Reproductive Sciences (2026) 33:853-863
https://doi.org/10.1007/543032-026-02075-x

FIBROID: REVIEW ——

®

Check for
updates

A Systematic Review of the Role of Senescent Cells in Uterine
Leiomyomas: Deciphering Molecular Pathways and Exploring
Therapeutic Prospects

Shelby Howard' - Akanksha Suresh? - Morgan Bou Zerdan® - Md Soriful Islam* - Samya El Sayed” - Rachel Michel* -
Mostafa Borahay* - Sushma Nagaraj’ - Jennifer Elisseeff® - Jude Phillips’ - Emily Joseph® - Bhuchitra Singh*° -
James H. Segars*

Received: 19 March 2025 / Accepted: 26 February 2026 / Published online: 5 May 2026
© The Author(s) 2026

Abstract

Uterine leiomyomas (ULs) are prevalent benign tumors in women of reproductive age characterized by cellular senes-
cence. Cellular senescence is a state of stable, irreversible cell cycle arrest characterized by discrete changes in cellular
morphology and gene expression. This systematic review, following PRIMSA guidelines, evaluated the molecular path-
ways contributing to senescence in ULs and the use of novel therapeutic agents to target senescence. Two investigators
independently screened and identified relevant articles written in English involving human subjects. Sixty-nine articles
were identified; 11 studies met criteria. Multiple studies recognized a range of biomarkers of senescence in ULs includ-
ing senescence associated beta galactosidase (SA-B-gal), senescent associated proteins (p16, p21, pl4ARF), and telomere
shortening. Key pathways such as AKT and pl4ARF-TP53-p21, and genes such as HMGA2 and MEDI2 have been
implicated in regulating the balance between tumor proliferation and growth arrest and senescence. However, the specific
genetic and epigenetic mechanisms that induce and maintain senescence in ULs are not fully understood. There is grow-
ing interest in investigating whether senescent cells can be therapeutically targeted in ULs by senolytic agents that induce
apoptosis, and senomorphic agents that modulate the senescence-associated secretory phenotype (SASP) to reduce its
pro-tumorigenic effects. While limited, non-clinical data suggests this approach may be promising, further investigation
is needed to establish their clinical efficacy in patients with ULs.
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Introduction

Existing evidence indicates that cellular senescence is a
common feature in uterine leiomyomas (ULs), benign
tumors that affect up to 80% of women [1-3]. Uterine leio-
myoma significantly impact the quality of life for affected
women [4] and contribute to an annual economic burden of
over 42 billion USD in the US [5]. Cellular senescence is
a state of stable, irreversible cell cycle arrest characterized
by distinct morphological changes and alterations in gene
expression. A key feature of cellular senescence is the senes-
cence-associated secretory phenotype (SASP), that includes
pro-inflammatory cytokines, growth factors, and matrix-
remodeling enzymes [6, 7]. In normal physiologic states,
cellular senescence plays an important role in suppressing
tumorigenesis. Paradoxically, the senescent state has also
been associated with promoting tumorigenesis through the
downregulation of tumor suppression pathways and upregu-
lation of pro-inflammatory SASP components that promote
tumor growth, metastasis and resistance to therapy [8, 9].
In addition to ULs, cellular senescence is also commonly
observed in benign tumors and premalignant lesions such
as prostatic intraepithelial neoplasia, colon adenomas, and
keloid lesions [10, 11].

Inducers of cellular senescence in ULs have been identi-
fied including the genes WIPII and SLITKR4 and the inac-
tivation of the AKT pathway [12, 13]. Several biomarkers
of senescence in ULs have also been recognized including
senescence associated beta galactosidase (SA-B-gal), senes-
cent associated proteins (p16, p21, pl4ARF), and telomere
shortening [14]. Despite these advances, several key ques-
tions remain. The exact molecular mechanisms that induce
and maintain senescence in ULs, particularly the role of
genetic and epigenetic factors, are not fully understood.

