
Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder affecting women of reproductive age
[1]. Patients with PCOS are characterized by obesity, hir-
sutism, insulin resistance, and increased risks of metabolic
syndrome [2]. Metabolic syndrome (MetS) is a cluster of
endocrinopathic and metabolic disturbances including hy-
perglycemia/insulin resistance, central obesity, dyslipi-
demia, and hypertension [3]. It is associated with a two-fold
increased risk of cardiovascular disease and a five-fold in-
creased risk of type 2 diabetes [4]. Several features of
metabolic disturbances, insulin resistance, and hyperinsu-
linemia particularly have been observed also in most
women with PCOS [5]. Obesity and visceral obesity are
common among PCOS women associated with metabolic
syndrome (MetS) [6]. Some studies report that MetS is
more common among women with PCOS due to the high
prevalence of insulin resistance, obesity, and visceral obe-
sity in these patients [7, 8]. 

There are number of the genes associated with PCOS and
also involved in the insulin receptor signaling pathway,

steroid biosynthesis, and in the regulation of gonadotropin
secretion [9]. lncRNAs have vital role in reproduction, such
as germ cell specification, sex determination and gonado-
genesis, sex hormone responses, meiosis, gametogenesis,
placentation, non-genetic inheritance, and pathologies af-
fecting reproductive tissues [10]. The lncRNA-steroid re-
ceptor activator (SRA) is a unique coregulator that
functions as a non-coding RNA [11]. LncRNA-SRA has
since been shown to modulate the activity of androgen, es-
trogen ESR1, and progesterone receptors through direct as-
sociation with hormone receptors [11, 12]. Steroid receptor
RNA activator (SRA) expressed by the SRA1 gene
(5q31.3), 0.87 kB in size, is initially characterized as long
non-coding RNA by Lanz et al. in 1999 [11]. LncRNA SRA
is able to coordinate the functions of various transcription
factors and coregulators, and enhance the transcriptional
activity of steroid receptors on reporter genes, serving as a
distinct scaffold [13, 14]. The aim of this study was to com-
pare the expression level of lncRNA-SRA in PCOS patients
and healthy control women, then to elucidate the associa-
tion between lncRNA-SRA and MetS in PCOS.
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Summary
Introduction: Polycystic ovary syndrome (PCOS) is a metabolic and endocrine disorder which affects women of reproductive age

with a prevalence of 8–18% and implies various severe consequences to female health, including alarming rates of infertility, which ac-
counts for approximately 75% of anovulatory infertility. Long non-coding RNA steroid receptor activator (lncRNA-SRA) affects
multiple biological processes. However, it is not known whether lncRNA-SRA is associated with PCOS and the possible accompanied
metabolic syndrome (MetS). Material and Methods: The expression levels of lncRNA-SRA were measured by real-time quantitative-
PCR in PCOS patients (n=30 women), and in control group (n=20 women), patients with metabolic syndrome were diagnosed, and the
association between lncRNA-SRA and metabolic syndrome parameters in PCOS group and control were analyzed. Results: LncRNA-
SRA expression mean level was significantly higher in the women with PCOS than that in the control group. There was a high significant
positive correlation between lncRNA-SRA expression and hirsutism, BMI, waist circumference (WC), and insulin levels, also with sig-
nificant positive correlation between lncRNA-SRA with HOMA/IR and testosterone in PCOS group. Conclusion: The authors found
that the lncRNA-SRA expression is potentially increased with PCOS and it has positive correlation with hirsutism, obesity, testosterone,
and insulin resistance in PCOS. LncRNA-SRA is significantly increased in MetS subgroup of PCOS, thereby suggesting that elevated
lncRNA-SRA might be an important mediator not only associated to hormonal and clinical parameters but also associates metabolic
syndrome in PCOS and may be a mediator in the pathogenesis of both syndromes. 
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Materials and Methods
This case-control study was carried out on 30 PCOS patients

