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KEY MESSAGE

Ulipristal acetate significantly modifies expression of apoptosis- and extracellular-matrix-related genes in
uterine myomas. Gene expression patterns differ between myomas responsive or not to this treatment. The
present study constitutes the first molecular analysis of possible mechanisms to explain myoma response

to ulipristal acetate treatment.

ABSTRACT

Research question: Does ulipristal acetate (UPA) modify the expression of genes related to apoptosis or the extracellular matrix in uterine myomas
and are any modifications associated with a clinical response?

Design: Targeted analysis of 176 apoptosis- or extracellular-matrix-related genes was conducted using polymerase chain reaction (PCR) arrays. Rel-
evant results were validated by quantitative PCR. Four groups were established: responsive short-term (one course, n = 9), responsive long-term (two
to four courses, n = 9], non-responsive (n = 9), and the control group who was not given any hormone therapy (n = 9). The clinical response was moni-
tored by medical imagery and considered significant when volume reduction was greater than 25%.
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Results: Compared with untreated myomas, significant changes in expression of four genes were found in UPA-treated myomas. Gene expression of

integrin subunit beta 4 was repressed by UPA treatment (fold change [FC] = -12.50, P < 0.001, q < 0.001), tenascin-C expression was downregulated in

UPA-responsive patients (FC = -2.50, P = 0.010, q = 0.090), survivin was repressed in short-term UPA-responsive tumours (FC = -7.69, P < 0.001, q =

0.010), and catenin delta 2 gene expression was upregulated in non-responsive myomas (FC = +7.36, P < 0.001, q = 0.010).

Conclusion: This characterization provides the first molecular distinction between myomas responsive or non-responsive to UPA treatment.
© 2018 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

Introduction

Uterine myomas are the most common benign tumours found in the
female reproductive tract. Depending on myoma number, volume and
localization in the uterus, they can be responsible for abnormal uterine
bleeding, pelvic pain and infertility (Donnez and Dolmans, 2016;
Stewart, 2015). The pathogenesis is unclear and their cause is still
a matter of debate. Several lines of evidence have indicated a clonal
origin [Commandeur et al., 2015; Mehine et al., 2014), but no single
genetic cause has yet been identified.

Recent sequencing studies, however, have revealed that uterine
myomas can be divided into subclasses based on their molecular
genetic background (Kampjarvi et al., 2014; Mehine et al., 2013, 2016;
Yatsenko et al., 2017). Most myomas (about 70%) have mediator
complex subunit 12 (MED12) mutations in exon 2, others overexpress
high-mobility group AT-hook 2 (HMGAZ), whereas a third group is char-
acterized by biallelic fumarate hydratase inactivation (Mehine et al.,
2014, 2016). Interestingly, these three alterations are mutually ex-
clusive, and each subclass possesses a unique global gene expression
pattern. Hence, distinct subgroups of myomas with different
transcriptomic profiles may coexist (Mehine et al., 2016).

Because myoma growth depends on progesterone (Ishikawa et al.,
2010; Kim and Sefton, 2012), ulipristal acetate (UPA], a selective pro-
gesterone receptor modulator (SPRM), was clinically investigated for
myoma management. A single 3-month course of treatment with UPA
5 or 10 mg/day typically reduces tumour volume by 35% (Donnez et al.,
2012a, 2012b), and this reduction can be improved to 50% after re-
peated courses of treatment (Donnez et al., 2014, 2016) with eventual
complete disappearance (Donnez and Dolmans, 2016; Luyckx et al.,
2016). In 20% of cases, myomas do not shrink or even continue to grow
(Donnez et al., 2015).

We previously reported that UPA inhibits proliferation, induces
apoptosis and effectively reduces extracellular matrix (ECM) content
under the influence of matrix metalloproteinases (MMP] (Courtoy et al.,
2015). Nevertheless, questions on how UPA mediates these mecha-
nisms, whether they are involved in shrinkage and why some myomas
do not shrink at all remain unanswered. The aim of the present study
was to identify whether differences in apoptosis or ECM-related gene
expression could be responsible for the response or lack of re-
sponse of myomas to UPA treatment.

