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Abstract: Objective: To investigate the clinical significance of miR-30d-5p and transforming growth factor-3 (TGF-$3)/
Smad2 pathway expression levels in polycystic ovary syndrome (PCOS) patients. Methods: A total of 82 PCOS pa-
tients undergoing their first in vitro fertilization-embryo transfer (IVF-ET) (PCOS group) and 82 non-PCOS patients un-
dergoing their first IVF-ET due to fallopian tube factors (control group) were included in this retrospective study. The
levels of miR-30d-5p, TGF-B1, Smad2, sex hormones, and insulin in follicular fluid exosomes on the day of oocyte
retrieval were compared between the two groups. Correlation analysis was used to analyze the correlation between
these indicators in the PCOS group. ROC curve analysis was performed to predict the clinical value of miR-30d-5p,
TGF-B1, and Smad?2 levels in the PCOS group for low 2PN numbers. Results: There were statistically significant
differences between the groups in miR-30d-5p, estrogen, progesterone, TGF-B1, Smad2, testosterone, and insulin
levels (all P<0.05). In the PCOS group, miR-30d-5p was negatively correlated with testosterone and insulin levels,
and positively correlated with estrogen and progesterone levels; TGF-31 and Smad2 were positively correlated with
testosterone and insulin levels, and negatively correlated with estrogen and progesterone levels (all P<0.05). miR-
30d-5p, TGF-B1, and Smad2, alone or in combination, had an AUC >0.7 in predicting low 2PN numbers in PCOS
patients. Conclusion: The miR-30d-5p and TGF-3/Smad2 pathways are closely related to ovarian sex hormone and

insulin levels in patients with PCOS and may participate in the development and progression of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the
most common endocrine and metabolic disor-
ders in women of reproductive age, with a glob-
al prevalence of approximately 5%-20%. Its
clinical manifestations are highly heteroge-
neous, including ovulation disorders, hyperan-
drogenemia, and polycystic ovarian changes
[1-3]. PCOS not only leads to female infertility
but also poses a serious threat to the long-term
physical and mental health and quality of life of
patients [4]. Although the etiology and patho-
genesis of PCOS are not fully understood, cur-
rent evidence suggests that PCOS is a complex
disease involving multiple systemic disorders,
including the hypothalamic-pituitary-ovarian ax-
is, insulin signaling pathway, adrenal function,

and adipokines network, under the combined
influence of genetic susceptibility and environ-
mental factors [5-7].

In the local microenvironment of the ovary, fol-
licular fluid, as the direct intrinsic environment
for follicular growth and development, directly
reflects the metabolic and endocrine status of
follicles and affects oocyte quality, fertilization
potential, and early embryonic development [8].
Studies have shown that there are significant
hormonal imbalances and metabolic abnormal-
ities in the follicular fluid of PCOS patients,
including elevated androgen levels, increased
insulin concentrations, and an imbalance in the
estrogen/progesterone ratio [9]. These chang-
es are closely related to follicular development
arrest, ovulation disorders, and adverse preg-
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nancy outcomes. Therefore, in-depth explora-
tion of the molecular regulatory mechanisms of
the local ovarian microenvironment in PCOS is
of great clinical significance for revealing the
nature of the disease and improving assisted
reproductive outcomes. In recent years, micro-
RNAs (miRNAs), as a class of non-coding single-
stranded RNA molecules with a length of about
18-25 nucleotides, regulate gene expression at
the posttranscriptional level and are widely
involved in physiologic and pathologic process-
es such as cell proliferation, differentiation, ap-
optosis, and hormone secretion [10]. Various
miRNAs are abnormally expressed in the ser-
um, ovarian tissue, and follicular fluid of PCOS
patients, suggesting that they may participate
in the occurrence and development of PCOS by
regulating key signaling pathways [11]. Among
them, microRNA-30d-5p (miR-30d-5p) plays an
important role in various metabolic diseases
and tumor processes and is related to insulin
sensitivity, adipocyte differentiation, and in-
flammatory response regulation [12]. Previous
studies have confirmed that the level of miR-
30d-5p in the peripheral blood of PCOS patien-
ts is significantly higher than that in normal
individuals, and it can serve as a biomarker for
the early diagnosis of PCOS [13]. However, the
expression characteristics of miR-30d-5p in
the local microenvironment of the ovary in
PCOS and its relationship with hormone secre-
tion disorders remain to be clarified. Transfor-
ming growth factor-B (TGF-B) superfamily sig-
naling pathways play multiple regulatory roles
in ovarian physiologic processes. The TGF-/
Smad signaling pathway is its classic transduc-
tion pathway, in which TGF-B1 binds to cell sur-
face receptors, phosphorylates and activates
downstream Smad2/3 proteins, and then en-
ters the cell nucleus to regulate the transcrip-
tion of target genes. Studies have found that
abnormalities in the TGF-B/Smad pathway may
be related to abnormal follicular development,
fibrosis tendency, and hormone synthesis dis-
orders in PCOS patients [14]. Previous in vitro
studies have confirmed that miR-30d-5p can
regulate the TGF-B/Smad2 pathway and thus
participate in the development of ovarian gran-
ulosa cells [15]. Based on this, this study ana-
lyzed the expression characteristics of miR-
30d-5p and TGF-B/Smad2 pathways in the fol-
licular microenvironment of PCOS and evaluat-
ed the potential clinical value of the above indi-
cators for the diagnosis of PCOS and the pre-
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diction of 2 pronucleus (2PN) fertilization out-
come, aiming to provide experimental evidence
for exploring the pathogenesis of PCOS and
finding new therapeutic targets.

