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A novel nude mouse model for studying the
pathogenesis of endometriosis
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Abstract. Endometriosis is a common female gynecological
disease that is characterized by the presence of functional
endometrial tissue outside the uterine cavity. At present, many
animal models have been established. However, previous
studies consistently use human endometrial tissue implanted in
the subcutaneous or abdominal cavity for modeling and rarely
use endometrial cells. In the present study, we ascertained
whether immortalized stromal and/or epithelial endometrial
cells are able to induce subcutaneous endometriosis in nude
mice. Mixed human immortalized endometriosis stromal
and epithelial cells, but not the cells of Group 1 or Group 2,
were successfully constructed and led to endometriotic-like
lesions. The endometriosis-like lesions observed in nude mice
consisted of endometriosis-like glands lined with columnar
epithelial cells and surrounded by stromal cells in the fibrous
fatty connective tissue. Immunofluorescence analysis showed
that glandular epithelial cells were intensely stained for
E-cadherin and cytokeratin 7, and surrounding stromal cells
were mildly stained for neprilysin (CD10) and vimentin.
Moreover, the cells present in the endometriosis-like lesions
were of human origin. Our data indicate that the mixture
of human immortalized endometriosis stromal cells and
epithelial cells is able to establish subcutaneous endometriosis
lesions in nude mice. This model could be used to understand
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the molecular mechanisms involved in the occurrence and
development of endometriosis.

Introduction

Endometriosis is a common female gynecological disease
that is estrogen-dependent and is characterized by the pres-
ence of functional endometrial tissue outside the uterine
cavity (1,2). Dysmenorrhea, dyspareunia and infertility
caused by endometriosis seriously affect the physical and
mental health and quality of life of women worldwide (3).
Although there are many existing theories, the understanding
of the pathogenesis of endometriosis is relatively poor (4,5).
In addition, the recurrence rate following drug therapy and
surgical treatment is high. The ethical basis for studying
the developmental process of the disease in human trials is
not sufficient, and invasive observational studies cannot be
carried out. Hence, animal models play an important role in
the study of the occurrence, development, pathophysiology
and treatment of this disease.

At present, many animal models, such as rabbits, mice, rats
and primates, have been established domestically and overseas.
Primates have pelvic anatomical structure and reproductive
physiological characteristics similar to those of humans, and
their regular menstrual cycle can spontaneously form endo-
metriosis, which are ideal animal models with which to study
the pathogenesis, pathophysiology and treatment of endome-
triosis (6-8). However, due to the low molding rate, long cycle,
limited quantity and high price of such models, they are diffi-
cult to popularize in experiments. In addition, the rodent model
is the most commonly used model to study endometriosis.
Since rodents cannot spontaneously form ectopic lesions, most
of these models are induced by surgical transplantation or
intraperitoneal injection of endometrium, uterine fragments,
decidua, or menstrual blood (9,10). Among them, the nude
mouse model with congenital thymus deficiency is the most
widely used due to the lower immune rejection response to
transplanted human tissues (11-13). However, previous studies
consistently use human endometrial tissue implanted in the
subcutaneous or abdominal cavity for modeling and rarely use
endometrial cells (14-16).
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Thus, in the present study, we aimed to identify a superior
animal model for endometriosis by using mixed cultures of
stromal and epithelial endometrial cells. Our aim was to deter-
mine the ability of a mixed population of human endometrial
stromal cells (T HESCs; ATCC CRL-4003) and epithelial
cells (EECs) to induce subcutaneous endometriosis-like
lesions in nude mice. Furthermore, we used hematoxylin
and eosin (H&E) staining and histo-immunofluorescence to
identify and compare the histomorphology of these induced
lesions in nude mice with spontaneous endometriosis lesions
in women.

