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Introduction

Gestational diabetes mellitus (GDM) is a very common 
clinical complication of abnormal glucose metabolism du-
ring pregnancy. The disease can cause adverse pregnancy 
outcomes such as miscarriage, fetal growth restriction, 
neonatal respiratory distress syndrome, and eclampsia (1). 
In recent years, studies have confirmed that the incidence 
of GDM in China is increasing year by year, with an in-
cidence of about 11.9%, which has seriously threatened 
the life and health of mothers and babies (2). The clinical 
treatment methods for GDM are mainly oral hypoglyce-
mic drugs, diet control, and strengthening exercise, etc., 
but the treatment effect is not very satisfactory (3). The 
placenta is an important channel for the exchange of nu-
trients between the mother and the fetus during pregnancy. 
Trophoblasts are an important part of the placenta. The in-
vasion and adhesion of trophoblastic cells in the endome-
trium are important prerequisites for placenta formation 
(4). Studies have confirmed that abnormal placental func-
tion is closely related to GDM-related adverse pregnancy 
outcomes (5, 6). Therefore, the normal biological function 
of trophoblast cells in the placenta is of great significance 
to the development of the placenta.

More and more studies have confirmed that non-coding 

ribose nucleic acids (RNAs) play an important role in the 
regulation of trophoblast function and are closely related 
to GDM (7, 8). Circular RNAs (circRNAs) are a special 
class of non-coding RNA molecules, which have a closed-
loop structure and are not affected by RNA exonuclease. 
Compared with other non-coding RNAs, its expression is 
more stable and not easily degraded. Recent studies have 
shown that circRNAs have miRNA binding sites and play 
the role of miRNA adsorption sponges, thereby releasing 
the inhibitory effect of miRNAs on their target genes and 
increasing the expression level of target genes. The abnor-
mal expression of circRNA is also involved in the patholo-
gical state of some diseases (9). Altesha et al. (10) sorted 
out the significance of circRNA occurrence, characteris-
tics, expression profile, and function to the pathology of 
heart-related diseases, such as ischemia-reperfusion inju-
ry, myocardial infarction, and atherosclerosis. Li et al. (11) 
confirmed that circRNA000203 inhibited the expression 
of miR-26b-5p and miR-140-3p, and then upregulated the 
expression of Gata4, exacerbating cardiac hypertrophy. 
Circ polyribonucleotide nucleoside transferase 1 (circ-
PNPT1) is a novel functional circRNA derived from the 
PNPT1 gene. Wu et al. (12) confirmed that circ-PNPT1 
was highly expressed in placental tissue and umbilical 
cord blood of GDM patients. Therefore, it is believed that 
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circ-PNPT1 is involved in regulating the occurrence and 
development of GDM, but the specific mechanism of ac-
tion is still unclear.

In this work, the differences in the expression levels 
of circ-PNPT1, miR-889-3p, and PAK1 in the placental 
tissues of GDM patients were firstly detected. Secondly, 
the high glucose-induced trophoblast cells were used to 
simulate the in vitro GDM model, and the effects of regu-
lating the expression of circ-PNPT1 and miR-889-3p on 
the biological functions of cell proliferation, apoptosis, 
migration, and invasion were analyzed. The objective of 
this work was to provide experimental evidence for un-
derstanding the pathogenesis of GDM and finding its the-
rapeutic targets.

Materials and Methods

Experimental materials
The human trophoblast cell line HTR-8/SVneo was 

purchased from ATCC, USA. RPMI-1640 medium, fetal 
bovine serum, and penicillin-streptomycin dual antibody 
were purchased from Gibco, USA. Lipofectamine 2000, 
Annexin V-FITC/PI apoptosis detection kit, lentiviral 
vector, pGLO vector, and the dual-luciferase reporter 
gene detection kit were purchased from ThermoFisher, 
USA. CCK-8 cell proliferation detection kit, E-cadherin, 
N-cadherin, Vimentin, and PAK1 and GAPDH protein 
primary and secondary antibodies were purchased from 
Abcam, UK. cDNA reverse transcription kit and real-time 
fluorescence quantitative PCR detection kit were pur-
chased from Takara Company in Japan.