Materials and methods
Study participants

This retrospective study included PCOS patien-
ts who underwent in vitro fertilization-embryo
transfer (IVF-ET) for the first time at the Re-
productive Medicine Center of the First Affili-
ated Hospital of Yunnan University of Chinese
Medicine (PCOS group) between January 2021
and June 2023, and 82 non-PCOS patients who
underwent IVF-ET for the first time due to tubal
factors (control group). This study was approv-
ed by the Ethics Committee of the First Affiliat-
ed Hospital of Yunnan University of Chinese
Medicine.

Inclusion and exclusion criteria

PCOS group: Inclusion criteria: Diagnosis met
the 2003 Rotterdam criteria, i.e., the presence
of at least two of the following three criteria: (1)
Infrequent ovulation and/or anovulation; (2)
Clinical and/or biochemical hyperandrogenism;
(3) Ultrasound findings indicating polycystic
ovarian changes (=12 follicles with a diameter
of 2-9 mm in one or both ovaries, and/or ovari-
an volume >10 mL). Exclusion criteria included
congenital adrenal hyperplasia, Cushing’s syn-
drome, and androgen-secreting tumors.

Control group: Inclusion criteria: (1) Patients
undergoing IVF-ET for the first time with infertil-
ity due to tubal factors (tubal obstruction or
hydrosalpinx); (2) Regular menstrual cycles (25-
35 days), normal endocrine hormone levels,
and no clinical manifestations or biochemical
evidence of hyperandrogenism; (3) No polycys-
tic ovarian changes on ultrasound examina-
tion.

Exclusion criteria: (1) Comorbid endometriosis,
uterine fibroids (diameter >4 cm or affecting
uterine cavity morphology), or adenomyosis; (2)
Other endocrine disorders such as thyroid dys-
function or hyperprolactinemia; (3) Comorbid
diabetes mellitus, severe hepatic or renal dys-
function, autoimmune diseases, or hematologi-
cal disorders; (4) History of ovarian surgery; (5)
Chromosomal abnormalities in either spouse;
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(6) Severe oligoasthenospermia, asthenosper-
mia, or teratospermia due to male factors.