The clinical implications of targeting senescence in ULs
for therapeutic purposes is an area that warrants further
exploration. The current landscape of senescence therapies
for cancer is characterized by a dual approach: inducing
senescence to halt tumor growth and targeting senescent
cells to prevent their pro-tumorigenic effects. Several con-
ventional anticancer therapies such as chemotherapy and
radiation exert their effects by inducing a stable cell cycle
arrest in tumor cells that prevents further proliferation: a
state of senescence [15, 16]. However, the senescence-asso-
ciated secretory phenotype (SASP) poses a significant role
in senescent tumor cells. The SASP secretome can be pro-
inflammatory and thus promote tumor progression, metasta-
sis, and therapy resistance [8].

This dual role of senescence necessitates additional ther-
apeutic considerations to target senescent cells. Senolytics
and senomorphics are two emerging classes of senescence-
targeting therapies. While senolytics induce apoptosis in
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senescent cells, senomorphics target the SASP to mitigate
its pro-tumorigenic effects without causing cell death [17].
Challenges in therapeutic targeting include the heterogene-
ity of senescent cells and the lack of universal biomarkers
for their identification. This heterogeneity complicates the
development of targeted therapies and the assessment of
their efficacy [18, 19]. Additionally, the timing and com-
bination of senescence-inducing and senescence-targeting
therapies need optimization to maximize therapeutic ben-
efits while minimizing adverse effects [15]. While senes-
cence therapies are a promising area of research, several
challenges remain in identifying and evaluating the thera-
pies to improve clinical outcomes.

Materials and Methods
Information Sources

We searched publications in PubMed, Embase, Scopus
and Web of Science from inception to November 2023.
The review was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines [20].

Search Strategy

The data informationist (EJ) designed a list of terms related
to uterine leiomyoma and senescence including “cellular
senescence” OR “senescence” OR “senescent” OR “senes-
cent cell*” OR “cell aging” OR “cellular aging” OR “cell
ageing” OR “cellular ageing” OR “immunosenescence”
OR “senesce” AND “Leiomyoma” OR “leiomyoma” OR
“leiomyomas” OR “leiomyomata” OR “leiomyomatas” OR
“fibromyoma” OR “fibromyomas” OR “myoma” OR “myo-
mas” OR “myomatosis” OR “fibroid” OR “fibroids” AND
“uterus” OR “uterine” OR “uteri” OR “myometrium” OR
“Myometrium” OR “ULM”. A detailed list of the search
strategy used is included in Appendix Item 1.

Eligibility Criteria

We included English-language publications on senescent
cells in relation to leiomyoma and myometrium. Studies
were limited to human subject research, and study types
included randomized control trials and observational stud-
ies. Review articles, animal subject studies, case reports,
and non-English publications were excluded. A detailed eli-
gibility criteria is included in Appendix item 2.
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Study Selection

After initial search strategies were executed, two indepen-
dent reviewers (SH, MBZ, AS, SES) screened titles and
abstracts using the eligibility criteria. Conflicts in the des-
ignation of studies inclusion were resolved by discussion,
and any discrepancies were resolved by the senior author
(BS or JHS). After completing the title and abstract screen-
ing, full-text screening was conducted similarly using the
same inclusion and exclusion criteria. Observational studies
and basic science research that demonstrated an association
between senescence and leiomyoma, were included in the
review.

Assessment of Risk of Bias

Study quality was assessed by two reviewers independently,
and any discrepancies were resolved by the senior author.
Observational studies were determined to be good, fair, or
poor quality based on the Newcastle-Ottawa Scale [21].
Quality was determined by the assessment of selection,
comparability, and outcome categories.

Data Extraction and Analysis

In this systematic review, the data extraction process
involved reviewers (SH, MBZ, AS, SES) extracting rel-
evant information such as study design, methods, results,

Fig. 1 PRISMA flow chart of
article identification, retrieval,
review, and inclusion of studies

Identification

Screening

Eligibility

Included

demographics, experimental procedures, and the specific
genes involved. The obtained results were then systemati-
cally arranged based on fibroid mutations, genetic pathways
involved in senescence and possible treatment strategies.
Extracted data was analyzed descriptively.

Results

The initial search yielded 34 articles in PubMed, 47 in
Embase, 45 in Scopus and 42 in Web of Science. After dupli-
cates were removed, 69 unique articles underwent initial
title and abstract review. Thirty-five articles were consid-
ered for full-text review (Fig. 1). Eleven studies met com-
plete inclusion criteria and were included in this systematic
review. All the studies included were observational. Nine of
the studies were of good quality, one fair, and one poor when
elevated using the Newcastle Ottawa Scale to assess risk of
bias. However, all eleven studies were included due to lim-
ited availability of data on the topic. Extracted data were
evaluated based on patient demographics, fibroid mutations,
genetic pathways involved in senescence and possible treat-
ment strategies as listed in Table 1.

