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Review Paper:
A Therapeutic Hypothesis for Intrauterine 
Adhesions: Combining Mesenchymal Stem Cells 
With Pirfenidone

Intrauterine adhesions (IUAs), characterized by fibrous tissue bands within the endometrial cavity, 
present significant challenges to reproductive health. This condition leads to abnormal menstruation, 
infertility, and recurrent pregnancy losses. Current treatment modalities primarily focus on 
endometrial regeneration through hormone therapy and surgical removal of adhesions. However, the 
success rates of these approaches are unsatisfactory. Stem cell therapies, particularly those involving 
mesenchymal stem cells (MSCs), have emerged as promising tissue repair and regeneration strategies,  
inhibiting inflammation and fibrosis. Nonetheless, while some limitations have been observed in the 
application of MSCs, their therapeutic effectiveness can be significantly enhanced by combining 
them with other medications. Furthermore, pirfenidone, an FDA-approved idiopathic pulmonary 
fibrosis (IPF) drug, has demonstrated anti-fibrotic and anti-inflammatory properties. Consequently, 
the combined administration of MSCs and pirfenidone can potentially improve therapeutic outcomes 
by simultaneously targeting the key pathological characteristics of IUAs, namely fibrosis and 
inflammation. Furthermore, this approach could target other factors involved in IUA pathogenesis. 
MSCs reduce tissue damage and promote vascularization, while pirfenidone could inhibit fibrotic 
signaling pathways and improve autophagy defects. This combination offers a comprehensive strategy 
for treating IUAs by effectively preventing or mitigating these pathogenic mechanisms. Also, this 
combination could reduce the pirfenidone dosage and prevent potential adverse effects. This article 
proposes a hypothesis that encourages further investigation of the synergistic effects of MSCs and 
pirfenidone as potential treatments for IUAs. 
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Introduction

ntrauterine adhesions (IUAs), also known 
as Asherman's syndrome or intrauterine 
synechiae, are fibrous tissue bands that 
develop within the endometrial cavity, fre-
quently due to uterine surgery. IUAs have 

been identified as potential factors contributing to abnor-
mal menstruation, infertility, and/or recurrent pregnancy 
loss in women [1]. Infection or trauma are the most sig-
nificant and frequent causes of IUAs, particularly after 
pregnancy [2]. Serious injury to the basal layer may re-
sult in the loss of most endometrial cells, and the endo-
metrium may fail to recover [3]. IUAs treatment aims to 
rebuild a normal uterine cavity and regain uterine func-
tion. Current treatment lines induce endometrial regen-
eration from remaining progenitor cells and endometrial 
stem cells by combining hormone therapy with hystero-
scopic surgery for adhesion removal [4]. Despite devel-
opments in therapy modalities, the successful pregnancy 
rate remains low, and severe IUAs provide a significant 
therapeutic challenge with poor prognosis. The most re-
cent advancement in IUA treatment is the identification 
of appropriate biological tissues and functional bioactive 
scaffolds for intrauterine placement to promote or induce 
endometrial repair or provide an ideal environment for 
endometrial cell self-repair to improve patients' repro-
ductive function. However, various hurdles remain in the 
face of IUA regeneration and optimum therapeutic bio-
materials to produce effective treatments for IUAs [5]. In 
recent years, stem cell therapies have emerged as a novel 
approach for repairing and regenerating damaged tissues 
through their ability to self-renewal, differentiate, and 
immunoregulation. Among stem cells, mesenchymal 
stem cells (MSCs) have garnered significant interest due 
to their ease of isolation and diverse sources. MSCs can 
be collected from various sources, including the bone 
marrow, umbilical cord, adipose tissue, and peripheral 
blood [6]. MSCs have been extensively employed in pre-
clinical animal models and have demonstrated success-
ful outcomes in various clinical applications for treating 
IUAs [7]. However, the application of MSC therapy en-
counters challenges, including biased differentiation and 
cellular senescence, which may hinder its effectiveness. 
Researchers have explored the potential of pharmaco-
logical medications as enhancers to address these limi-
tations and enhance the therapeutic potency of MSCs. 
Additionally, it is essential to continue investigating 
other drugs and compounds to optimize MSC therapy 
and overcome existing limitations, thereby maximizing 
its therapeutic efficacy [8].

