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Abstract

Objective To study the association between single-nucleotide polymorphism (SNP) of long-chain non-coding RNA steroid
receptor RNA activator (IncRNA SRA1) gene and polycystic ovary syndrome (PCOS) susceptibility.

Methods Sanger sequencing was used to analyze the genotypes of the IncRNA SRA1 gene rs801460, rs10463297, and rs250426
in 315 PCOS patients and 315 control groups.

Results There was no correlation between IncRNA SRAI gene rs801460, rs250426 SNP, and PCOS susceptibility (p > 0.05).
The T allele at the rs10463297 locus of the SRA 1 gene has a lower risk of PCOS than the C allele (OR =0.63, 95%CI: 0.50-0.79,
p<0.01). Among people with a BMI>26.5 kg/m?, when carrying the TC genotype and CC genotype at rs801460, the risk of
PCOS susceptibility was lower than the TT genotype (OR =0.54, 95%CI: 0.33-0.89, p=0.02). At different ages and BMI
stratifications, there was a significant association between rs10463297 SNP and PCOS susceptibility (p < 0.05). Multi-factor
dimensionality reduction (MDR) analysis results showed that age, BMI, rs801460, rs10463297, and rs250426 interactions
constitute a “high-risk combination.” PCOS susceptibility risk was 5.96 times that of a “low-risk combination” (95%CI: 4.14—
8.56, p<0.01). SRAI gene rs801460, rs10463297, rs250426 constructed TCT haplotype was associated with increased risk of
PCOS susceptibility (OR = 1.66, 95%CI: 1.20-2.30, p < 0.01); the CTT haplotype was associated with a decreased risk of PCOS
susceptibility (OR =0.56, 95%CI: 0.36-0.87, p=0.01). LncRNA SRA! gene rs10463297 SNP was correlated with the level of
IncRNA SRAT in the peripheral blood leukocytes (p < 0.01).

Conclusion From this study, we found that the IncRNA SRA1 gene rs10463297 SNP is associated with PCOS susceptibility.

Keywords Polycystic ovary syndrome - Single-nucleotide polymorphism - Steroid receptor RNA activator - Long noncoding
RNA
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during adolescence and childbirth, and potential high-risk
complications after childbirth, affecting the health and quality
of life of patients throughout their lives.
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In recent years, some researchers have suggested that there
is a vicious circle in PCOS patients, that is, androgen excess
can cause the accumulation of visceral fat and lead to obesity;
the latter cause excessive androgen production by the ovaries
and/or adrenal glands directly or indirectly through autocrine,
paracrine, and internal graves or by causing insulin resistance
and hyperinsulinemia [4]. So far, the exact etiology and path-
ophysiology of PCOS are still controversial. Some studies
have found that the candidate genes related to the cause of
PCOS are involved in many aspects such as the process of
sex hormone action, insulin action, and chronic inflammatory
factors [5—7]. However, due to the heterogeneity of genotypes
and phenotypes, no gene has been recognized as a determinant
gene for the onset of PCOS. It can be seen that the abnormal
interaction of multiple genes/multiple regulatory pathways
leads to feedback imbalances and chain reactions that may
cause a high degree of heterogeneity in the clinical manifes-
tations of PCOS. Therefore, further understanding of the mo-
lecular mechanism of the pathogenesis of PCOS will help to
discover new diagnostic methods and treatment strategies.

With the continuous development of detection technology,
whole genome sequencing studies have found that most ge-
nome codes produce IncRNA [8]. IncRNA can regulate gene
expression at epigenetic, transcriptional, and post-
transcriptional levels and plays an important role in the regula-
tion of gene expression during cell and embryo development
and maintenance of body homeostasis [9]. Studies have shown
that many IncRNAs are closely related to the function of steroid
hormone receptors, and the mechanism is likely to be the inter-
active regulation between the expression or activity of IncRNA
and steroid receptor [10]. The research on IncRNA has broad-
ened our understanding of the pathogenesis of various diseases,
but there are few studies on the association between IncRNA
gene polymorphism and PCOS susceptibility.

SRA1 was first discovered by Lanz et al. [11] in 1999, and
it is related to steroid hormone receptor—related pathways.
SRAI, as a “molecular scaffold,” cooperates with various
transcription factors and co-regulators to enhance or inhibit
the expression of genes regulated by steroid hormones [12].
Early research found that IncRNA SRAT1 can enhance the
activation of steroid hormone receptors through riboprotein
complexes, but more studies have found that it is widely in-
volved in the activation and inhibition of many nuclear recep-
tors (such as transcription factors and non-steroidal receptors)
and regulates many physiological processes, such as steroid
receptor signaling pathways, steroid synthesis, adipocyte syn-
thesis, and insulin sensitivity [12]. The above processes are
involved in the pathogenesis of PCOS, which suggests that
IncRNA SRAI1 may play a role in the occurrence and devel-
opment of PCOS.