Evaluation of Senescence in Leiomyomas

The key biomarkers used to detect senescent cells in uterine
leiomyomas (ULs) include SA-B-gal expression, expression

Records identified through electronic

data base search:
PubMed: 34= citations
Embase: 47= citations
Scopus: 45= citations

Web of Science 42= citations

|

Sub Total: n= 168 99 duplicates removed

H

Unique Titl. d Abstracts: initial ti
nique Titles an stracts 34 excluded after initial title
n=69 and abstract review
24 excluded after full text
Full text articles reviewed: n= 35 } article review
Abstract only: 2
Non-senescence specific: 15
Studies included in final review: Non-fibroid specific: 3
Non-human cells: 1
=11 Editorial: 3
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of senescence-associated proteins pl6, p21 and HMGA?2,
and telomere shortening, as summarized in Table 2.

Laser et al. [22] demonstrated that a significant propor-
tion of ULs exhibit senescent changes: SA-B-gal expression
was observed in greater than 10% of the tumor volume in
58% of the tumors studied. Additionally, the study found
evidence of reduced proliferative activity via elevated lev-
els of let-7 microRNAs (let-7c, let-7d, and let-7f-2) and a
low Ki-67 index in senescent ULs. SA-B-gal was the most
widely used marker of senescence, utilized in half of the

Table 2 Results of tests for cellular senescence in leiomyomas
Author

Primary Evaluation of Senescence Secondary Evalua-

tion of Senescence

Evaluation of Quantified  Tim-  Evalu- Quan-
Senescence ing of ation of tified
stain  Senescence
Xie SA-B-gal numbers over- pl6and West-
(Oct not given night p21 ern
2018) but reports blot
intensity on
graph
Xie SA-B-gal numbers over- pl6and West-
(Dec not given night p2l ern
2018) but reports blot
intensity on
graph
Xu SA-B-gal numbers 16h  pl6, p2l RT
2014 not given and p53 PCR
but reports
intensity on
graph
Mar- SA-B-gal counttotal 24h  CDKNIA- RT
kowski number of p21 PCR
et al. cells
(2011)
Xu SA-B-gal 1.5-fold 16 h — —
2018 increase
in cellular
senescence
Laser  SA-B-gal % of 12— — —
etal. tumorcells 16h
(2010) that were
positive
Mar- p21 Quantitative — — —
kowski RT-PCR
et al.
(2012)
Mar- p21 Quantitative — — —
kowski RT-PCR
etal.
(Aug
2010)
Mar- p19ARF Quantitative — — —
kowski RT-PCR
et al.
(Oct
2010)
Oh telomeres — — — —
(2021)

— : not reported

articles surveyed in this review. However, an important lim-
itation of SA-B-gal as a senescence marker is that it is not
specific to senescent cells, but rather marks quiescent cells,
and cells under stressors such as starvation and oxidative
stress [23]. Thus, using SA-B-gal in conjunction with other
markers such as Ki-67 and pl6"INK4a may more accu-
rately identify senescent cells [22].

Markowski et al. [24] evaluated the role of pl4ARF in
the growth of ULs. Their findings revealed that ULs express
significantly higher levels of pl4ARF mRNA compared
to normal myometrium, with the greatest increase seen in
ULs with 12q14-15 rearrangements, compared to those
with other cytogenic changes. The expressions of pl4ARF
and p21 were also significantly correlated, suggesting that
pl4AREF triggers senescence rather than apoptosis in these
tumors. Thus, the pl14ARF-p53-p21 pathway plays a crucial
role in the growth control of ULs and the expression of these
genes may be useful biomarkers of senescence.

