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Cell‑based therapy in thin endometrium 
and Asherman syndrome
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Abstract 

Numerous treatment strategies have so far been proposed for treating refractory thin endometrium either without 
or with the Asherman syndrome. Inconsistency in the improvement of endometrial thickness is a common limitation 
of such therapies including tamoxifen citrate as an ovulation induction agent, acupuncture, long-term pentoxifylline 
and tocopherol or tocopherol only, low-dose human chorionic gonadotropin during endometrial preparation, aspirin, 
luteal gonadotropin-releasing hormone agonist supplementation, and extended estrogen therapy. Recently, cell 
therapy has been proposed as an ideal alternative for endometrium regeneration, including the employment of stem 
cells, platelet-rich plasma, and growth factors as therapeutic agents. The mechanisms of action of cell therapy include 
the cytokine induction, growth factor production, natural killer cell activity reduction, Th17 and Th1 decrease, and 
Treg cell and Th2 increase. Since cell therapy is personalized, dynamic, interactive, and specific and could be an effec‑
tive strategy. Despite its promising nature, further research is required for improving the procedure and the safety of 
this strategy. These methods and their results are discussed in this article.
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Introduction
The route through which thin endometrium reduces 
the chance of pregnancy is not well-known. However, 
two proposed hypotheses discussing the fact that the 
embryo could be close to the basal layer, which is rich 
in reactive oxygen species and thus detrimental to the 
implantation and development of the embryo [1]. One 
or two among three women who undergo in vitro ferti-
lization and embryo transfer are affected by a thin endo-
metrium (> 7  mm). One attributed cause could be the 
malfunctioning of endometrial stem/progenitor cells 

of the incompetent thin endometrium [2]. Satisfactory 
endometrium growth is an essential factor for success-
ful implantation since low implantation rates have been 
reported to be associated with thin endometrium. Fur-
ther, a thin endometrium is reported to be a defective 
cause of endometrial development. Endometrium recov-
ery in thin endometrium patients is time-consuming 
although low-dose aspirin treatment or estrogen therapy 
has been assessed in this regard [3].

The development of the human endometrium is 
typically observed through transvaginal ultrasound in 
assisted reproductive technology cycles. A well-estab-
lished marker for the receptivity of the uterus is the 
thickness of the endometrium [4]. The minimal cutoff 
endometrial thickness proposed for a successful embryo 
transfer is 7  mm, even though there exists no stand-
ardized value for diagnosing a thin endometrium [5]. 
In addition, values above 9  mm could predict greater 
implantation rates. In fact, persistent thin endometrium 
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in the reproductive cycle could be related to lower rates 
of implantation as well as increased rates of miscar-
riages [6]. Consequently, many researchers have sought 
to identify therapeutic modalities capable of improving 
endometrial receptivity and growth in endometrium-thin 
women [7]. Although numerous approaches (i.e., granu-
locyte colony-stimulating factor, sildenafil, or low-dose 
aspirin) have been attempted clinically, their results are 
inconclusive [8]. On the other hand, an important out-
come of endometrial trauma is the intrauterine adhe-
sion (IUA), resulting in the partial or full obstruction of 
the cervical canal or uterine cavity. Asherman syndrome 
(AS) defines the IUA, which is characterized by infertil-
ity, recurrent abortion, hypomenorrhea, pelvic pain, or 
menopause [9]. Operation procedures could generally 
lead to IUA through inducing artificial traumas to the 
uterine cavity. For instance, hysteromyomectomy, cesar-
ean section, and curettage could injure the endometrial 
basal layer. Moreover, infections such as tuberculosis can 
cause chronic endometrial inflammation, which is in fact 
an inducer of adhesion [9].

