controls.

Variables GDM (n=500) Control (n=600) P‑value

Age (years) 32±4 32±3 0.320000
Pregestational BMI (kg/m2) 21.55±1.84 21.61±1.92 0.410000
Fasting plasma glucosea (mmol/l) 5.02±0.78 4.67±0.12 0.000280
OGTT (mmol/l)
  0 h 5.04±0.89 4.50±0.11 0.000350
  1 h 10.66±1.25 8.01±0.84 0.000410
  2 h 8.99±2.11 7.02±0.34 0.000521
Physical activity (number)   0.000010
  0‑150 min per week 341 201
  ≥150 min per week 159 399
Glycosylated hemoglobin (%) 5.8±0.22 4.7±0.12 0.000320
Cholesterol (mmol/l) 6.09±0.45 6.08±0.33 0.440000
Triglyceride (mmol/l) 2.55±0.98 2.45±0.63 0.420000
HDL cholesterol (mmol/l) 1.97±0.11 2.01±0.21 0.220000
LDL cholesterol (mmol/l) 3.01±0.24 3.07±0.28 0.290000

aFasting plasma glucose in the first trimester. A two‑sided Student's t‑test was used for either genotype distributions or allele frequencies 
between cases and controls, while for physical activity, the chi‑square test was used. GDM, gestational diabetes mellitus; BMI, body mass 
index; H/LDL, high/low‑density lipoprotein; OGTT, oral glucose tolerance test.
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predicted that may be bound by candidate miRNAs. Further 
genotyping was performed to identify the 17 SNP alleles.

First, the influence of the 17 candidate recognition SNPs on 
GDM susceptibility in cases vs. control subjects was explored. 
The results suggested that GDM was only associated with SNP 
rs56407701. As presented in Tables III and SII, chi‑square 
statistical analysis indicated that the rs56407701 genotype 
exhibited a Hardy‑Weinberg equilibrium pattern in healthy 
controls (P=0.22). Logistic regression analysis revealed that 
the susceptibility of the GC and CC genotypes to GDM was 
significantly higher than that of the GG genotype (OR=1.09, 
95% CI, 1.02‑1.72; OR=3.93, 95% CI, 1.11‑3.94, respectively). 
All ORs were adjusted for fasting plasma glucose, OGTT, 
physical activity and glycosylated hemoglobin.

miR‑450a binds to the 3'UTR of PTPRD with the C allele. 
The potential binding site of miR‑450a in the 3'UTR of 
PTPRD predicted by the bioinformatics analysis is presented 
in Fig. 1A. According to this, in patients with the CC genotype, 

the binding ability was comparatively greater than in the other 
subjects with more binding sites. It was hypothesized that 
the expression of PTPRD may be regulated by miR‑450a, 
which may be impacted by the SNP rs56407701. To confirm 
this, the expression of PTPRD mRNA expression in the 
placenta samples of the GDM patients mentioned above was 
further investigated. As presented in Fig. 1B, patients with 
GDM of the CC genotype had suppressed expression of 
PTPRD mRNA compared with those of the GC and GG 
genotype. Next, vectors including the allele‑specific binding 
sequences were constructed and then co‑transfected with 
miR‑450a or the respective controls into the 293T cell line. As 
presented in Fig. 1C, the luciferase reporter assay confirmed 
that miR‑450a was able to bind with the 3'UTR of PTPRD 
with the CC genotype of the rs56407701 SNP resulting in 
the suppression of luciferase activity, which indicated that 
PTPRD expression was suppressed. However, the binding 
ability was abolished with the GG genotype of the rs56407701 
SNP (wild‑type).

Table II. SNPs located in the 3'‑UTR of the protein tyrosine phosphatase receptor type D gene and the predicted miRNAs.

