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Abstract

Uterine fibroids are benign uterine smooth muscle tumors that are present in up to 8 out of 10 women by the age of 50. Many of
these women experience symptoms such as heavy and irregular menstrual bleeding, early pregnancy loss, and infertility. Tradi-
tionally believed to be inert masses, fibroids are now known to influence endometrial function at the molecular level. We present
a comprehensive review of published studies on the effect of uterine fibroids on endometrial function. Our goal was to explore
the current knowledge about how uterine fibroids interact with the endometrium and how these interactions influence clinical
symptoms. Our review shows that submucosal fibroids produce a blunted decidualization response with decreased release of
cytokines critical for implantation such as leukocyte inhibitory factor and cell adhesion molecules. Furthermore, fibroids alter the
expression of genes relevant for implantation, such as bone morphogenetic protein receptor type ll, glycodelin, among others.
With regard to heavy menstrual bleeding, fibroids significantly alter the production of vasoconstrictors in the endometrium,
leading to increased menstrual blood loss. Fibroids also increase the production of angiogenic factors such as basic fibroblast
growth factor and reduce the production of coagulation factors resulting in heavy menses. Understanding the crosstalk between
uterine fibroids and the endometrium will provide key insights into implantation and menstrual biology and drive the development

of new and innovative therapeutic options for the management of symptoms in women with uterine fibroids.
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Introduction

Uterine fibroids are the most common gynecologic tumor, pres-
ent in up to 80% of all women by the age of 50." While most
uterine fibroids do not cause symptoms, some women can expe-
rience severe symptoms that significantly impact their quality of
life. Fibroid symptoms include heavy and irregular menstrual
bleeding with accompanying anemia, pelvic pain, dysmenor-
rhea, dyspareunia, increased urinary frequency, infertility, early
pregnancy loss, among others.>> Fibroids are the leading indi-
cation for hysterectomy in the United States and account for up
to US$34.4 billion dollars annually in health-care costs.*

The effects of fibroids on fertility were formerly believed to
be exclusively as a result of their size; however, this perspec-
tive has changed as our understanding of fibroid pathogenesis
at the molecular level has broadened. Fibroids influence endo-
metrial gene expression through paracrine interactions. Addi-
tionally, the effect of fibroids on the endometrium is global and
not localized to the endometrium overlying the fibroid itself.’
We conducted a review of the literature to evaluate and discuss
what is currently known about how uterine fibroids interact
with the endometrium and how these interactions lead to clin-
ical symptoms, specifically infertility, miscarriage, and heavy
menstrual bleeding.

Methods

We performed a comprehensive review of the literature on
uterine fibroids, the influences they exert on endometrial func-
tion, and the potential mechanisms through which these lead to
the impaired implantation. PubMed and Google Scholar web-
sites were used to identify relevant articles. Search terms such
as “uterine fibroids,” “leiomyoma,” and “endometrium” were
used in combination with “implantation,” “heavy menstrual
bleeding,” “irregular menses,” “recurrent pregnancy loss,”
“miscarriage,” “early pregnancy loss,” “infertility,”
“subfertility,” and “fertility outcomes.” References from these
articles were used to identify additional sources.

Only reports written in English were included in the litera-
ture review. We placed no restrictions on year of publication;
we included all publications from the earliest database dates
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until March 2017. We described and expanded on what is
currently known about the relationship between uterine
fibroids and the endometrium as it pertains to fertility and
menstrual bleeding.

Results

Cellular Origins of Uterine Fibroids

Uterine fibroids are monoclonal tumors believed to arise from a
single fibroid stem cell within the myometrium.® Three cell
populations have been identified in uterine fibroids: fully dif-
ferentiated fibroid smooth muscle cells, a cell population with
intermediate characteristics, and fibroid stem cells.” Both myo-
metrium and fibroid tissue have side population cells that pos-
sess cell surface markers characteristic of stem cells.”® Fibroid
stem cells are critical for fibroid growth and expansion. In fact,
in a murine model, tumors composed only of fully differen-
tiated or intermediate populations of fibroid cells demonstrate
significantly slower growth rates than those tumors composed
of fibroid stem cells.’