Materials and methods
Patients

Thirty-six patients with symptomatic uterine myomas but free of any
hormone therapy for at least 3 months before inclusion were se-
lected to undergo quantitative polymerase chain reaction (qPCR) arrays.
Twenty-seven were given daily preoperative treatment with 5 mg or

10 mg UPA either one 3-month course (considered short-term), or
two to four 3-month courses (considered long-term) in the context
of two clinical studies (Donnez et al., 2014, 2016). The volume of each
myoma was monitored by magnetic resonance imaging or ultra-
sound as part of the clinical management, and calculated using the
formula 4/3.7.r1.ra.rs. in mm?® (where ry, r, and r; represent the radii
in the three dimensions). A significant response to treatment was
defined as at least a 25% reduction in volume, as this threshold is
clinically relevant (Donnez et al., 2014). Three treatment groups were
then established: responsive to short-term (ST) treatment, long-
term (LT) treatment, and non-responsive (NR}, with no distinction
between short- or long-term treatment. The control group included
the remaining nine women with symptomatic myomas who did not
receive any treatment. All patients underwent myomectomy or hys-
terectomy. Population characteristics (including race, age, BMI, end
of treatment to surgery (wash-out) time, myoma volume before and
after treatment) are detailed in Supplementary Table S1. Use of human
tissues was approved by the Institutional Review Board of the Université
Catholique de Louvain, Brussels (IRB 2015/190CT/556).

Tissue samples

Fresh myoma samples were collected directly from the operating room
to ensure that the total time between clamping of the vessels and
complete tissue sampling never exceeded 45 min. Biopsies were dis-
sected into 2-mm?® pieces and immediately frozen in TRIzol reagent
(Thermo Fisher Scientific, Merelbeke, Belgium) for RNA extraction
and stored at -80°C.

RNA extraction

Total RNA extraction was carried out using TRIzol reagent (Thermo
Fisher Scientific) according to the manufacturer’s protocol, as pre-
viously described (Van Langendonckt et al., 2014]). Purified RNA
concentrations were determined in all samples using a micro-
volume spectrophotometer (NanoDrop ND1000, Thermo Fisher
Scientific), and purity was determined by Az/s0 ratios >1.90. RNA
quality was assessed using an Agilent 2100 Bioanalyzer automated
analysis system (Agilent Technologies, Santa Clara, CA, USA] with pro-
prietary total eukaryotic RNA 6000 nano chiplet. Only samples with
an RNA integrity number of seven or over and no traces of genomic
DNA were analysed further by PCR. Extracted RNA remained at -80°C
until reverse transcription.

Reverse transcription

Total RNA (3.0 pug) was reverse transcribed with random hexamers
(1.25 mM, Thermo Fisher Scientific), dNTP (2 mM, Thermo Fisher Sci-
entific), RNasin (20 U, Thermo Fisher Scientific) and SuperScript® IlI
reverse transcriptase (100 U, Thermo Fisher Scientific] in a final volume
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of 20.0 pl. The amplification protocol included preliminary incuba-
tion for 5 min at 24°C, followed by 1 h at 55°C to allow reverse
transcription activity, before inactivation for 15 min at 70°C. Synthe-
sized cDNA was stored at -20°C until use.

Quantitative PCR arrays

The TagMan gene expression array method was chosen as it is highly
quantitative, allows normalization with multiple internal control genes
(Vandesompele et al., 2002) and shows high reproducibility and good
sensitivity thanks to multiple transcript detection (Dallas et al., 2005).
Commercial human ECM and adhesion molecules and human apop-
tosis PCR arrays (Thermo Fisher Scientific) were selected because
they include probes for previously identified candidate genes. Details
of the different genes and probes used in these PCR arrays are pre-
sented in Supplementary Table S2 and Supplementary Table S3. Five
samples per group (totalling 20) were analysed once by each of the
two PCR arrays, according to the manufacturer’s protocol. Briefly,
amplification was carried out with 25.0 ng cDNA per well with the
TagMan Universal PCR Master Mix (Thermo Fisher Scientific) in a final
volume of 20.0 ul. Thermal cycling conditions involved an initial step
for cDNA denaturation and hot-start polymerase activation for 2 min
at 50°C, then 10 min at 95°C, followed by cDNA amplification with 45
cycles of 30 s at 95°C and 1 min at 60°C using the Mx3005P gqPCR
System (Agilent) for FAM™ and ROX™ detection. Threshold cycle (CT)
values were exported from proprietary software MxPro v4.10 (Agilent)
to be analysed on R software (www.r-project.org).