Ovulation induction protocol

All subjects underwent mid-luteal controlled
ovarian hyperstimulation. In the mid-luteal ph-
ase of the previous menstrual cycle (approxi-
mately 7 days after ovulation), daily subcutane-
ous injections of 0.05-0.1 mg of gonadotropin-
releasing hormone agonist (leuprolide acetate
sustained-release microspheres for injection,
Beijing Bornte Pharmaceutical Co., Ltd., Na-
tional Drug Approval Number: H20093809)
were initiated for pituitary downregulation. Af-
ter 10-14 days, once downregulation criteria
were met (serum estradiol <50 pg/mL, proges-
terone <1.5 ng/mL, endometrial thickness <5
mm, no follicles with a diameter >10 mm), exog-
enous gonadotropins (Gn) were administered
to initiate ovulation induction. The initial dose
of Gn was individualized based on the patient’s
age, weight, baseline antral follicle count, and
anti-Mullerian hormone levels, generally 150-
300 IU/day. The Gn dosage was adjusted by
monitoring follicular growth and serum hor-
mone levels via transvaginal ultrasound. When
at least one dominant follicle has an average
diameter >18 mm or two follicles have a diam-
eter 217 mm, 5,000-10,000 IU of human chori-
onic gonadotropin is injected subcutaneously
that evening, followed by oocyte retrieval under
transvaginal ultrasound guidance 34-36 hours
later.

Follicular fluid collection

On the day of oocyte retrieval, follicular fluid
was aspirated from dominant follicles with a
diameter >16 mm using a sterile, heparin-free
retrieval needle. Follicular fluid from all retrieved
oocytes of the same patient was pooled into a
sterile centrifuge tube. Within 30 minutes, the
samples were centrifuged at 2,000xg for 15
minutes at 4°C to remove cellular debris and
red blood cells. The supernatant was carefully
collected, aliquoted into cryogenic tubes, and
stored at -80°C for subsequent analyses.

Observation indicators

Clinical data collection: The following data were
collected for all study subjects: age, period of
infertility, body mass index (BMI), baseline
antral follicle count (AFC), daily Gn dose, num-
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ber of days of Gn use, basal hormones [lutein-
izing hormone (LH), estradiol (E2), follicle-stim-
ulating hormone (FSH), progesterone (P), tes-
tosterone (T), anti-Mullerian hormone (AMH)],
number of retrieved oocytes, number of Ml
oocytes, number of 2PN embryos, number of
usable embryos on day 3, and number of high-
quality embryos on day 3.

Detection of miR-30d-5p in follicular fluid exo-
somes: Follicular fluid exosomes were extract-
ed using the ExoQuick Exosome Extraction Kit
(SBI, USA, catalog number: EXOQ5A-1). RNA
was extracted using an RNA extraction kit
(QIAGEN, Germany, catalog number: 217084).
The relative expression level of miR-30d-5p
was detected using RT-PCR (SYBR RT-PCR Kkit,
QIAGEN, Germany, catalog number: 204245)
on an Agilent PCR instrument. The reaction
system was: 95°C pre-denaturation for 30 s,
95°C for 5's, 62°C for 30 s, for 35 cycles. The
2-AACt method was used to determine the
relative expression levels of LncRNAs BLACAT1
and miR-17-5p in each group. miR-30d-5p
upstream primer: 5-GCCGAGTGTAAACATCCC-
CGAC-3’; downstream primer: 5-CTCAACTGG-
TGTCGTGGA-3'. Internal control U6 upstream
primer: 5-GCCAGCTCCTACATCTCAGC-3’; down-
stream primer: 5-AGCCTGACTTGCTAGTGGATT-
AT-3'. Primers were synthesized by Beijing
Dingguo Biotechnology Co., Ltd., China.

Detection of TGF-f1 and Smad2 levels: The lev-
els of TGF-B1 and Smad2 in follicular fluid were
determined using an MR-96A multifunctional
microplate reader via enzyme-linked immuno-
sorbent assay (ELISA). (Shanghai Enzyme-Link
Biotechnology Co., Ltd.; TGF-B1 kit catalog
number: mIC30466; Smad2 kit catalog num-
ber: ml106249).

Detection of sex hormone and insulin levels in
follicular fluid: The levels of estradiol (E2), pro-
gesterone (P), testosterone (T), and insulin in
follicular fluid were measured using a CL-2600i
fully automated electrochemiluminescence an-
alyzer (Mindray) and matching reagent Kits.