SNP Chromosome 3'‑UTR position Associated miRNA Allele

rs62536166 9 3007‑3030 miR‑148a/148b/152/153 A/C
rs77547574 9 2348‑2371 miR‑515/1283 C/A
rs73428138 9 761‑782 miR‑548/1323 C/T
rs117224071 9 1419‑1441 miR‑802  A/G
rs77185985 9 2682‑2703 miR‑759/2673 T/G
rs114870484 9 2290‑2312 miR‑942/3182 C/G
rs73428138 9 760‑782 miR‑548e/f/o/t/3609 C/T
rs10976945 9 1020‑1037 miR‑4311/3688/31 A/C
rs1064270 9 444‑464 miR‑3679/4313 C/T
rs56407701 9 3073‑3095 miR‑450a G/C
rs116361362 9 435‑454 miR‑409 A/G
rs75115513 9 821‑842 miR‑1321/548o A/T
rs117795823 9 1676‑1695 miR‑670 C/T
rs74775961 9 2596‑2617 miR‑1298 A/G
rs28554480 9 1157‑1173 miR‑3201 A/G
rs11542527 9 1576‑1597 miR‑3606 A/G
rs79554842 9 819‑842 miR‑3613 A/C

Chr, chromosome; UTR, untranslated region; miRNA/miR, microRNA; SNP, single nucleotide polymorphism.

Table III. Genotype frequencies of the protein tyrosine phosphatase receptor type D rs56407701 polymorphism among GDM 
cases and controls.

Genotype GDM (n=500) Controls (n=600) OR (95% CI)a P‑valuea

GG 411 (82.2) 522 (87.0) 1.00
GC 54 (10.8) 63 (10.5) 1.09 (1.02‑1.72) 0.040
CC 35 (7.0) 15 (2.5) 3.93 (1.11‑3.94) 0.002
C carrier 89 (17.8) 78 (13.0) 1.58 (1.12‑1.63) 0.027

aORs, 95% CIs and P‑value were calculated after adjusting for fasting plasma glucose, OGTT, physical activity and glycosylated hemoglobin. 
P‑values are presented vs. GG only. OR, odds ratio; GDM, gestational diabetes mellitus.
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Since it is widely known that HbA1c is closely associated 
with GDM (30), information regarding the plasma levels of 
HbA1c as well as the fasting plasma glucose levels of the 
patients was collected. These values were compared between 
patients with different genotypes of the rs56407701 SNP of 
PTPRD. As presented in Fig. 1D and E, GDM patients with the 
C allele exhibited higher HbA1c and fasting plasma glucose 
levels compared with both GG and GC groups.

Discussion

GDM is a complex disease caused by the combination of 
genetic factors and environmental exposure (31). miR‑binding 
SNPs may serve as novel targets or destroy existing recogni‑
tion sites, promoting disease susceptibility and important 
disease characteristics, particularly in cancer and human 
GDM (32). In the present study, the relationship between miR 
SNPs in the 3'‑UTR of PTPRD and GDM susceptibility was 
investigated. It was observed that PTPRD rs56407701 was 
significantly associated with increased susceptibility and the 
SNP was located at the binding site of miR‑450, interfering 
with the inhibition of PTPRD expression by miR‑450, which 
had an important role in the occurrence and development of 
GDM.

To date, no direct evidence has been provided to support 
the role of miR‑450a in GDM. Abnormal miRNA expression 

is associated with a variety of diseases. Research has iden‑
tified the potential function of miR‑450a in human disease. 
Upregulated miR‑450a eliminated methylglyoxal‑induced 
insulin resistance via targeting cyclic AMP response element 
binding protein and may therefore be used as a potential 
target to improve insulin resistance and treat patients with 
diabetes‑associated diseases (33). Furthermore, after gluta‑
mine discontinuation, miR‑450a overexpression decreased 
the mitochondrial membrane potential but increased glucose 
uptake and cell viability, which are characteristic of less 
invasive cancer cells. In summary, by regulating glutamine 
decomposition‑associated targets, miR‑450a may reduce the 
production of lipids, amino acids and nucleic acids and finally 
influence in the development of diabetes (34).