Pirfenidone is a synthetic non-peptide compound with 
a high level of oral bioavailability. It exhibits many thera-
peutic effects, including anti-fibrotic, anti-inflammatory, 
antioxidant, and apoptosis-regulating properties [9–13]. 
Pirfenidone is one of the two medications approved by 
the FDA for treating idiopathic pulmonary fibrosis (IPF) 
[14]. Apart from IPF, pirfenidone has an anti-fibrotic ef-
fect on various tissues, including the kidney, liver, heart, 
gastrointestinal system, eye, and skin, because fibrosis 
is the outcome of multiple common stages in many ill-
nesses and pirfenidone targets such pathways [15–20]. 
However, it is worth noting that in some cases, the ad-
ministration of high doses of pirfenidone has been ac-
companied by adverse effects [21]. Consequently, the 
current monotherapy approach utilizing pirfenidone 
alone has demonstrated limited effectiveness. Therefore, 
it is crucial to explore and develop improved treatment 
strategies that can address these limitations and enhance 
therapeutic outcomes [22].

The combination of pirfenidone and MSCs has the po-
tential to synergistically enhance their anti-fibrotic and 
anti-inflammatory effects, thereby making a valuable 
contribution to the treatment of IUAs. Additionally, this 
combination therapy may reduce the required pirfeni-
done dosage. By effectively targeting fibrosis and in-
flammation through their combined action, pirfenidone 
and MSCs offer a promising approach to improve thera-
peutic outcomes in IUAs.

The Hypothesis

Our hypothesis suggests combining pirfenidone and 
MSCs could offer therapeutic advantages for managing 
IUAs. This combination is expected to synergistically 
leverage the anti-fibrotic and anti-inflammatory proper-
ties of pirfenidone, complementing the similar effects of 
MSCs and effectively targeting fibrosis and inflamma-
tion caused by IUAs. Additionally, pirfenidone alone can 
inhibit fibrotic signaling pathways and promote autoph-
agy, addressing the autophagy defect observed in IUAs. 
In contrast, MSCs possess regenerative capabilities, 
promoting tissue repair and regeneration and enhancing 
angiogenesis to counteract tissue damage and mitigate 
the reduced vascularization seen in IUAs. As such, the 
combined administration of pirfenidone and MSCs ad-
dresses multiple components of IUA pathogenesis, of-
fering a comprehensive and promising therapeutic ap-
proach. Figure 1 shows our hypothesis.
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Basis of the Hypothesis

Characteristics of IUAs

Inflammation

IUA formation appears to be strongly linked to in-
creased endometrial inflammation, as described by 
Moquin-Beaudry et al., who found significantly higher 
preoperative inflammation in IUA patients than in non-
IUAs participants [23]. Bacterial invasion of the endo-
metrium leads to local inflammatory reactions, increas-
ing pro-inflammatory cytokines, such as interleukin-6 
(IL-6) and interferon-gamma (IFN-γ). In addition, dam-
aged epithelial cells release cytokines, such as IL-25, IL-
33, and thymic stromal lymphopoietin. These cytokines 
can directly or indirectly stimulate the T helper two im-
mune response, thereby promoting the development of 
fibrosis [24]. Additionally, by promoting the expression 
of inflammatory cytokines, the transcription factor NF-
κB plays a critical role in inflammatory disorders [25], 

and its up-regulation has been observed in patients with 
endometrial adhesions [26]. Transforming growth factor 
beta (TGF-β), tumor necrosis factor-alpha (TNF-α), IL-
1, and IL-18 are among the pathogenic cytokines that 
interact closely with NF-κB and are involved in intra-
uterine adhesion [25]. 

