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Uterine Leiomyoma (UL) is a major source of gynaecologic and reproductive dysfunction
in females of reproductive age. They are highly fibrotic tumors with evident disturbance of the
mechano-transduction molecules. Ezrin acts as a dynamic linkage between the cytoskeleton and
the membrane-associated proteins known to be dysregulated in tumorigenesis. Aim of the
study: The current study aimed to profile the expression of ezrin, phospho-ezrin, and their
upstream effector molecules; RhoA and ROCK1 in UL, their adjacent tissues, and control
myometrium. Materials and Methods: Ezrin, phospho-ezrin, RhoA and ROCK1 mRNA and
proteins were assayed in the tissue lysate of fibroid, and adjacent myometrium of 43 pre-
menopausal women with symptomatic UL and 18 non-fibroid myometrium as a control group.
Results: Tissue levels of ezrin, phospho-ezrin, RhoA and ROCKL in fibroids and adjacent
tissues were higher compared to the control tissue. Moreover, the levels of phospho-ezrin and
total RhoA proteins showed higher levels in fibroid compared to adjacent tissues. Phospho-
ezrin and ROCK1 mRNA correlated positively with both uterine and fibroid size. Conclusion:
Ezrin, phospho-ezrin, and RhoA-ROCK1 upregulation in leiomyoma and its adjacent
myometrium signify the central role of ezrin and its upstream and downstream effector on the

pathogenesis and progression of UL.
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INTRODUCTION

Uterine leiomyomas (UL) are benign
tumours affecting the myometrium during the
reproductive age. Yet, they are the primary
indication for hysterectomy and a major source
of gynaecologic and reproductive dysfunction
including pelvic pain, heavy menses, infertility,
and pregnancy complications . These
presenting manifestations depend on the
number, size, and localization of the fibroids.
The main known features of UL are
uncontrolled cell proliferation and excessive
extracellular matrix (ECM) production that
leads to the transformation of fibroblasts into
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myofibroblasts, which eventually contributes to
production of the excessive ECM
microenvironment and stimulate leiomyoma
cell proliferation® 2. In Egypt, the prevalence of
UL ranged from 9.8% to 17.8% in the 40-49
age group year and about 25% of them
und3erwent hysterectomy due to symptomatic
uL”.

The cytoskeleton is the main determinant
of cellular mechanics and structural stability. It
also serves as a mediator of cell signalling by
regulating the location, duration, and intensity
of signalling through a diverse set of
mechanisms®. The dynamic functions of the
cytoskeleton are dependent on their interaction
with cytoskeletal-associated proteins,
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Dysregulated cytoskeletal proteins may be
involved in the development of the leiomyoma®
® Dysregulation of these interactions can lead
to numerous diseases, such as tumorigenesis
and fibrotic diseases” ®.

Ezrin is a membrane-cytoskeleton linker
protein consisting of 585 amino acids. It
belongs to the Ezrin-radixin-moesin (ERM)
family of proteins that makes ezrin essential for
signal transduction, determination of the cell
shape, surface structure, cell adhesion, motility,
cytokinesis, and phagocytosis, all of which are
involved in tumor development/growth® *°.

Ezrin is a cytoskeletal protein that
connects the ECM with the intracellular actin
cytoskeleton through transmembrane integrins.
Over phosphorylation of ezrin causes over
crosslinking of actin bundles, integrins and
ECM, increasing cell-cell and cell-matrix
adhesions, which causes deformation of ECM,
its stiffness and surface topography alteration
which may further alter ECM properties® ' %2,

Indeed, ezrin is an important protein in the
maintenance of fibroblast size and its
dysregulation promotes fibroblast proliferation
and collagen deposition causing ECM stiffness
and tissue fibrosis ** *, both of which are
landmarks in the development of leiomyoma.
Moreover, increased ezrin phosphorylation is
reported to occur in many inflammatory and
fibrotic diseases such pulmonary fibrosis™*’,
The phosphorylation of Thr567 residue of
ezrin occurs in a tissue- and cell-dependent
manner and is significantly activated by
oestrogen. Dynamic regulation of ezrin
phosphorylation at amino acid Thr567 plays a
pivotal role in tumorigenesis'® *°.