However, the correlation between the IncRNA SRA1 gene
polymorphism and the occurrence and development of PCOS
are unclear. In this study, we selected three common SNP sites
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(minor allele frequency >0.1) in the IncRNA SRA/ gene to
study and analyze its association with PCOS susceptibility.
Among them, rs801460 and rs10463297 belong to the intron
variant of IncRNA SRA! gene. Yan et al. [13] found that
rs801460 and rs10463297 SNP were significantly associated
with estrogen receptor (ER) positive status. It was suggested
that the IncRNA SRA1 gene polymorphism may be signifi-
cantly related to the occurrence and development of breast
cancer. The rs250426 locus belongs to stop gained. We as-
sume that the functional SNP in the IncRNA SRA/ gene may
be related to PCOS susceptibility.

Based on Haploview 4.1 software, we selected rs801460,
rs10463297, and rs250426 of IncRNA SRA1 gene for re-
search. The purpose of this study was to analyze the relation-
ship between the rs801460, rs10463297, and rs250426 SNPs
of the IncRNA SRA gene and the susceptibility of PCOS to
provide support for the diagnosis and prevention of PCOS in
clinical work.

Materials and methods
Subject

We recruited 315 patients with PCOS from the Seventh
Affiliated Hospital of Sun Yat-sen University between
January 2017 and January 2020. The diagnosis of PCOS pa-
tients refers to the diagnostic standards recommended by the
European Society of Human Reproduction and Embryology
and the American Society of Reproductive Medicine (ESHRE
/ ASRM) in 2003[14]. Two of the following three criteria were
met: (1) menstrual disorders (rare menstruation or amenorrhea,
less than 9 cycles per year); (2) clinical or biochemical
hyperandrogenism; and (3) ultrasound examination shows mul-
tiple ovaries cystic changes (at least 12 follicles of 2-9 mm in
one or both ovaries or a volume greater than 10 ml in one
ovary). Patients with PCOS have 12 or more follicles in each
ovary, a diameter of 2 + 9 mm, and/or increased ovarian volume
(> 10 ml). Exclusion criteria are as follows: (1) patients with
congenital adrenal hyperplasia; (2) patients with Cushing syn-
drome; (3) PCOS subjects with androgen-secreting tumors; (4)
patients with diabetes and glucose intolerance are excluded; (5)
patients with PCOS caused by metabolic disorders; and (6)
cancer patients. We recruited healthy women with normal en-
docrine function and no metabolic diseases as a control group.
The subjects in the control group had a normal menstrual cycle
and normal ovulation without PCOS-related endocrine dys-
function. PCOS patients and controls did not receive hormone
therapy within 3 months before the study.

We obtained the age at menarche (AAM) of PCOS patients
and the control group through face-to-face communication.
The clinical data of the subjects were complete. On the 3rd—
5th day of the menstrual cycle, 5 ml of peripheral blood was
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obtained. After anti-coagulation with ethylenediaminetetra-
acetic acid (EDTA), and centrifugation at 3000 r/min for
15 min, the serum was separated and stored in a refrigerator
at —80 °C. The contents of follicle stimulating hormone
(FSH), luteinizing hormone (LH), total testosterone, prolactin,
thyroid stimulating hormone (TSH), and estradiol (E2) were
measured by radioimmunoassay (RIA), and the coefficient of
variation within and between measurements is controlled
within 10%. All subjects signed an informed consent form,
and the study protocol was approved by the ethics committee
of the Seventh Affiliated Hospital of Sun Yat-sen University.