Quantitative PCR on additional myoma samples

Polymerase chain reaction arrays identified gene transcripts with sig-
nificant changes in expression levels differentially expressed according
to treatment, and with a known and relevant biological function in
apoptotic and ECM remodelling processes. On the basis of these cri-
teria, 11 candidate genes were further investigated on four additional
myoma samples per group by real-time gPCR using the same TagMan
gene expression probes as for PCR arrays (Thermo Fisher Scien-
tific). Because the first experiment determined the HPRT1 gene to
be the best reference gene, it was selected for endogenous RNA con-
trols for this study extension. Polymerase chain reactions were carried
out in duplicate in the same conditions as PCR arrays, and negative
controls (no RNA template control, no reverse transcriptase control
and no DNA polymerase control) were included. No replicates showed
a variation of more than 0.5 threshold cycles in the real-time gPCR
experiments, with most exhibiting less than 0.2 threshold cycles of
variation. Threshold cycle values were calculated from replicates with
proprietary software (MxPro v4.10, Agilent) and exported for statis-
tical analysis using R software. Data on the 11 candidate genes plus
the best housekeeping gene (HKG) as determined by PCR arrays, were
added to the results of the PCR arrays to increase the power of the
analysis (final n = 9 per group).

Analysis of quantitative PCR arrays and quantitative PCR
extension

All transcriptomic data were analysed on R software. In a first step,
all ‘non-detect’ values were processed using the R package for non-
detects (v2.6.0). It has indeed been reported that the common practice
of setting non-detect values equal to 40 introduces substantial bias
in differential expression (McCall et al., 2014). In this R package, it

is assumed that missing data represent a true threshold cycle value
over 40; a completely unexpressed transcript; or failure to detect a
true threshold cycle value less than 40. Missing data are therefore
imputed using an algorithm based on an expectation-maximization
approach.

In a second step, the stability of 12 HKG was tested using geNorm
on the principle that ideal reference genes should be similarly ex-
pressed regardless of treatment conditions. The software detected
threshold cycle variations for each of the reference genes across the
samples. Genes showing the greatest expression variability among
the 12 HKG tested were iteratively excluded, until only the most stable
HKGs remained (Dupasquier et al., 2014) (Supplementary Table S4).
Expression stability (M-value] was calculated as described
(Vandesompele et al., 2002). Expression levels of each gene were then
normalized according to the selected HKGs by computing ACT values.
The Limma package (Bioconductor v3.26.9) was used to determine
AACT values and associated P-values of each gene in the four groups
(Smyth, 2005). Fold change (FC) differences were determined as
27lACT sample - ACT controll P « ) 05 was considered statistically significant.
Because a large panel of genes was simultaneously assessed and
multiple comparisons were carried out, P-values were adjusted for
multiple testing using the Benjamini-Hochberg method, and Q < 0.100
was considered significant to account for a 10% false discovery rate.

Results
Targeted transcriptomic analysis by quantitative PCR arrays

Total RNA from five untreated (CTL), five short-term-treated UPA-
responsive, five long-term-treated UPA-responsive, and five UPA-
non-responsive myomas was analysed by apoptosis and ECM-
related gene expression arrays.

Determining the best housekeeping genes

First, 12 commonly used HKGs present on ECM arrays were com-
pared to determine the best reference genes. The robustness of each
HKG was evaluated by measuring its respective expression stability
(M-value). HPRT1 was found to be particularly stable (M = 0.448)
(Supplementary Table S4), compared with the commonly refer-
enced 18S, ACTB, B2M and GAPDH genes. Among the tested HKGs,
HPRT1, PGK1 and PPIA were identified as the most stable, and were
therefore selected for normalization.

Extracellular matrix-related genes differentially expressed
after ulipristal acetate treatment

Of the 84 candidate genes related to the ECM, the most highly ex-
pressed genes were found coding for ECM structural proteins like
collagens and fibronectin (Figure 1), but no significant change in gene
expression levels was noted between the four groups. The 11th most
abundant gene transcribed in the control group (TNC) showed a ten-
dency towards repression in the UPA-treated groups compared with
the control group (ST: FC =-2.78, P=0.030; LT: FC = -3.13, P=0.018;
NR: FC = -2.94, P = 0.023. No difference remained significant after
statistical adjustment, Q > 0.100).

