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Abstract: Long non-coding RNAs (lncRNAs) are a class of transcripts (>200 nucleotides) lacking protein-
coding capacity. Based on the complex three-dimensional structure, lncRNAs are involved in many biological 
processes and can regulate the expression of target genes at chromatin modification, transcriptional and 
post-transcriptional levels. LncRNAs have been studied in multiple diseases but little is known about their 
role(s) in polycystic ovary syndrome (PCOS), the most common endocrinological disorder in reproductive-
aged women around the world. In this review, we characterized and explored the potential mechanisms of 
lncRNAs in the pathogenesis of PCOS. We found that lncRNAs play a molecular role in PCOS mainly 
by functioning as the competitive endogenous RNA (ceRNA) and are significantly correlated with some 
clinical phenotypes. We summarized in detail regarding aberrant lncRNAs in different specimens of women 
with PCOS [i.e., granulosa cells (GCs), cumulus cells (CCs), follicular fluid (FF), peripheral blood] and 
various PCOS rodent models [i.e., dehydroepiandrosterone (DHEA) and letrozole induced models]. In 
clinical practice, detection of lncRNAs in serum might enable early diagnosis. Furthermore, new lncRNA-
based classifications might be emerging as potent predictors of a particular phenotype in PCOS. Overall, we 
proposed new insights for the application of precision medicine approaches to the management of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS), a World Health 
Organization group II ovulation disorder, is one of the 
most common endocrinological disorders in reproductive-
aged women with a prevalence ranging between 8% and 
13% (1,2). Its cardinal features are oligo- or anovulation, 
clinical and/or biochemical signs of hyperandrogenism, and 
polycystic ovaries (3). In addition, women with PCOS may 

present with other disorders, including insulin resistance 
(IR), obesity, type 2 diabetes, cardiovascular disease and 
anxiety (1-3). Given the diversities and complications of 
this condition, a broader picture of its etiology needs to be 
elucidated.

More recently, the understanding of PCOS has been 
enhanced by genome and transcriptomic analyses in PCOS 
patients with the potential to identify the etiological 
factors underpinning this disease and opening precision 
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medicine approaches to its management. However, it is still 
a challenge to characterize the full processes of multiple 
molecular interactions on gene regulatory networks in 
PCOS, specifically in understanding the spectrum of DNA, 
RNA and protein interactions.

We hypothesized that long non coding RNAs (lncRNAs) 
might play an important role in the pathogenesis of PCOS. 
LncRNAs are defined as RNA transcripts of length >200 
nucleotides that lack protein-coding capacity, and about 
60,000 lncRNAs are contained in human genome (4,5). 
LncRNAs have been characterized as functional RNA, 
involved in biological, developmental and pathological 
processes, acting through mechanisms such as epigenetics, 
cis regulation at enhancers and post-transcriptional 
regulation of mRNA processing (5). More recently, studies 
concerned with the functions of lncRNAs in PCOS 
have suggested new approaches to understanding the 
pathogenesis of this condition.

In this review, we discuss the dysregulation of lncRNAs 
in PCOS and the potential influence of lncRNAs on current 
and future diagnosis and therapies.

LncRNAs structure and functions

With the emergence of high-throughput sequencing, 
many lncRNAs have been identified. Like other non-
coding RNAs (ncRNAs), their unique but complex three-
dimensional structure enables lncRNAs to exhibit a wide-
range of biological functions.

Biogenesis and structure

Based on their size, non-coding RNAs can be divided into 
small non-coding RNAs and long non-coding RNAs (>200 
nucleotides). LncRNAs are generated from 80–90% non-
coding regulatory elements in the human genome (6-8). 
Other ncRNAs include transfer RNAs (tRNAs), ribosomal 
RNAs (rRNAs), small interfering RNAs (siRNAs), 
microRNAs (miRNAs), piwi interacting RNAs (piRNAs), 
small nucleolar RNAs (snoRNAs) and small nuclear RNAs 
(snRNAs). 