Genotype analysis

We collected peripheral blood leukocytes and extracted the
genomic DNA using QIAamp DNA Blood Mini Kit 250
(QIAGEN, Germany, Hilden). Using genomic DNA as a tem-
plate, PCR was used to amplify DNA fragments containing the
1rs801460 and rs10463297 and rs250426 locus of the IncRNA
SRA1 gene. The sequence of rs801460 amplification primer is
5’-AGGGCTACTCTCTGAGACAACT-3'(forward primer)
and 5’-GCCTAGCATATTGTCTGGCG-3' (reverse primer).
rs10463297 amplification primer sequences is 5°-
CAGACACCTCGTTACCCAGTC-3 ‘(forward primer) and
5’-GGGCGA ACTAGACAGCAGTG-3' (reverse primer).
The sequence of the amplification primer at rs250426 is 5°-
TCTCCGTCTGTCTCCGAGC-3’ (forward primer) and 5°-
CTGCTTACCAAGAGGGTCGC-3' (reverse primer). The
PCR reaction mixture contained 50 ng genomic DNA, 1 puL
forward primer, 1 pL reverse primer, 1 U/uL Taq DNA poly-
merase, 100 uM dNTP, and 2 mM Mg2+. The PCR reaction
was first performed at 94 °C for 5 min; and then amplified at
98 °C for 10 s, 58 °C for 15 s, and 72 °C for 2 min and 30 cycles
of amplification; and finally extended at 72 °C for 5 min. The
PCR products were sequenced by BioSun Biotechnology Co.,
Ltd. (Hangzhou, China). The sequencing results were com-
pared with the sequences in the dbSNP database (https://
www.ncbi.nlm.nih.gov/snp/), and the SNP locus genotypes
were determined according to the comparison results.

Quantitative real-time PCR (qRT-PCR)

We used TRIzol (Invitrogen, CA, USA) to extract total RNA
from serum leukocytes. Using the extracted RNA as a tem-
plate, reverse transcription PCR was performed to synthesize
cDNA using PrimeScript RT reagent Kit (Takara, Shiga,
Japan) according to the supplier’s instructions. SYBR®
Premix Ex TaqTM II (Takara Bio, Inc., Shiga, Japan) was
used to detect IncRNA SRA1 levels on the Rotor Gene 3000
system (Corbet Research, Sydney, Australia), and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as a control. The sequence of IncRNA SRA1 primers is
5’-CCTGGACGTGTCTCAACTGG-3'(forward primer) and

5’-CCCGGAACTCCACTGTTAGC-3’ (reverse primer).
GAPDH primers is 5’-GGGAAACTGTGGCGTGAT-3'(for-
ward primer) and 5’-GAGTGGGTGTCGCTGTTGA-3' (re-
verse primer). The expression level of IncRNA SRA1 relative
to GAPDH is represented by 2", and 3 accessory wells are
repeated for each sample.

Statistical analysis

In this study, SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. The statistical analysis of the cate-
gorical variable [n(%)] uses the ~ test; continuous variables
(mean + SD) use 7 test or ANOVA. We used x~ test to evaluate
whether the genotype frequencies of rs801460, rs10463297,
and rs250426 of IncRNA SRA[ gene were in Hardy-
Weinberg equilibrium (HWE). Logistic regression was used
to analyze the correlation between rs801460, 1510463297, and
15250426 SNPs of the IncRNA SRA I gene and PCOS suscep-
tibility and calculate the odds ratio (OR) and 95% confidence
interval (CI). Bonferroni’s correction was applied to adjust age,
BMLI, and age at menarche (AAM). Multi-factor dimensionality
reduction (MDR) was used to further evaluate the interaction
between the SRA1 gene rs801460, rs10463297, and rs250426
SNPs with the age and body mass index (BMI). Haploview 4.1
was used to analyze the linkage disequilibrium of SRA/ gene
rs801460, rs10463297, and 15250426 locus. The receiver oper-
ating curve (ROC) was used to evaluate the diagnostic value of
PCOS in IncRNA SRAT1 levels in peripheral blood leukocytes.
All statistical tests are two-sided tests; p < 0.05 indicates that the
difference is statistically significant.

Results
Characteristics of the study population

The clinical characteristics of 315 PCOS patients and 315
control groups are shown in Table 1. The age of PCOS pa-
tients was not significantly different from that of the control
group, but the BMI of PCOS patients was much higher than
that of the control group (p < 0.01). Compared with the control
group, PCOS patients had higher levels of LH, LH/FSH, total
testosterone, TSH, and E, (» <0.01), but there was no statis-
tically significant difference between FSH, prolactin, AAM,
and the control group (p > 0.05).

SRA1 gene polymorphism and PCOS susceptibility

The distribution of genotypes and allele frequencies of SRA1
gene 15801460, rs10463297, and rs250426 in PCOS patients
and controls are shown in Table 2. In the control group,
rs801460 locus, 1510463297 locus, and 15250426 locus geno-
type were in Hardy-Weinberg equilibrium (rs801460 locus
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Table 1 Characteristics of PCOS
cases and non-PCOS controls

p=0.17, rs10463297 locus p=0.18, rs250426 locus p =
0.16). We did not find an association between the rs801460
and rs250426 SNP and PCOS (p>0.05). SRAI gene
rs10463297 locus CT genotype, TT genotype, and dominant
model (CT + TT vs. CC) were associated with decreased risk