Some factors involved in ECM remodelling made up the second
group of the most highly expressed genes (TIMP2, MMP2, TIMP1,
TIMP3), with no difference in expression levels between groups.
Notably, MMP2 expression was similar throughout (Figure 1), whereas
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modulations. These genes were then analysed by real-time gPCR on
nine samples per group to validate the PCR array results
(Supplementary Figure S1). This analysis confirmed significant dif-
ferences between the groups in expression of four genes (TNC, ITGB4,
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Figure 2 - Human apoptosis quantitative polymerase chain
reaction arrays on five samples per group: heatmap and statistical
analysis. Heatmap of 92 tested apoptosis-related genes sorted
based on their relative abundance in the untreated group (green
for strongly expressed, red for faintly expressed). Fold change
(FC), P-values and Q-values are presented, and significant
differences (P < 0.05, Q< 0.10) are highlighted. CTL, untreated; LT,
long-term UPA-responsive; NR, UPA-non-responsive; ST, short-
term UPA-responsive).

BIRC5 and CTNNDZ] (Table 1). ITGB4 was much less extensively ex-
pressed (up to 20-fold for short-term group, P < 0.001, Q < 0.001) in
UPA-treated samples compared with untreated controls (UPA-
treated versus CTL: FC = -12.50, P < 0.001, Q < 0.001). Considering
the response to UPA, the BIRC5 gene was markedly down-expressed
in myomas responsive to short-term treatment compared with CTL
samples (ST: FC = -7.69, P < 0.001, Q = 0.010), but this was not the
case in the long-term and non-responsive groups. When both re-
sponsive groups (short-term and long-term) were combined, the TNC
gene was significantly repressed compared with controls (FC = -2.50,
P =0.010; Q= 0.090) (Table 1). On the contrary, only non-responsive
samples were confirmed to express roughly seven times more of the
CTNND2 gene than untreated myomas (NR: FC = +7.36, P< 0.001, Q
=0.010) or UPA-responsive myomas (non-responsive versus respon-
sive groups as a whole: FC = +5.26, P < 0.001, Q = 0.010).
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Discussion

Significant (>25%) and sustained regression of most myomas is typi-
cally observed in 80% of patients after UPA treatment (Donnez and
Dolmans, 2016). We previously reported that UPA treatment was able
to induce multifactorial events, including a slight decrease in prolif-
eration, temporary induction of apoptosis and reduction of the ECM
presumed to be caused by MMP activity (Courtoy et al., 2015). These
modifications could play a role in the long-lasting benefits of UPA in
terms of myoma shrinkage (Donnez et al., 2012b). The present work
aimed to characterize the molecular response of myomas by com-
paring expression of cell death or ECM-related genes in myomas
undergoing significant shrinkage under UPA versus non-responsive
and untreated myomas.

PCR arrays for multiple candidate gene screening

First, identification of HPRT1 as the best reference gene is wholly in
line with similar studies that found comparable expression levels of
this gene between the myometrium and myoma cells (Almeida et al.,
2014), hence confirming its role as a reference gene for myomas.
Having met this prerequisite, 176 candidate genes were se-
lected owing to their known role in apoptotic signalling pathways or
ECM remodelling, or even on the basis of in-vitro studies, and com-
pared. By and large, only two genes (ITGB1 and ITGB4) showed
expression change after UPA treatment, but their expression was
similar between responsive and non-responsive groups. A number
of other genes, however, had interesting profiles with differential ex-
pression in responsive or non-responsive groups. For this reason, all
gene expression results were scrutinized according to three crite-
ria: (1) their Q-values; (2) observed opposing tendencies between



Table 1 - Validation of 11 gene expression results from nine samples per group and multiple comparisons. Genes were sorted on the basis of their abundance in the untreated group. Gene

expression was normalized to the hypoxanthine phosphoribosyltransferase 1 (HPRT1) gene.