LncRNAs share similar biogenesis pathways as other 
ncRNAs and are generated by RNA polymerase II, 
polyadenylated, and spliced. Owing to their positional 
relationship to protein-coding genes, lncRNAs can be 
flexibly transcribed from different genomic regions, i.e., 
promoter upstream, enhancers, intergenic, and the opposite 
strand of protein-coding genes (9). In this manner, lncRNAs 

are classified into five groups (10): (I) stand-alone lncRNAs; 
(II) natural anti-sense transcripts; (III) pseudogenes; (IV) 
intronic transcript; (V) divergent transcripts, promoter-
associated transcripts, and enhancer RNAs. In addition, 
many lncRNAs are also generated from long primary 
transcripts with unusual RNA processing, yielding distinctive 
structures. For example, instead of canonical RNA 
maturation processing, lncRNAs could generate a complete 
3' end by ribonuclease P cleavage to generate the stable 
format (11), capped by small nucleolar RNA (snoRNA)-
protein complexes at their ends (12), or generate isoforms 
through alternative pathways (13). By comparison to mRNA, 
lncRNAs lack open reading frames (ORFs) but have special 
3-terminal processes and a greater tendency towards cell 
type-specific expression (14,15). Finally, both are degraded 
by exonuclease degradation or exosome digestion (15). 

Due to the Watson Crick base pairing and base stacking, 
lncRNAs transcripts can fold into highly stable secondary 
and tertiary structures (14). RNA has the capacity to 
form double-stranded stems, single-stranded loops and 
bulges, which energetically fold further into high-order 
and complex 3D architectures (9,16). These distinctive 
structures enable lncRNAs to be identified amongst 
mRNAs or other ncRNAs allowing their interaction with 
DNA or other RNA molecules, even forming the lncRNA-
protein complexes. A prominent example is the hox 
transcript antisense RNA (HOTAIR), originating from the 
HOXC locus, which can serve as scaffolds by combining 
with related histone modification enzymes (i.e., the 5' 
domain binds PRC2 while the 3' domain binds the LSD1), 
to assist post-transcriptional modifications (17), suggesting 
lncRNAs as essential molecular players in diverse human 
physiological and pathological processes.

Main biological functions

Since the first functional lncRNAs were discovered in 
the 1990s (i.e., H19, Xist) (10,18), substantial research 
has delineated abundant structure function relationships 
of  lncRNAs,  and the concept of  “transcript ional 
noise” (the old argument about whether ncRNAs have 
functions) in this field (19). However, the complexity 
and diversity of lncRNAs three-dimensional structure, 
as well as their expression specificity in different cell 
types and developmental stages (20,21), have resulted 
in the difficulty of categorizing the myriad functions of 
lncRNAs. Nevertheless, according to existing functional 
studies, the molecular mechanisms of lncRNAs are divided 
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into four types: signal, decoy, guide, and scaffold (22). A 
more common understanding about the role of lncRNAs 
in regulatory mechanisms is at the level of chromatin 
modification, transcription and post-transcriptional 
processing (23).

The role of lncRNAs in the epigenetic regulation has 
been of considerable interest. Many lncRNAs regulate the 
chromatin states via recruiting chromatin-modifying enzyme 
proteins to specific sites in the gene (24). LncRNAs can 
act on their target genes through cis-regulation, affecting 
expression of the neighboring gene on the same allele from 
which they are transcribed. In trans-regulation, lncRNAs 
do not meet this criterion (25). For instance, lncRNA Xist 
accumulates in cis on the X chromosome and recruits PRC2, 
provoking the stable silencing of the entire chromosome (26), 
while HOTAIR interacts with PRC2 to repress transcription 
of the HOXD locus in trans (27). Additionally, lncRNAs 
acting as scaffolds can assemble multiple proteins to form 
lncRNA - ribonucleoprotein complexes, affecting chromatin 
modifications, such as HOTAIR. 

Given that lncRNAs can be generated from promoters or 
enhancers, transcription can be affected, both positively and 
negatively. Those lncRNAs can act as decoys for transcription 
factors. LncRNAs can act as coregulators modulating 
transcription factor activity. LncRNA steroid receptor RNA 
activator (SRA) is considered as a coactivator for a number 
of nuclear steroid receptors (28). Some lncRNAs interface 
with additional regulators (i.e., ATP-dependent chromatin 
remodeling complexes and histone acetyltransferases) to 
modulate gene expression (29). In addition, lncRNAs can 
directly interfere with Pol II activity by combining with the 
initiation complex to influence promoter choice (30).