Table 2 Comparison of genotype
and allele frequency of SRA/
gene rs801460, rs10463297, and
15250426 in PCOS patients and
control group

@ Springer

Parameters PCOS (n=315) Control (n=315) )4

Age (years, mean + SD) 30.60 £ 6.71 31.32 £ 697 0.19
BMI (kg/m?, mean + SD) 28.05 +3.33 24.95 +2.48 <0.01
FSH (IU/L, mean + SD) 7.53 £3.62 7.50 + 2.66 091
LH (IU/L, mean + SD) 15.24 £ 5.87 494 £2.14 <0.01
LH/FSH 0.95+0.42 0.74 £ 0.41 <0.01
Total testosterone (ng/mL, mean + SD) 0.95 £ 0.42 0.53 £ 0.20 <0.01
Prolactin (ng/mL, mean + SD) 15.39 £ 551 14.69 + 3.17 0.06
TSH (uIU/mL, mean + SD) 2.63 £0.82 1.52 £0.43 <0.01
AAM (years, mean + SD) 14.54 £ 2.50 14.24 +£2.32 0.12
E, (pg/mL, mean + SD) 221.46 + 76.65 164.37 + 72.53 <0.01

PCOS polycystic ovary syndrome, BMI body mass index, FSH follicle stimulating hormone, LH luteinizing
hormone, TSH thyroid stimulating hormone, E, estradiol, AAM age at menarche

of PCOS susceptibility (OR=0.55, 95%CI: 0.39-0.77,
p<0.01; OR=0.49, 95% CI: 0.31-0.78, p<0.01;
OR=0.53, 95%CI: 0.39-0.73, p<0.01); the T allele
had a lower risk of PCOS than the C allele (OR =
0.63, 95%CI: 0.50-0.79, p<0.01).

PCOS (n=315) Control (n=315) HWE p OR (95%C1)* p
1801460
TT 131 (41.59%) 121 (38.41%) 0.17 1.00 (reference)
TC 125 (39.68%) 139 (44.13%) 0.83 (0.59-1.17) 0.34
cC 59 (18.73%) 55 (17.46%) 0.99 (0.64-1.54) 0.97
Dominance model 0.88 (0.64-1.21) 0.46
Recessive model 1.09 (0.73-1.64) 0.76
T 387 (61.43%) 381 (60.48%) 1.00 (reference)
C 243 (38.57%) 249 (39.52%) 0.96 (0.77-1.21) 0.77
rs10463297
cC 164 (52.06%) 115 (36.51%) 0.18 1.00 (reference)
CT 110 (34.92%) 141 (44.76%) 0.55 (0.39-0.77) <0.01
TT 41 (13.02%) 59 (18.73%) 0.49 (0.31-0.78) <0.01
Dominance model 0.53 (0.39-0.73) <0.01
Recessive model 0.65 (0.42-1.01) 0.06
C 438 (69.52%) 371 (58.89%) 1.00 (reference)
T 192 (30.48%) 259 (41.11%) 0.63 (0.50-0.79) <0.01
1250426
TT 205 (65.08%) 223 (70.79%) 0.16 1.00 (reference)
TG 89 (28.25%) 80 (25.40%) 1.21 (0.85-1.73) 0.34
GG 21 (6.67%) 12 (3.81%) 1.90 (0.91-3.97) 0.12
Dominance model 1.30 (0.93-1.82) 0.15
Recessive model 1.80 (0.87-3.73) 0.15
T 499 (79.21%) 526 (83.49%) 1.00 (reference)
G 131 (20.79%) 104 (16.51%) 1.33 (0.99-1.77) 0.06

*Data were calculated by logistic regression analysis with adjusted for age, BMI, and age at menarche. PCOS

