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LncRNA SRAI may play a role in the uterine
leiomyoma tumor growth regarding the MED | 2
mutation pattern
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Background: Uterine leiomyomas (ULMs) are benign uterine tumors that are estrogen-
dependent. Recent studies suggest that the abnormal expression of the steroid receptor RNA
activator 1 (SRA1) long non-coding RNA (IncRNA) might participate in the mechanisms of
tumorigenesis of some hormone-dependent tumors including breast cancer. SRA1 is known
to enhance the transcriptional activity of steroid receptors and also promotes steroidogenesis.
The level of steroid hormones, such as estrogen and the progesterone, and their receptors
play an important role in the development and growth of leiomyoma. The aim of the present
study was to determine the expression level of IncRNA SRA1 in ULM tissues considering
the MEDI2 mutation pattern.

Methods: Mutation screening was performed for MED12 exons 1 and 2 and the intronic
flanking regions using Sanger sequencing in 60 ULM tissues. Quantitative real-time poly-
merase chain reaction (QRT-PCRs) was performed in order to estimate the expression of
IncRNA SRAI in leiomyoma samples with and without MEDI2 gene mutations. The
expression results were analyzed by using LinReg and REST software.

Results: Mutations were detected in exon 2 of the MEDI2 in 28 (46.67%) ULM samples;
including, 21 (75%) missense mutations and 7 (25%) in-frame deletions. No mutation was
detected in the MEDI2 exon 1. LncRNA SRA1 was over-expressed in ULM samples without
MEDI2 mutation compared with ULM samples harboring MED12 mutation (Expression
ratio=2.5, P-value=0.004).

Conclusion: Present results suggest that IncRNA SRA1 may explain the phenotypic
difference observed in the tumor size of ULM samples considering MED 12 mutation pattern.
Therefore, it serves as a good therapeutic target and provides new insight into understanding
the disease molecular mechanism.
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Introduction

Uterine leiomyomas (ULMs) (also named as fibroids) are the most common type of
women’s health disorders. According to statistical information, 40-80% of repro-
ductive-aged women are diagnosed with ULMs.! These benign tumors arise due to
monoclonal transformation of the myometrium, smooth muscle cell layer of the
uterus. They can cause several complications such as infertility, miscarriages,
bleeding, pain, dysmenorrhea, menorrhagia, and dyspareunia. Excluding hysterect-
omy, most treatments often provide only temporary relief and are not successful in
all patients; therefore, its social impact is significant, with money expend on
medical support as well as the obvious impact on women’s productivity and work
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absenteeism.” Both environmental and genetic risk factors
contribute to the disease development. Through cumula-
tive evidence, MED12 somatic mutations are emerging as
an important player and an underlying cause of >70%
ULMs.®> These mutations disrupt the kinase activity of
the mediator complex and result in the dysregulation of
the genes that are transcribed by RNA POLIIL, including,
protein coding genes and functional RNAs.*> Recently,
the role of long non-coding RNAs (IncRNAs) has been
confirmed in several human diseases; however, there are a
few studies regarding the role of these functional RNAs in
ULM. Guo et al showed for the first time that IncRNAs,
specially intragenic IncRNAs, are dysregulated in the uter-
ine leiomyomas and concluded that the abnormal expres-
sion of IncRNAs may contribute to the pathogenesis of the
disease. LncRNA SRA1 (SRA) is an intragenic IncRNA
transcribed from the steroid receptor RNA activatorl
(SRA1) gene located at 5q31.3. SRA RNA is capable to
coactivate several nuclear receptors including, estrogen
receptors (ERs).”” It is well understood that ULMs are
estrogen-dependent tumors and estrogen exerts its tumor-
igenesis effect on ULM through binding to estrogen recep-
tors , ERa and ERP. Therefore, IncRNA SRAT1 serves as a
good target for investigating the possible mechanisms
involved in the genesis of ULMs. The aim of the present
study was to investigate the expression of IncRNA SRA1
in ULM samples regarding the mutation profile of MED12
gene.