Statistical analysis

Data were processed using SPSS 26.0 soft-
ware. Normally distributed continuous data
were expressed as mean + standard deviation
(X = s) and independent samples t-tests were
used for comparisons between two groups.
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Table 1. Comparison of general data

value of sex hormone and

PCOS group

Control group

insulin levels in the PCOS

Index (n=82) (n=82) t P group in predicting low 2PN.

Age (vear) 30.7844.42  31.04+517 0.346 0.730 Decision curve analysis was

Infertility period (years) ~ 1.71+0.31 1.55+0.42  1.041 0.300 :;iﬁct;’b?l‘i’sui]fe::s Cr'T:r(‘)'gZ:

BMI (kg/m? 22.84+1. 23.09+2.21  0.77 437 .

AFC( v 19 §5+3 :Z 12 3i+2 65 101 7293 <Oo 0301 at different thresholds. A
e e : ) p-value <0.05 was consid-

Gn 191.70+24.49 187.06+31.32 1.057 0.292 ered significant,

Gn usage days 9.22+1.17 8.96+1.02 1.517 0.131

PCOS, polycystic ovary syndrome; Gn, gonadotropins; BMI, body mass index; AFC,

baseline antral follicle count.

Table 2. Comparison of basic hormone levels

Results

Comparison of baseline
characteristics

The results showed no sta-
tistically significant differ-

ences between the two
groups in terms of age,
duration of infertility, BMI,
AFC, daily Gn dosage, and
number of days of Gn use

PCOS grou Control grou

Index (n=§2) P (n=8g2) P P

LH (1U/L) 7.95+1.84 4.01+1.13 16.523 <0.001
E2 (pg/mL) 48.71+6.69 47.58+7.91 0.988 0.325
FSH (1U/L) 5.24+1.07 5.53+1.26 1.589 0.114
P (ug/L) 0.51+0.17 0.45x+0.22 1.954 0.053
T (ug/L) 1.42+0.34 0.75+0.32 12.994 <0.001
AMH (ug/L) 7.73+£1.26 3.76x1.04 22.004 <0.001

(all P>0.05). See Table 1.

PCOS, polycystic ovary syndrome; LH, luteinizing hormone; E2, estradiol; FSH, follicle-
stimulating hormone; P, progesterone; T, testosterone; AMH, anti-Mllerian hormone.

Table 3. Comparison of sex hormone and insulin levels in follicular

fluid between the two groups

Comparison of basal hor-
mone levels

There were no significant
differences in basal E2,

PCOS group

Control group

FSH, and P levels between

Index t P the two groups (P>0.05);
=82 =82
(n=82) (n=82) however, the PCOS group
E2 (pg/mL)  24091.48+339.45 30176.45+445.94 98.391 <0.001 had higher LH, T. and AMH
P (ug/L) 20977.21+498.15 26015.79+514.73 63.696 <0.001 levels comparéd to the con-
T (ug/L) 4.92+1.13 3.86+1.24 5.722 <0.001 trol group (all P<0.05). See
Insulin (U/L) 19.47+3.62 12.45+3.91 11.93 <0.001 Table 2.

PCOS, polycystic ovary syndrome; E2, estradiol; P, progesterone; T, testosterone.

Table 4. Comparison of miR-30d-5p, TGF-B1, and Smad2 levels in

follicular fluid exosomes between the two groups

Comparison of follicular
fluid sex hormone and insu-
lin levels between the two
groups

Compared to the control

group, the PCOS group had
lower E2 and P levels and

PCOS grou Control grou
Index (n=§2) P (n:S%) P P
miR-30d-5p 1.06+0.22 1.95+0.27 23.14 <0.001
TGF-B1 (ng/L) 706.25+81.43 544.17+78.28 12.994  <0.001
Smad2 (ng/L) 78.92+10.17  39.08+10.94 24153  <0.001

higher T and insulin levels in

PCOS, polycystic ovary syndrome.