Fibrosis 

Fibrosis is characterized by scar tissue formation be-
tween the uterine layers, which binds the uterine walls to-
gether. The primary pathogenic characteristic of IUAs is 
endometrial fibrosis. Excessive fibrous structures, avas-
cular and insensitive to hormonal stimulation, largely 
replace the endometrial stroma in IUAs [27]. TGF-β has 
been widely recognized as a key mediator of the fibrotic 
response due to its ability to stimulate fibroblasts in the 
synthesis and contraction of extracellular matrix (ECM) 
[28]. Moreover, inflammatory conditions within the en-
dometrium subsequently stimulate an excessive process 
known as epithelial-mesenchymal transition (EMT), 
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Figure 1. Pathogenesis of IUAs and effects of treatment with pirfenidone and MSCS, schematic representation of our proposed 
hypothesis 
Note: The red circle illustrates several crucial features contributing to the pathogenesis of IUAs, providing detailed insights. 
Meanwhile, the green circle highlights how MSCs, pirfenidone or a combination of both can target each of these pathogenic 
mechanisms. IUAs, intrauterine adhesions; MSCs, mesenchymal stem cells.

http://immunoreg.shahed.ac.ir/


4

2024. Vol 7 

activating a significant population of myofibroblasts. 
Myofibroblasts are characterized by elevated metabolic 
activity and substantial expression of α-smooth muscle 
actin (α-SMA). This expression of α-SMA facilitates a 
notable augmentation in the synthesis of fibrotic col-
lagen, including types I, III, V and VI [29]. Therefore, 
administrating agents exhibiting anti-inflammatory and/
or anti-fibrotic characteristics holds promise for poten-
tially yielding therapeutic effects on IUAs. The signaling 
pathways primarily implicated in endometrial fibrosis 
are the Wnt/β-catenin, PI3K-Akt/NF-κB, and TGF-β1/
Smad signaling pathways [30]. Hence, inhibiting these 
pathways may be beneficial in IUA progression.

Defect in autophagy

Autophagy, a programmed cellular degradation pro-
cess, is a crucial response mechanism to environmental 
stress and significantly influences the cyclic changes oc-
curring within the endometrium [31]. Defective autoph-
agy contributes to EMT [32], and its involvement in the 
pathogenesis of endometrial fibrosis in IUAs has been 
demonstrated [33–35].

Decreased vascularization

Angiogenesis and uterine blood flow play crucial roles 
in facilitating the growth of the endometriumcrucial [36, 
37]. Intrauterine scarring plays a critical role in this re-
gard, as it results in a decrease in vascularization, leading 
to a reduction in the blood supply to the surface of the 
uterine cavity [36–38].

Functions of pirfenidone 

Anti-inflammation and anti-fibrotic

Pirfenidone has been studied in several in vitro systems 
and animal models of fibrosis to determine its anti-fibrot-
ic and anti-inflammatory qualities [39]. This drug can re-
duce fibroblast proliferation, fibrosis-related protein and 
cytokine production, and ECM accumulation and bio-
synthesis in response to cytokine growth factors, such 
as TGF-β [40]. Pirfenidone exhibited notable therapeutic 
potential in managing postoperative intraabdominal ad-
hesions, addressing adhesion formation and inflamma-
tion. Furthermore, pirfenidone administration decreased 
metallopeptidase inhibitor 1, TNF-α, and TGF-β1 pro-
teins concentrations while increasing the matrix metal-
loproteinase (MMP-9) protein [41]. Moreover, this drug 
has demonstrated its ability to disrupt collagen synthesis 
and fibrillogenesis by attenuating the synthesis of spe-
cific profibrotic and growth factors, thus reducing ECM 

deposition [42–44]. Recent studies revealed that pirfeni-
done significantly reduces EMT and the expression of 
α-SMA, type I, and type III collagen [45]. Research has 
indicated that pirfenidone can diminish chemotaxis and 
the synthesis of pro-inflammatory ROS and cytokines, 
such as TNFα, IL-1β, and IL-6, along with chemokines, 
such as MCP-1, IL-8, and MIP-1α. Moreover, pirfeni-
done enhances the production of anti-inflammatory in-
terleukin-1 receptor antagonists [46]. These functions of 
pirfenidone may address the fibrosis and inflammation 
observed in IUAs.