Collection of placenta samples
A total of 40 puerperae who underwent routine obste-

tric examination and gave birth in Taizhou First People’s 
Hospital from January 2020 to June 2021 were selected as 
the research subjects, including 20 normal healthy puerpe-
rae (normal group) and 20 GDM puerperae (GDM group). 
Inclusion criteria were set as follows: all singleton births 
and the pregnancy was terminated by cesarean section af-
ter anesthesia; GDM women met the diagnostic criteria es-
tablished by the World Health Organization in 2013; those 
who had never received anticoagulants, glucocorticoids, 
diuretics, and other drug treatments; and those who were 
aware of the content of this trial and signed the informed 
consent. Exclusion criteria were given as follows: prema-
ture birth or multiple pregnancy; pregnant women with 
thyroid disease, gestational hypertension, preeclampsia, 
pregnancy complications, and other medical diseases; and 
those with congenital heart disease or prenatal fever. This 
experiment was approved by the Medical Ethics Commit-
tee of our hospital, and all subjects signed the informed 
consent.

After the placenta of the research subjects was delive-
red, the tissue was collected from the root of the umbi-
lical cord on the central maternal plane of the placenta, 
avoiding blood vessels and calcifications. The tissue was 
washed with 0.9% sodium chloride solution and stored at 
-80°C for later use.

Grouping and transfection
HTR-8/SVneo cells were cultured in RPMI-1640 me-

dium containing 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin in a 5% CO2 and 37°C constant 

temperature incubator. The cells were passaged when 
they adhered to the wall and the confluence reached about 
80%, and they were divided into six groups according to 
the different test methods. Control group: HTR-8/SVneo 
cells cultured in conventional conditions without any other 
treatment. High glucose group (HG group): HTR-8/SVneo 
cells were cultured with 25 mmol/l glucose medium to 
prepare an in vitro gestational diabetes cell model. Silen-
cing circ-PNPT1 group (si-circ-PNPT1 group): the circ-
PTPN1 lentiviral vector was constructed and transfected 
into HTR-8/SVneo cells cultured in a high glucose envi-
ronment. Lentiviral negative control (si-NC): the lentiviral 
negative control vector of circ-PTPN1 was constructed 
and transfected into HTR-8/SVneo cells cultured in a high 
glucose environment. miR-889-3p mimic group (miR-
889-3p group): miR-889-3p mimic was synthesized and 
co-cultured with HTR-8/SVneo cells under high glucose 
environment.  miR-889-3p negative control (miR-NC): 
the miR-889-3p inhibitor negative control was transfected 
into HTR-8/SVneo cells cultured in a high glucose envi-
ronment. The transfection test of HTR-8/SVneo cells was 
performed using Lipofectamine 2000 reagent.

CCK-8 to detect the cell proliferation
HTR-8/SVneo cells were seeded into 96-well plates at 

a concentration of 3 × 103 cells/well, and grouped. Then, 
according to the instructions of the CCK-8 kit, 100 μL 
of medium containing CCK-8 reagent was added to each 
well, and incubated at 37°C for 2 hours. Subsequently, the 
optical density (OD) of each well was detected at a wave-
length of 450 nm by a microplate reader, and the prolifera-
tion activity of the cells was calculated.

Flow cytometry to detect apoptosis
Apoptotic and necrotic HTR-8/SVneo cells were stai-

ned with Annexin V-FITC/PI apoptosis detection kit. 
After transfection, it should be trypsinized and centrifu-
ged, and then resuspended in binding buffer for 10 min. 5 
μL Annexin V-FITC reagent was added and mixed well. 
After that, it can add 5 μL PI staining solution, and incu-
bate in an ice bath for 10 min. The flow cytometer was set 
to the excitation wavelength of 488 nm and the emission 
wavelength of 530 nm to detect cell apoptosis. Annexin 
V can stain early apoptotic cell membranes green, and PI 
can stain late apoptotic or necrotic nuclei red through cell 
membranes.