As functional RNA, lncRNAs play an essential role in 
post-transcriptional processing, including splicing, editing, 
translation and degradation. The lncRNA MALAT1, highly 
enriched in nuclear speckles, has been suggested to be a 
general component of the splicing machinery and regulates 
the phosphorylation level of serine/arginine (SR) splicing 
factors, thus, controlling alternative splicing of certain 
mRNA precursors (31,32). Moreover, circRNAs, a special 
class of lncRNAs, defined by their circular structure, are 
resistant to degradation by exonucleases, and are highly 
stable within a cell (33). 

Taken together, the role of lncRNAs is extremely broad 
across the biological processes. The greater understanding 
of lncRNA structure and function is still evolving. However, 
the development of pioneering sequencing technologies 
could depict more secondary structures, protein binding 

motifs and other features about lncRNAs, which may reveal 
additional cellular functions.

LncRNAs in physiology of female fecundity 

Recently short ncRNAs have been shown to play an 
important role in the control of reproductive functions (34,35). 
However, only limited reports exist on the potential regulatory 
impact of lncRNA in female fecundity. LncRNA nuclear 
paraspeckle assembly transcript 1 (NEAT1) is an essential 
component of paraspeckle, participating in the regulation 
of transcription and RNA processing (36-38). In support 
of the physiological function of lncRNA and paraspeckle, 
Neat1 knockout (KO) mice failed to become pregnant despite 
normal ovulation. However, they expressed corpus luteum 
dysfunction and with low progesterone values (38). The H19 
KO mice demonstrated subfertility and accelerated follicular 
recruitment, implying that H19 limited the number of follicles 
that mature, produce estradiol, and ovulate (39). 

The developmental capacity of mature oocytes is essential 
for maintaining the reproductive potential of the female, 
resulting from multiple molecular interactions in the 
follicular microenvironment [i.e., the oocyte, the surrounding 
follicular cells and follicular fluid (FF)] (40,41). Differential 
lncRNA expression profiles in human cumulus-oocyte 
complex (COC) were recently analyzed. These studies found 
abundant lncRNA expression in human MII oocytes (BCAR4, 
C3orf56, TUNAR, OOEP-AS1, CASC18, and LINC01118) 
and cumulus cells (CCs) (NEAT1, MALAT1, ANXA2P2, 
MEG3, IL6STP1, and VIM-AS1) (42). An independent 
microarray analysis was performed on FF and revealed that 
four lncRNAs (RP1-34H18.1, LNC-000503, LNC-000683, 
H19) differed between mature and immature ovarian 
follicles of healthy women (43). The interrogation of 
transcriptome dynamics in human primordial, primary and 
small antral follicles uncovered the expression of lncRNAs 
XIST, NEAT1, NEAT2 (MALAT1), and GAS5 (44).  
These lncRNAs are indispensable during development of 
the normal human follicle but the functions remain to be 
determined. An additional important lncRNA in human 
oocyte is telomeric repeat containing RNA (TERRA), an 
essential component of telomeric architecture, colocalizing 
with telomeres and telomerase during meiotic prophase 
I (45). Both TERRA levels and distribution would be 
regulated in a gender-specific manner (45). TERRA levels 
were markedly lower in human fetal oocytes compared to 
spermatocytes (45,46). The authors speculated that TERRA 
could contribute to telomeric stability during oogenesis 
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and may be related to telomerase function during follicular 
development (46).

These studies suggest that several distinct lncRNAs are 
present during human follicular development but their 
detailed role remains to be determined

LncRNAs in women with PCOS 

LncRNAs as a novel class of molecules have attracted 
attention in the pathophysiology of human diseases, and 
multiple functional studies of lncRNAs have focused on 
tumor pathophysiology. Recently, different lncRNAs have 
been detected in PCOS, and many studies have described 
numerous lncRNAs in various biological and pathological 
processes of granulosa cells (GCs), FF, peripheral blood and 
ovaries (Table 1; Figure 1). 

LncRNAs in human GCs

GCs, one of somatic cells in follicles, are divided into mural 

granular cells (MGCs, line the wall of follicle) and CCs 
(directly surround the oocyte) until antrum formation (67). 
GCs are the most studied cell type in PCOS. Usually, GCs 
are collected from women with or without PCOS undergoing 
in vitro fertilization (IVF) or intracytoplasmic sperm injection 
(ICSI) to determine the potentially pathogenic genes. 
LncRNAs have been involved in diverse manifestations of 
PCOS mainly through the interaction between lncRNA and 
miRNA (Figure 1).