Materials and methods

Patients and tissue samples

Sixty leiomyoma tissues were obtained from 49 Iranian
women who were diagnosed with uterine leiomyoma and
underwent an abdominal hysterectomy or myomectomy in
Moheb-e-Yas hospital (Tehran, Iran). All samples were
immediately frozen in liquid nitrogen and stored at —80°C

consent prior to study enrolment. This study was conducted
in accordance with the ethical principles of the World
Medical Association’s Declaration of Helsinki and was
approved by the ethics committee of the Shahid Beheshti
University of Medical Sciences (SBMU) (Code: IR.SBMU.
MSP.REC.1398.261).

Mutation analysis

Genomic DNA was extracted from 30 mg of the tissues
using DNeasy Blood & Tissue Kit (Qiagen, Cat No:
69504) according to the manufacturer protocol. To analyze
mutations in MEDI2 exon 1, exon 2 and the flanking
intronic regions, genomic DNA was amplified by PCR
using two sets of specific primers as shown in Table 1.
PCR reactions were prepared separately for each set of
primers in a total volume of 25 pL, containing 12.5 pL Taq
DNA Polymerase 2X Master Mix Red (Amplicon,
Odense, Denmark), 1 pL of each primer (10 pmol), 2 pL
genomic DNA (>100 ng), and 8.5 pL PCR grade water.
PCR was performed in a GeneTouch thermocycler instru-
ment (BIOER, Hangzhou, China) with the following pro-
gram: initial denaturation at 94°C for 5 min and a
subsequent series of 35 cycles of 94°C for 30 s (denatura-
tion), 61°C for 45 s (annealing), and 72°C for 30 s (exten-
sion). The final elongation step was performed at 72°C for
5 min. To define genomic alterations in MEDI2 gene,
Sanger sequencing was performed using an ABI 3730xl1
DNA analyzer (Macrogen, Seoul, Korea). MEDI?2
NG _012808.1 and NM_005120.2 were used as genomic
and cDNA reference sequences, respectively. The A of the
first ATG codon was considered as +1 in nucleotide num-
bering. Mutation analysis was performed using Chromas
software (version:2.13).

Expression analysis
Total RNA was extracted from leiomyoma samples and

until used. All participants provided written informed adjacent tissues wusing easy-BLUE™ Total RNA
Table | Primer sequences for mutation detection and qRT-PCR
Genes Primers Sequences Amplicon size
MED|2 exonl Forward primer GCCGTCCTCTCAACCACC 216bp
Reverse primer CGTCAGTTCATCCTCCTTCTGT
MED |2 exon2 Forward primer GAACGTAAGGGCCCAGCTTT 356bp
Reverse primer TCAGCCACTTAGGTTGTCCC
Beta-2-microglogulin Forward primer TGTCTTTCAGCAAGGACTGGT 143bp
Reverse primer TGCTTACATGTCTCGATCCCAC
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Extraction Kit (iNtRON Biotechnology, Inc., Cat No:
17061). The first-strand cDNA was synthesized from 2 pg
of total RNA by using High-Capacity cDNA Reverse
Transcription Kit, according to the manufacturer-provided
protocol (Applied Biosystems, Cat No: 4368813).
Quantitative RT-PCR (qRT-PCR) was performed for
SRA1 IncRNA and beta-2-microglobulin (32M) genes in
duplicate on a Rotor Gene 6000. Each PCR reaction com-
prised of 10 ul 2X RealQ-PCR Master Mix®™ (Ampligon,
Odense, Denmark), 1 pl cDNA (>10 ng), 0.5 pl of each
primer (5 pmol) and 7 pl of nuclease-free water in a total
volume of 20 pl reaction mixture. Primers for amplification
of SRA1 IncRNA were obtained from a previous study.®
Three-step PCR thermal cycling and real-time data
acquisition were performed using the following conditions:
95°C for 15’ x1 cycle, and 95°C for 15 s, followed by 60°C
for 15” and 72°C for 15” x40 cycles followed by the melt
curve stage assessment. To check the primer specificity,
melting curves analysis and agarose gel (2%) electrophor-
esis were performed. The relative expression level of SRA1
IncRNA was normalized to the expression level of f2M.

