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Ovarian tissue transplantation (OTT) is the only option for preserving fertility in prepubertal girls and young
women who require immediate cancer treatment. Due to ethical constraints and the limited number of clin-
ical cases, human OTT research is challenging. Mouse OTT models serve as valuable preclinical models. This
article aims to review the current status of mouse OTT models, including xenotransplantation from humans.
We conducted a systematic analysis of original research articles and reviews of mouse OTT models published
in PubMed and the China National Knowledge Infrastructure (CNKI). The construction methods included dif-
ferent mouse strains (C57/BLS6, Institute of Cancer Research, Naval Medical Research Institute, genetically en-
gineered, and immunodeficient mice), transplantation sites (subcutaneous tissue, sub-renal capsule, back
muscle, peritoneum, and ovarian bursa), and transplantation types (xenotransplantation, allogeneic, and au-
tologous transplantation). The evaluation metrics included histological analysis, assessment of neovasculariza-
tion density, measurement of granulosa cell proliferation activity, and hormonal and estrous cycle monitoring.
The choice of metrics should be selected according to the stage after transplantation. To advance the clinical
application, mouse OTT models could be improved by developing standardized evaluation criteria and simpli-
fied, rapid, noninvasive detection methods to enhance consistency and comparability of research outcomes.
Key areas for further research include addressing safety concerns (eg, risk of tumor cell reimplantation), opti-
mizing efficacy evaluations (eg, follicle quality and endocrine function recovery), and improving cost-effective-
ness through analysis of mouse strains and transplantation protocols. This review provides valuable insights
for future research and clinical applications.
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Introduction

Ovarian tissue transplantation (OTT) is a procedure in which
ovarian tissue is surgically harvested before gonadotoxic treat-
ment or at the onset of fertility impairment. OTT entails surgi-
cal removal of cortical strips of ovarian tissue, cryopreserva-
tion, and thawing and transplanting the preserved tissue back
into the patient when needed. This technique aims to preserve
fertility and restore ovarian endocrine function [1]. Unlike tra-
ditional hormone replacement therapy, OTT enables physio-
logical hormone secretion following natural rhythms, while
avoiding the inconvenience of long-term exogenous hormone
administration and potential damage to liver and kidney func-
tion. In 2019, the American Society for Reproductive Medicine
published an expert consensus that recommended that oncol-
ogists should discuss fertility preservation options with can-
cer patients of reproductive age [2]. Currently available fertili-
ty preservation methods include: (1) embryo cryopreservation
(the standard method that requires ovarian stimulation and
a male partner or sperm donor); (2) oocyte cryopreservation
(suitable for single women but also requires ovarian stimu-
lation); and (3) OTT (suitable for prepubertal female patients
who cannot delay cancer treatment). The consensus also stat-
ed that OTT should no longer be regarded as an experimental
procedure and could be implemented in clinical practice [2].
Among these fertility preservation methods, OTT is the only
option for fertility preservation in prepubertal girls and young
women who require immediate cancer treatment [3].

In 2020, nearly 900000 women aged 0-39 years worldwide
were diagnosed with cancer [4]. According to global cancer
statistics, the overall cancer incidence rate for women was
186.2 per 100000 in 2022, with approximately 9.658 million
new cancer cases globally. The incidence of breast cancer and
cervical cancer in young women is increasing [5]. Similarly, the
number of young cancer patients is substantial in China, with
an increasing incidence of cancer and a shift toward affect-
ing younger individuals [6,7]. Approximately 2.19 million new
cases of cancer in female patients were registered in China
in 2022 [8]. Consequently, hundreds of thousands of young
female patients worldwide have a need for fertility preserva-
tion each year. The development and application of OTT tech-
nology offer cancer survivors the prospect of having biologi-
cal offspring, highlighting its clinical importance. Clinical data
suggest that the clinical pregnancy rate after OTT is approx-
imately 38%, and more than 200 newborns have been born
worldwide following this procedure [9,10], demonstrating that
OTT is a safe and effective technique for fertility preservation.
In Europe and some developed countries, OTT has become a
routine treatment for fertility preservation. However, this tech-
nique still faces numerous challenges, including: (1) safety con-
cerns such as risk of tumor cell reimplantation and immune
rejection reactions; (2) difficulties in assessing effectiveness,
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including assessment of follicle quantity/quality and evalu-
ation of fertility restoration; (3) technical challenges in opti-
mization of preservation protocols and surgical techniques;
(4) cost-effectiveness considerations including high process-
ing costs and limited health insurance coverage; and (5) oth-
er limitations such as significant loss of primordial follicles
and short reproductive lifespan after transplantation [11,12].
Therefore, extensive clinical research and basic experiments
are required to optimize the steps involved in OTT to maxi-
mize fertility preservation. However, ethical and societal con-
straints limit research on human ovarian tissues.