polycystic ovary syndrome, HWE Hardy-Weinberg equilibrium, OR odds ratio, C/ confidence interval
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Table 3 Stratified analysis of
SRAI gene polymorphism and PCOS (n=315) Control (n=315) OR (95%Ch)* )4
PCOS susceptibility
1801460
Age (years)
<30.9
TT 72 (43.37%) 63 (37.95%) 1.00 (reference)
TC+CC 94 (56.63%) 103 (62.05%) 0.80 (0.52-1.24) 0.37
>309
TT 59 (39.60%) 58 (38.93%) 1.00 (reference)
TC+CC 90 (60.40%) 91 (61.07%) 0.97 (0.61-1.55) 091
BMI (kg/m?)
<26.5
TT 35 (33.65%) 88 (42.11%) 1.00 (reference)
TC+CC 69 (66.35%) 121 (57.89%) 1.43 (0.88-2.34) 0.19
>26.5
TT 96 (45.50%) 33 (31.13%) 1.00 (reference)
TC+CC 115 (54.50%) 73 (68.87%) 0.54 (0.33-0.89) 0.02
rs10463297
Age (years)
<30.9
CcC 86 (51.81%) 66 (39.76%) 1.00 (reference)
CT+TT 80 (48.19%) 100 (60.24%) 0.61 (0.40-0.95) 0.04
>309
CcC 78 (52.35%) 49 (32.89%) 1.00 (reference)
CT+TT 71 (47.65%) 100 (67.11%) 0.45 (0.28-0.71) <0.01
BMI(kg/m?)
<26.5
CcC 55 (52.88%) 80 (38.28%) 1.00 (reference)
CT+TT 49 (47.12%) 129 (61.72%) 0.55 (0.34-0.89) 0.02
>26.5
CcC 109 (51.66%) 35 (33.02%) 1.00 (reference)
CT+TT 102 (48.34%) 71 (66.98%) 0.46 (0.28-0.75) <0.01
1s250426
Age(years)
<30.9
TT 107 (64.46%) 123 (74.10%) 1.00 (reference)
TG+ GG 59 (35.54%) 43 (25.90%) 1.58 (0.99-2.53) 0.07
>309
TT 98 (65.77%) 100 (67.11%) 1.00 (reference)
TG+ GG 51 (34.23%) 49 (32.89%) 1.06 (0.66-1.72) 0.90
BMI (kg/m?)
<26.5
TT 78 (75.00%) 151 (72.25%) 1.00 (reference)
TG+ GG 26 (25.00%) 58 (27.75%) 0.87 (0.51-1.49) 0.70
>26.5
TT 127 (60.19%) 72 (67.92%) 1.00 (reference)
TG+ GG 84 (39.81%) 34 (32.08%) 1.40 (0.86-2.29) 0.22

*Data were calculated by logistic regression analysis with adjusted for age, BMI, and age at menarche. PCOS
polycystic ovary syndrome, OR odds ratio, CI confidence interval, BMI body mass index
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Stratified analysis of SRAT gene polymorphism and
PCOS susceptibility

We further conducted stratified analysis to assess the associa-
tion between SRA1 gene polymorphism and PCOS suscepti-
bility (Table 3). We found that among people with BMI >
26.5 kg/m?, when carrying the TC genotype and CC genotype
at rs801460, the risk of PCOS susceptibility was lower than
that of the TT genotype (OR =0.54, 95% CI: 0.33-0.89, p =
0.02), there was no association between rs801460 gene poly-
morphism and PCOS susceptibility (p > 0.05) in other strati-
fications. At different ages and BMI stratifications, there was a
significant association between rs10463297 SNP and PCOS
susceptibility (p <0.05). At different ages and different BMI
stratifications, no correlation was found between the rs250426
SNP and PCOS susceptibility (p >0.05).

Interaction between SNP of SRA1 gene and age and
BMI

We used multi-factor dimensionality reduction (MDR) to fur-
ther evaluate the interaction of the SRA/ gene rs801460,
rs10463297, and rs250426 SNP with the age and BMI of
the subject (Fig. 1). We found that BMI, rs10463297 SNP,
and PCOS susceptibility are significantly related; SRA!
rs801460, 1510463297, and rs250426 SNP interact with age

and BMI (Fig. la). There was a strong interaction between
BMI and rs801460 and age and rs10463297 (Fig. 1b). The
best model of interaction was composed of age, BMI,
rs801460, rs10463297, and rs250426. Training accuracy
was 0.7092; the risk of PCOS susceptibility of “high-risk
combination” was 5.96 times of “low-risk combination”
(95%CI: 4.14-8.56, p<0.01) (Table 4).

Analysis of linkage disequilibrium of SRA1 gene SNP

In this study, Haploview 4.1 was used to analyze the linkage
disequilibrium of SRA/ gene rs801460, rs10463297, and
rs250426 (Fig. 2). Four haplotypes can be constructed based
on the analysis results. We found that the TCT haplotype was
associated with an increased risk of PCOS susceptibility
(OR =1.66, 95%CT: 1.20-2.30, p <0.01); the CTT haplotype
was associated with a reduced risk of PCOS susceptibility
(OR =0.56, 95%CI: 0.36-0.87, p=0.01) (Table 5).