Counted data were expressed as percentages,
and x2? tests were used. Pearson correlation
analysis was performed for correlation analy-
sis. In the PCOS group, the mean 2PN (6.12)
was used as the cutoff; patients below this
value were considered to have low 2PN. ROC
curve analysis was used to assess the clinical
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follicular fluid (all P<0.05).
See Table 3.

Comparison of miR-30d-5p, TGF-31, and
Smad2 levels in follicular fluid exosomals

Compared to the control group, the PCOS group
had lower levels of miR-30d-5p in follicular fluid
exosomals, while having higher levels of TGF-31
and Smad2 (all P<0.05). See Table 4.
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Table 5. Correlation of miR-30d-5p, TGF-B1, Smad2 with sex hor-

mones and insulin levels in the observation group

women of reproductive age.
One of its core pathophysio-

logic links lies in the abnor-

. Statistical E2 Insulin

Indicator value (pg/mL) Pug/L)  T(ng/L) (U/L) mality of the local microenvi-
miR-30d-5p r 0514  0.494 -0473  -0.445 ronment of the ovary. Folli-
p <0.001  <0.001  0.027 <0.001 cular fluid, as the direct mi-
TGF-BL(ng/L)  r 0493 0476 0484  0.427 croenvironment for oocyte
p 0.013 <0.001  <0.001 0.004 development, has an impor-
' ' ' ' tant window reflecting the
Smad2 (ng/L) ; 'g'g'g: '%'50(())71 0(;405041 g'?ﬁj functional status of the ova-

. <0. <0. :

ry [16]. In recent years, the

E2, estradiol; P, progesterone; T, testosterone.

Correlation of miR-30d-5p, TGF-B1, and
Smad2 with sex hormone and insulin levels in
PCOS group

Correlation analysis revealed that in the PCOS
group, miR-30d-5p was negatively correlated
with testosterone and insulin levels, but posi-
tively correlated with E2 and P levels (P<0.05);
TGF-B1 and Smad2 were positively correlated
with testosterone and insulin levels, but nega-
tively correlated with E2 and P (all P<0.05). See
Table 5.

Comparison of ovulation induction cycles

No significant differences were observed
between the two groups in the number of
oocytes retrieved, the number of MIl oocytes,
the number of usable embryos on day 3, and
the number of high-quality embryos on day 3
(all P>0.05). See Table 6.

ROC curve analysis of sex hormone and insulin
levels for predicting low 2PN number in PCOS
group

The results showed that miR-30d-5p, TGF-B1,
and Smad2 alone had an AUC >0.7 for predict-
ing low 2PN numbers in PCOS patients; the
combined detection of all three had an AUC
>0.8 for predicting low 2PN numbers in PCOS
patients. See Table 7 and Figure 1.

Decision curve analysis

The curves showed that the model had the
highest clinical net benefit over a wide range of
threshold probabilities. See Figure 2.

Discussion

Polycistic ovarian syndrome (PCOS) is the most
common endocrine and metabolic disorder in
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interaction between epigen-

etic regulation and classical
signaling pathways has become an important
direction for exploring its pathogenesis. This
study analyzed the expression of miR-30d-5p
and the activity of the TGF-B/Smad2 signaling
pathway in the exosomes of follicular fluid of
PCOS patients, and explored its association
with the imbalance of hormone secretion in fol-
licles and its predictive value for early IVF out-
comes, aiming to provide relevant evidence for
exploring the pathophysiologic mechanism of
PCOS. The TGF-B superfamily signaling pathway
is widely expressed in the ovary and exerts
complex bidirectional regulatory effects on fol-
licle recruitment, growth, dominant selection,
atresia, and steroid hormone production [17].
TGF-B1, as a major member of this family, is
closely related to tissue fibrosis due to its over-
expression [18]. Smad2 serves as a major in-
tracellular signal transduction molecule down-
stream of TGF-B1. After phosphorylation and
nuclear translocation, it can regulate the tran-
scription of a series of target genes [19]. Pre-
vious studies have shown that TGF-B signaling
activity is enhanced in ovarian granulosa cells
of PCOS patients, which may inhibit the selec-
tion and ovulation of dominant follicles by inhib-
iting granulosa cell proliferation, promoting
premature luteinization or extracellular matrix
deposition [14, 20]. The results of this study
showed that the protein levels of TGF-B1 and
its downstream signal transduction molecule
Smad2 in the follicular fluid of PCOS patients
were significantly increased, and the levels of
TGF-B1 and Smad2 were positively correlated
with hyperandrogenism and hyperinsulinism,
and negatively correlated with hypoestrogen-
ism, suggesting that overactivation of this path-
way may be involved in the pathologic remodel-
ing of ovarian structure. The possible mecha-
nisms are as follows: on the one hand, TGF-f1
can promote the proliferation of theca cells and
upregulate the activity of androgen synthesis
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Table 6. Comparison of ovulation induction cycles