Signaling pathways inhibition

Pirfenidone treatment also down-regulated the phos-
phorylation of extracellular signal-regulated kinase 1/2 
(ERK1/2), p38, and c-Jun N-terminal kinase (JNK) in-
duced by TGF-β1. These results indicate that pirfeni-
done can attenuate EMT and fibrosis in vivo and in vitro 
by interfering with the MAPK pathway [45]. In an ex-
periment using human intestinal fibroblasts stimulated 
with TGF-β1, pirfenidone demonstrated a strong capa-
bility to inhibit cell proliferation and induce apoptosis. 
This effect was achieved by inhibiting Smad and PI3K/
AKT pathways [47]. This function of pirfenidone might 
address the involvement of fibrotic signaling pathways 
observed in IUAs. 

Autophagy activation

It was revealed that the administration of pirfenidone 
activated autophagy/mitophagy through upregulating 
PARK2 expression. This activation partially suppresses 
the differentiation of myofibroblasts in the presence of 
TGF-β [48]. This function of pirfenidone may address 
the defensive autophagy observed in IUAs. Nonetheless, 
pirfenidone possesses certain limitations in its clinical 
application, including adverse effects, and requires on-
going refinement to fully harness its antifibrotic effects 
[21,49–51].

Functions of MSCs

Anti-inflammation

MSCs significantly impact all stages of wound healing, 
including the inflammatory, proliferative, and remodel-
ing phases. In the inflammatory phase, MSCs actively 
regulate the actions of inflammatory cells and prevent 
the harmful consequences of inflammatory cytokines 
like TNF and IFN-γ [52]. New research suggests that 
MSCs have immunomodulatory and homeostatic func-
tions, and their use may provide a means of controlling 
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inflammation and speeding the healing of injured tissue 
in inflammatory illnesses [53]. The immune-modulating 
effect of MSCs involves the inhibition of immune cell 
proliferation and the secretion of various cytokines (such 
as IL-1, IL-6, IL-8, IL-12, TNF-α, and IFN-γ) as well 
as chemokines (including CCL2 (Chemokine ligand 2) 
and CCL5) [54, 55]. This MSC function might address 
inflammation in IUAs.

Anti-fibrotic 

The potential antifibrotic properties of MSCs have been 
explored in the context of fibrotic conditions, includ-
ing IUAs. For instance, human umbilical cord-derived 
MSCs (hUC-MSCs) have demonstrated their ability to 
diminish fibrotic factors and collagen accumulation in 
pulmonary fibrosis [56] and to downregulate the expres-
sion of TGFβ1 and genes associated with fibrosis in 
IUAs [57]. This MSC function might address the fibro-
sis in IUAs.

Endometrium regeneration

The regenerative properties of stem cells, characterized 
by their capacity for self-renewal and multi-lineage dif-
ferentiation, hold significant promise in addressing tissue 
damage within the uterine cavity. In recent years, there 
has been a growing research focus on investigating the 
therapeutic potential of stem cells for treating IUAs [58]. 
MSCs are stem cells that play an essential role in regen-
eration and repair due to their capacity to differentiate 
into multiple lineages. They can differentiate into con-
nective tissues, skeletal muscle, and vascular cells [1]. 
MSCs can display various therapeutic functions during 
tissue healing, contributing to the repair and regeneration 
of damaged tissue [59]. Menstrual blood-derived MSCs 
[60], bone marrow-derived stem cells [61], adipose-de-
rived stem cells, and UC-MSCs can promote the regen-
eration and repair of the damaged endometrium by dif-
ferentiating into endometrial epithelial cells and stromal 
cells [62, 63]. This function of MSCs might contribute to 
endometrium regeneration in IUA treatment.