Materials and methods

Experimental animals. A total of 20 female nude mice,
approximately six weeks of age and weighing 14-16 g, were
purchased from Hunan SJA Laboratory Animal Co. Ltd
(China). Animals were housed in specific pathogen-free
conditions at a monitored ambient temperature of 22-24°C
and a humidity of 40-70%. Animals were maintained under a
light/dark cycle of 12/12 h and fed sterile maintenance fodder.
Animal care and procedures were performed following the
approval of the Laboratory Animal Ethics Committee of
Nanchang Royo Biotech Co., Ltd. (Nanchang, China) (approval
no. RYE2019051001).

Injection of human immortalized endometrial cells into nude
mice. In the present study, we used the human immortalized
endometrial stromal cells (T HESCs; ATCC CRL-4003) and
immortalized human endometriosis epithelial cells (EECs;
GuangZhou Jennio Biotech Co., Ltd.) to induce subcutaneous
endometriosis in nude mice (17). The T HESCs was main-
tained in DMEM/F12 medium (Beijing Solarbio Science &
Technology Co., Ltd.) and EECs were maintained in MEM
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% peni-
cillin-streptomycin (Beijing Solarbio Science & Technology
Co., Ltd.). Both cell lines were cultured at 37°C in a humidified
incubator containing 5% CO,.

One week before injection, a sterile 60-day-release
pellet of E2 (estradiol; Innovative Research of America) was
subcutaneously implanted on the back of the nude mouse. On
the day of transplantation, the endometriosis epithelial cells
(EECs) and stromal cells (T HESCs) were trypsinized and
counted, and then distributed into three groups: Group 1, 2x10°
T HESCs only; Group 2, 2x10% EECs only; Group 3, 2x10°
T HESCs+2x10° EECs. The cells in each group were resus-
pended in medium and mixed with Matrigel (BD Biosciences)
at a 1:1 ratio and made into a final volume of 100 ul. The cells
were then maintained on ice and quickly transplanted into the
nude mice. All the mixed cells were subcutaneously injected
on the left flank of each nude mouse. Each mouse in each group
received only one type of implantation in a single injection.

Histological analysis of endometriosis lesions in nude mice.
Nude mice were placed in a separate ventilation system for
observation and reared for 30 days, and then they were
euthanasia by cervical dislocation, according to the AVMA
Guidelines for Euthanasia (18). The ectopic tissues formed
subcutaneously (only from group 3, n=8) were carefully

stripped and then immersed in 10% formalin fluid. The
tissues were sent to the pathology department for embedding,
sectioning, and hematoxylin and eosin (H&E) staining. Briefly,
the entire tissue was sectioned serially at a thickness of 5 ym,
and then tissue sections were deparaffinized, rehydrated,
stained with hematoxylin for 10 min and eosin for 2 min.
Images were captured with the use of a Digital Slide Scanner
Pannoramic Scan (3DHISTECH, Inc.).

Immunofluorescence. Paraffin-embedded sections were
heated for antigen retrieval in citrate buffer (0.01 M, pH 6.0),
and they were incubated with 5% (v/v) goat serum (Zhongshan
Jingiao Biotec) for 30 min to block non-specific binding sites.
The primary antibodies including mouse anti-cytokeratin 7
(1:500 dilution, 66483-1, ProteinTech Group, Inc.), mouse
anti-E-cadherin (1:500 dilution, ab40772, Abcam), rabbit
anti-human CDI10 antibodies (1:250 dilution, 18008-1-AP,
ProteinTech Group, Inc.) and rabbit anti-human vimentin
(1:500 dilution, ab45939, Abcam) were used to identify
stromal and epithelial cells and incubated overnight at 4°C.
The slides were incubated with 10 pgg/ml FITC-conjugated
goat anti-rabbit secondary antibody (1:1,000 dilution, PO186,
Beyotime Institute of Biotech) or 10 xg/ml Cy3-conjugated
goat anti-mouse secondary antibody (1:1,000 dilution, PO186,
Beyotime Institute of Biotech) for 1 h at 37°C. Nuclei were
counterstained with DAPI. Negative control included sections
stained with a nonimmune serum in the absence of the
primary antibody. Fluorescent images were captured with an
inversed fluorescent microscope (IX-71, Olympus Corp.) at
room temperature. All images were evaluated with the same
setting for brightness and contrast at original magnifications
of x100 and x200.