The incidence rate of the AS is approximately 1.5% 
[10], and the hysteroscopy adhesion lysis is regarded as 
the current prevalent treatment approach for this con-
dition [11]. Nevertheless, susceptibility to anomalous 
placenta development and preterm delivery exists in 
patients following adhesion lysis due to impaired endo-
metrial angiogenesis and metabolism [12]. It is essential 
to prevent adhesion in the uterine cavity post-invasive 
operations since two-thirds of AS-suffering women have 
experienced post-abortion/miscarriage curettage [13]. 
This could be performed through placing an intrauterine 
device [14]/Foley’s catheter balloon/hyaluronic acid in 
the cavity of the uterus or employing conjugated estrogen 
treatment for facilitating the recovery of the endome-
trium [15].

Cell therapy, as one of the most effective fields of trans-
lational medicine, is an interdisciplinary field encom-
passing regenerative medicine, transplantation biology, 
biomaterials, molecular biology, tissue engineering, 
immunology, stem cell biology, and clinical research [14]. 
Cell-based therapy possesses the potential to turn into 
a novel therapeutic platform for treating a wide range 
of clinical disorders. Two major examples of cell-based 
therapeutics include bone marrow transplantation and 
blood transfusions [16]. Although recombinant genetic 
engineering has been effective in producing manifold 
therapeutics (e.g., human insulin and erythropoietin), 
such treatments are not capable of entirely correcting or 
reversing disease states [17]. This is because disease pro-
cesses mostly involve changes in the multifaceted interac-
tions of different cell components rather than a deficiency 
in a single protein. Under such circumstances, cell-based 

therapy might prove more effective through the provision 
of an individualized, interactive, and dynamic therapeutic 
approach responding to the pathophysiological condition 
of the patient [18]. The most recent approaches for the 
treatment of thin endometrium and the AS will be thor-
oughly reviewed in the following sections (Fig. 1).

Platelet‑rich plasma (PRP)
As an available option, autologous PRP has been promi-
nent for its safety and has been employed since the 
1970s. The safety of therapy through the infusion of PRP 
is attributed to the fact that it is prepared from autolo-
gous blood, which itself is obtained from a peripheral 
vein. More importantly, preparation procedures are pain-
less for the patient, affordable, and convenient. Since 
PRP releases numerous chemokines, cytokines, and 
growth factors stored in the alpha granules of platelets, 
it is capable of improving tissue regeneration [19]. Pro-
cesses affected by these molecules include angiogenesis, 
the remodeling of the extracellular matrix, as well as the 
differentiation, proliferation, and recruitment of stem 
cells [20]. Therefore, PRP is applicable in many regenera-
tive medicine fields such as dermatology, ophthalmology, 
plastic surgery, and orthopedics for promoting tissue 
growth and repair [21–23].

However, immunogenic and transmission reactions 
could be prevented since PRP is derived from autolo-
gous blood. Moreover, PRP treatment is regarded as safe 
according to the results of the treatment of thousands of 
individuals with PRP following oral-maxillary surgery 
[24]. More precisely, infection and other adverse effects 
are reported to be rare in patients. Overall, there exist 
several factors that could potentially determine the suc-
cess of this treatment, including the selection of patients 
and preparation of proper cell [25].

So far, there has been limited information with regard 
to the potential that the application of PRP might hold in 
the restoration of damaged endometrium [26]. However, 
it has been reported that treatment with PRP led to the 
enhanced thickness of the endometrium (ultrasonogra-
phy-approved), elevated rates of pregnancy (clinically-
approved), and raised live-birth rates [27]. Nonetheless, 
it is unclear whether such improvements were directly 
related to PRP treatment. Further, the inadequacy of 
the experimental evidence could be attributed to the 
lack of objective validity. In an in  vivo study, treatment 
with autologous PRP resulted in enhanced endome-
trium regeneration in female rats, which was confirmed 
by real-time polymerase chain reaction assays related to 
the expression of endometrial factors [28]. In another 
study on murine AS models without or with the infu-
sion of human PRP, Kim et  al. assessed the capabil-
ity for regenerating the endometrium and the mating 
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outcomes. However, data could not distinctively imply 
that the donor’s hormonal profile could exert effects on 
the therapeutic potential of his/her PRP. PRPs from sepa-
rate donors showed comparable results, emphasizing that 
the PRP is capable of restoring damaged endometrium. 
Importantly, the quantification of successful pregnancy 
and implantation outcomes were evaluated as well. The 
treatment group with PRP considerably enhanced the 
IS number and supported the capability of carrying 
the pregnancy to term, resulting in an 83.3% live-birth 
in PRP-treated AS mice while other AS mice failed the 
delivery [29].