False-positive report probability (FPRP)

The false-positive report rate (FPRP) values at different prior
probability levels are shown in Table 6. Considering that this
study was an exploratory study and the sample size was small,
we set the critical value of FPRP value to 0.5. When the prior
probability was set to 0.1, the prior probability calculated in the

Table 4 MDR analysis results of

SRAI gene 15801460, Model Training accuracy OR (95%CT)* p CcvC

1s10463297, and rs250426 locus

BMI Age, BMI 0.6667 4.00 (2.82-5.67) <0.01 10/10
BMLI, 110463297, rs250426 0.6753 4.40 (3.09-6.28) <0.01 5/10
BMILs801460, rs10463297, rs250426 0.6887 4.96 (3.47-7.09) <0.01 6/10
Age, BMI, 15801460, rs10463297, rs250426 0.7092 5.96 (4.14-8.56) <0.01 10/10

*Data were calculated by logistic regression analysis with adjusted for age, BMI, and age at menarche. OR odds
ratio, C/ confidence interval, BMI body mass index, CVC cross-validation consistency, MDR multi-factor dimen-

sionality reduction
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Fig. 2 Haploview 4.1 software analyzes the linkage disequilibrium map
of SRA 1 gene 1801460, rs10463297, and rs250426 locus. The data in the
red squares represent the value of 100D’; D’ = 0 means that the SNP sites
are in complete linkage equilibrium. D’ = 1 means that there is a complete
linkage disequilibrium between SNP locus

1rs10463297 locus dominant model (CT + TT vs. CC) with age >
30.9 years was 0.500, the prior probability values of other calcu-
lations are all < 0.500, which showed that the correlation between
SNP and PCOS in this study has certain credibility.

Level of IncRNA SRAT1 in peripheral blood leukocytes

QRT-PCR was used to detect IncRNA SRA1 levels in periph-
eral blood leukocytes of 315 PCOS patients and 315 control

groups. The results showed that the level of IncRNA SRA1 in
peripheral blood leukocytes of PCOS patients was significant-
ly higher than that of the control group (p < 0.01, Fig. 3a). The
receiver operating curve (ROC) was used to analyze and eval-
uate the diagnostic value of IncRNA SRAI levels in periph-
eral blood leukocytes for PCOS. The results showed that the
cut-off was 0.35, sensitivity was 49.52% (95%CIL: 44.04%—
55.02%), specificity was 66.35% (95%CI: 60.96%—71.34%),
and the area under the curve (AUC) was 0.59 (95 %CI: 0.55—
0.64, p<0.01) (Fig. 3b).

Correlation between IncRNA SRAT gene SNP and
IncRNA SRAT1 level in peripheral blood leukocytes

Further analysis of the correlation between the IncRNA SRA/
gene SNP and the level of IncRNA SRAT in peripheral blood
leukocytes. The results showed that there was no statistically
significant difference in the levels of IncRNA SRALI in pe-
ripheral blood leukocytes of PCOS patients with different ge-
notypes at rs801460 locus (p = 0.31); however, the difference
in IncRNA SRAI1 levels in peripheral blood leukocytes with
different genotypes at rs801460 was significant (p = 0.02) in
the control group (Fig. 4a). Both PCOS patients and control
subjects had statistically significant differences in the levels of
IncRNA SRAT1 in peripheral blood leukocytes with different
genotypes at rs10463297 locus (p<0.01) (Fig. 4B). The
15250426 gene polymorphism was not significantly correlated
with IncRNA SRAL levels in peripheral blood leukocytes of
PCOS patients and controls (p =0.65, p=0.81) (Fig. 4c).

Correlation between IncRNA SRA1 level in peripheral
blood leukocytes and obesity

We analyzed the correlation between BMI and IncRNA SRA1
levels in peripheral blood leukocytes of PCOS patients and
control subjects. The results showed that the levels of IncRNA
SRAL in peripheral blood leukocytes of PCOS patients and
control subjects were positively correlated with BMI (r = 0.88,
p<0.01;,=0.84,p<0.01; Fig. 5a, b). The average BMI of all
subjects in this study was 26.5 kg/m?; we define BMI>
26.5 kg/m” as obese, BMI < 26.5 kg/m? as non-obesity; the
results showed that in PCOS patients and control groups, the

Table 5 Correlation between the haplotypes of rs801460, rs10463297, and rs250426 of SRA1 gene and PCOS susceptibility risk

Haplotype*'t PCOS(n=315) Control(n=315) OR(95%CI) p
CTG 107 (33.90%) 116 (36.80%) 0.88 (0.64-1.22) 0.51
TCT 143 (45.50%) 105 (33.20%) 1.66 (1.20-2.30) <0.01
CTT 38 (12.20%) 62 (19.80%) 0.56 (0.36-0.87) 0.01
TTT 27 (8.50%) 32 (10.30%) 0.83 (0.48-1.42) 0.58