Angiogenesis 

Align with regenerative properties, MSCs contribute 
to angiogenesis, which involves the formation of new 
blood vessels through a complex mechanism involving 
the action of several growth factors, including hepato-
cyte growth factor, vascular endothelial growth factor, 
and fibroblast growth factor [59]. This function of MSCs 
might address the reduced blood flow observed in IUAs.

RGS2 upregulation is a potential mechanism for 
synergistic effects of pirfenidone and MSCs

Recent studies have revealed significant downregula-
tion of the RGS2 expression in animal models of fibrosis, 
indicating its crucial role in regulating fibrosis-related 
pathogenesis. Pirfenidone treatment reduced bleomycin-
induced pulmonary fibrosis in mice with intact RGS2. 
At the same time, its efficacy was not observed in RGS2 
knockout mice [64], suggesting that a novel mechanism 
underlying the fibrosis-ameliorating effects of pirfeni-
done involves the up-regulation of RGS2 [65, 66]. The 
therapeutic effects of MSCs and pirfenidone and their 
synergistic mechanism have been investigated in only 
one study and the context of pulmonary fibrosis. There-
fore, further investigations are required to explore this 
phenomenon in other fibrotic conditions, such as IUAs. 
Wu et al. demonstrated that the combination of pirfeni-
done and hUC-MSCs demonstrated superior therapeutic 
effects compared to individual treatments. This combi-
nation increased RGS2 protein levels and significantly 
reduced fibrosis markers. The group treated with both 
hUC-MSCs and pirfenidone showed higher expres-
sion of RGS2 than those treated with pirfenidone alone, 
suggesting a potential role of hUC-MSCs in this effect. 
Knocking down RGS2 did not affect fibrosis markers 
induced by TGF-β1 with either pirfenidone treatment 
or the combination of pirfenidone and hUC-MSCs, 
emphasizing the importance of RGS2 in mediating the 
antifibrotic effects of these treatments. The research-
ers suggested that the combination of hUC-MSCs with 
pirfenidone synergistically enhanced RGS2 expression, 
leading to a more potent antifibrotic effect, and speculat-
ed that hUC-MSCs may upregulate RGS2 expression in 
myofibroblasts through the paracrine secretion of certain 
substances. However, further exploration is needed to 
better understand the mechanisms underlying this com-
bination treatment [22].

Evaluation of the hypothesis

Our hypothesis necessitates experimental testing us-
ing in vitro and/or animal models, such as rats or mice, 
which can exhibit pathologies similar to human IUAs. 
However, regarding ethical considerations surrounding 
animal experiments, we strongly recommend using alter-
native approaches, such as 3D models like spheroids and 
organ-on-a-chip systems. An in vitro model of IUAs can 
be established by inducing cellular damage by exposing 
endometrial cells to hydrogen peroxide. Subsequently, 
to investigate the effects of our treatment on the dam-
aged cells, in the treatment groups, MSCs were added 
to the upper chamber of the insert chambers. In contrast, 
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damaged cells were coated on the lower compartment, 
followed by the addition of the optimum concentration 
of pirfenidone. Subsequently, the endometrial cells were 
examined for the expression of fibrosis and adhesion 
transcription factors and proteins. This approach enabled 
the investigation of the impacts of MSCs, pirfenidone, 
and their combination on damaged cells. For the animal 
model, IUAs should be induced in female animals uti-
lizing thermal, chemical, or mechanical methods [67]. 
Following model induction, it is essential to evaluate and 
score changes in tissue morphology, the number of en-
dometrial glands, the degree of endometrial fibrotic area 
(as determined by H&E-Masson's trichrome staining), 
and the expression levels of TGF-β in the endometrium 
to validate the establishment of the IUAs model [68]. 
Once the model is confirmed, pirfenidone and MSCs 
administration should be initiated. Pirfenidone can be 
administered orally (via gavage), intravenously, or intra-
peritoneally at optimal concentrations. Similarly, a suf-
ficient number of MSCs (5×105 per mouse [69] ) can be 
transplanted locally or systemically. The treatment pro-
tocol will span several days (for example, 500 mg/kg of 
pirfenidone for eight days [70]). Following the treatment 
period, a subset of female mice will be mated with male 
mice to assess pregnancy outcomes, and the remain-
ing mice will be euthanized for pathological and mo-
lecular examinations. These examinations will involve 
analyzing uterine tissue samples for fibrosis and adhe-
sion markers, proteins, collagen deposition, number of 
glands, and endometrial thickness. Additionally, evaluat-
ing pregnancy outcomes will provide valuable insights. 
It is crucial to note that animal and in vitro models have 
limitations in completely replicating the pathogenesis of 