The mouse model offers a solution to this limitation, serving
as an ideal preclinical model for studying OTT. Mouse and hu-
man genomes are highly homologous, with 99% of human
genes present in mice, and 93% of the mouse genomic re-
gions corresponding to those in humans [13]. Furthermore,
the anatomical structure and physiological functions of mouse
ovaries are similar to those of human ovaries. Both use pri-
mordial follicles as the ovarian reserve unit and share similar
oocyte-granulosa cell crosstalk regulatory mechanisms, and a
comparable gonadal axis and cyclic ovulation [14]. Research
using mouse models can be used to evaluate the risk of malig-
nant tumor cell reimplantation, develop potential biomarkers
for outcomes after OTT, optimize transplantation procedures,
and explore the use of related assisted reproductive technol-
ogies [15,16]. Currently, the modeling methods and criteria
for evaluating the efficacy of OTT in mice are not standard-
ized. How well animal model research results replicate those
in clinical practice remains to be clarified.

To review the current status of mouse models of ovarian trans-
plantation (including xenotransplantation from humans), we
comprehensively evaluated mouse OTT models through system-
atic analysis of original research articles and reviews published
in PubMed and China National Knowledge Infrastructure (CNKI).
The keywords used for the English literature search included
“ovarian,” “ovarian tissue,” “transplantation,” “autografted,”
“mice,” and “mouse.” This review covers both the construction
and evaluation of mouse OTT models, as shown in Figure 1.

” o«

This paper provides a comprehensive review of mouse OTT
models worldwide, and aims to summarize current modeling
methods and evaluation criteria to guide future research in
this field. Table 1 [15-28] provides an overview of studies that
have used mouse models.

Construction of Mouse Models for Ovarian
Tissue Transplantation

The sources of ovarian grafts include human and murine ovar-
ian tissues. Based on the relationship between the donor and
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Figure 1. Structure of the review of mouse ovarian tissue transplantation models. OTT — ovarian tissue transplantation.

recipient, transplantation can be categorized as xenotransplan-
tation, allogeneic transplantation, and autologous transplan-
tation. Mouse autologous ovarian transplantation simulates
the process of preserving fertility following OTT most closely.
Allogeneic transplantation within the same species allows for
the analysis and investigation of outcomes associated with
OTT at different developmental stages. The xenotransplanta-
tion model, involving the transplantation of human ovarian
tissue into mice, serves as a preclinical experimental model.
This model directly reflects the physiological and pathological
changes in human ovarian tissues after transplantation, thus
providing reference data for clinical practice. The advantages
of this model include: (1) direct evaluation of human ovarian
tissue response to transplantation; (2) ability to study human
follicle development and activation mechanisms; and (3) as-
sessment of potential therapeutic interventions. The limitations
include: (1) immune rejection effects on the grafts; (2) differ-
ences in the microenvironment of the murine host transplanta-
tion site compared with that of the human body; and (3) varia-
tions in hormonal regulation mechanisms between species. To
minimize these confounding factors, careful selection of immu-
nodeficient mouse strains and transplantation sites is crucial.

Mouse Strains

Various mouse strains have been used to construct OTT mod-
els. These include C57/BL6, Institute of Cancer Research (ICR),
Naval Medical Research Institute (NMRI), genetically engineered,
and immunodeficient mice. C57/BL6 mice were the first in-
bred mouse strain to have their genome fully sequenced, of-
fering high homogeneity and a consistent genetic background.