In an experiment, Wang et  al. [30] investigated 20 
women suffering from thin endometrium and undergo-
ing failed embryo implantation under conventional estro-
gen therapy, resulting in the cancellation of the cycle 
and low pregnancy. Following PRP infusion, the major-
ity of patients showed effective pregnancy and expansion 
of endometrium. Ultrasonography was used to evaluate 
the thickness of the endometrium, followed by exploring 
the effects of PRP on biological functions. Accordingly, 
PRP was capable of promoting the migration and pro-
liferation of endometrial mesenchymal stem cells (EnM-
SCs), subsequently differentiating into endometrial cells. 

Moreover, it could be stated that PRP stimulated adhe-
sion to Matrigel and the spreading of cells. Additional 
examples of PRP treatment are provided in Table 1.

Growth factors
As naturally occurring substances, growth factors (GFs) 
have the potential to stimulate cellular differentiation, 
wound healing, and cell proliferation [65] and are typi-
cally regarded as intercellular signaling molecules. For 
instance, hormones or cytokines are capable of binding 
to particular surface receptors of target cells, which fre-
quently promote cellular maturation and differentiation 
differently. Epidermal growth factor (EGF) is capable of 
enhancing osteogenic differentiation, whereas vascular 
endothelial and fibroblast GFs are capable of stimulat-
ing angiogenesis (differentiation of blood vessels) [66]. 
As a hematopoietic growth factor, granulocyte-colony-
stimulating factor (G-CSF) has been demonstrated to be 
effective in non-hematopoietic cells such as the endome-
trium [67]. After the successful treatment of four indi-
viduals, it was postulated that intrauterine G-CSF may 
play a direct role in the promotion of endometrial growth 
[68]. A study on thin-endometrium patients revealed that 
intrauterine G-CSF administered 6–12  h before human 

Fig. 1  On the right side of the figure, a patient with a thin endometrium is illustrated who has had implantation failure. On the left side of the 
figure, different types of cell therapy, which lead to the thickness of the patient’s endometrium and subsequently success in pregnancy, are shown
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chorionic gonadotropin (HCG) trigger could significantly 
improve endometrial thickness, resulting in an overall 
pregnancy rate of 19.1% [35].

In this regard, Lucena et al. [69] successfully treated one 
patient while Check et al. failed to do so. Following treat-
ment, the rate of cycle cancelation caused by thin endo-
metrium was considerably lower (69.39% self-controlled 
group versus 48.75% control group vs. 17.5% treatment 
group, p < 0.05), with a trend towards greater pregnancy 
and implantation rates [70]. In another study by Kunicki 
et al. [37], intrauterine G-CSF (300 μg) was administered 
to patients with a 7 mm EMT 6–12 h before HCG trig-
ger, leading to a considerable improvement in EMT after 
72  h, with a pregnancy rate of 18.9%. In a recent study, 
Barad et  al. administered intrauterine G-CSF to FET 
or IVF patients regardless of the thickness of the endo-
metrium. Furthermore, in another study, a 300  μg/cm3 
dose of G-CSF was given to the study group on the day 
of the HCG trigger, indicating no improvements in the 
thickness of the endometrium [71]. Similarly, intrauter-
ine G-CSF was administered to thin lining-possessing 

patients (< 8  mm) who were resistant to treatment with 
vaginal sildenafil or estradiol. The treatment was also 
expanded to patients with repeated failure of implanta-
tion who had an EMT > 8  mm [38]. In a study, G-CSF 
(300 μg) was administered to the endometrial cavity of all 
231 patients 10 days post-vaginal sildenafil and oral estra-
diol, causing a considerable improvement in EMT and a 
pregnancy rate of 38.07% [72]. Further examples of GF 
administration are provided in Table 1.