Scratch test to detect cell migration
The HTR-8/SVneo cells in each group were seeded in 

a 6-well plate at a concentration of 1 × 106 cells/well, and 
a pipette tip can be taken to scratch gently the cells when 
the cell confluence reached about 80%. The separated cells 
were rinsed with phosphate buffer, and the cells were rou-
tinely cultured for 48 h. The scratch width at 0 h and 48 h 
was observed with a microscope. The cell migration rate 
was calculated by cell migration rate = (scratch width 0 
hours - scratch width 48 hours) × 100%, and each experi-
ment was repeated 3 times.

Transwell chamber assay to detect cell invasion
The diluted Matrigel matrigel was spread on the upper 

surface of the bottom membrane of the Transwell chamber 
and incubated until the matrigel was completely confluent. 
Subsequently, the transfected HTR-8/SVneo cells in each 
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and GAPDH were added and incubated overnight at 4°C. 
After the membrane was again rinsed with TBST, diluted 
HRP-labeled IgG secondary antibody was added and incu-
bated at room temperature for 1 hour. The development of 
the target protein band was carried out according to the 
instructions of the electrochemical luminescence (ECL) 
detection kit, and the gray value of the target protein band 
was detected and analyzed under the gel imaging system. 
Using GAPDH as the internal reference gene, the relative 
expression levels of other genes and proteins were calcu-
lated.

Dual-luciferase reporter gene to detect the target rela-
tionship

The relationships between circ-PNPT1 and miR-889-
3p, and between miR-889-3p and PAK1 targets were 
detected using dual-luciferase reporter genes. miR-889-
3p and the non-coding regions of circ-PNPT1 and PAK1 
containing binding sites/mutation sites were amplified 
and cloned into pGLO vector to obtain circ-PNPT1 wild 
type (WT-circ-PNPT1), circ-PNPT1 -PNPT1 mutant 
(MUT-circ-PNPT1), PAK1 wild type (WT-PAK1), and 
PAK1 mutant (MUT-PAK1) vectors. HTR-8/SVneo cells 
in the logarithmic growth phase were taken and seeded 
in 6-well plates. When the cell confluency reached about 
80%, Lipofectamine 2000 reagent was used to perform the 
transient transfections of miR-NC+WT-circ-PNPT1, miR-
889-3p+WT-circ-PNPT1, miR-NC+MUT-circ-PNPT1, 
miR-889-3p+MUT-circ-PNPT1, miR-NC+WT-PAK1, 
miR-889-3p+WT-PAK1, miR-NC+MUT-PAK1, and miR-
889-3p+MUT-PAK1. After 48 hours, the luciferase acti-
vity in each group of cells was detected according to the 
instructions of the dual-luciferase reporter gene detection 
kit.

Statistical methods
Statistical analysis of experimental data was performed 

using SPSS 19.0 statistical software. The experimental 
data were expressed as mean ± standard deviation (mean 
± sd), the independent samples t test was used for compa-
rison between two groups, and the one-way ANOVA pro-
cess was used for comparison between multiple groups, 
when P< 0.05, the difference was considered to be statis-
tically significant.

Results

Detected expression levels of circ-PNPT1, miR-889-3p, 
and PAK1 in the placenta of GDM patients

RT-qPCR detected the differences in the expression 
levels of circ-PNPT1, miR-889-3p, and PAK1 in placen-
tal tissues of normal pregnancy and GDM pregnancy pa-

group were collected, and the cell concentration was ad-
justed to 5 × 10 cells/ml using a serum-free medium. 100 
μL of cell suspension was added to the upper chamber of 
the Transwell chamber, and 600 μL of the conventional 
medium was added to the lower chamber to culture for 48 
hours. The remaining cells in the upper layer were wiped 
off with a sterile cotton swab, washed with PBS, fixed 
with 4% paraformaldehyde for 20 min, and stained with 
0.1% crystal violet staining solution for 10 min. Cells were 
washed with PBS, and the staining of cells in the field of 
view was observed with a microscope, counted, and ave-
raged.