This uniformity ensures high reproducibility and consistency
in experimental results [29]. ICR and NMRI mice are outbred
populations, produced through non-inbred mating. Their ad-
vantage lies in consistent population characteristics with in-
herent genetic heterogeneity, making them better representa-
tives of the genetic diversity seen within the same population
[30]. Commonly used immunodeficient mouse strains include
nude mice and severe combined immunodeficiency (SCID)
mice, which are particularly useful in xenotransplantation mod-
els for human ovarian tissues. Nude mice, characterized by a
mutation in the Foxn1 gene, lack body hair and thymic func-
tion, resulting in significantly reduced T cell numbers, though
they can still produce functional B cells and natural killer cells.
SCID mice, with mutations in the Scid gene, lack functional T
and B cells, conferring a higher degree of immunodeficiency
compared with nude mice [31]. Genetically engineered mice
are developed through genetic engineering technologies that
modify and manipulate specific gene sequences. These mice
exhibit phenotypes and physiological characteristics resulting
from overexpression or under-expression of target genes. The
OTT models using genetically engineered mice enable detec-
tion of cells and tissues marked by the target gene, facilitating
research on the biological functions and related pathways of
these genes. This approach aids in understanding the molec-
ular mechanisms involved in OTT and contributes to the de-
velopment of protective drugs [17].

Ovariectomy Prior to Transplantation

The endogenous hormone production in mice can potentially
affect the survival and growth of transplanted ovarian follicles.
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Table 1. Overview of mouse model studies on ovarian tissue transplantation.

Reference & year

Mouse strains

OTT category

Transplantation site
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Key contents

Youm et al B6D2F1mice Autologous transplantation ~ Muscle, sub- Evaluate the recovery rate, follicle

(2015) renal capsule, density, and integrity of grafts at

[15] subcutaneous different transplantation sites

tissue

Cheng et al SCID mice Xenotransplantation Sub-renal capsule Evaluation of the follicle density,

(2022) apoptosis index, vascular density,

[16] ROS, and the expression of hypoxia
and oxidative stress-related genes in
the graft

Cohen et al Nude mice Xenotransplantation Muscle Description of the angiogenic

(2016) response of the graft and explore

[17] the role of endothelial cell Aktl
expression

Terren et al SCID mice Xenotransplantation Subcutaneous Evaluation of the follicle count,

(2022) tissue neoangiogenesis, fibrosis, and Ki-67

[18] expression in the graft

Nascimento et C57BL/6 mice Autologous transplantation Subcutaneous Evaluation of the estrous cycle of

al (2023) tissue mice after transplantation, graft

[19] blood perfusion, follicle count, and
expression of transcripts

Sanamiri et al NMRI mice Autologous transplantation Muscle Evaluation of the condition of

(2022, 2023) ischemia-reperfusion injury in the

[20,21] graft

Ebrahimi et al NMRI mice Autologous transplantation Muscle Evaluation of histological parameters,

(2024) inflammation relative to gene

[22] expression, and oxidative status in
the graft

Philippart et al SCID mice Xenotransplantation Inner wall of the Evaluation of the follicular

(2021) peritoneum morphology and ultrastructure of the

[23] graft

Dolmans et al SCID mice Xenotransplantation Inner wall of the Evaluation of the oxygen

(2019) peritoneum concentration, CD34 endothelial
[24] marker, and follicle count in the graft
Yan et al C57BL/6 mice Autologous transplantation ~ Ovarian bursa Evaluation of the developmental
(2020) status of follicles at different stages
[25] within the graft and the outcomes of
the offspring after transplantation
Ruan et al BALB/c mice Xenotransplantation Ovarian Evaluation follicular growth and
(2019) bursa cavity, survival, and graft recovery
[26] subcutaneous
thigh,
subcutaneous
neck
Mahmoudi Asl BALB/c mice Autologous transplantation ~ Subcutaneous Evaluate the follicular morphology and
et al (2021) tissue ultrastructure of the graft, as well as
[27] the expression of angiogenic factors
and endothelial cell markers
Shojafar et al NMRI mice Autologous transplantation ~ Muscle Evaluate the ischemia-reperfusion

(2019)
[28]

injury of the grafts
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By performing ovariectomy (bilateral removal of the ovaries),
the central gonadal axis inhibition is relieved, promoting fol-
licle-stimulating hormone (FSH) secretion from the hypotha-
lamic-pituitary axis. This procedure also reduces the release of
endogenous anti-Mdllerian hormone (AMH), a follicle growth
inhibitory factor, thereby improving angiogenesis and follicle
growth in the grafts [32]. The number of primordial follicles in
ovarian grafts is similar in ovariectomized and non-ovariecto-
mized mice, but ovariectomized mice have a greater number
of secondary and mature follicles [18]. Additionally, the ovari-
ectomized mouse model more closely replicates the patholog-
ical decline in ovarian function observed in patients. Currently,
no standardized protocol is available regarding whether to
perform ovariectomy prior to OTT in mouse models; however,
most related studies include this procedure.