Dynamic changes in the cytoskeleton and
its associated proteins are tightly regulated by
the Rho family of small GTPases as Ras
homolog gene family member A (RhoA) in
response to intra- or extracellular signaling 2
! RhoA is a small GTPase protein, that serves
as a molecular switch between RhoA (GTP-
bound) and (GDP-bound) forms in intracellular
signaling, crucial for controlling a range of
cellular activities, such as cytoskeletal
dynamics, cell shape, adhesion, growth,
proliferation, and transcriptional activity in the
cells® # Total RhoA protein includes both
GTP- and GDP-bound forms?®.

Notably, RhoA activates Rho-associated
coiled-coil-containing protein kinase (ROCK1)
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with an impact on cytoskeletal reorganization,
via ezrin activation®. Furthermore, ROCK1
kinase =~ promotes  collagen  deposition,
fibronectin matrix assembly, elevated tissue
stiffness, and cell adhesion®™ 2. Also,
fibroblasts transformation into myofibroblasts
in response to either biochemical stimuli such
as TGF-p or biomechanical stimuli such as
increased stiffness of ECM, evident findings in
leiomyoma was reported in response to
ROCK1 activation ’.

Accordingly, the current study
investigated expression levels of ezrin gene and
its regulators (RhoA and ROCK1 kinase) and
tissue levels of ezrin, phospho-ezrin and total
RhoA proteins in UL, its adjacent tissues and
myometrium from non-fibrotic uterine tissues.
We also explored the influence of these
molecules on the UL features including site
(type), size, and number.

PATIENTS AND METHODS

The current study included 43 pre-
menopausal women, who have undergone
hysterectomy or myomectomy for symptomatic
UL at the Women Health Hospitals, Assiut
University from July-2021 to March-2023.
Also, the study included 18 pre-menopausal
women who were undergoing hysterectomy for
benign, non-fibroid indications including
irregular bleeding, chronic pelvic pain, and
genital prolapse. Participants received thorough
medical examination and  preoperative
assessment. Women were excluded if they had
malignancy, received hormonal treatment in
last 3 months, or suffered chronic illnesses
including hypertension, diabetes, liver or
kidney dysfunction. UL patients were
diagnosed  preoperatively  using  clinical
examination and ultrasound imaging.

All leiomyoma tissues were confirmed
histologically as benign ordinary leiomyomas.
The study protocol was approved by Assiut
Medical ~ School Institutional  (Ethical
Committee of The Faculty of Medicine, Assiut
University) Review Board (IRB no: 17300349).
Informed written consent was given by each
participant.

Human tissue collection
The site, size and number of fibroids and
the size of the uterus were assessed. VVolumes



of the uterus and fibroids were determined
according to the formula (a x b x ¢ x 0.523)
where “a” is height, “b” is width, and “c” is
depth . According to the surgical operation, the
biopsies were acquired from the fibroid tumor
(Myo-F group) and its adjacent tissue located
Y% inch from the fibroid (Myo-A group).
Normal myometrial tissue biopsies were taken
as control group from women undergoing
hysterectomy for non-fibroid indications (Myo-
N group). Tissue samples were washed in
PBS, split into 2 portions, both of which were
snap frozen in liquid nitrogen and stored at -80
°C for further analysis.

Real-time quantitative PCR

Total mRNA was extracted using the
Rneasy mini kit (QIAGEN, Cat. No. 217004)
according to the manufacturer’s instructions.
RNA concentration and purity were examined
using nanodrop and 500 ng of RNA were
reverse transcribed into cDNA (Enzynomic,
Cat. No. K1622) in 96-well thermal cycler
(Veritti, Applied Biosystems, Germany). The
cDNA was then amplified in SYBR-Green
PCR master mix (Enzynomics, Cat. No. #
P725) on Applied Biosystems 7500 Fast Real-
time PCR machine (Applied Biosystems,
Germany). The primer sets shown in Table 1
(Invitrogen) were used to evaluate the gene
expression levels of Ezrin, RhoA, and ROCK1.
The 18s rRNA was used as an internal control
gene which more valid in cell proliferation and
hypoxia conditions?®®. The amplification
reaction comprised of initial denaturation at

Table 1: Primer sequences of the studied genes.