and 20 healthy women in the middle age group. The study was
conducted from June to December 2016 in Ain Shams Maternity
Hospital. All participants gave informed consent. The procedures
followed were in accordance with the ethical standards of the hos-
pital and approved by ethical committee of National Center for
Radiation Research and Technology (NCRRT). The studied sub-
jects were classified into two groups; PCOS group: 30 women
with PCOS were characterized by (OA + HA + PCOM). Oligo-
anovulation (OA) was defined as self-reported menstrual cycle
length of ≥ 35 days or < 10 menstrual periods per year. Diagnosis
of PCOS was based on Rotterdam criteria with two of (1) irregular
menstrual cycles (oligoanovulation) OA (≥ 35 days), (2) clinical
(hirsutism, acne) or biochemical hyperandrogenism (HA) (in-
crease in at least one circulating ovarian androgen), and (3) poly-
cystic ovarian morphology (PCOM) by ultrasound and with
exclusion of related disorders [15]. PCOM is indicated by the
presence of ≥ 12 follicles measuring 2 to 9 mm in the entire ovary
or by the finding of increased ovarian size (≥ 10 mL) [16]. Twenty
healthy women were selected as control group that had regular
menstrual cycles and normal ovaries, and showed no clinical signs
of hyperandrogenism. Subjects with history of ovarian surgery or
previously treated with cytotoxic drugs, pelvic radiation, receiving
hormonal therapy within three months before the beginning of the
study, or had another endocrinological disorder were excluded.
Patients and controls were subjected to complete history taking
to clarify irregularity of menstrual cycles. Hormonal assays for
all the subjects were performed in the early follicular phase of the
menstrual cycle (days 3–5) or randomly in amenorrhea patients.
PCOM were diagnosed by ultrasound which was performed with
Logiq Book XP with a vaginal probe of 7.5 MHz. 

Follicle stimulating hormone and luteinizing hormone, fasting
plasma glucose, and fasting insulin were determined by chemilu-
minescent-immunometric assays. Testosterone was measured with
an analyzer using an automated competitive binding immunoen-
zymatic assay. Cholesterol, high-density lipoprotein cholesterol
(HDL-C), and triglycerides (TG) were measured using an enzy-

matic colorimetric method. HOMA-IR was calculated as fasting
serum insulin (mIU/l) × fasting blood glucose (FBG)
(mmol/l)/22.5]. The authors measured height and weight to cal-
culate BMI, which was calculated as weight (kg)/ height in meters
squared (kg/m²). 

Metabolic syndrome was defined according to the modified
American Heart Association/National Heart Lung Blood Institute
AHA/NHLBI (ATP III 2005) definition. It was diagnosed if at
least three of the following five features were present (1) waist
circumference of ≥80 cm or more, (2) blood pressure of ≥ 130/85
mmHg, (3) fasting blood sugar of ≥ 100 mg/dL, (4) triglycerides
of ≥150 mg/dL, and (5) HDL of ≤ 50 mg/dl.

Quantitative analysis of lncRNA by real-time quantitative RT-
PCR: total RNA was extracted using an SV total RNA isolation
system according to manufacturer’s instruction. The total RNA (2
μg) was used for cDNA conversion using high capacity cDNA re-

Table 1. — Clinical data, laboratory investigations, hor-
monal investigations, and concentration of lnc RNA
(steroid receptor activator) in PCOS and controls.
Parameters                           PCOS (n=30)           Controls(n=20)       p-values
                                            Mean ± SD              Mean ± SD              
Age (years)                   28.20 ±  3.10      27.90 ±  3.90      NS
Hirsutism                     26.76  ± 3.58      7.60  ± 1.95        0.0001
BMI (kg/m²)                 35.57 ± 3.53       27.44 ±1.85        0.001
WC (cm)                      85.66 ± 6.13       76.20 ± 5.51       0.001
FBG (mmol/l )             5.98 ±1.16          5.09  ± 0.99        0.05
Insulin(mIu/l )              23.21 ± 5.91       13.02  ± 2.44      0.001
HOMA/IR                    6.21  ± 2.49        2.82  ±   0.48      0.001
Cholesterol (mg/dl)      220.41 ± 19.80   172.10 ± 17.79   0.001
TG (mg/dl)                   115.53  ±23.99   95.10 ± 28.52     0.01
HDL (mg/dl)                40.70 ± 7.41       55.60 ± 4.9         0.001
FSH (Iu/ml)                  6.84  ±1.54         3.61  ± 0.55        0.001
LH (Iu/ml)                    8.40 ± 4.32         6.08 ± 1.04         0.01
Prolactin (ng/ml)          9.13± 5.04          8.49 ± 2.16         NS
Testosterone (ng/ml)    0.79  ± 0.32        0.36  ± 0.12        0.001
lnc RNA steroid           9.89 ± 3.80         1.04  ± 0.06        0.0001
receptor activator
(relative expression)     