Index PCOS group (n=82)  Control group (n=82) t P

Number of retrieved oocytes 12.53+4.45 11.49+4.02 1.57 0.118
MIl number of oocytes 11.26+4.49 9.91+4.52 1.919 0.057
2PN number 6.12+2.27 7.3912.08 3.735 <0.001
Number of available embryos on day 3 5.32+2.47 4.86+£1.94 1.326 0.187
Number of high-quality embryos on day 3 3.12+1.43 2.77+1.25 1.669 0.097

2PN, 2 pronucleus; PCOS, polycystic ovary syndrome.

Table 7. Results of the ROC curve for predicting low 2PN numbers of sex hormones and insulin levels
in the PCOS group

Indicator Optimal cutoff value AUC (95% ClI) P Sensitivity Specificity Youden Index
miR-30d-5p 1.065 0.740 (0.627,0.853) <0.001  0.615 0.833 0.448
TGF-B1 (ng/L) 686.30 0.792 (0.686, 0.897) <0.001  0.900 0.654 0.554
Smad2 (ng/L) 81.84 0.788 (0.688, 0.887) <0.001  0.733 0.808 0.541
Joint factor 0.834 (0.749, 0.919) <0.001  0.900 0.673 0.573

100

80
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-E:‘ 60_
=
:'a‘
& 40
()]
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Figure 1. ROC curve graph.

rate-limiting enzymes such as CYP17A1, lead-
ing to excessive androgen production; on the
other hand, excessively strong TGF-3 signaling
may inhibit granulosa cell differentiation, down-
regulate aromatase expression and FSH sensi-
tivity, thereby hindering the conversion of an-
drogens to estrogens; in addition, the TGF-B
pathway interacts with the insulin-like growth
factor system, which may jointly exacerbate
insulin resistance in theca cells, amplify the
stimulatory effect of insulin on androgen syn-
thesis, and form a vicious cycle. Based on this,
the results of this study showed that the levels
of TGF-B1 and its downstream signaling mole-
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—— Joint factor
— PCT

— WBC

cule Smad2 protein in the follicu-
lar fluid of PCOS patients were

significantly increased and close-
—— 25.(OH)D3 ly relz_ated _to h_yperandrogemsm,
hyperinsulinemia and hypoestre-

mia. Overactivation of this path-
way may participate in the patho-
logical remodeling of ovarian tis-
sue through multiple mechanis-
ms such as promoting androgen
synthesis, inhibiting granulosa
cell differentiation and exacer-
bating insulin resistance. Micro-
RNAs can be transmitted be-
tween cells through vesicles
such as exosomes, thereby regu-
lating gene expression in target
cells [21, 22]. The miRNA profile
in follicular fluid exosomes is con-
sidered an important biomarker
reflecting the state of oocytes and surrounding
granulosa/thecal cells. miR-30d-5p is a mem-
ber of the miR-30 family, and previous studies
have suggested that it plays an important role
in regulating insulin sensitivity, lipid metabo-
lism, and inflammatory response [23, 24].
PCOS is generally associated with insulin resis-
tance and chronic low-grade inflammation. The
results of this study found that the relative
expression level of miR-30d-5p in follicular fluid
exosomes of the PCOS group was significantly
lower than that of the control group with fallo-
pian tube factors. Furthermore, miR-30d-5p in
the PCOS group was negatively correlated with
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ROC curve analysis revealed that
the AUC for miR-30d-5p, TGF-B1,
and Smad2 in follicular fluid al-
one in predicting low 2PN num-
bers in PCOS patients was >0.70,
while the combined AUC was
>0.8. This indicates heterogene-
ity in the molecular pathology of
the follicular microenvironment
among patients clinically diag-
nosed with PCOS, directly affect-
ing oocyte fertilization capacity.
This further suggests that oocyte