# 15801460, 1510463297, 15250426 locus haplotype. PCOS polycystic ovary syndrome, OR odds ratio, CI confidence interval
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Table 6 FPRP value of the results

of the study on the correlation Genotype OR(95%CI) Statistical power Prior probability
between IncRNA SRA1 gene
SNP and PCOS susceptibility 0.1 0.01 0.001
1510463297 CT vs. CC 0.55 (0.39-0.77) 0.857 0.450 0.900 0.989
1310463297 TT vs. CC 0.49 (0.31-0.78) 0.910 0.479 0.910 0.990
1510463297 CT + TT vs. CC 0.53 (0.39-0.73) 0.922 0.459 0.903 0.990
1510463297 C allele vs. T allele 0.63 (0.50-0.79) 0.985 0.417 0.887 0.988
15801460 TC+CC vs. TT
BMI>26.5 kg/m* 0.54 (0.33-0.89) 0.942 0.455 0.902 0.989
1510463297 CT + TT vs. CC
Age<30.9 years 0.61 (0.40-0.95) 0.886 0.425 0.890 0.988
Age>30.9 years 0.45 (0.28-0.71) 0.876 0.500 0.917 0.991
BMI <26.5 kg/m’ 0.55 (0.34-0.89) 0.931 0.450 0.900 0.989
BMI>26.5 kg/m* 0.46 (0.28-0.75) 0.895 0.495 0.915 0.991
TCT Haplotype# 1.66 (1.20-2.30) 0.902 0.213 0.749 0.968
CTT Haplotype# 0.56 (0.36-0.87) 0.877 0.446 0.898 0.989

OR odds ratio, CI confidence interval.

level of IncRNA SRAI in peripheral blood leukocytes of
obese people was relatively high (»p <0.01, Fig. 5c, d).

Discussion

In this study, we used a case-control study to find that the SNP
of the IncRNA SRA! gene rs10463297 SNP was associated
with PCOS susceptibility. We found that the TCT haplotype
constructed at rs801460, rs10463297, and rs250426 at the
SRAI gene was associated with an increased risk of PCOS
susceptibility (OR =1.66, 95%CI: 1.20-2.30, p <0.01). The
CTT haplotype was associated with a reduced risk of PCOS
susceptibility (OR =0.56, 95%CI: 0.36-0.87, p=0.01).
Further research found that there was a significant correlation

Fig. 3 Detection of IncRNA
SRAL levels in peripheral blood

[

# 1801460, 1510463297, 15250426 site formed haplotype

between the IncRNA SRAI gene rs10463297 SNP and the
level of IncRNA SRAI in peripheral blood leukocytes.

With the change of natural environment and psychosocial
factors, the number of infertility and PCOS patients in young
fertility groups has increased significantly [15]. In recent years,
with the change of China’s fertility policy, the demand for
second children of older women whose fertility has declined
significantly has increased, and this group of people has signif-
icantly increased their attention to reproductive health.

IncRNA was originally regarded as the “noise” of genome
transcription, as a by-product of RNA polymerase II transcrip-
tion, and had no biological function [16, 17]. Steroid hormone
receptors are members of the DNA transcription factor super-
family. They play a key role in biological processes such as
reproductive endocrinology by binding to ligands in formal
functions [18, 19]. A variety of IncRNAs are closely related to

b ROC curve: IncRNA SRA1

leukocytes. a Comparison of ° - <0.01 _
IncRNA SRAI levels in 5z 08 e i
peripheral blood leukocytes of _5
PCOS patients and control group. 2 v 80—
b Receiver operating curve g 0.6 °
(ROC) for diagnosis of PCOS in 3 %, 60—
IncRNA SRAL levels of periph- E 1 1 =
eral blood leukocytes = 0.4+ k=)
: 2 w-
é 0.2 “
a 20- AUC=0.59
Z (95%CI: 0.55-0.64), p<0.01
<
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Fig.4 Correlation between IncRNA SRA/ gene SNP and IncRNA SRA1
level in peripheral blood leukocytes. a Comparison of IncRNA SRA1
levels in peripheral blood leukocytes with different genotypes at
1801460 locus in PCOS patients and the control group. b Comparison
of IncRNA SRAI levels in peripheral blood leukocytes with different

the function of steroid hormone receptors, and the mechanism
is probably the interactive regulation between IncRNAs and
the expression or activity of steroid receptors. For example,
CTBP1-AS is an androgen-regulated IncRNA and a natural
antisense transcript of the androgen receptor co-suppressor
factor CTBP1 [20].