DNA extraction and PCR. DNA was extracted from the
paraffin-embedded tissue sections using the DNA NucleoSpin
Tissue Kit (Omega) as described previously (19). DNA
concentration and quality were quantified by absorbance
readings taken at 260 and 280 nm using a Nanodrop One
Spectrophotometer (Thermo Fisher Scientific, Inc.).

In this study, we respectively designed two species-specific
primers of the mouse and human to determine the origin
of cells detected in the endometriotic-like lesions in mice
(Table I). For amplification condition, we used regular and
touchdown PCR techniques to amplify the purified DNA.
For touchdown PCR, the cycle condition was as follows:
an initial denaturation step of 95°C for 10 min, 20 cycles
of 95°C for 30 sec, touchdown 65-55°C for 30 sec (decrease
0.5°C by per cycle), 72°C for 30 sec, followed by 15 cycles of
denaturation at 95°C for 30 sec, annealing at 55°C for 30 sec,
elongation at 72°C for 30 sec, and a final extension step of
72°C for 10 min. For regular PCR, the cycle condition was
as follows: an initial denaturation step of 95°C for 10 mins,
30 cycles of 95°C for 30 sec, annealing 60°C for 30 sec, elon-
gation 72°C for 30 sec, and a final extension step of 72°C for
10 min. All the reagents used for regular and touchdown PCR
were from TaKaRa LA Taq (RR02MA, TaKaRa). The PCR
products were examined by electrophoresis on 2% agarose
gels w/v, stained with ethidium bromide and visualized
under a UV illumination system (Chemi DOC XRS, Bio-Rad
Laboratories, Inc.).
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Table I. Primer sequences for PCR.

Primer Sequence PCR product (bp) Note
Mouse GAPDH-F1: 5'-CAGGTTGTCTCCTGCGACTT-3' 571 Touchdown PCR
Mouse GAPDH-R1: 5'-CAGCTGGATGTCAGAGCCAA-3'

Mouse GAPDH-F2: 5'-AAGGGCATCTTGGGCTACAC-3' 549 Touchdown PCR
Mouse GAPDH-R2: 5'-CCTGCTTCACCTCCCCATAC-3'

Human GAPDH-F1: 5-GGCTCTTAAAAAGTGCAGGGTC-3' 327 Touchdown PCR
Human GAPDH-R1: 5'-ATGGTACATGACAAGGTGCGG-3

Human GAPDH-F2: 5-TAACTGTCTGCTTCTCTGCTGTAGGC-3' 772 Regular PCR

Human GAPDH-R2:

5-GCTTCACCACCTTCTTGATGTCATCA-3

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; F, forward; R, reverse.

Table II. Injection of immortalized human endometriosis epithelial and stromal cells into nude mice.

Group Injected cells Total number of nude mice Number of endometriosis lesions
1 T HESCs 6 0

2 EECs 6 0

3 T HESCs + EECs 8 8 (100%)**

1P<0.05 vs. group 1; °P<0.05 vs. group 2. T HESCs, human endometrial stromal cells; EECs, epithelial cells. Group 1, 2x10° T HESCs only;

Group 2, 2x10° EECs only; Group 3, 2x10° T HESCs+2x10° EECs.

Statistical analysis. The percentage of induced endome-
triosis-like lesions was calculated. Student's t-test has been
applied to the results. P<0.05 was considered as indicative of a
statistically significant result.