Statistical analysis

Prior to the expression analysis, the cycle threshold (Ct)
data and amplification efficiency for each reaction were
calculated using LinRegPCR software (version: 2017.1).
The gene expression ratio (fold change) for the IncRNA
SRAl in MEDI2 mutant and MEDI2 wild-type leio-
myoma samples was calculated using the RESTO 2009
software (v2.0.13). Unpaired-two-tailed Student's #-test
was used to evaluate differences in the tumor size and
gene expression level between the studied groups by
using GraphPad Prism 7.0 (GraphPad Software, La Jolla,
CA). P<0.05 was considered statistically significant.

Results
The patients’ ages ranged from 29 to 54 years (42.87
+7.75 years). The leiomyoma tissues were from three dif-
ferent types including intramural, subserousal, and submu-
cousal with the frequency of 48.21%, 37.51%, and 14.28%,
respectively. DNA sequencing analysis revealed somatic
mutations in exon 2 of the MEDI2 gene in 28 (46.67%)
ULM samples; including, 24 (85.71%) missense mutations
and 4 (14.29%) in-frame deletions (Table 2 and Figure 1).
No mutation was detected in the MEDI2 exon 1.

The tumor size was statistically different between
ULM samples with (2.3240.40) and without (4.65+0.66)
MEDI2 mutation (P-value=0.0356) (Figure 2).

We analyzed the expression level of IncRNA SRALI in
the uterine leiomyoma samples with and without muta-
tion. LncRNA SRA1 was over-expressed in the ULM
samples without MEDI2 mutation compared with ULM
harboring MEDI2 mutation
ratio =2.5, P-value=0.004). Figure 3 shows the compared

samples (Expression

delta Ct values between the studied groups.

Discussion

In the present study, we investigated the expression level
of IncRNA SRA1l in ULM samples with and without
MED12 mutation. Our results showed that the expression
of the IncRNA SRA1 was up-regulated in the ULM sam-
ples negative for MEDI2 mutations in compared with
ULM samples harboring these mutations (expression
ratio =2.5; P-value=0.004). We also found that there was
a negative correlation between the tumor size and MED12
mutation. Therefore, it may be concluded that up-regula-
tion of IncRNA SRAI1 affects the tumor size, indirectly.

As it was mentioned, SRA/ is a nuclear receptor that
encodes both non-coding (IncRNA SRA1) and coding
(SRAP) products result from alternative splicing.”*'® It
is believed that both transcripts are functional and regulate
several molecular pathways especially through ERs.”%!!
SRA functions as a scaffold and several molecules includ-
ing co-activators of nuclear receptors and transcription
factors bind to it either directly or indirectly, and therefore
regulate the gene expression.'? SRA co-activates both ERa
and ERp in a ligand-independent and ligand-dependent
manner, respectively.'? The effect of SRA on the expres-
sion of ERa and ERp is interesting, since both receptors
play role in developing ULMS.'*'¢

According to the recent studies, both estrogen and
progesterone hormones are important in developing
ULMs. ERa and ERP mediate the action of estrogens in
the formation and growth of the leiomyoma; however, it is
believed that the most estrogen action in the uterine attri-
butes to ERa. /n vitro studies suggest that the B form also
modulates the ERa effects in the uterus.'

Previous studies have revealed that the size of ULM is
different regarding the MEDI2 mutation pattern of the
leiomyoma. It is suggested that ULMs harboring mutations
in the MED12 exon 2 to be smaller in size compared with
ULM s negative for these mutations.'” ' According to the
present results, IncRNA SRA1 may explain this difference
in the tumor size due to its role in the regulation of ERs.