95°C for 10 min, followed by 40 cycles of
95°C for 15 s, and 60°C for one minute. Gene
expression was calculated according to 24T
method and presented as fold-change relative
to control myometrium.

Protein extraction & Enzyme-Linked
Immunosorbent Assay (ELISA)

Tissue homogenates were prepared by
adding 900 pl of ice-cold PBS buffer to 100 mg
tissue sample. Then, the tissue was
homogenized mechanically using Glass-Col
Homogenizer, followed by centrifugation at
10000 g for 10 min. Fifty pl of the supernatant
was drawn for colorimetric protein *.

Commercial ELISA kits were used to
measure ezrin protein (Elabscience, Cat. No. E-
EL-H2079,) Phospho-ezrin (Threonine 567);
(Cat. No. 17007-Glory Science Co.) and Total
RhoA protein (Cat. No. 11592 - Glory Science
Co.) according to the manufacturer’s
instructions. Levels of the study parameters are
expressed  relative to  tissue  protein
concentration.

Statistical analysis

GraphPad Prism was used to analyse the
data. Data are displayed as mean % SE.
Kruskal-Wallis’s test and Mann Whitney’s test
were used for three and two group comparison
respectively.  Correlation analyses  were
performed using Spearman’s co-efficient U
tests. p-value of less than 0.05 was considered
significant.

Forward primer

Reverse primer

Ezrin®® 5’-GAATACACAGCCAAGATTGC-3’ 5-CTCATGTTCTCGTTGTGGAT-3’
RhoA¥® 5’-ACAGCCCTCCTCTGCACTCCC-3’ 5’ CTGCCCACCCCAGAGCTATGCC-3’
ROCK1¥ 5’-GCGCTGCCTTACACAAAATGACCTG- |5°-TGCCCATCTGCATCCTGACGTT-3’

37

18S rRNA%

5’-GGCGCCCCCTCGATGCTCTTAG-3’

5’-GCTCGGGCCTGCTTTGAACACTCT3’
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RESULTS AND DISCUSSION

Results

Demographic and clinical characteristics
of the study groups are presented in table 2.
Eighteen  premenopausal ~women  who
underwent  hysterectomy for non-fibroid
indications aged (44.89 = 0.92) years were
considered as controls and 43 fibroid patients
who underwent hysterectomy (n=22) and
myomectomy (n=21) aged (40.47 = 0.79).
There were no statistically significant
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differences in age (year), BMI (Kg/m?), Hb
(g/dl) and hematocrit  value (%) between
controls, and fibroid patients. As expected,
uterine volumes varied significantly between
the study groups P<0.0001. Most of the
fibroids were intramural n=26 (60.5%), and the
least common type was submucous n=7
(16.3%). Single fibroids were detected in 18
patients (42%), while multiple fibroids were
detected in 25 patients (58 %). Around 80 % of
the patients were presented with fibroids > 4
cm in size.

Table 2: Demographic and clinical characteristics of controls and fibroid group.

Controls (n=18) | Fibroid  patients | P value
(n=43)
Age (year) 44.89 +0.92 40.47 £0.79 NS
BMI (Kg/m?) 33.19+1.16 30.84 £ 0.73 NS
Hb (g/dI) 11.88 +0.33 11.12+0.20 NS
Hematocrit % 36.59 £ 0.92 34.28 £ 0.53 NS
Uterine volume (cm?) 100.3+£7.129 378.6 £51.98 P*<0.0001

Menstrual cycle phase n (%)
Proliferative phase

11 (61.1%)

39 (90.7%)