Real-time quantitative polymerase chain reaction (RT-
qPCR)

Placental tissues of patients in the control group and 
GDM group were shredded, and total RNA was extracted 
by the Trizol method and reverse transcribed into cDNA. 
The expression levels of circ-PNPT1, miR-889-3p, and 
PAK1 in tissues were detected according to the instructions 
of the RT-qPCR kit, and U6 or GAPDH was used as the 
internal reference gene. The total RNA of HTR-8/SVneo 
cells in each group was extracted by the Trizol method and 
reversed to cDNA. The expression levels of circ-PNPT1, 
miR-889-3p, and PAK1 were detected according to the 
instructions of the RT-qPCR kit, and U6 or GAPDH was 
used as the internal reference gene. The reaction program 
was set as follows: pre-denaturation at 94°C for 6 min, de-
naturation at 94°C for 30s, and annealing at 60°C for 30s 
(38 cycles). The primer information for quantitative detec-
tion of target genes was shown in Table 1, and the relative 
expression levels of circ-PNPT1, miR-889-3,p and PAK1 
were detected by using the 2-ΔΔCt method.

Western blot detection
The treated cells were taken, and the protein lysis buf-

fer RIPA was added to extract the protein from the HTR-8/
SVneo cells, and the quantitative detection of the protein 
concentration was carried out according to the instruc-
tions of the BCA kit. After the sample protein was mixed 
with the loading buffer, it was boiled and denatured for 5 
min. The separating gel and stacking gel of the correspon-
ding concentration were prepared to perform the sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) electrophoresis. After electrophoresis, the protein 
was transferred to Polyvinylidene Fluoride (PVDF) mem-
brane by wet transfer method, placed in a blocking solu-
tion containing 5% nonfat milk powder, and blocked for 2 
hours at room temperature. After the membrane was rinsed 
with Tris Buffered Saline Tween (TBST), the diluted pri-
mary antibodies E-cadherin, N-cadherin, Vimentin, PAK1, 

Figure 1. Detected expression levels of circ-PNPT1, miR-889-3p, 
and PAK1 in normal and GDM pregnancy placenta. Note: * meant P< 
0.05 compared with normal people.

Gene Primer sequence (5’→3’)

circ-PNPT1 F: AGCATGTTAGGCAATGTTGAT
R: TTTACTGACCGCTGTGACCA

miR-889-3p F: GCGCGTTAATATCGGACAAC
R: AGTGCAGGGTCCGAGGTATT

PAK1 F: GTCCTCTTTGGGTTCGCTGTA
R: CCAGTGACCACAAAACGACTAT

U6 F: AAAGCAAATCATCGGACGACC
R: GTACAACACATTGTTTCCTCGGA

GAPDH F: TGTGGGCATCAATGGATTTGG
R: ACACCATGTATTCCGGGTCAAT

Table 1. RT-qPCR primer information.
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tients, and the results were shown in Figure 1. Compared 
with normal people, the expression levels of circ-PNPT1 
and PAK1 in the placental tissue of GDM patients were 
significantly increased, while the expression level of miR-
889-3p was significantly decreased (P< 0.05).

Detected expression levels of circ-PNPT1, miR-889-3p, 
and PAK1 in trophoblast cells in each group

RT-qPCR detected the differences in the expression 
levels of circ-PNPT1, miR-889-3p, and PAK1 in tropho-
blast cells HTR-8/SVneo in each group, and the results 
were shown in Figure 2. Compared with the control group, 
the expression levels of circ-PNPT1 and PAK1 in the cells 
of the HG group, miR-NC group, and si-NC group were 
significantly increased, while the expression level of miR-
889-3p was significantly decreased (P< 0.05). Compared 
with the HG group, miR-NC group, and si-NC group, the 
expression levels of circ-PNPT1 and PAK1 in the miR-
889-3p group and si-circ-PNPT1 group were significantly 
decreased, while the expression level of miR-889-3p was 
significantly increased (P< 0.05). There was no significant 
difference in the expression levels of circ-PNPT1, miR-
889-3p, and PAK1 in the cells of the HG group, miR-NC 
group, and si-NC group (P> 0.05). There was no signi-
ficant difference in the expression levels of circ-PNPT1, 
miR-889-3p, and PAK1 between the miR-889-3p group 
and the si-circ-PNPT1 group (P> 0.05).