Figure 1. — The figure shows correlation between lncRNA-SRA
and testosterone, insulin, and hirsutism, respectively.
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verse transcription kit. Real-time qPCR amplification and analysis
were performed using an applied biosystem with software version
3.1. The reaction contained SYBR Green Master Mix, gene-spe-
cific primer pairs for long non-coding RNA and GAPDH with fol-
lowing sequence forward 5- ACAACCGAAGGTAACCAGGC-3,
reverse 5- TGGGCACGTTTGGGATCTTG-3 and forward 5-
TGTTGCCATCAATGACCCCTT-3, and reverse 5-CTCCAC-
GACGTACTCAGCG-3, respectively. cDNA and nuclease-free
water. With cycling conditions (10 minutes at 95°C followed by
40 cycles of 15 seconds at 95°C and 60 seconds at 60°C). Data
were analysed with a sequence detection system software and
quantified using the v1.7 sequence detection software. Relative
expression of studied genes was calculated using the comparative
threshold cycle method. All values were normalized to the
GAPDH which was used as the control housekeeping gene. After

the concentration and purity of RNA were evaluated using a spec-
trophotometer and denaturing gel electrophoresis, the RNA was
used to reverse transcribed into cDNA using a reagent kit. Real-
time PCR system with the following parameters: 15-minute RT
reaction at 37°C, 5 s reverse transcriptase inactivation reaction at
85°C and refrigeration at 4°C. Quantitative real time-polymerase
chain reaction (qRT-PCR) was conducted to measure the levels
of lncRNA-SRA by using the 10.0ml SYBR Premix Ex Taq II, 2
mL 5100 ng total cDNA, each forward and reverse primers 0.8
and 20.0 mL total volume following the manufacturer’s protocol.
Reactions were performed using a RT-PCR system with the fol-
lowing reaction profile: pre-denaturation for 30 seconds at 95°C,
and PCR amplification for 45 cycles with 5 seconds at 95°C, 60
seconds at 60°C. PCR was followed by a melt curve analysis to
determine the reaction specificity and agarose gel electrophoresis

Table 3. — Number, percentage of women and the mean value of LncRNA steroid receptor activator within MetS and with-
out MetS subgroups in PCOS and control groups.
PCOS group               n           Percentage     lncRNA mean      Std. Deviation  Std. Error        95% Confidence interval for mean          Minimum       Maximum
                                                                                                                                                    Lower bound            Upper bound                            
With MetS            19       63.3%         11.0337            3.58933        .82345         9.3037                 12.7637             2.03             13.80
Without MetS      11       36.7%         7.8345             3.37181        1.0166         5.5693                 10.0998             2.03             13.10
Total                      30       100%          9.8607             3.79151        0.69223       8.4449                 11.2764              2.03             13.80
Control group                                                                                                                              Lower bound            Upper bound                              
With MetS            4         20%            1.0250             0.05000        0.02500       0.9454                 1.1046               1.00             1.10
Without MetS       16       80%            1.0438             0.07347        0.01837       1.0046                 1.0829               0.98             1.20
Total                      20       100%          1.0400             0.06867        0.01536       1.0079                 1.0721               0.98             1.20

Table 2. — Correlation between lnc RNA steroid receptor activator with different clinical and laboratory investigated pa-
rameters in PCOS and in control groups.
Pearson correlation                 Hirsutism       BMI             WC              FBS            Insulin        HOMA-IR     Cholesterol       TG              FSH           Testosterone
lncRNA (PCOS) r           0.583          0.489        0.570        0.153       0.505       0.390          -0.282           0.118       0.063       0.457
p-values                           0.001*        0.006*      0.001*      0.650       0.001*     0.033*        0.131            0.305       0.739       0.011*
Significance (2-tailed)     HS              HS            HS            NS           HS          Sig.             NS                NS           NS          Sig.
lncRNA (control) r          -0.548         -0.050       -0.457      -0.255      -0.318     -0.400         0.141            -0.169      0.339       0.129
p-values                           0.012*        0.830        0.04*        0.278       0.171       0.080          0.552            0.476       0.144       0.587
Significance (2-tailed)     Sig.             NS            Sig.           NS           NS          NS              NS                NS           NS          NS