Furthermore, telomere shortening and the expression
of telomere-related proteins such as TRF1 and TRF2 have
been implicated in the senescence of ULs. Telomere short-
ening is closely linked to cellular senescence as it triggers
cell cycle arrest when telomeres reach a critical length,
activating pathways that lead to senescence or apoptosis
[25]. Thus, telomere shortening serves as both a marker and
mechanism of cellular senescence. Oh et al. [25] reported
shorter telomeres in leiomyoma tissues compared to adja-
cent normal myometrium, suggesting active proliferation
and subsequent senescence.

Overall, these biomarkers collectively provide insights
into the cellular mechanisms underlying senescence in uter-
ine leiomyomas and may serve as potential targets for thera-
peutic interventions aimed at modulating fibroid growth.

Variability of Senescence Expression in Leiomyomas
Variability of Senescence Based on Age

One study suggests that uterine leiomyomas (ULSs) in older
women have more marked senescence profiles. Laser et al.
[22] found that a higher expression of senescence-associ-
ated beta-galactosidase (SA-B-gal) was observed in smaller
fibroids and in older-aged women. Thus, cellular aging pro-
cesses in ULs may become more pronounced in the older
age group.

Variability of Senescence Based on Genetic Mutation
Overexpression of HMGA?2 is associated with increased
tumor growth and angiogenesis via the AKT signaling path-

way in uterine leiomyomas [26]. The 12q14 ~ 15 chromo-
some translocation has been associated with overexpression
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of the HGMA?2 gene [27, 28], with one study noting greater
than a hundredfold increase compared to normal myome-
trium. Silencing HMGA?2 in leiomyoma cells leads to down-
regulation of the AKT pathway and upregulation of pl16
and p21, which in turn induces cellular senescence [26].
This suggests that HMGA?2 is a key player in the balance
between promoting tumor proliferation and growth arrest
and senescence.

p14ARF expression in ULs plays an important role in
cell cycle regulation. The pl14ARF protein, encoded by the
CDKN2A locus, works by stabilizing p53 through MDM?2
inhibition. This subsequently leads to cell cycle arrest in
G1 and G2/M phases and promotes apoptosis in response to
oncogenic stress [29, 30].

The directionality of the relationship between HMGA?2
expression and pl4ARF is likely complex and context
dependent. One study by Markowski et al. [28] noted that
HMGA?2 overexpression was correlated with decreased
pl4ARF expression. Another study by the same group
[30] found the opposite: HMGA2 overexpressing 12ql4
~ 15 ULs had 16.6-fold increased expression of pl19ARF,
the murine analog of pl4ARF [31]. Significant correla-
tions between pl19ARF and p2l1 levels were addition-
ally observed [30]. In another study, the use of an MDM?2
inhibitor, a pl4ARF mimetic, induced cellular senescence
and increased the expression of both p21 and the apoptosis
regulator protein BAX [28]. Overall, these studies support
the role of pl4ARF in promoting cellular senescence and
apoptosis in response to oncogenic stress via the PI4ARF-
p53-p21 pathway.

MEDI2 mutations are prevalent in ULs and are asso-
ciated with altered cellular pathways that influence tumor
growth and senescence. Leiomyomas with MEDI2 muta-
tions often exhibit distinct molecular characteristics com-
pared to those with HMGA2 overexpression. ULs with
MEDI2 mutations had varied cellularity with prominent
extracellular matrix and limited vasculature whereas ULs
with HMGA2 mutations had increased cellularity and vas-
culature, and an overall larger tumor size [26]. However,
the co-occurrence of MED[2 mutations and HMGA?2 over-
expression has been observed, suggesting intricate interac-
tions between these genetic alterations [32].

Role of the AKT Pathway in Leiomyoma Senescent
Cells

The AKT pathway plays a crucial role in the regulation of
cellular senescence in uterine leiomyomas (ULs). Inactiva-
tion of AKT induces cellular senescence in ULs, as demon-
strated by several studies.

Xu et al. [12] showed that inhibition of AKT using the
allosteric inhibitor MK-2206 led to increased levels of
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reactive oxygen species (ROS), upregulation of microRNA
miR-182, and activation of several senescence-associated
genes such as CDKN2A4, TP53, CDKNIA, and GLB1 (which
makes the protein SA-B-gal). Thus, AKT inhibition led to a
state of stress-induced premature senescence [12]. Further
supporting this finding, Xie et al. [13] utilized an ex vivo
spheroid model to show that AKT inhibition by MK-2206
was followed by cells undergoing stress-induced senes-
cence, characterized by upregulation of ROS and hypoxia-
related genes [13]. The study also identified genes such as
WIPII and SLITKR4 that were associated with senescence
in ULs.