Although the main fractions of the ULMs are smooth
there are also several other

muscle cells; however,
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Table 2 Detected MED |2 mutations in the studied uterine leiomyomas

Mutation type Nucleotide change Predicted amino acid change Number of mutated samples (%)
Genomic Coding
Point mutation g.5848G > A c.130G > A P.G44S 12 (20)
g5848G > T cl30G>T p.G44C 3 (5)
g5849G > T cl3IG>T P.G44V 3 (5)
g.5849G > A cI3IG>A p.G44D 6 (10)
Deletion £.5840_5860del2| c.122_142del21 p-V41_Q48del>E I (1.67)
g.5818_5838del2| c.100_120del21 p.D34_ N40del I (1.67)
£.5832_5867del36 c.114_149del36 p-A38_A50del I (1,67)
£.5845_5859del 15 c.127_141dell5 p-Q43_N47del I (1.67)
C G G T T T C G G T T T
) \l,‘; VA \ . ,-"! \/
S S V Y L ¥
c.130G>A c.130G>T
C G G T T T C

c.131G>T

Figure | Chromatograms presenting some of the exon2-MED /2 somatic mutations.

components, including vessels, fibroblasts, and mast cells.
The distribution of ERa and ERS is quite different in ULM
components. While ERa is found mostly in the uterine
smooth muscle, ERp is located in smooth muscle cells of
the uterine, blood vessels endothelial cells, endothelial cells,
and mast cells. The wide distribution pattern of ER suggests
that it may regulate the expression of several factors neces-
sary for tumor proliferation including, fibroblast growth fac-
tor, vascular endothelial growth factor (VEGF), and
molecules of the extracellular matrix. In addition, due to its

c.131G>A

coexistence with ERa in uterine smooth muscle, ER} may
modulate the function of ERa in the uterine.'* Bakas et al
showed that ERP is over-expressed in ULM tissue compared
with the normal uterine tissue.'®

Valladares et al suggested that the expression of the
ERp in the ULM connective tissue cells may explain the
abundant presence of extracellular matrix that is one of
the structural characteristics of ULMs. All these evi-
dences suggest that ERP is consistent with growth favor

in leiomyoma.
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Figure 2 Comparing the tumor size between MED/2-mutated and MED/2-wild
type leiomyoma tissues. *P<0.05.
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Figure 3 Validation of differentially expressed IncRNA SRAI in MED|2-mutated
leiomyoma compared to MED | 2-wild type leiomyoma tissues. Unpaired-two-tailed
t-test was used to evaluate differences in expression by using - delta Ct values.
*P<0.05.

Moreover, comparing multiple and solitary leiomyo-
mas revealed that ERB level was significantly higher in
the former, while the ERa was significantly lower in the
same type of leiomyoma. Although in both types of leio-
myoma, the ERa expression level was greater than the
expression level of ERp.?°

The same as leiomyoma, endometriosis is an estrogen-
dependent disease. According to Han et al, ERP inhibits the
cell death induced by TNFa and increases the proliferative
activities of endometriotic tissues.”’ Lin et al showed that
siRNA-induced inhibition of SRA1 results in ESCs growth
reduction due to the enhancement of the apoptosis and pro-
liferation reduction of ESCs in endometriosis.’ It seems that
SRA1 blocks the hypomethylation of the ERB promoter

region; therefore, SRA1 siRNA treatment causes ERf
down-regulation that itself results in the ERa up-regulation.

The main limitation of the present study is the small
sample size since we classified the studied groups due to
the MED 2 mutation pattern. To our knowledge, this is the
first study that indicates a functional role for IncRNA
SRA1 in bound up with MEDI2 somatic mutation in
uterine leiomyoma.

In conclusion, fibroids are estrogen-dependent and,
understanding the factors that influence the expression of
ERs is important for increasing our knowledge about the
disease pathobiology and development of new therapeutics.
Hence, IncRNA SRAlmay be a good target, and provide a
new vision into understanding the disease molecular
mechanism.
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