Table 4. — Comparison of clinical, laboratory findings and lncRNA between polycystic ovary syndrome patients with
MetS and without metabolic syndrome
Parameters                                                             PCOS with MetS                          PCOS without MetS                     p-value                          Sig.
                                                                              (n=19) Mean ± SD                        (n=11) Mean ± SD                                                       
Age (years)                                               28.52 ± 3.5                           27.63 ± 2.1                           0.392                      NS
Hirsutism                                                  26.90 ± 4.8                           26.56 ± 2.53                         0.779                      NS
BMI (kg/m²)                                             36.83 ± 2.86                         33.40 ± 3.64                         0.01                        Sig.
WC (cm)                                                   89.00 ± 4.77                         80.60 ± 3.38                         0.001                      HS
FBG (mmol/l )                                          6.53 ± 1.05                           5.04 ± 0.60                           0.001                      HS
Insulin (mIu/l )                                          25.54 ± 5.38                         19.18 ± 4.57                         0.002                      HS
HOMA/IR                                                7.29 ± 2.33                           4.36 ± 1.47                           0.001                      HS
Cholesterol (mg/dl)                                  216.95 ± 17.44                     226.38 ± 22.97                     0.255                      NS
TG (mg/dl)                                                122.84 ± 26.16                     106.36 ± 17.04                     0.05                        Sig.
HDL (mg/dl)                                             37.87 ± 5.84                         45.59 ± 7.52                         0.009                      HS
LH (Iu/ml)                                                8.36  ± 4.95                          8. 45 ± 3.18                          0.954                      NS
FSH (Iu/ml)                                              6.43 ± 1.35                           7.55 ± 1.66                           0.074                      NS
Prolactin (ng/ml)                                      8.20 ± 4.90                           10.73 ± 5.08                         0.197                      NS
Testosterone (ng/ml)                                 0.84 ± 0.38                           0.69 ± 0.16                           0.148                      NS
LncRNA (relative expression)                  11.03 ± 3.58                         7.83 ± 3.37                           0.02                        Sig.
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to confirm the size of PCR product.
The study followed the principles of the Declaration of Helsinki

II for Medical Research. Written informed consent was obtained
from all participants. Data were anonymized and sensitive data
were kept in a separate document. The Scientific Ethics Commit-
tee of National Center for Radiation Research and Technology
(REC-NCRRT) approved the study (13H/17).

Differences between the two groups PCOS and control were
determined using Independent test. Relationships between vari-
ables were assessed using two-tailed Pearson’s correlation coef-
ficient (r). All statistical analysis were performed using SPSS 20.0
software with statistical significance accepted when p < 0.05.

Results 

Table 1 shows the significant increase in FBS, TG, and
LH in PCOS group. There was also a high significant in-
crease in PCOS group with regards to hirsutism, BMI,
waist circumference (WC), insulin, HOMA/IR, cholesterol,
HDL, FSH, and testosterone. There was also a high signif-
icant increase in lncRNA-SRA relative expression level in
PCOS group which was 9.89 ± 3.80, compared to the con-
trol group which was 1.04 ± 0.06 relative expression. Table
2 shows that in the PCOS group there was a direct high sig-
nificant correlation among lncRNA-SRA and hirsutism,
BMI, WC, insulin, HOMA/IR, and testosterone. There was
a non-significant correlation with cholesterol, HDL, TG,
and FSH. In control group there was an inverse significant
correlation with hirsutism and WC. 

Table 3 shows that the number of PCOS patients with
MetS was 19 women with a percentage of 63.3%, and the
patients without MetS were 11 with a percentage of 36.7%.
LncRNA-SRA was correlated directly with metabolic syn-
drome; Pearson correlation between lncRNA-SRA and
MetS was 0.414 (p = 0.023).

Metabolic syndrome was represented by only four (20%)
women of the control group and 16 (80%) women were free
of MetS. There was non-significant correlation between
LncRNA-SRA and MetS in control group. There was also
a non-significant difference between lncRNA-SRA in both
subgroups. 

Table 4 shows that in PCOS group, there were significant
increases in BMI, TG, and lncRNA-SRA in MetS subgroup
compared to non-MetS subgroup. There were also high sig-
nificant increases in WC, FBS, insulin, HOMA/IR, and HDL
in MetS subgroup than in non-MetS. There were also non-sig-
nificant differences in both subgroups with regards to age, hir-
sutism, cholesterol, LH, FSH, prolactin, and testosterone. In
PCOS, lncRNA-SRA relative expression in MetS was 11.03
± 3.58 and in non-MetS it was 7.83 ± 3.37. Figure 1 shows
the direct positive significant correlation between lncRNA-
SRA with testosterone, insulin, and hirsutism, respectively.