It appears that fibroid stem cells occur as a result of a genetic
hit to a myometrial stem cell, such as point mutations in the
mediator complex subunit 12 (MEDI2) gene or chromosomal
rearrangements that affect the expression of the high-mobility
group AT-hook 2 (HMGA?2) gene.® Chromosomal rearrange-
ments involving HMGA2 on the long arm of chromosome 12
are believed to play a role in the induction of fibroid stem cells
and fibroid tumorigenesis, especially in larger tumors.*” Addi-
tionally, some fibroid stem cells possess MED2 mutations that
have not been identified in the myometrial stem cell popula-
tion.' Introduction of a MED12 mutation in murine uterine
tissue has been shown to give rise to fibroid-like tumor forma-
tion.!! These findings suggest that a genetic hit may be impor-
tant for the initiation of fibroid tumors and their growth.
Ethnicity and environmental factors are believed to play a role
in tumorigenesis. Endocrine-disrupting chemicals (EDCs) have
been shown to interfere with growth and differentiation in dif-
ferent stem cell types. Recent studies suggest that exposure to
EDCs may lead to genetic alterations in stem cells, which may
be important in fibroid tumorigenesis.'>'* With regard to eth-
nicity, studies reveal that the number of tumor-initiating myo-
metrial stem cells is directly correlated with the likelihood of
developing uterine fibroids, with the highest number being
present in African American women with uterine fibroids and
the lowest in Caucasian women without uterine fibroids."

Fibroids are hormonally responsive tumors. Mature fibroid
cells possess estrogen receptors, and estradiol is associated
with increased proliferation of uterine fibroid smooth muscle
cells.'®!” Uterine fibroids not only respond to systemic steroids
but also to local steroids biosynthesized by aromatase within
the fibroid itself.'® Despite the hormonally dependent nature of
fibroids, fibroid stem cells express low levels of estrogen and
progesterone receptors, suggesting that steroid hormones
utilize a paracrine mechanism to exert their tropic effects on
fibroid stem cells (Figure 1).
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Figure |. lllustration of stem cell populations in the myometrium and

fibroid tissue. Stem cells are self-renewing and are involved in the
proliferation of both normal myometrium and fibroid tissue. It is
thought that a genetic hit, such as a mutation in the MED |2 gene, can
lead to the transformation of a myometrial stem cell into a fibroid
stem cell. Fibroids are hormone-responsive tissues. However,
fibroid stem cells, which are mainly responsible for proliferation and
fibroid growth, are devoid of estrogen and progesterone receptors.
Thus, stem cell replication and growth is likely regulated via paracrine
signals, which lead to fibroid growth. ERa indicates estrogen receptor
alpha; PR, progesterone receptor.

An important signaling pathway implicated in promoting
fibroid growth is the wingless-type Mouse Mammary Tumor Virus
(MMTYV) integration site Wingless Type (WNT)/B-catenin path-
way.'” Because B-catenin targets the MED] 2 subunit, mutations in
the MED1?2 gene can lead to alterations in the interactions between
MED12 and B-catenin leading to inhibition of B-catenin transacti-
vation in response to WNT signaling.?® In the WNT/B-catenin
pathway, secreted WNT proteins bind to frizzled family cell sur-
face receptors, leading to decreased B-catenin degradation in the
cytoplasm and a subsequent increase in nuclear B-catenin.>*' In
the murine model, increased B-catenin level seen with increasing
parity is correlated with the number of fibroid-like tumors present
in the uteri of such mice, which exhibit both histologic and mole-
cular characteristics of fibroids.?> However, in this study, it was
unclear whether the increased B-catenin level or the increased
parity of these mice is the primary driver of the increase in
fibroid-like tumors. Recent data show that MED12 knockdown
in human fibroid cells leads to decreased cell proliferation via
downregulation of the WNT/B-catenin signaling pathway.*

Additionally, activation of the WNT/B-catenin pathway
leads to increased levels of transforming growth factor B3
(TGF-B3). Fibroid cells secrete markedly elevated levels of
TGF-B3 in a steroid-responsive manner when compared to
myometrial cells.”* Transforming growth factor B3 has also
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been shown to play a key role in cell proliferation and deposi-
tion of extracellular matrix.?* Taylor and colleagues have
demonstrated that TGF-B3 secreted by fibroid cells exerts
paracrine effects on endometrial stromal cells (ESCs) and
epithelial cells.”?>°

Clinical Fertility Outcomes in the Presence of Uterine
Fibroids

One in every 10 women seeking fertility treatment has uter-
ine fibroids.?’"** The effect of uterine fibroids on infertility
is largely dependent on the location of the fibroid, with
submucosal and intramural fibroids having the most signif-
icant impact.