Stem cells therapy
Stem cell therapy has been recognized as an efficient 
therapeutic approach among numerous types of cell 
therapy [73]. Stem cells are capable of dividing into pluri-
potent and multipotent stem cells, and several studies 
have enumerated both advantages and disadvantages 
associated with their utilization [74]. It has also been 
reported that it is feasible to employ stem cell therapy 
as a therapeutic approach for treating infertility-related 
diseases such as thin endometrium (Fig.  2). Numerous 
clinical, but challenging, trials have been performed in 

Fig. 2  Schematic of thickening of the endometrium by stem cells with the mechanism of increase in growth factors in the target area
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this regard. Overall, it seems likely that resolving issues 
associated with stem cell therapy could allow their appli-
cation as an efficient therapeutic approach for patients 
suffering from infertility [75].

Similar to the majority of treatments, cell therapy could 
be accompanied by side effects, particularly in stem cell 
therapy [76]. For instance, prior to using stem cells, they 
should be grown for several months after they are har-
vested from embryos. Further, painful procedures are 
experienced when the aim is to obtain adult stem cells, 
especially from bone marrow. Moreover, stem cell treat-
ments neither have been proven yet, nor encountered 
low rates of rejection [77]. Some examples of the applica-
tion of stem cell therapy are summarized in Table 1.

Mesenchymal derived stem cells (MSCs)
MSCs, a type of adult stem cells, could be harvested 
from various tissues including bone marrow, umbilical 
cord, menstrual blood, endometrial tissue, adipose tis-
sue, and the like [78]. Given the capacity of self-renewal 
and differentiation potentials, the emerging research has 
regarded MSCs as attractive candidates for cell therapy in 
regenerative medicine [79]. Such reactivity could reflect 
the tissue of origin since dissimilar sensitivity to induc-
tive bioactive molecules in culture is exhibited by MSCs 
isolated from different tissues. Well-known examples 
include adult marrow-derived MSCs, which are fre-
quently employed as a standard type of MSCs. Condi-
tions which induce marrow-derived MSCs differ from 
those of fat-derived MSCs, which could be attributed to 
the presence of different microenvironments in the tissue 
side of the vasculature within which the pericytes reside 
[80]. Tissue regeneration has experienced considerable 
progress since the application of MSCs [81]. Nonethe-
less, extremely functional in  vitro assays have validated 
the encouraging regenerative potentials of MSCs. Pro-
tective effects exerted by MSCs following allogeneic 
transplantation have been reported in several injured 
models such as damaged, neural, myocardial, hepatic, 
cartilage, and bone tissues [82]. It is rather recognized 
that the therapeutic effects of MSCs are mainly due to 
their immunomodulatory function, which is performed 
along with anti-inflammatory effects through the regula-
tion of lymphocytes of both adaptive and innate immune 
systems. Further, it has been established that MSCs are 
capable of regulating the immune responses in numer-
ous diseases [83]. In fact, MSCs are capable of regulat-
ing the function and proliferation of T cells, balancing 
the activity of Th2 and Th1, up-regulating Tregs func-
tions, suppressing the functions of B cells, inhibiting 
the function and proliferation of NK cells, and prevent-
ing the activation and maturation of dendritic cells [84]. 
Moreover, MSCs are capable of stimulating proliferation 