Discussion

PCOS is one of the most common endocrine disorders in
women characterized by chronic anovulation, oligomenor-

rhea or amenorrhea, hyperandrogenism, and polycystic
ovary morphology with strong association of metabolic
syndrome [17]. MetS is one type of endocrinological dis-
turbance that consists of insulin resistance, dyslipidemia,
obesity, central adiposity, and hypertension that has been
shown to be associated with a two-fold increased risk of
cardiovascular disease and a five-fold increased risk of type
2 diabetes [18].

In this study, there is non-significant difference with re-
gards to age between both studied groups. PCOS patients
had menstrual irregularity at 5.53 ± 2.03 years, lasting for
a  minimum of two years and a maximum of ten years of
menstrual irregularities. A family history of diabetes mel-
litus presented in 33.3% of the cases, hypertensive disor-
ders in 53%, family members with obesity in 20%, and a
history of ischemic heart disease within the family in
16.6%.

In the PCOS group, there were abnormalities in WC in
20 (66.6%) patients, high-density lipoprotein cholesterol
(HDL-C) in 28 (93.3%), high blood pressure in 15 (50%),
higher triglycerides in 7 (23.3%), diabetes in 6 (20%), and
impaired glucose in 8 (36.6%) patients. There was signifi-
cant increase in FBS, TG, and LH in PCOS than control
group; there was also a high significant increase in PCOS
with regards to hirsutism, BMI, WC, insulin, HOMA/IR,
cholesterol, HDL, FSH, and testosterone compared to the
control group. BMI in PCOS group was 35.57 ± 3.53 kg/m²
which put them in the obese category. Barber et al. reported
that adiposity plays crucial role in the development and
maintenance of PCOS and strongly influences the severity
of its clinical and endocrine features [19]. An elevated ex-
pression of lncRNA-SRA was observed in PCOS patients
(9.89 ± 3.80) and in control group (1.04 ± 0.06) relative ex-
pressions. In PCOS, there was a positively high significant
correlation between lncRNA-SRA and hirsutism, BMI,
WC, insulin, HOMA/IR, and testosterone and there was in-
significant correlation with FBG, cholesterol, HDL, TG,
and FSH. Liu et al. [20] reported an increase lncRNA-SRA
in PCOS but no association between lncRNA-SRA and
HOMA-IR, fasting glucose, and fasting insulin was ob-
served in both PCOS and the control. This is inconsistent
with the present study, where there was a significant asso-
ciation between lncRNA-SRA with HOMA/IR and insulin
in PCOS, but in the control group the results were similar
to others. 

In PCOS patients, lncRNA-SRA was positively corre-
lated with MetS (r = 0.414 and p = 0.02). This positive cor-
relation with MetS indicated that lncRNA-SRA might
regulate several receptors. Coley et al. implicate steroid re-
ceptor RNA activator (SRA) as a nuclear receptor coregu-
lator with multiple partners, and it regulates the activities
of multiple nuclear receptors mainly in its RNA forms [13].
SRA was described for the first time as a molecule regulat-
ing adipogenesis. It was shown that lncRNA-SRA, initially
identified as a coactivator of steroid receptors, also pro-
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motes adipocyte differentiation [21].
The prevalence of metabolic syndrome in PCOS was

studied by Jamil et al. [22] who reported (58.3%). In the
present study the prevalence of MetS in PCOS reached
63.3% which is higher than other studies and this attracts
attention that PCOS patients in Egypt have higher inci-
dence of metabolic syndrome which requires screening of
in all PCOS patients to assure prophylaxis from diabetes
and cardiovascular consequences. Incidence of MetS in
PCOS was 46% in the study conducted by Gluek et al. [23],
who recommended diet and metformin for those patients.
According to Mandrelle et al. [24] the overall prevalence
of metabolic syndrome according to the modified
AHA/NHLBI ATP III (2005) criteria was 37.5%; 5.8%
cases were detected to have diabetes mellitus, 11.7% had
impaired fasting glucose, dyslipidemia was present in
93.3%, but in the present study, 22% of PCOS patients were
diabetics, 36.6% had impaired FBG, and 93.3% dyslipi-
demia. 