Submucosal fibroids. Submucosal fibroids, which impinge into
the uterine cavity, have been associated with impaired repro-
ductive outcomes. In 2008, Klatsky et al performed a systema-
tic review showing that women with submucosal fibroids had
lower implantation rates (3.0%-11.5% vs 14%-30%) and a
higher incidence of early pregnancy loss (47% vs 22%) com-
pared to women without fibroids.>*>* A meta-analysis by Pritts
et al found that women with submucosal fibroids had signifi-
cantly lower implantation rates, pregnancy rates, ongoing preg-
nancies, and live birth rates. In this meta-analysis, submucosal
fibroids were associated with an increased risk of spontaneous
abortion.** Although most of these data are from retrospective
or prospective cohort studies, the consensus is to surgically
remove submucosal fibroids in a woman who is actively pursu-
ing pregnancy, regardless of other symptoms.

Intramural fibroids. Fibroids located within the wall of the myo-
metrium are known as intramural fibroids. The data on the
relationship between intramural fibroids and infertility are
inconclusive at best. A meta-analysis by Pritts et al found
higher rates of spontaneous abortions and significantly lower
rates of implantation, ongoing pregnancies, and live births in
women with intramural fibroids.** In 2017, Christopoulos et al
showed decreased pregnancy rates after in vitro fertilization
(IVF) in women with noncavity-distorting fibroids. Sagi-Dain
and colleagues observed a similar trend in recipients of donor
oocytes with uterine fibroids.’>>® However, in this study,
oocyte recipients with intramural fibroids received a significant
lower percent of good quality embryos and this was not con-
trolled for in the results. However, other studies show data to
the contrary. Klatsky et al also studied pregnancy rates in reci-
pients of donor oocytes and noted no difference in implantation
or clinical pregnancy rates between women with and without
uterine fibroids.®” Additionally, the Assessment of Multiple
Intrauterine Gestations from Ovarian Stimulation clinical trial
by the Reproductive Medicine Network showed no difference
in conception and live birth rates in women with noncavity-
distorting intramural fibroids.*® Given the conflicting data,
there is still some debate about the clinical effect of
noncavity-distorting intramural fibroids. Current data suggest
that if a clinical effect is present, it may be unmasked by and as

a result more clinically relevant for IVF cycles than with ovar-
ian stimulation and intrauterine insemination.

In addition to the controversy on fibroid location, there is
still some debate as to whether the degree of the detrimental
effect of uterine fibroids’ endometrial function correlates with
the size of the fibroid. A 2008 meta-analysis by Pritts et al both
show no difference in effect due to fibroid size or number on
outcomes.>* However, fibroid size was only reported by 5 of
the studies included in this meta-analysis.

The effect of myomectomy. These observations, specifically in
the case of submucosal fibroids, raise the question of whether
myomectomy leads to an improvement in fertility and early
pregnancy outcomes. A 2013 Cochrane review concluded that
hysteroscopic myomectomy improves clinical pregnancy
rates with timed intercourse from a baseline of 21% to
39%.%° Although these findings suggest that hysteroscopic
myomectomy provides a clinical benefit in the presence of a
submucosal fibroid, more data from randomized controlled
trials with larger populations are needed to better understand
the effect of hysteroscopic myomectomy on endometrial
function and implantation.

Effect of Uterine Fibroids on the Endometrium
and Implantation

The narrow time period during which the endometrium is
receptive to implantation of the embryo is known as the win-
dow of implantation (WOI). The WOI occurs between 7 and 10
days following the luteinizing hormone surge and it is when the
endometrium prepares for the attachment of the blastocyst.*’
The steps necessary for successful implantation are apposition,
adhesion, and invasion. A complex series of interactions
between various processes are necessary for these steps to
occur and any aberrations can result in recurrent implantation
failure, early pregnancy loss, or infertility. The effects of uter-
ine fibroids on implantation are summarized in Figure 2 and
described in detail below.

Cell adhesions molecules, homeobox genes, and other gene
expression. Transcription factors known as homeobox genes,
specifically homeobox A10 (HOXAI10) and homeobox All
(HOXAIl), are expressed in the female reproductive system
and are important for implantation.*' In mice, HOXA10 expres-
sion increased during the WOI. Knockout mice for HOXA10
are infertile due to implantation failure, specifically embryos
from HOXA10 knockout mice are able to grow normally in
wild-type mice, demonstrating that the defect lies with endo-
metrial receptivity and not with the embryos themselves.*?