In this study, we found that the expression level of
IncRNA SRA1 in peripheral blood leukocytes of PCOS
patients increased, and the level of IncRNA SRA1 in pe-
ripheral blood leukocytes of PCOS patients and controls
were positively correlated with BMI. The latest research
shows that IncRNA SRAT1 acts as a transcriptional coac-
tivator of PPARy and promotes the differentiation of

Fig. 5 Correlation between PCOS
IncRNA SRAT1 levels in
peripheral blood leukocytes and
BML. a Correlation between
IncRNA SRAL level and BMI in
peripheral blood leukocytes of
PCOS patients. b Correlation
between IncRNA SRA1 level and
BMI in peripheral blood
leukocytes of controls. ¢
Comparison of IncRNA SRA1

2.0

=0.88, p<0.01
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genotypes at rs10463297 locus in PCOS patients and control group. ¢
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different genotypes at rs250426 locus in PCOS patients and the control

group

adipocytes in vitro [21]. The expression level of
IncRNA SRATI in mouse adipose tissue was significantly
higher than that of other organs. After knocking out
IncRNA SRAI1, mice were resistant to high-fat diet-in-
duced obesity, resulting in a decrease in fat mass and an
increase in meat content. The results of this study are
similar to this study, indicating that IncRNA SRA1 may
be an important regulator of fat cell synthesis and func-
tion. In addition, the results of this study also show that
the detection of IncRNA SRA1 levels in peripheral blood
leukocytes has potential value in the diagnosis of PCOS.
It is speculated that IncRNA SRA1 may become a poten-
tial target for PCOS diagnosis and treatment.
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In this study, we found that there was no association between
the IncRNA SRAI gene rs801460 and rs250426 SNPs and
PCOS, while the T allele carriers at the rs10463297 locus had
a lower risk of PCOS than the C allele carriers. We calculated
the minimum sample size using the rs10463297 allele frequen-
cy as a reference. We found that the minimum sample size
required for both PCOS patients and the control group in this
study were 315 and 315, which is consistent with the sample
size selected in this study. In addition, the calculation results of
the FPRP showed that there was a real correlation between the
SNP and PCOS studied in this study. This shows that the results
of this study have a certain degree of objective credibility.

Interestingly, we found that the risk of PCOS susceptibility
was lower than that of TT genotype when carrying rs801460
TC genotype and CC genotype in people with BMI >26.5 kg/
m>. Therefore, we speculated that the association between
rs801460 SNP and PCOS susceptibility was related to BMI,
indicating that rs801460 may be a disease-associated SNP in
obese PCOS patients. We also found that the risk of PCOS
susceptibility of the “high-risk combination” composed of the
interaction of age, BMI, rs801460, rs10463297, and rs250426
locus was 5.96 times that of the “low-risk combination.” This
also suggested that the interaction between SNP and environ-
mental factors was related to the occurrence of PCOS.

In addition, our analysis of IncRNA SRA1 levels in periph-
eral blood leukocytes showed that the difference in IncRNA
SRAT levels in peripheral blood leukocytes of the control
group at the rs801460 locus was significant, but we did not
find this correlation in PCOS patients. Whether it was related
to BMI stratification needs further study. However, both in
PCOS patients and controls, the differences in the levels of
IncRNA SRAL1 in peripheral blood leukocytes with different
genotypes at the rs10463297 locus were statistically signifi-
cant. Whether they were related to the occurrence of PCOS
needs further verification in in vivo models.

Although some new findings have been made in this study,
there are still some shortcomings in this study that need further
study. First of all, the correlation between SNP and the struc-
ture and function of IncRNA SRA1 were not studied in this
study. We know that IncRNA functions through secondary
structure, but there is currently no direct evidence of the effect
of SNP at rs801460, rs10463297, and rs250426 on the struc-
ture of IncRNA SRAI. Secondly, the specific cause of the
association between IncRNA SRA1 rs10463297 SNP and
PCOS susceptibility needs to be further verified in in vivo.
In addition, we know that the regulatory network in the body
is intricate, the genes and environmental factors that may be
involved are complex, and further research on the joint effects
of other genes and environmental factors is needed. Therefore,
it is necessary to further study the role of other genes and
environmental factors’ interaction in the occurrence and de-
velopment of PCOS.

@ Springer

Conclusion

From this study, we found that the IncRNA SRA/ gene
rs10463297 locus SNP is associated with PCOS susceptibili-
ty. The IncRNA SRAI gene rs10463297 locus SNP is signif-
icantly correlated with IncRNA SRA1 levels in peripheral
blood leukocytes. The role of more other genetic polymor-
phisms and environmental interactions in the occurrence and
development of PCOS needs further study.
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