Multiple fibroids

Disordered 6 (33.3%) 2 (4.7 %)

Lutel phase 1 (5.6%) 2 (4.7 %)
Main complication n (%)

Heavy menstrual bleeding 11(61.1%) 22 (51.2 %)

Abdominal pain 6 (33.3%) 16 (37.2%)

Dyspernia 1(5.6%) 0

Infertility 0 3 (7.0 %)

Abortion 0 2 (4.7 %)
Site of fibroids n (%)

Intramural 26 (60.5%)

Submucous 7 (16.3%)

Mixed type 10 (23.2%)
Number of fibroids n (%)

Single fibroid 18 (41.9%)

25 (58.1 %)

Fibroid size n (%)
Fibroid > 4 cm
Fibroid <4 cm

34 (79.1%)
9 (20.9 %)

Largest fibroid volume cm?

102.7 + 15.33

Data presented as mean + SE. Statistical analyses were performed by Mann Whitney’s test.

Statistically significant differences at (P*< 0.05).
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The relative mRNA expression of ezrin
and ezrin protein  were significantly
upregulated in fibroids, and its adjacent tissues
compared to the normal myometrium. Yet, no
variations were reported between fibroid and
adjacent tissues in that regard. However,
phosphor-ezrin showed higher levels in fibroid
tissues compared to both controls’ (p=0.001)
and adjacent myometrium (p=0.038) signifying
the central role of ezrin activation not only in
the development but also in progression of
fibroid (as shown in Fig.1). Likewise, both
RhoA and ROCK1 the upstream effectors and

a- b-

important modulator for ezrin activation and
phosphorylation, were elevated in fibroid
tissues compared to control and adjacent
tissues (as shown in Fig.2). Interestingly, both
RhoA and phospho-ezrin showed significant
positive correlation with both uterine and
fibroid volume (as shown in Fig. 3). With the
exception of total RhoA that showed
significant differences according to the type of
fibroid, none of the other study parameters vary
based on the site or number of fibroids (as
indicated in Table 3 and 4).
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Fig.1 : Ezrin expression in fibroid tissues (Myo-F), adjacent myometrium (Myo-A) and myometrium
from control group (Myo-N). (a)-Ezrin mRNA expression by gPCR, data are presented as
mean fold change relative to controls. (b)-Ezrin protein levels. (c)- Phospho-ezrin protein
levels expressed as pg ezrin /phospho-ezrin relative to mg protein. Data presented as mean +
SE. Statistical analyses were performed by ANOVA-Kruskal-Wallis’s test. @ indicates post
hoc test p <0.05 for Myo-N compared to Myo-A and Myo-F groups and # for Myo-F

compared to Myo-A.
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Fig.2: RhoA and ROCK1 expression in fibroid tissues (Myo-F), adjacent myometrium (Myo-A) and
myometrium from control group (Myo-N). (a)- RhoA mRNA expression. (b)- Total RhoA
protein. (c)- ROCK1 mRNA expression. mMRNA expression by qPCR, data are presented as
mean fold change relative to controls, protein levels expressed as pg per mg protein. Data are
presented as mean * SE. Statistical analyses were performed by ANOVA- Kruskal-Wallis’s
test. @ indicates post hoc test p <0.05 for Myo-N compared to Myo-A and Myo-F groups

and # for Myo-F compared to Myo-A.
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Fig.3: Correlations between the studied parameters and clinical data of fibroid patients. (a)- Spearman
correlation between phospho-ezrin and uterine volume. (b)- Spearman correlation between
phospho-ezrin and largest fibroid volume. (c)- Spearman correlation between ROCK1
MRNA and uterine volume. (d)- Spearman correlation between ROCK1 mRNA and largest
fibroid volume. Statically significant differences at (P*< 0.05).

Table 3: Studied parameters according to the type of fibroids.