and the secretion of cytokines in innate lymphoid cells, 
which are a novel family of lymphocyte-like cells playing 
significant roles in the innate defenses against pathogens. 
The regulation of the immunomodulatory functions 
of MSCs is performed with regard to the inflammatory 
conditions of their microenvironment [85]. The intensity 
and type of the inflammatory stimuli that are presented 
on MSCs determine MSC plasticity in immunomodula-
tion. As an example, MSCs are capable of suppressing the 
polarization of Th17 and Th1 and promoting the polari-
zation of Th2 in graft-versus-host disease [86]. Moreo-
ver, MSCs are capable of inhibiting Th2-dominant allergy 
through the inhibition of the production of IL-13 and 
IL-4. MSCs contribute to the fibrotic process or immu-
nosuppressive effects under chronic and acute inflamma-
tory conditions, respectively. Therefore, MSCs could be 
regarded as a feasible and flexible strategy to treat several 
diseases, according to their immunomodulatory char-
acteristics [87]. However, MSCs function deteriorates 
with age, which might be associated with the loss of tis-
sue homeostasis, resulting in aging-related diseases and 
the malfunction of organs. Zhao et al. demonstrated that 
injecting bone marrow mesenchymal stem cells (BMSCs) 
into the uterine cavities of rats resulted in a thicker 
endometrium as well as the upregulation of vimentin 
and cytokeratin as marker proteins of endometrial cells. 
Resultantly, directly infusing BMSCs could protect the 
thin endometrium rats against cell damage, in addition 
to promoting endometrial cell regeneration. Post-BMSC 
transplantation, the expression of LIF and integrin αβ3 
represented a considerable increase. It has been well 
established that LIF and integrin as the regulators of the 
endometrial function are the markers of the receptivity of 
the endometrium and possess significant parts in embryo 
implantation [88]. In another study [44], it was reported 
that the MSCs improved endometrium thickness prob-
ably via their migration and immunomodulatory proper-
ties. Table 1 provides additional examples of MSCs in the 
endometrium.

MSC‑derived extracellular vesicles (MSC‑EVs)
On the other hand, recent studies have also focused on 
the investigation of exosomes secreted from mesenchy-
mal stem cells. Exosomes are active paracrine compo-
nents with a high potential for repairing damaged tissue. 
Exosomes include many paracrine factors responsible 
for regeneration and angiogenesis [52]. MSC-EVs play 
a critical role in treating reproductive diseases such as 
the AS. EVs are lipid bilayer complexes that function as 
mediators by transferring multiple molecules to recipient 
cells such as proteins, microRNAs, lipids, and cytokines. 
Although a consensus has been reached on the mecha-
nisms underlying MSC-EVs, several theories have been 
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proposed, including promoting angiogenesis, anti-fibro-
sis, immunomodulation, and anti-oxidative stress levels. 
Moreover, numerous questions need to be fully clarified 
before the application of MSC-EVs in the clinic, includ-
ing standardized purification and identification methods, 
appropriate storage and transportation systems, deter-
mined cargo for large-scale generation, and safety issues. 
In addition, limited yield is one of the main problems 
restraining the wide-spreading application of MSC-EVs. 
Generally, MSC-EVs have exhibited their potentials in 
regenerative medicine not only for their propensity abil-
ity originated from the parent cells but also for the higher 
biology stability and lower immunogenicity as compared 
to MSCs [89].

Bone marrow‑derived stem cells (BMDSCs)
Being able to travel to distant organs, BMDSCs make a 
contribution to the regeneration and repair of tissues 
[90]. Since BMDSCs exist in both murine and human 
endometrium, it could be inferred that they have the 
potential for serving as a reparative cell source for the 
reproductive tract [91]. Regional signals of injury prob-
ably play a significant part in mobilizing BMDSCs to 
injured tissues. In fact, it is demonstrated that ischemia/
reperfusion injury in the uterus enhances the migration 
and engraftment of BMDSCs in the endometrium [92].