Cell proliferation and/or apoptosis
Currently, several lncRNAs have been found to play a 
vital molecular role in regulating GC proliferation and 
apoptosis by functioning as the competitive endogenous 
RNA (ceRNA). The level of lncRNA zinc finger antisense 
1 (ZFAS1), located on chromosome 20q13, is elevated in 
ovarian GCs of PCOS patients. LncRNA ZFAS1 combining 
with miR-129 prevents miRNA-mediated degradation 
of HMGB1, inhibiting the proliferation activity while 
promoting the apoptosis of GCs (48). The expression of 

Table 1 Characteristics of aberrant lncRNA in PCOS patients 
Species

Specimen Gene Chromosome
Expression pattern (up/

down regulation)
Identified functions Reference

Human Ovary NEAT1 11 Up Sponging mir-16, mir-483, mir-324-3p (47)

Promoting KGN cell proliferation

Granular  
cells

ZFAS1 20 Up Sponging mir-129 (48)

Involving in cell proliferation and apoptosis

Regulate the P4 and E2 secretion 

MALAT1 11 Down Sponging mir-125b, mir-203a (49)

Involving in cell proliferation and apoptosis

PVT1 8 Up Sponging mirna-17-5p (50)

Involving in cell proliferation and apoptosis

HCP5 6 Up Sponging mir27a-3p/IGF-1 (51)

Involving in cell proliferation and apoptosis

BANCR 9 Up Activating the p53 signaling (52)

Promoting cell apoptosis

LINC-01572:28 16 Up Impeding cell cycle (53)

Table 1 （continued）
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Table 1 （continued）

Species Specimen Gene Chromosome
Expression pattern (up/

down regulation)
Identified functions Reference

Human HCG26 6 Up May involve in the proliferation (54)

Correlated with antral follicle count

OC1 9 Up Inhibiting aromatase mrna (55)

HUPCOS 
(ZSCAN2-5:15)

15 Up Inhibiting aromatase mrna (56)

Positively associated with follicular fluid 
testosterone 

RP11-151A6.4 13 Up May involve in the lipid metabolism and  
the regulation of insulin

(57)

PWRN2 15 Up Sponging mir-92b-3p (58,59)

Involved in oocyte nuclear maturation

Follicular fluid PVT1 8 Up Sponging mirna-17-5p (50)

RP11-2N1.2 18 Up Associated with serum androgen serum 
androgen 

(43)

CTC-338M12.6 5 Up

RP11-547D23.1 14 Up

RP11-834C11.4 12 Up

CTD-2034I21.1 16 Up Associated with serum LH levels 

LINC01448 7 Up

AC005614.5 19 Up

B4GALT1-AS1 9 Up

FLJ33581 20 Up

Peripherial 
blood

MIRLET7BHG 22 Up Positively related to BMI (60)

SRA 5 Up Positively related to BMI (61)

Involving in adiposity-related processes

CTBP1-AS 4 Up Closely related to the serum total 
testosterone

(62)

GAS5 1 Down Positively associated with fasting plasma 
glucose levels

(63)

H19 11 Up Related to the IR (64)

Xist X Down Negatively related with poor pregnant 
outcome

(65)

SRLR 3 Up Involving in ovarian granulosa cell 
apoptosis

(66)



Tu et al. LncRNAs in PCOS

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(2):173 | http://dx.doi.org/10.21037/atm-20-5044