Intrar::g;sl type Mixed types n=10 | Submucous type n=7 P value
Ezrin mMRNA
expression 2.27 +0.05 2.13+0.07 2.15+0.09 NS
Ezrin
(pg/mg protein) 242 +30.7 220+ 32.2 241 £13.2 NS
Phospho-ezrin
(pg/mg protein) 136 + 38.7 136 + 30.3 141 +31.2 NS
RhoA mRNA
expression 2.79+0.17 294 +0.24 2.63+0.13 NS
Total RhoA
(pg/mg protein) 110 + 2.36 119+4.01 105+4.11 0.0418*
ROCK1 mRNA
expregsion 3.39+0.38 411 +0.69 3.14+0.34 NS

Data presented as mean + SE. Statistical analyses were performed by ANOVA Kruskal-Wallis’s test.
Statistically significant differences at (P*< 0.05).
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Table 4: Studied parameters according to the number of fibroids.

Single fibroid Multiple fibroids P value
n=25
Ezrin mRNA expression 2.27 +0.07 2.18 +0.05 NS
Ezrin (pg/mg protein) 242 +£31.2 233+28.8 NS
Phospho-ezrin (pg/mg protein) 132 £ 35.7 136 + 33 NS
RhoA mRNA expression 2.81+0.23 2.8+0.13 NS
Total RhoA (pg/mg protein) 108 + 2.88 114 + 2.47 NS
ROCK1 mRNA expression 3.26+ 0.34 3.7+ 0.42 NS

Data presented as mean * SE. Statistical analyses were performed by Mann Whitney test’s
test. Statistically significant differences at (P< 0.05).

Discussion

Uterine leiomyomas (UL) are the most
prevalent type of non-malignant growth of the
female reproductive system with tight cell-
cell/cell-matrix adhesions * *. Fibrosis,
stiffness, and disordered ECM are major
characteristics of leiomyomas *. Myometrial
and fibroid cells are found to convert
mechanical stimuli from the disordered ECM
into biochemical signals through a process
named mechano-transduction * 3 3. This
creates a highly complex response to
mechanical force involving the coordinated
assembly of many cytoskeletal proteins and
plasma membrane ** that in turn enhance the
progression of leiomyoma. One of these
proteins, ezrin, is a cytoskeletal organizer
forming membrane protein-ezrin- cytoskeletal
protein complex that plays a key role many
cellular activities, angiogenesis, proliferation,
apoptosis and cell adhesion to the ECM®
Mechanically, ezrin could affect various
signalling pathways and molecules involved in
tumor progression *.

Herein, the current study showed
significant up-regulation of ezrin in fibroids
and its adjacent tissues compared to its
expression in the normal myometrium implying
its role in the pathogenesis of UL. Nonetheless,
the role of ezrin in the pathogenesis of
leiomyoma remains poorly investigated, ezrin
upregulation in other benign tumors and
conditions characterized by fibrosis and
aberrant ECM such as benign breast disease®®,
endometrial  tissues from women with
endometriosis ¥’ and synovial tissue from
patients with rheumatoid arthritis®, as well as
hypertrophic and keloid scars relative to
normal skin ¥,

Ezrin exists in an inactive. Multiple sites
on ezrin can be phosphorylated by several
kinases for the purpose of activation.
Phosphorylation of the threonine residue
(Thr567) is the key step to ezrin activation,
which allows the actin binding domains to
interact with other membrane proteins. The
threonine phosphorylation is a Rho-dependent.
Altered protein phosphorylation in cellular
pathways is strongly associated with inhibition
of apoptosis and activation of cell survival
pathways in UL “. Furthermore, altered
phosphorylation of Thr residues of ezrin is
often linked to cell surface rigidity and cell
shape change® ***2,

The results of the present study showed
that phospho-ezrin levels were significantly
higher in fibroids and adjacent tissues than
normal myometrium, supporting its role in the
development of UL. This enlightens us on the
importance of ezrin activation in the
progression from a disordered myometrium
into actual fibroid, taking into consideration the
suggestion that the myometrium from fibroid
patients represent a transition state between the
non-fibroid myometrium and the fibroid tumors
“Interestingly, both the uterine volume and
largest fibroid size were in positive correlation
with phospho-ezrin levels. In contrast to this,
Davis et al. reported lowered ezrin gene
expression in leiomyomas from older black
women; expected to have larger fibroid
compared to leiomyomas from older white
women, expected to have smaller fibroid; but
this could be explained by age difference and
genetic context **. Supporting our findings,
hyper-phosphorylation of Thr residue 567 of
ezrin was determined in many benign diseases

such as endometrial lesions ¥, chronic

1333



autoimmune disease of salivary glands
Sjogren’s Syndrome *°, and synovial tissue
from patients with rheumatoid arthritis“.