Effects of circ-PTPN1 and miR-889-3p expression on 
the proliferation of trophoblast cells

CCK-8 detected the differences between the prolifera-
tion rates of trophoblast cells HTR-8/SVneo in each group, 
and the results were shown in Figure 3. Compared with 
the control group, the cell proliferation rates in the HG 
group, miR-NC group, and si-NC group were significantly 
decreased (P< 0.05). Compared with the HG group, miR-
NC group, and si-NC group, the cell proliferation rate of 
the miR-889-3p group and the si-circ-PNPT1 group was 
significantly increased (P< 0.05). There was no significant 
difference in cell proliferation rate among the HG group, 
miR-NC group, and si-NC group (P> 0.05). There was no 
significant difference in cell proliferation rate between the 
miR-889-3p group and the si-circ-PNPT1 group (P> 0.05).

Effects of circ-PTPN1 and miR-889-3p expression on 
apoptosis of trophoblast cells

Flow cytometry was used to detect the differences in 
the apoptosis rates of trophoblast HTR-8/SVneo cells in 
each group, and the results were shown in Figure 4. Com-
pared with the control group, the apoptosis rates of the HG 
group, miR-NC group, and si-NC group were significantly 
increased (P< 0.05). Compared with the HG group, miR-
NC group, and si-NC group, the apoptosis rates of the miR-
889-3p group and si-circ-PNPT1 group were significantly 
decreased (P< 0.05). There was no significant difference 
in the apoptosis rate of the HG group, miR-NC group, and 
si-NC group (P> 0.05). There was no significant difference 
in apoptosis rate between the miR-889-3p group and the 
si-circ-PNPT1 group (P> 0.05).

Effects of circ-PTPN1 and miR-889-3p expression on 
the migration and invasion of trophoblast cells

The Transwell chamber test detected the differences in 
the number of trophoblast HTR-8/SVneo migration and 

invasion cells in each group, and the results were shown in 
Figure 5. Compared with the control group, the numbers 
of migrating and invasive transmembrane cells in the HG 
group, miR-NC group, and si-NC group were significantly 
decreased (P< 0.05). Compared with the HG group, miR-
NC group, and si-NC group, the numbers of migrating and 
invasive transmembrane cells in the miR-889-3p group 
and si-circ-PNPT1 group were significantly increased (P< 
0.05). There was no significant difference in the number of 

Figure 2. Detected expression levels of circ-PNPT1, miR-889-3p, 
and PAK1 in trophoblast cells HTR-8/SVneo. Note: a, b, c, and d in 
the figure meant P< 0.05 in contrast to the control group, HG group, 
miR-NC group, and si-NC group, respectively.

Figure 3. Detection of the proliferation rate of trophoblast cells HTR-
8/SVneo. Note: a, b, c, and d in the figure meant P< 0.05 in contrast 
to the control group, HG group, miR-NC group, and si-NC group, 
respectively.

Figure 4. Detection of apoptosis rate of trophoblast cells HTR-8/
SVneo. Note: a, b, c, and d in the figure meant P< 0.05 in contrast 
to the control group, HG group, miR-NC group, and si-NC group, 
respectively.
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migrating and invasive transmembrane cells among the HG 
group, miR-NC group, and si-NC group (P> 0.05). There 
was no significant difference in the number of migrating 
and invasive transmembrane cells between the miR-889-
3p group and the si-circ-PNPT1 group (P> 0.05).