Gene name Treatment Response Sustained effect

Treated versus CTL ST versus CTL LT versus CTL (ST + LT) versus CTL LT versus ST

FC P-value Q-value FC P-value Q-value FC P-value Q-value FC P-value Q-value FC P-value Q-value
TNC -2.04 NS NS -2.32 0.040 NS -2.70 0.020 NS -2.50 0.010 0.090 -1.16 NS NS
ITGB1 -2.17 NS NS -3.03 NS NS -2.08 NS NS -2.50 NS NS 1.47 NS NS
ITGB4 -12.50 <0.001 <0.001 -20.00 <0.001 <0.001 -7.14 0.000 0.040 -11.11 <0.001 <0.001 2.70 NS NS
LAMB3 1.02 NS NS -1.03 NS NS -1.14 NS NS -1.08 NS NS -1.11 NS NS
CTNND2 2.47 NS NS 1.62 NS NS 1.27 NS NS 1.43 NS NS -1.28 NS NS
MMP9 -1.36 NS NS 1.01 NS NS -3.44 NS NS -1.85 NS NS -3.57 NS NS
MMP10 -1.63 NS NS -2.77 NS NS -3.70 NS NS -3.22 NS NS -1.35 NS NS
MMP13 1.24 NS NS 1.95 NS NS -1.81 NS NS 1.03 NS NS -3.57 NS NS
BIRC5 -2.32 NS NS -7.69 <0.001 0.010 -1.44 NS NS -3.33 0.020 NS 551 <0.001 0.020
BIRC3 1.15 NS NS -1.25 NS NS -1.21 NS NS -1.23 NS NS 1.02 NS NS
CASP3 -1.11 NS NS -1.23 NS NS 1.32 NS NS 1.03 NS NS 1.64 NS NS
Gene name No response

NR versus CTL (ST + LT) versus NR ST versus NR LT versus NR
FC P-value Q-value FC P-value Q-value FC P-value Q-value FC P-value Q-value

TNC -1.31 NS NS -1.92 NS NS -1.78 NS NS -2.04 NS NS
ITGB1 -1.61 NS NS -1.5625 NS NS -1.88 NS NS -1.28 NS NS
ITGB4 -12.50 <0.001 0.010 1.1 NS NS -1.47 NS NS 1.82 NS NS
LAMB3 1.25 NS NS -1.36 NS NS -1.29 NS NS -1.42 NS NS
CTNND2 7.36 <0.001 0.010 -5.26 <0.001 0.010 -4.54 0.010 0.040 -5.88 <0.001 0.020
MMP9 1.36 NS NS -2.50 NS NS -1.33 NS NS -4.76 0.050 NS
MMP10 2.45 NS NS -7.69 0.030 NS -6.66 NS NS -9.09 0.040 NS
MMP13 1.81 NS NS -1.75 NS NS 1.08 NS NS -3.33 NS NS
BIRCS -1.13 NS NS -2.94 0.040 NS -7.14 <0.001 0.010 -1.26 NS NS
BIRC3 2.34 NS NS -2.85 0.020 NS -2.94 0.040 NS -2.85 0.040 NS
CASP3 -1.47 NS NS 1.52 NS NS 1.19 NS NS 1.95 NS NS

CTL, untreated; FC, fold change; LT, long-term UPA-responsive; NR, UPA-non-responsive; ST, short-term UPA-responsive.
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responsive and non-responsive groups; and (3) important biological
functions already reported. This selection rationale identified 11 genes,
which were further tested by quantitative reverse transcription PCR
on additional myoma samples to increase the power of the analysis
and better mimic naturally occurring heterogeneity.

Progesterone-sensitive genes modulated by ulipristal acetate

Both B1 and B4 integrins demonstrated patterns of repression after
UPA treatment, especially regarding ITGB4. These genes are
progesterone-controlled (Cao et al., 2007), strongly suggesting that
UPA interferes with this regulation. As recently reported by Malik et al.
(2012), myoma cells overexpress integrins B1 and a6, and these sub-
units dimerize to form a specific laminin receptor and allow
mechanotransduction signals. Integrin-laminin interaction was indeed
shown to be essential for myoma cell proliferation and subsequent
tissue organization (Chen et al., 2013; Malik et al., 2012). Although
integrin B4 function has not yet been investigated in the context of
uterine myomas, it is known to have tumourigenic properties when
combined with laminin5-B3 (Dajee et al., 2003). The present results,
therefore, suggest that UPA potentially counteracts proliferation and
survival by disrupting aberrant integrin signalling, calling for func-
tional studies to be conducted.