The expression of the AKT pathway is intricately tied to
that of HMGA2. HMGA2 overexpression in ULs activated
AKT pathway, and conversely, inhibition of HMGA2 led
to the downregulation of the AKT pathway and upregula-
tion of senescence markers pl6 and p21, resulting in cel-
lular senescence [26]. Another study highlighted the role of
HMGA?2 in mediating senescence, through demonstrating
its co-localized with senescence-associated heterochroma-
tin foci [12].

In summary, the AKT pathway is crucial for the prolif-
eration and survival of ULs, and its inhibition can induce
cellular senescence through mechanisms involving ROS,
microRNAs, and specific senescence-associated genes, as
summarized in Fig. 2.

Senescent Cells as a Potential Therapeutic Target in
Leiomyomas

Senescent cells in ULs (ULs) exhibit a distinct signature
characterized by the upregulation of reactive oxygen spe-
cies (ROS), hypoxia-related genes, and SA-B-gal, as well
as the senescence-associated secretory phenotype (SASP).
This signature has the potential to direct therapies to man-
age ULs.

SA-B-gal expression serves as a biomarker for identi-
fying senescent cells and evaluating therapeutic efficacy.
Laser et al. [22] demonstrated that nearly 60% of leiomyo-
mas exhibit pronounced SA-B-gal expression, which may
correlate with the variation in tumor growth rates and help
direct targets to prevent fibroid growth.

The upregulation of ROS and hypoxia-related genes in
senescent ULM cells suggests that cellular senescence is
induced and maintained by oxidative and hypoxic stress.
Targeting these pathways can potentially disrupt the sur-
vival of senescent cells. Senolytics are therapeutic agents
that induce cell death in senescent cells. The use of senolytic
agents like ABT263 (a Bcl-2 homology domain 3 mimetic
that inhibits the Bcl-2 pathway) has been shown to signifi-
cantly reduce the number of senescent cells in UL spheroids
by inducing apoptosis in these cells [13, 33]. This agent,
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Fig. 2 Pathways associated with senescence evaluated through this
systematic review. AKT and HMGA2 are the main drivers of leio-
myoma growth. When inhibited increase senescence associated genes,
increased expression of p16, p21, pARF or p53. Can AKT pathway

ABT263, is currently in Phase II clinical trials for relapsed
small cell lung cancer [34]. These studies also noted an
overall increase in apoptosis in leiomyoma cells beyond just
the senescent subtype [13, 33], suggesting a broader role for
senolytic agents such as ABT263 in UL tumor management.

Another emerging senolytic is nutlin-3, a mouse double
minute 2 homolog (MDM?2) protein inhibitor that upregu-
lates the p53 tumor suppressor pathway. Nutlin-3 has
been shown to induce both apoptosis and senescence in a
dose-dependent manner through significantly upregulating
Bcl2-associated X protein (BAX) and p21, critical mark-
ers of the intrinsic apoptosis pathway and downregulating
proliferation as operationalized by decreased Ki67 expres-
sion [24]. Interestingly, leiomyoma tissue was found to be
more sensitive to the apoptotic effects of nutlin-3 compared
to surrounding myometrial tissue [24], as seen by increased
expression of the apoptotic marker p53 in treated leiomy-
oma vs. treated myometrium. Thus, the senolytic agent nut-
lin-3 may selectively target ULs with relative preservation
of normal myometrial tissue.

The senescence-associated secretory phenotype (SASP)
in ULs includes cytokines IL-6, IL-8, and TGF-B, which
create a pro-inflammatory and immunosuppressive tumor

N

pl6
p21
Senescence
PARF
Shortened
Telomeres
p53
T
SIRT

can be inhibited through MK-2206 and ROS. Nultin-3, a senolytic,
works by inhibiting MDM?2 allowing the cell to activate p53. SIRT-1 a
senomorphic, inhibits p53 avoiding cellular senescence

microenvironment. Targeting SASP components can miti-
gate the pro-tumorigenic effects of senescent cells [35].
Senomorphic compounds may play a role in suppressing
the SASP, however, this class of compounds has not entered
clinical trials. For example, sirtulin 1 (SIRT1), a nuclear
NAD+ dependent histone deacetylase has been shown to
suppress the SASP through epigenetic regulation [17, 36]. A
notable disadvantage to senomorphs is they require chronic
use to maintain their suppressive effect on the SASP.