A Scratch test was used to detect the difference between 
the healing of trophoblast HTR-8/SVneo in each group, 
and the results were shown in Figure 6. Compared with 
the Ctrl group, the wound healing of cells in the HG group, 
miR-NC group, and si-NC groups was significantly de-
creased (P< 0.05). Compared with the HG group, miR-NC 
group, and si-NC group, the wound healing of the miR-
889-3p group and si-circ-PNPT1 group was significantly 
increased (P< 0.05). There was no significant difference in 
wound healing among the HG group, miR-NC group, and 
si-NC group (P> 0.05). There was no significant difference 
in wound healing between the miR-889-3p group and the 
si-circ-PNPT1 group (P> 0.05).

Effects of circ-PTPN1 and miR-889-3p expression on 
the expressions of PAK1, E-cadherin, N-cadherin, and 
Vimentin in trophoblast cells

Western blot was adopted to detect the differences in 
the protein expression levels of PAK1, E-cadherin, N-

cadherin, and Vimentin in trophoblast cells HTR-8/SVneo 
in each group. The results were shown in Figure 7. Com-
pared with the control group, the protein expressions of 
PAK1 and E-cadherin in the cells of the HG group, miR-
NC group, and si-NC groups were significantly increased, 
while the protein expressions of N-cadherin and Vimentin 
were significantly decreased (P< 0.05). Compared with 
the HG group, miR-NC group, and si-NC group, the pro-
tein expression levels of PAK1 and E-cadherin in the miR-
889-3p group and the si-circ-PNPT1 group were signifi-
cantly decreased, while the protein expression levels of 
N-cadherin and Vimentin were significantly increased (P< 
0.05). There was no significant difference in the expres-
sion levels of PAK1, E-cadherin, N-cadherin, and Vimen-
tin in the HG group, miR-NC group, and si-NC group (P> 
0.05). There was no significant difference in the protein 
expression levels of PAK1, E-cadherin, N-cadherin, and 
Vimentin between the miR-889-3p group and the si-circ-
PNPT1 group (P> 0.05).

Verification of the targeting relationship of circ-PT-
PN1, miR-889-3p, and PAK1

The binding targets of circ-PTPN1 and miR-889-3p, 
PAK1 and miR-889-3p were predicted, and the targeting 
relationship between the two was detected by the dual lu-
ciferase reporter gene. The results were shown in Figure 8. 
After co-transfection of WT-circ-PNPT1 and miR-889-3p, 
the relative activity of dual-luciferase was significantly de-
creased after co-transfection of WT-PAK1 and miR-889-
3p (P< 0.05).

Discussion

GDM is a disorder of abnormal glucose metabolism 
during pregnancy, which is likely to cause adverse pre-
gnancy outcomes such as fetal growth restriction (13). 
Placental tissue is an important tissue for the exchange of 

Figure 5. Detected the number of trophoblast HTR-8/SVneo migra-
tion and invasion transmembrane cells. Note: a, b, c, and d in the 
figure meant P< 0.05 in contrast to the control group, HG group, miR-
NC group, and si-NC group, respectively.

Figure 6. Scratch healing assay of trophoblast HTR-8/SVneo. Note: 
a, b, c, and d in the figure meant P< 0.05 in contrast to the control 
group, HG group, miR-NC group, and si-NC group, respectively.