Page 6 of 13

Figure 1 Identified lncRNA in PCOS. (A) LncRNA profile are depicted in ovarian issue from PCOS patients and rodent model. The 
function of most listed lncRNAs has not been investigated; (B) LncRNA signatures in follicles are key for uncovering the pathophysiologic 
mechanism in PCOS. The studies in granulosa cells are the most, and those lncRNA work maily through ceRNA network and some other 
identified singaling pathways (i.e., p53 pathway, NF-κB pathway). Little is know about the lncRNA function in follicular fluid. Therefore, 
we hypothesis that lncRNAs are transported from GCs to oocyte via extracellular vesicles, regulating the gene expression in oocyte during 
the follicle development. Several lncRNA are reported to be involved in the development of human follicle and regulate the transcription 
and RNA processing in paraspeckle, but the blanks about the lncRNAs signature in oocyte of PCOS urgently need to be filled in to better 
understand the molecular mechanism of ovarian follicular arrest; (C) LncRNA detected in peripherial blood are associated with endocrine 
changes (i.e., lipid metabolism, androgen metabolism, glucose or insulin metabolism) and even connected with the pregnant outcome, 
providing new insights for our further understand of lncRNAs in PCOS and expand the novel diagnostic biomarkers and therapeutic targets.
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NEAT1 is upregulated in PCOS ovarian tissue, promoting 
the proliferation of human granulosa-like tumor cell line 
KGN via several miRNAs (i.e., miR-16, miR-483 and miR-
324-3p) (47). However, whether the upregulated NEAT1 
causes corpus luteum dysfunction in PCOS, like NEAT1 
KO mice (38), is unclear. Decreased lncRNA metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) in 
women with PCOS, as a downstream transcript of NEAT1, 
destroys the cell cycle in GCs by regulating the TGF-
βsignaling pathway via ceRNA network (49). Interestingly, 
MALAT1 KO female mice have no any obvious abnormal 
reproductive phenotype (68). Whether the down-regulated 
MALTA1 exerts separate functions in different species 
remains to be determined. Elevated lncRNA PVT1, 
located in the nuclei, regulates the expression of PTEN 
by interacting with miRNA-17-5p in the apoptosis and 
proliferation processing of GCs (50). Increased lncRNA 
HCP5 also is involved in the GC proliferation and apoptosis 
via sponging miR27a-3p/IGF-1 (51). In addition, several 
other signal pathways have been reported to be involved in 
the regulation of GC proliferation and apoptosis. LncRNA 
BANCR promotes GC apoptosis in PCOS by activating 
the p53 signaling pathway (52). LINC-01572:28 hinders 
the interaction between SKP2 and P27 to suppress GC 
proliferation (53). LncRNA HCG26 is found by microarray 
and possibly contributes to GC proliferation, but the specific 
molecular mechanism of this lncRNA is not known (54). 

Oocyte development
Huang et al. firstly described the dysregulated lncRNAs in CCs 
of women with PCOS via microarray analysis, and they found 
the differentially expressed lncRNAs with the length between 
201 to 11,869 bp were mostly transcribed from chromosome 
2. Co-expression network analysis of 43 lncRNAs and 29 
mRNAs found that aberrantly expressed lncRNAs may be 
involved in the regulation of oocyte development (58). Up-
regulated lncRNA Prader-Willi region nonprotein coding 
RNA 2 (PWRN2) in CCs is involved in oocyte nuclear 
maturation through the PWRN2/miR-92b-3p/TMEM120B 
ceRNA network (59). Elevated lncRNA HCG26 is correlated 
with antral follicle count (AFC) inspected by ultrasonic 
B, suggesting that dysregulated lncRNA may contribute 
to follicle development (54). However, understanding the 
specific role of lncRNAs in the molecular mechanism of 
oocyte maturation requires further elucidation. 

Steroidogenesis
PCOS is such a heterogeneous disorder that there 

a r e  v a r i o u s  c l i n i c a l  m a n i f e s t a t i o n s ,  i n c l u d i n g 
hyperandrogenemia, obesity and IR. LncRNAs are involved 
in the regulation of steroidogenesis and metabolism. 
Downregulated lncRNA ZFAS1 is reported to increase 
P4 and E2 secretion in GCs (48). The knockdown of 
lncRNA OC1 identified in human GCs could increase 
the expression of aromatase mRNA, leading to increased 
production of estradiol (55). LncRNA HUPCOS, located in 
15q22, is a new identified intergenic lncRNA with a 495bp 
transcript length in GCs. LncRNA HUPCOS is reported 
to be positively associated with FF testosterone through 
inhibition of CYP11 activity (56).

Relationship with PCOS clinical phenotypes 
An increase of lncRNA RP11-151A6.4 expression is 
observed in GCs from PCOS patients with higher BMI, 
higher HOMA-IR values and hyperinsulinemia, indicating 
that the intronic lncRNA RP11-151A6.4 may be involved 
in lipid metabolism and the regulation of insulin (57). 
Differentially expressed lncRNAs in GCs isolated from 
the PCOS patients with or without hyperandrogenism 
may play an important role in metabolism via regulating 
mitochondrial function (69). 

These insights indicate that lncRNAs may play a key role 
in GCs through different signal pathways, and drive the 
ovulation disorder and emergence of infertility in PCOS. 
Therefore, lncRNAs could be a potential therapeutic target.