The HOXA10 expression is decreased in the endometrium
of women with submucosal fibroids. This decrease in
HOXA10 expression is most prominent in the endometrium
overlying the submucosal fibroid but is also observed
throughout the endometrium.’

Decreased expression of HOXA10 and the cell adhesion
molecule E-cadherin have been described in the endometrium
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Figure 2. Diagram summarizing the effects of submucosal and intra-
mural fibroids on implantation. BMP2 indicates bone morphogenetic
protein 2; HOXAI10, Homeobox Al0; IL-1 B, interleukin | beta; IL-11,
interleukin 11; LIF, leukemia inhibitory factor; TGF-f3, transforming
growth factor beta 3; VEGF, vascular endothelial growth factor.

of women with noncavity-distorting intramural uterine fibroids
during the WOL* In fact, 68.8% of women with fibroids have
low mid-secretory phase HOXA10 protein expression.**
Furthermore, it appears that this decrease in HOXA10 expres-
sion reverses following myomectomy. Interestingly, the same
study failed to show any improvement in HOXA10 expression
following myomectomy for submucosal fibroids.*> Bone mor-
phogenetic protein type II (BMP2) mediates HOXA10 expres-
sion; thus, increased endometrial resistance to BMP2 may
contribute to the low HOXA10 expression in the endometrium
of these patients™ (Figure 2).

Ben-Nagi and colleagues evaluated levels of glycodelin,
osteopontin, interleukin (IL) 6, IL-10, and tumor necrosis fac-
tor (TNF) « in uterine flushings of women with and without
submucosal fibroids during the WOI. They found lower levels
of glycodelin and IL-10 in uterine flushings from the mid-luteal
endometrium of women with uterine fibroids and no differ-
ences in osteopontin, IL-6, and TNFa compared to women
without fibroids.*® However, this was a study of uterine flush-
ings and the accuracy of the correlation between uterine flush-
ings and secretions from ESCs is unclear.

Horcajadas et al performed gene expression analysis on
endometrial tissue from women with or without intramural
uterine fibroids during the WOI. They identified 3 genes that
are dysregulated in women with intramural fibroids >5 cm
compared to controls: glycodelin and aldehyde dehydrogenase
3 family member B2.*” Glycodelin was dysregulated in women
with intramural fibroids <5 cm. This suggests that larger
fibroids may have a more profound effect on endometrial gene
expression; however, additional studies are needed to better
elucidate this point.

Cytokines. The rise in progesterone following ovulation is
responsible for decidualization of the endometrium, which is
marked by increasing amounts of prostaglandins and vascular
endothelial growth factor (VEGF).*® These prostaglandins and

VEGF increase vessel permeability in endometrial blood ves-
sels allowing for extravasation of polymorphonuclear cells,
which also produce cytokines important for implantation,
including leukocyte inhibitory factor (LIF).

Another effect of progesterone and estrogen on ESCs is the
secretion of decidual markers such as prolactin and insulin-like
growth factor-binding protein 1, which are associated with
IL-11.43° IL-11 is essential for implantation.’’ Both LIF and
IL-11 are pleiotropic cytokines belonging to the IL-6 family
and have been noted to be essential for embryo implantation in
the murine model. Both LIF and IL-11 bind to ligand-specific
receptors, LIFR and IL-11R, and share the same signal trans-
duction target, gp130. The gp130 signaling pathway is impor-
tant for embryo implantation,*'->* with inactivation of gp130 in
a murine model resulting in implantation failure.>®

The LIF-deficient mice show a complete failure of implan-
tation due to defective decidualization. Interestingly, embryos
from LIF-deficient mice are unable to implant in the endome-
trium of LIF-deficient mice, but they are able to implant in the
endometrium of wild-type mice.”* In humans, LIF expression
increases in the luteal phase and peaks during the implantation
window; however, in the presence of submucosal fibroids, the
luteal phase increase in LIF protein expression is blunted.’
Clinically, deregulation of LIF production in the secretory
endometrium has been associated with unexplained infertility
and recurrent abortions.>®

Interleukin 11 is essential for sustained decidualization. The
IL-11-deficient mice are able to begin decidualization but can-
not sustain or complete the decidual response, thus leading to
pregnancy loss by day 8.°"*7 In humans, IL-11 plays a role in
the regulation of trophoblast invasion, and low levels of IL-11
are associated with decreased numbers of uterine natural killer
(NK) cells in the secretory endometrium.>®*° The production
of IL-11 is decreased during the WOI in the presence of sub-
mucosal fibroids.>> Because of its known role in trophoblast
invasion and decidualization, reduction in IL-11 may lead to
defective implantation; however, further study is needed to
determine the clinical correlation.