Transplantation Site

Although residual endothelial cells and blood components
within the graft can partially sustain early blood supply, the
primary blood supply for ovarian grafts in the early stages af-
ter transplantation relies primarily on neovascularization and
blood perfusion from the surrounding tissues. The ability to
rapidly, efficiently, and stably establish new vascular networks
is crucial for graft survival. The blood supply status, growth
space, and ease of operation at the transplantation site are
closely related to the outcomes of ovarian grafts. Common
transplantation sites for ovarian tissue include subcutane-
ous tissue [19,33], the sub-renal capsule [16,20], back mus-
cle [21,22], the inner wall of the peritoneum [23,24], and the
ovarian bursa [25,26].

The sub-renal capsule is rich in blood supply and vascular
growth factors, which favor the growth of ovarian grafts.
However, this site demands a high level of microsurgical skill,
and the limited space may constrain the growth of antral fol-
licles in the grafts. Subcutaneous transplantation is easier to
perform, minimally invasive, and facilitates data collection and
intervention. However, the subcutaneous site has low vascu-
lar density, and ovarian grafts in this location are susceptible
to external factors such as temperature, pressure, environ-
ment, and mouse activity [27]. Studies comparing different
transplantation sites, including subcutaneous tissue, fat pads,
the sub-renal capsule, and dorsal muscle pouches, have found
that grafts in the dorsal muscle group had the highest surviv-
al rate, followed by the sub-renal capsule group. Additionally,
the follicle apoptosis rate in the dorsal muscle group was low-
er than that in the sub-renal capsule group [15]. However,
during the early stages after transplantation, when the graft
has not yet firmly adhered to the surrounding tissue, ovarian
grafts in the dorsal muscle may dislodge due to mouse activ-
ity, leading to model failure. The fertility potential of follicles
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within ectopically transplanted ovarian tissue compared with
orthotopic transplantation remains unclear. Ruan et al [26]
found that the subcutaneous and ovarian bursa groups ex-
hibited similar follicle growth rates in human ovarian tissue
grafts, but antral follicles were observed only in the ovarian
bursa group. This difference may be attributed to the richer
blood supply and a microenvironment more conducive to fol-
licular growth and development in the ovarian bursa. Terren
et al [18] proposed a novel model involving ovarian transplan-
tation between the skin and cartilage of the mouse external
ear. This site offers high vascularization, which benefits graft
vascular reconstruction, reduces post-transplantation fibrosis,
promotes follicular growth and development, and the super-
ficial location facilitates observation, drug intervention, and
subsequent oocyte retrieval.

The follicular density within a single ovarian tissue fragment
varies considerably, making it challenging to compare folli-
cle numbers between ovarian grafts at different sites [34].
Consequently, the optimal site for OTT in mice remains unclear.

Evaluation of Mouse Models for Ovarian
Tissue Transplantation

After establishing a mouse model for OTT, objective metrics are
essential to determine whether the transplanted ovarian tissue
is viable and whether reproductive function has been restored.

Histological Analysis of the Ovarian Graft

Morphological assessment includes the gross appearance of
the ovarian graft after transplantation, counting and classify-
ing the types of follicles within the ovarian graft, and examin-
ing the morphology of stromal cells [35]. This can be initially
assessed through direct visual observation and subsequent-
ly through serial tissue sectioning and hematoxylin and eo-
sin staining.

Neovascularization Density

Semi-quantitative analysis using endothelial cell markers such
as CD31 and CD34 can be used to assess new blood vessel
density [24,36]. Measuring expression levels of angiogenic
factors such as angiopoietin-1 (Ang1), angiopoietin-2 (Ang2),
and vascular endothelial growth factor (Vegf) mRNA can also
be used as biomarkers of neovascularization density [27].
Advanced imaging techniques using laser Doppler blood per-
fusion imaging and special staining combined with 3D imag-
ing technologies can be used to visually evaluate new blood
vessel formation [37].
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Proliferative Activity of Ovarian Granulosa
Cells

Assessing the expression of proliferation markers such as Ki-
67 in ovarian granulosa cells can be used to gauge cellular ac-
tivity and regeneration within the graft [38].