Alawadhi et  al. reported that by the third estrous 
cycle after BM transplantation, female mice were bred 
for three months. Nine out of ten mice were placed in 
the BM transplant group, whereas only three mice were 
conceived in the non-BM transplant group (Chi-square 
p = 0.0225). On the other hand, 10/10 mice were con-
ceived in the control group, within which there was no 
uterine injury. The mean litter size in the BM transplant, 
the non-BM transplant, and control groups was 6.361.4, 
5.364.0, and 7.062.0, respectively. The results indicated 
no significant differences between groups (p = 0.05) and 
in the time to conception between groups [42]. Further 
examples in this regard are presented in Table 1.

Human amniotic epithelial cells (hAECs)
As the potential stem cell source, hAECs are isolated 
from the amniotic membrane, which is in contact with 
the amniotic fluid and is the closest layer to the fetus. 
The immunomodulatory effect of hAECs on adaptive and 
innate immune cells has been reported by many stud-
ies. In addition, they are capable of differentiating into 
numerous cells with mesoderm and ectoderm origin, 
including neural cells, pancreatic cells, hepatocytes, adi-
pocytes, cardiomyocytes, and myocytes. Further, hAECs 
are extremely able to suppress the proliferation of B 
cells and inhibit the migration of neutrophils and mac-
rophages [57]. Moreover, hAECs inhibit the activation of 

CD4+ T cells and decrease the proinflammatory cytokine 
production of CD4+ T cells. It has been reported that 
hAECs considerably enhance proliferative cell nuclear 
antigen (PCNA), which is responsible for accurate DNA 
duplication [93]. Comparing samples of the endometrium 
from reproductive-age women, Niklaus et  al. revealed 
that PCNA was most abundant at the proliferative phase 
in both epithelial and stroma tissues. However, it reduced 
at the secretory phase expression in murine endome-
trium, suggesting the fact that hAECs may be capable 
of improving endometrial proliferation. Being mostly 
expressed throughout the proliferative phase and men-
strual period, vascular endothelial growth factor (VEGF) 
is associated with maintaining and formulating microves-
sels, as well as reconstructing the endometrial tissue [94]. 
Chen et  al. demonstrated that hysteroscopy adhesion 
lysis in combination with hormone replacement therapy 
in IUA patients significantly enhanced the expression of 
endometrial VEGF and MVD. Moreover, the ones with 
better curative effects did have greater expression of 
VEGF and denser microvessels as compared to patients 
whose responses to the treatment were poor [95]. Zhou 
et  al. found that hAECs were capable of increasing the 
expression of VEGF in IUA models, demonstrating the 
angiogenesis potential of hAECs which may improve 
the recovery of endometrial injuries. Oestrogen recep-
tor (ER), as a nuclear transcription factor, combined with 
estrogen is capable of promoting the proliferation and 
metabolism in endometrial cells [96]. In the repaired 
endometrium of allogeneic UCMSC-treated individuals, 
the expression of ER is considerably enhanced [97]. In 
line with this study, hAECs were reported to be able to 
increase the expression of ER in damaged murine endo-
metrium. Overall, ER status may direct the regulation of 
endometrial injury repair [98]. Additional examples of 
hAEC treatment are presented in Table 1.