Differential gene expression according to ulipristal acetate
-response

Responsive myomas express less TNC

Only responsive myomas showed significant repression of the TNC
gene. Similarly to ITGB1 and ITGB4, this gene is directly regulated
by progesterone (Tamm et al., 2009) and overexpressed in myomas
(Bogusiewicz et al., 2012). TNC association with the integrin 1 subunit
promotes cell proliferation, tumourigenesis and fibrosis (Tucker and
Chiquet-Ehrismann, 2015). These elements suggest that tenascin-C
plays a role with integrins in the pathogenesis of myomas and that
TNC repression may contribute to tumour regression after UPA
treatment.

Short-term responsive myomas express less BIRCS

In the present study, we report differential gene regulation of survivin
(BIRC5), with significant repression observed in short-term UPA-
responsive tumours compared with controls or with non-responsive
myomas (Table 1). BIRC5 and BIRC3 belong to the inhibitor of apop-
tosis (IAP) gene family and interact with caspase-3, -7 and -8 to inhibit
their apoptotic activity. Consequently, loss of IAPs releases a brake
in these apoptotic cascades and facilitates cell death, which may
explain the higher apoptotic levels seen in UPA-responsive myomas,
as suggested elsewhere for another SPRM (Sasaki et al., 2007). Re-
pression of BIRCS in the short-term group only is also consistent with
the fact that apoptosis mainly occurs during the first course of treat-
ment (Courtoy et al., 2015), suggesting a ‘selective-step’ by the most
UPA-sensitive cells with lower levels of IAP. On the contrary, non-
responsive myomas could mediate their resistance to UPA-induced
cell death by maintaining IAP levels.

CTNNDZ2 is more extensively expressed in non-responsive
myomas

Catenin delta subunit 2 (CTNND2) was significantly upregulated in the
non-responsive group, but this was not the case in UPA-responsive

myomas. Biologically, besides its widely known role in cell adhe-
sion, 8-catenin resembles B-catenin in directly controlling expression
of proliferation-associated genes, namely inducing the cell cycle fa-
cilitator cyclin D1 and pro-survival BIRC5 genes (Kim et al., 2012; Zeng
et al., 2009) by means of the Wnt signalling pathway (Nopparat et al.,
2015). Interestingly, this pathway is essential for proliferation of myoma
progenitor cells, which are deficient in progesterone receptors (Ono
et al.,, 2013), and therefore not presumed to be UPA-sensitive. Hence,
one hypothesis could be that these tumours expressing high CTNND2
levels would proliferate more extensively, possibly because of an ini-
tially larger pool of UPA-insensitive myoma progenitor cells (Drosch
et al., 2014), explaining the lack of regression or continued growth
under UPA therapy in non-responsive myomas.

Candidate genes not modulated by ulipristal acetate in vivo

BCL-2 and CASP3 are not affected by ulipristal acetate in vivo

In the present study, BCL-2 mRNA expression in myomas was not
modulated by UPA (Figure 2). This result corroborates our study and
other recent in-vivo studies at the mRNA and protein level (Courtoy
etal., 2017; Yun et al., 2015), but does not confirm results based on
very short-time limited UPA-exposure in cell culture, which sug-
gested BCL-2 repression by UPA (Xu et al., 2005) or mifepristone (Yin
et al., 2012) to be key factor in explaining apoptosis. In our study, UPA
treatment did not stimulate caspase synthesis (especially CASP3)
(Figure 2), indicating that preoperative UPA treatment does not induce
caspase-dependent apoptosis, as previously reported (Courtoy et al.,
2015). One possible explanation for these discrepancies between in-
vitro- and in-vivo studies is that daily exposure to UPA in patients over
several months would result in the selection of the most UPA-
resistant cells. Hence, UPA-induced cell death might well be more
complex than in-vitro studies infer, potentially occurring through other
cell-death pathways (Courtoy et al., 2015).

Extracellular matrix structural gene expression are not
changed by ulipristal acetate in vivo

Concerning ECM components, the relatively high expression levels
of collagens (COL4A2, COLTAT and COL12A1) and fibronectin (FN1)
found in untreated myomas (Figure 1) is consistent with the other
published reports (Leppert et al., 2006]. In contrast with two-
dimensional in-vitro study findings, UPA therapy did not change their
expression, which showed a reduction in collagen content in myoma
cells treated with UPA (Xu et al., 2008). Consequently, shrinkage of
myomas might be less imputable to repression of collagen and
fibronectin synthesis, but more to their protein resorption, presum-
ably by protease activity.