Ezrin  overexpression disturbs many
biological processes involved in leiomyoma
pathogenesis. Many studies reported that high
levels of ezrin expression and activation
contribute to both ECM stiffness and fibroblast
proliferation as in hypertrophic and keloid skin
scars through the transcription factor, yes-
associated protein (YAP1)™ *. Furthermore,
the dual role of ezrin protein as both a
mechanical linkers and regulators of the
intracellular signalling cascades renders it a
potent modulator of the stem cell biomechanics
that are involved in the conversion of stem
cells to tumor-initiating stem cells, another
pathogenic finding in UL *" “. Moreover,
ezrin, as a cross-linker between the plasma
membrane and the actin cytoskeleton regulates
the plasma membrane tension that is known to
be high UL .

On the other-hand, multiple features and
risk factors for UL are considered responsible
for ezrin over expression including hypoxia,
hormonal effects and of course the ECM
stiffness. Hypoxia encountered in UL
stimulates expression of hypoxia inducible
factor (HIF)-la that further induces ezrin
phosphorylation®® *. Of the utmost importance,
UL is a hormone-dependent tumour. Two
independent  studies reported that ezrin
expression is modified in leiomyomas treated
by progesterone antagonists®* >,

Ezrin performs both upstream and
downstream to RhoA/ROCK1. Ezrin is
activated by phosphorylation at threonine 567
by Rho kinases, and subsequently regulates
other Rho-related GTPase activities. RhoA
plays an important role in regulating
cytoskeleton, cell growth and ECM fibrosis.
ROCKL1 enzyme is a serine/threonine kinase,
which regulates a variety of cellular processes,
including the regulation of cell morphology,
cytokinesis, cell migration, differentiation,
proliferation, and apoptotic resistance .
Furthermore, ROCK1 kinase activates pro-
fibrotic genes in fibroblasts and myofibroblasts
through transcription factors as MRTF/SRF,
YAP/TAZITEAD, and TGF-B signalling®™. We
reported a significant up-regulation of RhoA
and ROCK1 in fibroids and its adjacent tissues,
compared to its expression in the non-fibroid
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myometrium and a significantly higher
expression levels of RhoA in fibroids than
adjacent tissues. Upregulation of RhoA could
be a direct result of the stiff matrix®. Previous
study demonstrated higher RhoA levels in 3D
leiomyoma cell culture compared to 2D
culture®. The same study highlighted how
Rho-kinase inhibitor lowered collagenlA,
fibronectin, fibromodulin, and versican which
constitute the majority of ECM. In addition,
Afrin et al.® revealed reduced levels of
mechanical signaling proteins including RhoA,
and ROCK1 on simvastatin treatment of
leiomyoma cell culture *. Intriguingly, UL
cells cultured on stiff matrix plates showed
augmented progesterone response mediated by
RhoA/ ROCK1 and attenuated by the use of
their antagonists >

Conclusion

Upregulation of Ezrin/RhoA/ROCK1
pathway was observed in UL and adjacent
tissues compared to normal myometrium,
providing evidence that these proteins can be
considered  important  players in  the
development and progression of UL. It is not
obvious if ezrin and Phospho-ezrin augmented
pathway are a cause or consequence of altered
mechano-transduction and ECM stiffness.
Although the use of progesterone inhibitors and
simvastatin modified this pathway, specifically
targeting this pathway by small molecule
inhibitors against ezrin requires further
investigation.
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