In PCOS with MetS, WC was 89 ± 4.77 cm, BMI was
36.83 ± 2.86 kg/m², which is considered obese, triglyc-
erides was 122.84 ± 26.16 mg/dL, HDL-C was 37.87 ±
5.84 mg/dL which represented high risk, systolic blood
pressure was 130 ± 15 mmHg, diastolic blood pressure
was 85 ± 7 mmHg, and FBS was 6.53 ± 1.05 mmol/L,
which was considered within the impaired fasting glucose
levels. Serum insulin was 25.54 ± 5.38 mIu/L and
HOMA/IR was 7.29 ± 2.33, which was considered insulin
resistant. Alebić et al. [25] investigated whether insulin
resistance in PCOS is exclusively associated with BMI
and suggested specific HOMA-IR cutoff value ≥ 3.15 for
PCOS. HOMA/IR in all PCOS in this study was 6.21 ±
2.49 which was approximately 2.2-fold than that in con-
trol group (2.82 ± 0.48). Impaired fasting glucose (IFG)
was diagnosed when FBG was between 5.6–6.9 mmol/L,
diabetes mellitus was confirmed by FBG ≥ 7.0 mmol/L
[26], and IR was diagnosed by the presence of one or
more of the following: fasting plasma insulin ≥ 20 μU/ml
and a cut-off value of HOMA-IR ≥ 3.8 [27]. Therefore,
according to recorded cut-off level of HOMA/IR in PCOS
by Alebić et al., 84.7% had a higher HOMA/IR in their
PCOS group. With PCOS patients are considered obese
as their mean BMI is 35.57 ± 3.53 kg/m². This is consis-
tent with Ehrmann who reported that in PCOS patients,
the syndrome can be regarded as an obesity-related dis-
orders more than 50% are obese or overweight that pre-
disposed them to metabolic disorders [28].

With PCOS there are significant increases in BMI, TG,
and lncRNA-SRA, high significant increases in WC, FBS,
insulin, HOMA/IR, and HDL in MetS subgroup than in
non-MetS subgroup. There was no significant differences
in both subgroups with regards to age, hirsutism, choles-
terol, LH, FSH, prolactin, and testosterone. 

In PCOS subgroups, lncRNA-SRA in MetS represents
significant higher expression level (11.03 ± 3.58) than in

non-MetS (7.83 ± 3.37), with a relative expression signifi-
cance of p = 0.02. In control group, there was no significant
correlation between lncRNA-SRA and MetS, and there was
no significant difference in lncRNA-SRA in both sub-
groups. 

Multiple linear regression analysis revealed that lncRNA-
SRA relative expressions contributed positively and signif-
icantly to BMI, testosterone, and hirsutism in the PCOS
group. For BMI, r²= 0.239, f = 8.801, p = 0.006 and for
testosterone r² = 0.358, f = 7.515, and p = 0.003, and for
hirsutism r² = 0.340, f =14.409, and p = 0.001. The present
data demonstrated a high significant association of obesity
and androgenicity in PCOS with high expression of
lncRNA-SRA. The high expression of lncRNA-SRA ex-
plains the high androgenicity due to activation of steroid
receptors including androgen receptors. This finding is con-
sistent with that reported that lncRNA-SRA is an important
regulator of adipose tissue mass and function in diet-in-
duced obesity [29]. 

Research showed that lncRNA-SRA affects multiple bi-
ological processes such as steroid receptors signaling,
steroidogenesis, adipogenesis, and insulin sensitivity
whose functions might play an important role in the patho-
physiology of PCOS [14, 21]. Lanz et al. characterized
lncRNA- SRA as a RNA molecule which enhances the ac-
tivity of steroid receptors through a ribonucleoprotein
complex [11]; recently, lncRNA-SRA has been seen to par-
ticipate extensively in nuclear receptors’ coactivation in
several hormone-related systems, including non-steroid
nuclear receptors and other transcription factors. Elevated
lncRNA-SRA expression contributes to steroid hormone
receptors (AR, ER, and PR) hyperactivity and also con-
tributes to steroidogenesis abnormality, affecting en-
docrinological and reproductive-related genes’ expression
and worsened the abnormal metabolic type of PCOS [30].
This explains why in MetS PCOS, lncRNA-SRA level is
higher than in non-MetS. Research suggests a bivalent
state for lncRNA-SRA at certain sites, which explains why
in non-MetS PCOS, lncRNA-SRA activates steroid recep-
tors while it and at represses other receptors.

Conclusion

The present study includes evidence that lncRNA-SRA
is upregulated in PCOS and is higher in PCOS with
metabolic syndrome. 
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