Hormonal and Estrous Cycle Monitoring After
Transplantation

Measuring changes in sex hormone levels (e.g., estrogen, pro-
gesterone) through techniques such as enzymatic immunoas-
says, and monitoring the restoration of the estrous cycle can
be used as indicators of functional recovery of the reproduc-
tive system [19,26,28]. Additionally, evaluating follicle devel-
opment and ovulation function, fertility potential, pregnancy
outcomes, and live birth rates are important metrics for as-
sessing the restoration of reproductive function.

Timing of Measurements

Research has documented the initiation and progression of
neovascularization following autologous OTT in mice. Within
24 hours after transplantation, nascent blood vessels be-
gin to appear at the periphery of the ovarian graft [19,37].
Revascularization of the graft can occur within 48 hours after
transplantation [39]. Initial perfusion of the grafts can be ob-
served as early as 3 days after transplantation in mice, where-
as human ovarian tissue xenografts typically require approxi-
mately 5 days for vascular reconstruction [40]. Correspondingly,
increases in positive cells for CD31 and CD34, along with el-
evated mRNA expression levels of angiogenic factors such as
Angl, Ang2, and Vegf, are detectable from 3 days after trans-
plantation [24,27,36].

Within the first 2 days after transplantation, the graft has not
yet had the opportunity to adhere firmly to the surrounding tis-
sues and so are prone to dislodgement. However, as the time
since transplantation increases, the grafts progressively adhere
more tightly to the surrounding tissues, and the formation of
a new vascular network between the grafts and surrounding
tissues becomes visible to the naked eye [15].

Reconstruction of the vascular network within the graft is close-
ly associated with follicle survival. Morphological analyses have
shown that ovarian tissue exhibits extensive necrotic regions,
significant follicular atresia, and abnormal stromal cell mor-
phology by 2 to 3 days after transplantation [35,41]. By 7 days
after transplantation, the ovarian graft cortex shows regener-
ating stromal cells and the reappearance of follicles at various
developmental stages. By 14 to 21 days after transplantation,
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necrotic regions disappear, and pre-ovulatory follicles and cor-
pora lutea can be observed in the cortex. By 14 days after au-
tologous ovarian transplantation in mice, the ovarian tissue
can present four distinct morphological states: (1) hemorrhag-
ic changes in the ovary; (2) ovarian hydrops; (3) degenerative
necrosis; and (4) normal, viable ovarian tissue [35].

In the early post-transplantation period, assessing the surviv-
al and functionality of ovarian grafts based solely on cellular
morphology may be insufficient. Granulosa cells surrounding
the follicles are metabolically active, sensitive to microenviron-
mental changes, and can influence oocyte development and
follicular atresia through the exchange of energy and meta-
bolic products. As such, the proliferative activity of granulosa
cells may serve as a more sensitive indicator of graft viability
compared with morphological assessments alone. Ki-67, a nu-
clear protein antigen associated with cell proliferation, is ex-
pressed throughout all active phases of the cell cycle and can
be localized and semi-quantified using immunohistochemi-
cal or fluorescence staining techniques [42]. The expression
of Ki-67 is closely related to the activation of primordial fol-
licles and follicular growth [16]. In dormant primordial folli-
cles, granulosa cells show negative Ki-67 expression. When
primordial follicles are activated or growing follicles survive,
their surrounding granulosa cells become proliferative, signi-
fied by at least one granulosa cell expressing Ki-67 positively.
Manavella et al [38] found that, 7 days after transplanting hu-
man ovarian tissue into the mouse peritoneal cavity, the Ki-67
positivity rate in primordial follicle granulosa cells increased,
suggesting the onset of granulosa cell proliferation and the
activation of primordial follicles into growing follicles. These
findings suggest that Ki-67 could be a valuable biomarker for
evaluating ovarian graft viability and follicle development, pro-
viding insights into the early stages of graft adaptation and
function after transplantation.