0 0.2 0.4 0.6
Threshold Value

Figure 2. Decision curve analysis chart.

testosterone and insulin levels, but positively
correlated with estrogen and progesterone lev-
els. This suggests that the decreased expres-
sion of miR-30d-5p may be closely related to
the pathologic environment of high androgen,
high insulin, and low estrogen in the follicles of
PCOS patients. Previous studies have found
that miR-30d-5p can regulate TGF-B1 expres-
sion, thereby inducing apoptosis in lung cancer
cells [15]. Other studies have confirmed that
Smad2 is a direct and functional target of miR-
30d-5p [25]. Therefore, this study proposes
that downregulation of miR-30d-5p may relieve
the inhibition of pathways such as TGF-B/
Smad2, thereby participating in the pathologic
processes of PCOS ovarian stromal hyperplasia
and theca cell hyperfunction. However, this
study did not further confirm this hypothesis
through experiments such as dual-luciferase
reporter gene assay, so further research is
needed to confirm this hypothesis.

The 2PN number reflects the number of nor-
mally fertilized oocytes and is a key indicator
for assessing the early outcome of an IVF cycle
[26, 27]. In this study, the 2PN number in the
PCOS group was significantly lower than that in
the control group, indicating that the fertiliza-
tion capacity of oocytes in PCOS patients may
be impaired to some extent. In addition, there
were no significant differences in clinical out-
come indicators such as the number of oocytes
retrieved, the number of MIl oocytes, and the
number of usable embryos between the groups,
which may be related to factors such as sample
size and the choice of stimulation protocol.
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1 fertilization capacity may be im-
paired in PCOS patients. The lev-
els of miR-30d-5p, TGF-B1, and
Smad2 in follicular fluid can all
individually predict low fertiliza-

tion rates in PCOS patients, with combined

detection showing even better predictive power.

Detecting these factors can aid in accurate risk

stratification and clinical decision-making for

PCOS patients during IVF treatment.

In summary, the exosomes of follicular fluid in
PCOS patients showed downregulated expres-
sion of miR-30d-5p and overactivation of the
TGF-B1/Smad2 signaling pathway, both closely
related to the disordered microenvironment of
high androgen, high insulin, and low estrogen/
progesterone levels within the follicle. This sug-
gests that the miR-30d-5p/TGF-B/Smad2 axis
may be involved in the development and pro-
gression of PCOS. Furthermore, these indica-
tors show good predictive potential for normal
fertilization outcomes in IVF cycles of PCOS
patients, and are expected to become one of
the biomarkers for assessing oocyte quality.

However, this study also has several limita-
tions. This is a cross-sectional observational
study, and the causal regulatory relationship
between miR-30d-5p and TGF-B/Smad2 can-
not be clearly defined. Furthermore, follicular
fluid is a mixture of various cellular secretions,
requiring further separation of granulosa cells,
theca cells, and stroma, for cell-specific analy-
sis. Therefore, further research is needed in in
vitro granulosa cell models and PCOS animal
models to verify the targeted regulatory effect
of miR-30d-5p on the TGF-B/Smad2 pathway
through gain-of-function and loss-of-function
experiments, and to further explore the effects
of intervention on this regulatory axis on the

Am J Transl Res 2026;18(4):3331-3339
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improvement of follicular microenvironment
and reproductive outcomes, thereby providing
new theoretical basis for the etiological
research and targeted therapy of PCOS.
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