IUAs in humans. Therefore, if the results are promising, 
this treatment could be the subject of clinical trials (Fig-
ures 2 and 3).

Discussion and consequences

We have presented evidence that the anti-fibrotic and 
anti-inflammatory properties of MSCs enhance pir-
fenidone power in fibrosis and inflammation inhibition 
and might lead to a more efficient therapy for IUAs. 
Endometrial fibrosis constitutes the core of IUAs, and 
research indicates that various types of MSCs can miti-
gate the risk of endometrial fibrosis and enhance the 
chances of pregnancy [71]. In addition, other roles of 
MSCs in enhancing tissue repair and angiogenesis, to-
gether with pirfenidone ability to inhibit fibrotic signal-
ing pathways and address decreased autophagy, make 
this combination a promising treatment that can target 
different aspects of IUAs pathogenesis. Another point to 
consider is the attempt to mitigate the potential side ef-
fects associated with high doses of pirfenidone, such as 
occasional drowsiness, skin rash, or gastric discomfort 
[72]. A strategy to reduce the effective dosage involves 
combining low doses of pirfenidone with MSCs. Wu et 
al. investigated the therapeutic effect of hUC-MSCs in 
combination with low-dose pirfenidone on pulmonary 
fibrosis in mice and explored the possible mechanisms 
involved [22]. This combination has been demonstrated 
to significantly augment the antifibrotic effects of pir-
fenidone by a factor of three in the context of pulmonary 
fibrosis [22]. A similar outcome could be achieved in the 
case of IUAs.  

Figure 2. In vivo hypothesis testing 
Abbreviations: IUAs: Intrauterine adhesions; MSCs: Mesenchymal stem cells; PFD: Pirfenidone.
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In addition to their recognized antifibrotic properties, 
MSCs have been found to exhibit certain profibrotic ef-
fects, such as the secretion of TGF-β [73]. MSCs can un-
dergo EMT in a fibrotic environment, converting them 
into myofibroblasts [74, 75]. These findings contribute 
to the controversial effects of MSCs in fibrosis treatment. 
However, the multi-cytokine inhibitor pirfenidone coun-
teracts these effects by inhibiting the production of cyto-
kines, including TGF-β1, basic fibroblast growth factor, 
and connective tissue growth factor, in myofibroblasts, 
thus suppressing their growth and collagen synthesis [76, 
77]. Also, Wu et al. discovered that treating hUC-MSCs 
with pirfenidone significantly decreased the expression 
of fibronectin and α-SMA messenger ribonucleic acid 
(mRNA). These results indicate that pirfenidone inhib-
its the transformation of hUC-MSCs into mesenchymal 
cells [22]. The markers associated with myofibroblasts 
in hUC-MSCs decreased after treatment with pirfeni-
done, suggesting that pirfenidone treatment reduces the 
conversion of hUC-MSCs into myofibroblasts, thereby 
allowing hUC-MSCs to exert their full antifibrotic ef-
fects [22]. This may explain why the combination of 
MSCs and pirfenidone could yield superior results com-
pared to pirfenidone alone in fibrotic conditions, such as 
IUAs. Finally, feasibility, transport, storage issues, and 
the possible tumorigenicity and teratogenicity of MSC-
based treatments, might limit their clinical use [78]. This 
issue could be addressed using MSC-derived exosomes 
instead of MSCs [79].
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