Growth factors. Progesterone induces the secretion of BMP2 and
its downstream target wingless-type MMTV integration site
family, member 4 (WNT4) by ESCs.®® This occurs via decidual
signals from TGF-B3 family proteins such as heparin-binding
epidermal growth factor.®’ The endometrium in BMP2-
deficient mice is unable to undergo decidual differentiation due
to the absence of BMP2 production.®** Furthermore, although
embryo attachment is possible in BMP2-deficient mice,
impaired decidual differentiation leads to defective implanta-
tion and pregnancy loss.®® When exposed to progesterone,
WNT4 knockout mice have defective implantation as a result
of impaired ESC survival and decidualization.®* The activation
of BMP2 in response to progesterone appears to be necessary
for WNT4 activation and subsequently implantation.

In humans, BMP2 resistance is one of the proposed mechan-
isms by which submucosal fibroids impair implantation. Sub-
mucosal fibroids secrete high levels of TGF-B3, which
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downregulates BMP receptor type II expression in ESC and
subsequently leads to ESC resistance to BMP2.?® This resis-
tance to BMP2 negatively affects cell proliferation and differ-
entiation, causing impaired decidualization and implantation
site formation.®®> Given the essential role of BMP2 and its
downstream targets in decidualization and successful implan-
tation, endometrial resistance to BMP2 in the presence of
uterine fibroids has the potential to result in suboptimal decid-
ualization and defective implantation. Clinically, this may
manifest as a higher incidence of spontaneous abortions and
a lower rate of implantation.

Immune cells. The progesterone-dependent increase in VEGF
and prostaglandin secretion seen with decidualization promotes
extravasation of immune cells into the endometrium. These
cells consist mainly of macrophages and NK cells.®> Macro-
phages produce cytokines, such as LIF, which as described
above are essential for implantation.’®°® Furthermore, macro-
phages play an integral role in trophoblast invasion and pla-
cental development.®’

The NK cells are the principal immune cells present
during the WOI and are important for immune tolerance,
angiogenesis, trophoblast migration, and invasion.®® The
NK cells produce pro-angiogenic factors such as VEGF and
placental growth factor, which regulate maternal—uterine
vasculature remodeling and trophoblast invasion.®>’® Mice
deficient in NK cells are still fertile, but their pregnancies
are marked by fetal loss, severe intrauterine growth restric-
tion, and preeclampsia.”’

Mid-secretory endometrium of women with uterine fibroids
compared to women without fibroids show an increase in
macrophage density and a decrease in the density of NK cells’?
(Figure 2). These abnormalities in macrophage and NK cell
density result in altered endometrial function and may impede
endometrial receptivity to implantation.

Mechanical stretch, uterine wall contractility, and implantation.
Uterine fibroids can place tremendous stress and stretch on the
nearby myometrium and overlying endometrium, proportion-
ate to the size and location of the fibroid. This increase in
uterine stretch results in abnormal gene expression.”>”’
These abnormalities in gene expression, together with the
physical presence of fibroids, contribute to impaired uterine
contractility. Recent studies have implicated uterine contracti-
lity in implantation. Abnormal uterine contractions and peri-
stalsis during the mid-luteal phase have been observed on cine
magnetic resonance imaging of women with uterine fibroids.”®
Yoshino et al further described lower pregnancy rates in
women with intramural fibroids and a higher frequency of
uterine peristalsis during the WOI. In that study, 10 of the 29
women with intramural fibroids in the low-frequency peristal-
sis group achieved pregnancy compared to none of the 22
women in the high-frequency peristalsis group.”’ Although it
was a small study, the data suggest that abnormal uterine peri-
stalsis may play a role in implantation and pregnancy outcomes
in women with intramural fibroids. However, additional larger

studies are needed before these clinical relevance of these data
can be determined.

Heavy Menstrual Bleeding and Dysmenorrhea
Associated With Uterine Fibroids

Abnormal uterine bleeding is one of the most common symp-
toms in women with uterine fibroids. Normal menses occurs
every 24 to 35 days. The American Congress of Obstetrics and
Gynecology (ACOG) defines heavy menstrual bleeding as
diagnosed when bleeding exceeds 80 mL, however, for clin-
ical purposes, any level of menstrual bleeding which causes
distress to the patient is managed as heavy menstrual bleed-
ing.” The quantity of bleeding experienced with each menses
depends on a complex interplay of vasoconstriction, angio-
genesis, and coagulation. The most common type of abnormal
uterine bleeding observed with fibroids is excessive menstrual
bleeding that is frequently accompanied by dysmenorrhea.’