LncRNAs in human FF

The development of the antrum of follicle requires 
the influx of water, which gradually forms the FF. The 
microenvironment of FF is vital to nourish oocyte growth 
and follicular maturation. The FF contains miRNA, proteins, 
various ionic compounds and metabolic products (70). 
Recently, a high-throughput RNA-seq assay in human FF of 
mature or immature follicles spots 1,583 novel lncRNAs that 
are enriched in metabolism and cell-cell connection related 
processes. Among the differentially expressed lncRNAs, 
four kinds of lncRNAs are associated with serum androgen 
and another five kinds of lncRNA are associated with serum 
LH levels (43). LncRNA PVT1 is increased in FF, but the 
mechanism is not known (50). Extracellular vesicles (EVs) 
have been reported to transport miRNAs and proteins 
to recipient cells in the ovarian follicle (71), but without 
lncRNAs. We assume that the lncRNAs in FF are possibly 
derived from EVs and regulate gene expression in GCs or 
oocytes during the follicle development. 
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LncRNAs in human peripheral blood

The blood circulation is the transportation hub for different 
tissue or cell metabolites in humans. LncRNAs in peripheral 
blood can partially reflect the expression of lncRNAs in 
vivo. Therefore, the abnormal expression of lncRNA in 
periphery blood is expected to serve as a biomarker for the 
diagnosis of PCOS.

Several lncRNAs in peripherial blood vary with 
metabol ic  phenotypes in PCOS, such as  obesity, 
hyperandrogenism and IR. Both lncRNA SRA  and 
MIRLET7BHG are observed to be elevated in peripheral 
blood of women with PCOS and are positively related 
to BMI (60,61). Furthermore, lncRNA SRA is thought 
to be an important mediator in adiposity-related 
processes in PCOS (61). LncRNA terminal binding 
protein 1 antisense (CTBP1-AS)  serves as a novel 
androgen receptor modulator and is closely related to the 
serum total testosterone (62). LncRNA growth-arrest 
specific transcript 5 (GAS5) is detected with decreased 
expression in the serum of PCOS patients with IR, whilst 
interleukin-18 (IL-18) is significantly increased, indicating 
that IL-18 and GAS5 may contribute to IR in PCOS (63). 
Another lncRNA H19 is positively associated with fasting 
plasma glucose levels, but has no correlation with IR (64). 
Evidence has accumulated showing a vital link between 
lncRNAs and pregnancy outcomes. For instance, decreased 
lncRNA X-inactive specific transcript (Xist) is  significantly 
related with adverse pregnancy outcome in PCOS patients, 
including gestational diabetes, pre-eclampsia, caesarean 
section, preterm and post-term birth (65). In addition, some 
up-regulated lncRNAs in blood may reflect the ovarian GC 
apoptosis, such as lncRNA sorafenib resistance-associated 
lncRNA in renal cell carcinoma (SRLR) (66) may reflect 
ovarian GC apoptosis.

Taken together, these studies provide new insights for our 
further understandings of lncRNAs in PCOS and expand 
the novel diagnostic biomarkers and therapeutic targets. 

LncRNAs in PCOS rodent models 

Various animal models in rats or mice have been established 
to examine the potential physiopathologic mechanism in 
PCOS. The main protocols induce the hyperandrogenism 
and metabolic abnormalities (72). Accordingly, we outline 
the lncRNA studies in three different PCOS rodent 
models that are induced by three methods, including 
dehydroepiandrosterone (DHEA) and letrozole (Table 2; 

Figure 1).

LncRNAs in DHEA-induced rodent models

PCOS rats or mice with subcutaneous DHEA for 20 
consecutive days (73,76). In the DHEA-induced rat model, 
serum levels of estradiol (E2), testosterone (T), luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) 
were similar to PCOS patients. LncRNA HOTAIR 
increased the expression of IGF1 in GCs via competitive 
binding to miR-130a, inhibiting their proliferation and 
promoting apoptosis (73). In the DHEA-induced PCOS 
mice, lncRNA SRA knockdown in the ovary impedes 
the production of inflammation factors, angiogenetic 
factors and the NF-κB signaling pathway and changes 
insulin release (76). LncRNA OC1, up-regulated in 
human GCs, also increases in PCOS mice ovaries and 
positively regulates serum insulin release and production 
of angiogenesis-related factors through NF-κB signaling 
pathway (55).