The restoration of ovarian function is a crucial indicator of suc-
cessful OTT in mouse models. The endocrine function of the
ovaries can be evaluated by monitoring sex hormone levels
and the estrous cycle. The estrous cycle in mice is character-
ized by rhythmic changes in their reproductive organs and sex
hormone levels, which can be tracked by observing the chang-
es in cell types in vaginal smears. Studies have shown that
the estrous cycle recovery rate in mice is 11.1% at 3 days af-
ter OTT, and 100% at 8 days after transplantation [19]. Elham
et al [28] observed the recovery of the estrous cycle starting
from 9 days after autologous ovarian transplantation in mice,
although the length of the cycle was longer than in non-trans-
planted mice. By 28 days after transplantation, serum levels
of progesterone and estrogen in transplanted mice were low-
er than those in the non-transplanted group. In the context of
xenotransplantation of human ovarian tissue into mice, estro-
gen levels in the transplanted group were similar to those in
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the control group 3 days after transplantation, and significant-
ly higher by 7 days after transplantation [16]. Another study
found that 1.5 to 2.5 months after xenotransplantation of hu-
man ovarian tissue into mice, the levels of FSH, AMH, and es-
tradiol (E,) did not differ significantly between the transplant-
ed and non-transplanted groups, suggesting the recovery of
ovarian endocrine function after transplantation [26].

To effectively evaluate the model, appropriate metrics should
be selected depending on the time since transplantation, as
follows:

1) One to 2 weeks after transplantation: The primary focus
should be on survival of the graft. The measurement of neo-
vascularization density and granulosa cell proliferative ac-
tivity should be prioritized to assess the establishment of
vascular connections and cellular proliferation.

2) Two to 4 weeks after transplantation: In addition to the met-
rics mentioned above, histological analysis should be per-
formed to evaluate the structural integrity and development
of the graft.

3) Four or more weeks after transplantation: The primary fo-
cus should be on the recovery of ovarian endocrine func-
tion. Monitoring sex hormone levels and the estrous cycle
is crucial to assess the comprehensive functional integra-
tion of the graft within the host.

Each evaluation metric for OTT has specific advantages and lim-
itations. Histological analysis is straightforward and intuitive,
and is relatively easy to perform. However, it is highly subjec-
tive and difficult to quantify. Neovascularization density and
granulosa cell proliferative activity can objectively reflect the
status of graft survival, but they require specialized staining
and imaging techniques, which are relatively complex to exe-
cute. Although assessing sex hormone levels and monitoring
the estrous cycle provide a comprehensive evaluation of the
recovery of ovarian endocrine function, these indicators typ-
ically lag behind the early survival state of the graft, and are
of limited utility in the early stages after OTT.

By using a combination of these evaluation metrics, a com-
prehensive and dynamic assessment of both graft survival
and functional recovery can be achieved. This multi-faceted
approach is crucial for accurately determining the quality of
the OTT model in mice, thereby laying a robust foundation for
subsequent research endeavors.

Future Directions

Additional, improved mouse OTT models are needed. This could
be achieved by establishing standardized evaluation criteria

REVIEW ARTICLES

and developing simplified, rapid, noninvasive detection meth-
ods. Developing uniform standards for assessing OTT models
would enhance the consistency and comparability of research
outcomes. Creating methods that rapid, noninvasive evalua-
tion of ovarian grafts would facilitate effective monitoring of
transplant status, without imposing additional stress on the
animals or harming them. Despite the high genetic homology
between mice and humans, the limited genetic heterogeneity
in mice compared with humans necessitates careful consid-
eration of interspecies differences when interpreting the re-
search results. Addressing these challenges would improve the
reliability and relevance of mouse OTT models and advance
the application of OTT in clinical settings.

A scientifically feasible mouse OTT model needs to be estab-
lished in order to overcome the limitations of current mouse
OTT models. Several key aspects require further investigation
and optimization. Detailed evaluations of the risk of tumor cell
reimplantation using mouse models and assessments of the
relative safety of different transplantation sites are required
to address safety concerns. To address efficacy, standardized
methods for evaluating follicle quantity and quality after trans-
plantation; improved methods for assessing endocrine func-
tion recovery; and reliable fertility evaluation metrics are re-
quired. Cost-effectiveness considerations must be addressed
through an analysis of different mouse strains and transplan-
tation protocols, and optimization strategies are needed to
improve transplantation success rates.

Conclusions

OTT is a promising technique for fertility preservation but still
faces numerous challenges and difficulties. Research using
mouse models aids in optimizing OTT techniques and assess-
ing their safety and efficacy. The reliability of mouse models
directly influences the accuracy of the research findings and
conclusions. The impact of these differences on research out-
comes and the standardization of evaluation criteria remain
important challenges.
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