Expression levels of MMP genes are not consistently regulated
by ulipristal acetate in vivo

We previously reported that UPA therapy led to increased levels of
MMP-2 protein expression in myomas (Courtoy et al., 2015}, and found
higher levels of MMP activity in responsive tumours than non-
responsive or untreated samples (Courtoy et al., 2018), supporting
the notion of an MMP-based mechanism for ECM resorption. In the
present study, however, expression of the MMPZ2Z gene was un-
changed between groups and no significant difference was found for
other relevant MMP. Nevertheless, discrepant regulation between
mRNA and protein expression for MMP is common and might be at-
tributed to post-translational regulation (Sternlicht and Werb, 2001).
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Indeed, MMP function is dynamic and precisely controlled in-vivo by
mRNA stability regulation and post-translational modifications con-
ferring higher protein stability; formation of complexes with other MMP;
the relative abundance of their inhibitors (TIMPs]; or even by means
of recapture and degradation by cells (Selvais et al., 2009). There-
fore, higher levels of MMP proteins after UPA treatment are likely
to be caused by non-transcriptomic regulations.

Strengths and limitations

To determine whether factors involved in apoptotic or ECM-related
signalling pathways are regulated by UPA on a genomic level, a PCR
array approach was chosen because of the advantage of investigat-
ing a panel of relevant genes involved in apoptosis and ECM-related
signalling pathways, hence avoiding evaluation of irrelevant signal-
ling pathways; the possibility of analysing other genes involved in these
signalling pathways that have not been considered in the literature
on in-vitro studies; and its high reproducibility and ability to use mul-
tiple HKG. Nevertheless, all transcriptomic analyses are inherently
limited to showing gene expression, which does not identify non-
genomic regulation or protein content. Of course, our targeted strategy
does not provide complete transcriptomic screening and likely misses
other gene expression regulated by UPA.

The second limitation resides in comparing different myomas from
different patients, inevitably introducing a degree of variability to the
study. Our study samples may have different genetic backgrounds,
as MED12is mutated in up to 70% of common myomas (Mehine et al.,
2013; Sandberg, 2005). Indeed, MED12 mutation is speculated to be
a primary genomic alteration causing genomic instability and pro-
moting myoma development (Mittal et al., 2015; Yatsenko et al., 2017).
Although the likelihood that MED12 mutation in turn influences the
response of uterine myomas to UPA is low, it cannot be ruled out.
This should be addressed in future studies, as should the effect of
more complex chromosomal rearrangements affecting specific loci,
such as HMGA2 (chromosome 12) or COL4A5 and COL4Aé6 (chromo-
some X) (Mehine et al., 2013; Sandberg, 2005).

Another limitation of our study is possibly the small number of
samples available for comparison. In order to meet all inclusion cri-
teria, particularly the rigorously defined evaluation of response
obtained after multiple magnetic resonance imaging, the number of
eligible participants was limited and patients showed variable timing
between the end of treatment and surgery. On the one hand, because
UPA clearance is relatively fast, it is conceivable that transitory regu-
lation of gene expression directly depending on circulating levels of
UPA could not be detected. On the other hand, gene expression regu-
lation was hypothesized to be stable after treatment, as UPA-
responsive myomas maintain long-lasting reductions in volume.
Moreover, such enduring effects are likely to be mediated by epi-
genetic modifications. Further studies with larger numbers of well-
characterized samples are clearly needed to evaluate the biological
role of UPA in other patient populations.

In conclusion, UPA treatment significantly modifies expression of
four genes in myomas: ITGB4 expression is repressed by UPA; TNC
expression is downregulated in UPA-responsive tumours; BIRCS is
repressed in UPA-responsive myomas, but only during the first months
of treatment when apoptosis occurs; and myomas non-responsive to
UPA upregulate CTNND2 gene expression. This characterization pro-
vides the first molecular distinction between myomas responsive or
non-responsive to UPA treatment, deepening our knowledge of UPA

mechanisms of action in uterine myomas and enhancing our under-
standing of the disease itself.
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