PTPs are signaling molecules that regulate a variety of 
cellular processes, including differentiation, cell prolif‑
eration, mitotic cycle and oncogenic transformation (35). 
PTPRD, which is associated with T2D and involved in the 
insulin signaling pathway, was first reported in a GWAS a 
Chinese Han population (36). Tsai et al (36) indicated that the 
PTPRD gene was related to T2D susceptibility in a Chinese 
Han population. Subsequently, Below et al (37) performed 
another GWAS with 837 T2D cases and 436 normogly‑
cemic controls, followed by a meta‑analysis, revealing such 
an association with another SNP, rs649891, in PTPRD in 
Mexican‑Americans (17,36). In a replication study, the 

Figure 1. The miR‑450a binding site is abolished by a single nucleotide polymorphism located in the 3'UTR of PTPRD. (A) The potential binding site of 
miR‑450a in the 3'UTR of PTPRD, with G‑allele distribution at the top and C‑allele distribution at the bottom. (B) Relative expression levels of PTPRD in 
the GG, GC and CC genotypes were detected by reverse transcription‑quantitative PCR in placental tissues. (C) Relative luciferase activity obtained with the 
pMIR‑REPORT expression vector containing the GG genotype or CC genotype PTPRD 3'UTR region and transfected control or miR‑450a. Renilla control 
vector was used as a normalization control and the ratio of Renilla/firefly luciferase activity of cells was calculated. (D) Percentage of HbA1c in GDM patients 
with different genotypes. (E) Fasting plasma glucose in patients with GDM with different genotypes. Values are expressed as the mean ± standard error of the 
mean. *P<0.05 and **P<0.01 vs. all groups. n.s., no significance. UTR, untranslated region; HbA1c, glycated hemoglobin; GDM, gestational diabetes mellitus; 
miR, microRNA; PTPRD, protein tyrosine phosphatase receptor type D.
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PTPRD genetic variant was suggested to be associated with 
progression to diabetes in Han Chinese, most likely through 
increased insulin resistance. Recently, Chen et al reported 
that the levels of PTPRD were significantly decreased in 
patients with T2D and that this protein is involved in the 
insulin signaling pathway. Chen et al (16) revealed that the 
rs10511544, rs10756026 and rs10809070 SNPs in PTPRD 
may contribute to a decreased susceptibility to GDM in 
Han Chinese subjects. The SNP rs17584499 located in 
PTPRD was reported to interact with the therapeutic effi‑
cacy of pioglitazone (38). In the present study, the role of 
the PTPRD rs56407701 polymorphism in human GDM 
was first investigated and the inhibition of PTPRD in 
human GDM by miR‑binding of an SNP was first reported. 
PTPRD mRNA levels were also suppressed in patients with 
GDM. These results were similar to those of patients with 
T2D (16). Furthermore, PTPRD was reported to be involved 
in the insulin signaling pathway: STAT3, a well‑known 
oncoprotein, was inactivated by PTPRD activation and 
STAT3 was overexpressed while PTPRD was inhibited (39).

The abnormal distribution of PTPRD polymorphisms in 
GDM in the present study suggested a strong relationship with 
the occurrence of GDM. GDM patients with The C allele had 
a higher risk of developing GDM in the presence of hypergly‑
cemic factors than those with the G allele. In addition, patients 
who had taken in too much protein (above the recommended 
daily intake) and high‑carbohydrate food during pregnancy 
have an elevated risk of developing GDM (40).

Analysis of the allele distribution of rs56407701 in the 
population of the present study suggested a higher frequency 
of homozygote CC compared with the frequency reported in 
the 1000 Genomes Project (https://www.internationalgenome.
org/). The frequency for homozygote CC controls is 2.5%, 
according to the 1000 Genomes Project. This may be due 
to limitations regarding the sample size of the present study. 
The background of the internal association between these 
biomarkers (PTPRD gene and miR‑450a) and GDM require 
further study.

In conclusion, the present study provided the first evidence 
that the SNP rs56407701 in the 3'‑UTR of PTPRD was associ‑
ated with increased susceptibility to GDM. The function the 
SNP was regulated by miR‑450a, which caused suppression 
of PTPRD expression in patients with the GC and CC geno‑
type. The present study provided evidence that SNPs in this 
miRNA‑binding site may be a novel source of susceptibility 
loci for human GDM.
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