Figure 7. Western blot detection of target protein expression level of 
HTR-8/SVneo in trophoblast cells. Note: a, b, c, and d in the figure 
meant P< 0.05 in contrast to the control group, HG group, miR-NC 
group, and si-NC group, respectively.
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nutrients between mother and fetus during pregnancy, and 
trophoblast cells are an important part of placental tissue 
(14, 15). The migration and invasion of trophoblast cells 
are normal physiological phenomena, which can fix the 
placenta and the fetus. At present, a large number of stu-
dies have confirmed that there are abnormal expressions 
of genes in the placental tissue of GDM patients. These 
genes can regulate the function of placental trophoblast 
cells, hinder the normal function of the placenta, and then 
participate in the process of GDM (16, 17). Both circRNA 
and miRNA are non-coding RNA molecules. miRNA can 
target the post-transcriptional level of mRNA to regulate 
its expression level, while circRNA can adsorb miRNA 
and play a role in regulating mRNA expression (18). Cir-
cRNAs and miRNAs are involved in regulating the pro-
gression of GDM and other diseases. Yu et al. (19) showed 
that the expression level of miR-96-5p in the placenta and 
plasma of GDM patients was reduced, and overexpres-
sion of miR-96-5p under high glucose conditions could 
promote the proliferation of trophoblast cells. Chen et al. 
(20) confirmed that the expression of circ0001173 was 
down-regulated in the plasma of GDM patients, while the 
expression of circ0008285 was up-regulated. In addition, 
knocking down the expression of circ0008285 in a high-
glucose environment could inhibit the proliferation, inva-
sion, and migration of HTR-8/SVneo cells. In this work, it 
was found that the expression level of circ-PNPT1 was up-
regulated in placental tissue of GDM patients and in HTR-
8/SVneo cells induced by high glucose. High glucose-in-
duced HTR-8/SVneo cells can inhibit cell proliferation, 
migration, and invasion, and promote apoptosis. Such 
results are consistent with the results of Peng et al. (21) 
and Wu et al. (22). Inhibition of circ-PNPT1 expression 
can reverse the high glucose-induced inhibition of proli-
feration, migration, and invasion of HTR-8/SVneo cells, 
and promote the apoptosis. It indicated that circ-PNPT1 
is involved in the GDM process, and knockdown of circ-
PNPT1 expression could protect the function of GDM tro-
phoblast cells.

There are abnormally expressed miRNAs in the pla-
centa of GDM patients, and miRNAs can also affect the 
normal function of the placenta by regulating the function 
of trophoblast cells (23). Zhao et al. (24) confirmed that 
the expression of miR-221 was down-regulated in the pla-
cental tissue of GDM rats, and it can target and bind to 

PAK1 to regulate the proliferation, apoptosis, and insulin 
secretion of pancreatic β cells. Li et al. (25) showed that 
the expression of miR-96 was down-regulated in the pla-
cental tissue of GDM patients, which can target the collec-
tive PAK1 to regulate insulin secretion and β-cell function. 
The results of this work found that the expression level of 
miR-889-3p was decreased, while the expression of PAK1 
was increased in placental tissue of GDM patients and high 
glucose-induced HTR-8/SVneo cells. Overexpression of 
miR-889-3p also reversed the inhibition of proliferation, 
migration, and invasion of HTR-8/SVneo cells induced by 
high glucose, and the promotion of apoptosis. Therefore, it 
is speculated that miR-889-3p can target the PAK1 gene to 
play a role in the function of trophoblast cells.

E-cadherin is an epithelial marker, while N-cadherin 
and Vimentin are mesenchymal markers (26, 27). The 
expression of E-cadherin protein was increased in HTR-8/
SVneo cells induced by high glucose, while the protein 
expressions of N-cadherin and Vimentin were decreased. 
Inhibiting the expression of circ-PNPT1 or increasing the 
expression of miR-889-3p could reverse the protein ex-
pression changes of E-cadherin, N-cadherin, and Vimen-
tin. These results indicate that circ-PNPT1 and miR-889-
3p can promote the epithelial-mesenchymal transition of 
trophoblast cells, which in turn increases the ability of 
trophoblast cells to migrate and invade. Finally, this work 
verified the target relationship between miR-889-3p and 
circ-PNPT1, miR-889-3p and PAK1 using dual luciferase 
reporter genes. It indicated that circ-PNPT1 could regulate 
the miR-889-3p/PAK1 axis to play a regulatory role in tro-
phoblast cell dysfunction in GDM.

Circ-PNPT1 can target miR-889-3p and then regulate 
the expression of PAK1, play a role in inhibiting the pro-
liferation, migration, and invasion of GDM trophoblast 
cells, and promote the apoptosis of trophoblast cells and 
epithelial-mesenchymal transition. This work only simu-
lated the in vitro model of GDM to analyze the mecha-
nism of circ-PNPT1/miR-889-3p/PAK1 on the biological 
function of trophoblast cells. In the future, GDM animal 
models needed to be prepared for further verification of its 
regulatory function. The results of this work can provide a 
reference for understanding the process of GDM and fin-
ding new therapeutic targets.
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