LncRNAs in letrozole-induced rodent models

Eighty-seven-day-old SD rats were administered with 
letrozole for 23 consecutive days (75). This PCOS model is 
consistent with phenotypes of the PCOS patient, including 
obesity, irregular estrous cycle, higher androgen and LH 
in serum and more cystic follicles in the ovaries. A total of 
158 lncRNAs were differently expressed in the ovary tissue 
of PCOS rats via RNA sequencing analysis. Up-regulated 
lncRNA Med12-002 and lncRNA Esr1-002 are involved 
in the androgen metabolic process and androgen receptor 
signaling pathway. LncRNA RT1-M3-1-002/miR-146a-
5p/Csmd1 and lncRNA CD36-005/miR-448-5p/Ltbp4 
are present in the PCOS mice (75). In the same PCOS rat 
model, lncRNA CD36-005 is up-regulated in the uterus 
and promotes the proliferation of rat primary endometrial 
stromal cells (74).

Consequently, lncRNAs are involved in multiple metabolic 
mechanisms in PCOS rodent models. However, it is yet 
unclear whether expression of specific lncRNAs is distinctly 
associated with PCOS phenotypes. To date, the literature 
about lncRNAs in PCOS rodent models is still rare. Thus, 
there are a glut of pathophysiology to be uncovered.

Conclusions and perspectives

LncRNAs are new players that are shaping the molecular 
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Table 2 Characteristics of aberrant lncRNA in different PCOS rodent models 

Species Models Specimen Gene Chromosome
Expression pattern  

(up/down regulation)
Identified functions

Reference

Rat DHEA Granular cells HOTAIR 15 Up Function in HOTAIR/miR-130a/IGF1 
ceRNA network

(73)

Letrozole Uteri CD36–005 4 Up Promoting the proliferation of rat 
primary endometrial stromal cells

(74)

Letrozole Ovary CD36-005 4 Up Function in CD36-005/miR-448-5p/
Ltbp4 ceRNA network

(75)

RT1-M3-1-002 20 Up Function in RT1-M3-1-002/miR-146a-
5p/Csmd1 ceRNA network

May involve in cell adhesion 
molecules

Med12-002 X Up Involved in the androgen metabolic 
process and androgen receptor 
signaling pathway

Esr1-002 1 Up

Abcf2-004 4 Up /

Col6a3-201 9 Up /

Adgrv1-003 2 Up /

Grik2-001 20 Down /

Mouse DHEA Ovary SRA 18 Up Impeding the production of 
inflammation factors ,angiogenetic 
factors as well as NF-κB signaling 

(76)

Changing insulin release

OC1 19 Up Regulating angiogenesis and 
inflammatory response via the  
NF-κB signaling pathway

(43)

configuration in pathogenesis of PCOS. Due to the 
manifold and complex three-dimensional structure, 
lncRNAs are playing an indispensable role in amounts 
of biological process, enhancing the understanding of 
pathological mechanism in PCOS. However, available 
information about lncRNA molecular mechanisms is 
still fragmented in PCOS. Compared with their roles in 
physiology, the dynamic expression process of preponderant 
lncRNAs at different stages of follicle is unclear in PCOS. 
Also, there is insufficient evidence to suggest that an 
abnormal lncRNA can be correlated one-to-one with a 
clinical phenotype. Based on gene therapy, we should 
classify aberrant lncRNAs in different phenotypes of PCOS 
and establish a database for the precision management in 
clinical practice.

Overall, the investigations about lncRNAs in PCOS 
provided a new vision for the comprehension of the 
pathophysiology mechanism. In the future, lncRNAs should 

be examined as circulating biomarkers for detection of 
PCOS and precise treatment.

Limitations

Articles about PCOS quoted in this review are all from the 
Chinese literature and there is a bias in population distribution. 
Considering the diversity of clinical manifestations of PCOS, 
differentially expressed lncRNA should be more precisely 
analyzed for disease subtypes. Increasing evidence supports the 
role of lncRNAs in normal follicle development. Nevertheless, 
our knowledge of lncRNAs in oocytes of women with PCOS 
is almost non-existent, mainly due to the difficulty in obtaining 
clinical specimens. Further, the dysregulated lncRNAs in 
PCOS animal models are not necessarily suitable for all 
mechanisms of PCOS clinical phenotypes. Apart from the 
ceRNA network, lncRNA can also function in epigenetic 
regulation and alter the transcription or post-transcriptional 
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landscape. It is clearly necessary to study the function of 
lncRNA from more perspectives in PCOS.
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