In summary, senolytic agents can induce apoptosis in
senescent cells, and senomorphic agents can modulate the
SASP to reduce its pro-tumorigenic effects, demonstrating
their potential therapeutic effects. Further investigation is
needed to validate these approaches and establish their effi-
cacy in patients with ULs.

Discussion

Senescence plays a significant role in conditions featur-
ing pathologic fibrosis. Senescent cells are found in keloid
scars, pulmonary fibrosis, atherosclerosis, and leiomyomas.
Leiomyomas feature a dysregulated state of fibrosis. Based
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on current data, the senescent cells found in leiomyomas
exhibited similar characteristics to senescent cells in other
fibrotic conditions such as elevated levels of senescent
markers compared to matched normal tissue, increase extra-
cellular matrix, and response to senolytic treatments.

A defining feature of uterine leiomyomas (ULs) is the
presence of an excessive and disordered extracellular matrix
(ECM). Studies have shown a connection between ECM
and senescent cells. Increased ECM deposition can increase
the number of cells undergoing senescence and senescent
cells increase ECM deposition through SASPs [6]. Matrix
metalloproteinases (MMPs) are important SASPs, and
prior studies show that MMPs play an important role in
the remodeling of extracellular matrix, promoting rapid
growth in leiomyomas [33, 37]. Other SASPs of relevance
to leiomyomas are interleukin-6 (IL-6) and transforming
growth factor-p (TGF-B) which are known mediators of
fibrosis. Decreased SIRT1 expression is associated with
increased levels of the pro-inflammatory cytokines IL-6 and
IL-8 in fibroblast cell lines obtained from human lung and
foreskin, contributing to the senescent phenotype and the
tumor microenvironment [38]. In pulmonary fibrosis, TGF-
B expression was increased by 250-fold in senescent cell
media compared to control [39]. The relationship between
senescence and specific SASPs within leiomyomas needs to
be further evaluated because SASP expression is dependent
on the location of the senescent cell, cause of senescence,
hormone exposure, and how long it has been present [40].

Within the studies reviewed, several mechanistic path-
ways remain poorly characterized. Oh et al. reported shorter
telomeres in ULs compared to myometrium [25]. The alter-
ations in telomere length might be due to a relative increase
in the growth rate within ULs compared to myometrium and
reflective of replicated senescence. Alternatively, the muta-
tions within the ULs may be recognized by DNA repair
mechanisms and undergo senescence to protect against pro-
liferation of abnormal cells. The specific mechanisms by
which telomere shortening is associated with the induction
of cellular senescence in ULs remains underexplored. Mar-
kowski et al. [24] reported a 10-fold increase in expression
of pl4ARF in ULs compared to myometrium. The expres-
sion of pl9ARF, the murine analog to human pl14AREF,
increased to 16.6-fold in HMGA2 overexpressing 12q14 ~
15 ULs compared to matched myometrium [31]. However,
another study by Markowski et al. [28] noted that HMGA2
overexpression was correlated with decreased pl4ARF
expression. Thus, the relationship between HMGA2 expres-
sion and pl4ARF in ULs is likely complex and requires fur-
ther investigation.