Nanostructured scaffold
Tissue engineering has recently attracted considerable 
attention. Biomaterials science is now capable of direct-
ing cellular differentiation, as opposed to its emergence, 
when it was only a cell carrier tool [99]. In fact, through 
molding, biomaterials could be utilized for synthesizing 
three-dimensional scaffolds capable of promoting cell dif-
ferentiation and/or proliferation for regeneration [100]. 
Stem cell activities are significantly affected by extracel-
lular forces, micro-geometry, matrix nano-topography, 
and matrix stiffness as mechanical factors. Depending 
on their source of derivation, biomaterials could be clas-
sified into synthetic and natural polymers. Among natu-
ral scaffolds, we can refer to keratin, chitosan, alginate, 
silk fibroin, collagen, and de-cellularized tissues such 
as de-epithelialized human amniotic membrane [101]. 
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Following the transplantation of BM-MSCs-loaded col-
lagen, it was reported that MSCs are primarily located 
in the basal layer of regenerative endometrium although 
it should be mentioned that numerous cells migrate to 
the wound sites [102]. Interestingly, the injured endo-
metrium prompted BM-MSCs arrangement such that 
they became capable of playing key roles in remodeling 
a new functional endometrium. Cells in the proxim-
ity of the implantation site of BM-MSCs/collagen con-
structs exhibited a greater amount of vascular endothelial 
growth factor VEGF, transforming growth factor 
(TGFb1), and insulin-like growth factor (IGF-1) com-
pared with the spontaneous regeneration group and the 
collagen/PBS group. Such growth factors are necessary to 
the regeneration of the endometrial cycle [103]. Hyalu-
ronic acid (HA) is reported to be utilized in regenerating 
the endometrium in several damaged models [104]. In 
fact, there exists a correlation between the endometrial 
receptivity and the HA level for pre-implanting embryos. 
This result is in line with the high HA concentration in 
the remodeling tissues [105].

Since HA can interact with the extracellular matrix 
and contributes to the matrix molecules, endometrial 
stromal cell-loaded HA hydrogels are presumably the 
most suitable candidates for endometrial regeneration. 
It has been suggested that HA receptors exist through-
out each estrous cycle, even though their contents might 
differ from cycle to cycle [106]. HA/fibrin hydrogels have 
been synthesized utilizing concentrations of T optimized 
for accelerating cross-linking and facilitating the delivery 
of well-conditioned cells. Since such conditioning could 
exert effects on the efficiency of treatment, a study exam-
ined the effect of different T concentrations on stiffness 
for constructing the most suitable platform [107]. Fur-
ther examples of scaffolds in this regard are provided in 
Table 1.

Conclusion
As a global disease, infertility affects a great number of 
females and is both a social and medical issue. Given the 
vital role of endometrium in maternal health and repro-
duction, we believe that maintaining its physiological 
structure, eliminating its defects, and restoring it after 
injuries are of paramount importance. Likewise, stem 
cells have been the subject of many studies due to their 
effective functions. Therefore, we could deduce that stem 
cell therapy could be introduced for treating damaged 
tissues, cancer, and degenerative diseases as conditions 
with limited therapeutic options. Considering its recent 
advances, cell therapy has been proposed to be capable of 
treating numerous diseases including thin endometrium 
and AS. Various strategies have been introduced in stem 
cell therapy for boosting the survival of transplanted 

cells. In fact, there exist biomaterials such as nanostruc-
ture lipid carriers, hydrogels, and scaffolds, which are 
capable of promoting stem cell/drug delivery and thus 
improving the outcomes of stem cell therapy. Moreover, 
nano-engineered titanium implants could play vital parts 
in controlling stem cell/drug release. To regenerate the 
endometrium, we propose that the human umbilical cord 
mesenchymal seems to be the best clinical option as it is 
easily accessible, has rapid self-renewal features, is har-
vested abundantly through noninvasive procedures, and 
has low immunogenic effects. These characteristics are 
also common among other cell types such as PRP and 
hAEC. In our opinion, despite the advances in the field of 
cell therapy, major concerns still exist. For instance, it has 
been reported that endometrial stem cells are associated 
with the pathogenesis of many gynecological diseases 
(e.g., endometriosis, endometrial hyperplasia, and endo-
metrial cancer). Other concerns as we believe include the 
fact that stem cells are capable of stimulating angiogen-
esis through the secretion of the growth factor. Overall, 
we could state that these novel therapies might actually 
enjoy numerous advantages over the traditional thera-
pies in this regard. However, we understand that there 
still exists room for improvement, and much research is 
required to maximize the potentials of emerging novel 
therapies. Finally, with the advent of new cell therapies 
and the potential for infertility treatment, we are hopeful 
that many of the problems in this area will be resolved 
soon, especially in developing countries.
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