Endothelin-1 (ET-1) and prostaglandin Faipha (PGF»,,) are
the 2 most important vasoconstrictors involved in menstrua-
tion.”” Endothelin-1 is a potent vasoconstrictor that stimulates
mitogenesis and myometrial contraction.*’ In the endome-
trium, ET-1 plays a role in spiral arteriole vasoconstriction and
thus blood flow. Significantly higher levels of ET-1 are
expressed in the endometrium compared to the myometrium
and fibroid tissue. Endothelin-1 exerts its effects via its recep-
tors ETA-R and ETp-R. Higher levels of ET,-R are found in
fibroid tissue relative to the myometrium, but the opposite is
observed for ETg-R. The alterations in receptor levels suggest
that ET function is aberrant in the presence of uterine
fibroids.®' The altered myometrial expression of ETA-R and
ETg-R may result in abnormal uterine contractions leading to
defective vasoconstriction and increased menstrual blood flow,
especially in the setting of intramural fibroids. Consistent with
these data, the endometrial stroma in women with fibroids and
heavy menstrual bleeding have been shown to have dilated
endometrial stromal venous spaces compared to normal con-
trols. This supports the idea that defective vasoconstriction is
one of the mechanisms by which heavy menstrual bleeding
occurs.? Prostaglandin Fy,ph, receptors are present in normal
myometrium and regulate uterine contractions. Uterine
fibroids have increased PGF,, production, which is accompa-
nied by disordered uterine contraction and may play a role in
the greater menstrual blood loss observed in women with
uterine fibroids.®

When compared to normal endometrium, fibroids over-
express basic fibroblast growth factor (bFGF), an important
regulator of angiogenesis.®> Concurrently, the endometrial
stroma of women with uterine fibroids expresses increased
levels of basic fibroblast growth factor receptor 1
(FGFR1).®® The combined increase in the expression of
bFGF and FGFR1 may play a role in abnormal angiogenesis
and excess bleeding during menses observed in women with
uterine fibroids (Figure 3).

As described previously, fibroids secrete TGF-3. Increased
TGF-B3 secretion impedes production of coagulation and
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Figure 3. Diagram summarizing the effects of submucosal and intra-
mural fibroids on bleeding. ATl indicates antithrombin Ill; bFGF,
basic fibroblast growth factor; BMPR-2, bone morphogenetic recep-
tor type II; ET-1, endothelin-1; FGFR1, basic fibroblast growth factor
receptor |; PAIll, plasminogen activator inhibitor |; PGF2a, prosta-
glandin F 2-alpha; TGF-B3, transforming growth factor beta 3; TM,
thrombomodulin.

thrombosis factors, such as thrombomodulin, antithrombin III,
and plasminogen activator inhibitor 1. Therefore, disproportio-
nately higher levels of TGF-B3 secreted by fibroids inhibit
expression of genes related to fibrinolytic and anticoagulant
activity, which results in heavy menstrual bleeding (Figure 3).

Conclusion

Our understanding of the intricate communication between
uterine fibroids and the endometrium continues to grow.
Although a clear link exists between uterine fibroids and heavy
menstrual bleeding, a causative relationship between uterine
fibroids and fertility is less clear given that both conditions are
relatively common. There is consensus that submucosal
fibroids, which distort the uterine cavity, are associated with
infertility and early pregnancy loss and should be removed in
patients with infertility. In contrast, the clinical significance of
intramural fibroids remains controversial.

Submucosal and intramural fibroids both exert significant
effects on endometrial gene expression and function. The
downstream effects of excessive TGF-B3 secretion from uter-
ine fibroids influence the entire endometrium. This leads to
decreased production of transcription factors necessary for
implantation during the WOI and aberrant production of coa-
gulation factors during menses. Fibroids also exert their effect
on the endometrium through altered gene expression and
changes to the immune environment and vasoconstrictive
factors.

Despite the significant strides that have been made in this
field in recent years, further study is warranted to better
understand the crosstalk between uterine fibroids and the
endometrium. Such knowledge has the potential to lead to
new therapeutic options for the management of symptomatic
uterine fibroids.
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