The variability of senescence in ULs by race have not
been directly evaluated. Other racial differences in ULs,
however, have been well-studied: Black women are more
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likely to develop leiomyomas at an earlier age, with greater
tumor burden, higher likelihood of anemia, and severe pel-
vic pain compared to White women [41]. Davis et al. [42]
reported that leiomyomas in older Black women compared
to older White women tend to have higher growth rates and
were associated with differences in apoptosis-related genes
like BCL2 and CASP3 and signaling pathways like NF-«B.
These differences in apoptosis regulation pathways suggest
possible differences in the regulation of senescence pathways
between these two races, however, this was not explicitly
reported. Additionally, Li et al. [41] found that leiomyomas
from Black women have a higher rate of MED 2 mutations
compared to White women. MED]2 mutations play a cru-
cial role in the pathogenesis of ULs by disrupting cyclin
C-CDKS8/9 kinase activity, thus increasing levels of AKT
signaling [43]. The AKT pathway subsequently promotes
cellular proliferation and survival and inactivates cellular
senescence pathways. Overall, this finding may suggest that
Black women have lower degrees of cellular senescence due
to higher burden of MEDI2 mutations compared to White
women. Li et al. [41] also investigated markers of oxidative
stress which modulate several pathways including reactive
oxygen species (ROS), hypoxia, and oxidative phosphoryla-
tion pathways. In their study, samples derived from Black
patients demonstrated a higher oxidative stress burden
across these pathways, including higher levels of oxidative
stress markers, such as 8-hydroxyguanosine (§-OHdG) and
heme oxygenase-1 (HO-1), compared to those from White
patients. Higher levels of oxidative stress increase oxidative
DNA damage, which in turn, may promote pro-senescent
pathways [33]. Overall, the impact of MEDI2 and oxida-
tive stress on cellular senescence in ULs in Black women
appear to contradict one another. Regardless, these findings
suggest that ULs in Black women carry distinct genetic and
molecular signatures that subsequently affect their senes-
cence profiles.

Senolytics are emerging as treatment options for several
fibrotic conditions besides ULs. Justice et al. [44]. con-
ducted an open-label clinical trial evaluating intermittent
use of senolytic drugs, dasatinib and quercetin orally for a
total of nine doses to treat idiopathic pulmonary fibrosis.
Patients who completed the trial had both clinical and sig-
nificantly improved 6-min walk distance, 4-m gait speed,
and chair-stands time (p <.05). However pulmonary func-
tion, clinical chemistries, frailty index (FI-LAB), and
reported health were unchanged. SASP factors were evalu-
ated by blood draw and found a decrease in IL-6 and MMP-
7, though this was not statistically significant and perhaps
related to the study being inadequately powered. The side
effects reported were mild overall, however there was one
incident of pneumonia [44]. Darmawan et al. [11] evaluated
dasatinib injections within xenotransplanted keloid lesions
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and found a significant decrease in the weight of the keloid
tissue, amount of procollagen and p16 expression compared
to control. Senolytics reduced the number of senescent
cells and increased the expression of pro-apoptotic mark-
ers in ULs as reported by Xie et al. [13], Xu et al. [33], and
Markowski et al. [24, 28] and could be further evaluated as
a new potential therapeutic drug class for management of
ULs.

Due to limited data on the effects of senolytics on healthy
cells, one potential therapeutic approach would be the direct
administration into leiomyomas under transvaginal ultra-
sound guidance. Direct injection is possible, as reported in
a phase 1 clinical trial conducted by Singh et al. [45] where
collagenase was injected into leiomyomas under ultrasound
guidance. In treated fibroids, collagen content decreased,
but no increase in apoptotic cells was found. Therefore, a
combination treatment of collagenase and senolytic might
target both the excessive ECM and cells that augment ECM
deposition. An alternative route of delivery of senolytics
could be at the time of myomectomy to target senescent
cells that remain at the surgical site, which are postulated to
contribute to the 25% recurrence rate of leiomyomas [46].

Overall, there is limited research on the influence of
senescent cells on leiomyomas. Due to limited research,
all studies were included that related to the topic regard-
less of the risk of bias. Many studies did not adjust for con-
founding variables when assessing for senescence, such as
the patient’s age or genetic phenotype of the fibroid. Leio-
myomas are heterogenous in nature, and while some stud-
ies included tumor size and karyotype, most studies did
not include patient demographics or FIGO classification.
Studies in the future would benefit from standardization of
results. The current lack of standardization between studies
contributed to the limited sub-analysis.

Conclusion

Leiomyomas are a fibrotic condition characterized by the
presence of senescent cells, which are also observed in other
fibrotic conditions such as keloids and pulmonary fibrosis.
Leiomyomas exhibit increased expression of senescent
markers compared to matched normal tissues, increased
extracellular matrix, and have variable responses to seno-
lytic treatments. However, the current evidence is limited,
and further research is needed to elucidate how senescent
cells in leiomyomas contribute to their growth, recurrence
and impact therapeutic options.
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