Results

Formation of endometriosis-like lesions requires both
glandular epithelial and stromal cells. To evaluate the capacity
of cell line T HESCs, EEC or mixed epithelial and stromal
cells to form endometriosis-like lesions in vivo, 2 million
cells were injected subcutaneously to E2-supplemented mice.
The results shown in Table II suggest that both T HESCs and
epithelial cells needed to be injected subcutaneously in the
nude mice for the successful construction of subcutaneous
endometriosis-like lesions. If only a single cell line, either the
mesenchymal cells or epithelial cells, inoculated subcutane-
ously into nude mice, none of the model were successfully
constructed. The survival rate of the nude mice and induction
of subdermal endometriosis in group 3 was 100% (Table II),
and the subcutaneous anatomy of nude mice is shown in
Fig. 1. As showed in Fig. 1B, the endometriosis-like lesion was
accompanied by the growth of blood vessels that supplied the
lesion.

Histomorphology of endometriosis-like lesions. In group
3, the endometriotic-like lesions observed in the nude mice
consisted of endometriosis-like glands (grey-lined area) lined
with columnar epithelial cell and surrounded by stromal
cells in the fibrous fatty connective tissue (Fig. 2A). Blood

vessels were observed around the glands (Fig. 2B; red arrow).
Histomorphologic analyses demonstrated that most of the
endometriosis glands were developed and fully organized
glands consisting of typical glandular structure (acini)
lined with glandular epithelial cells (green arrow) (Fig. 2B)
surrounded by stromal cells (yellow arrow).

Immunofluorescence analysis of endometriosis-like lesions.
The human origin of cells detected in the endometriotic-like
structure in nude mice was demonstrated by specific staining
with anti-E-cadherin, anti-cytokeratin 7, anti-vimentin and
anti-CDI0 antibodies (Fig. 3). Either cytokeratin or E-cadherin
represents a specific epithelial marker protein (20,21), whereas
vimentin and CDI10 are both considered as specific stromal
cell marker proteins (22,23). As expected, glandular epithelial
cells were intensely stained for E-cadherin and cytokeratin 7
(Fig. 3A and B), and surrounding stromal cells were mildly
stained for CDI10 and vimentin (Fig. 3C and D). These results
confirm that the subcutaneous nodules were endometriotic-like
lesions with the presence of endometriosis epithelial and
stromal cells.

Identification of the cell origin of endometriosis-like lesions.
To confirm that the cells present in the endometriosis-like
lesions were of human origin, we respectively designed
species-specific primers of the mouse and human. The
source of the cells present in the endometriosis-like lesions
was determined by PCR technology. As showed in Fig. 4,
the 571-bp (A) and 549-bp (B) PCR products were ampli-
fied by the mouse-specific GAPDH primers, and the 327-bp
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Figure 1. Representative photo images of endometriosis-like lesions in Group 3. (A) Original image; arrow indicates the endometrioid lesion. (B) Partial
enlarged image; arrow indicates the blood vessel formation. Group 3: 2x10° T HESCs+2x10° EECs.

108 4m

Figure 2. Histologic characteristics of endometriosis-like lesions in nude mice, detected by hematoxylin and eosin (H&E) staining. Cross section of embedded
endometriosis-like lesions is shown at original magnifications of x100 and x400. (A) Note the presence of endometriosis glands (grey-lined area) in the fibrous
fatty connective tissues. (B) Developed and organized endometriosis glands with acini lined with GEC (green arrow). These endometriosis-like glands are
lined with columnar epithelial cells and surrounded by SC (yellow arrow). The BV (red arrow) are filled with red blood cells and lined with flattened endothe-
lial cells. BV, blood vessels; SCFC, subcutaneous fat cells; GEC, glandular epithelial cells; SC, stromal cells.

(C) and 772-bp (D) PCR products were amplified by the lesion tissue (no.2), DNA from endometriosis-like lesion tissue
human-specific GAPDH primers. Lanes 1-5 respectively  (no. 3), positive control of mouse DNA, and positive control of
represent: no-template control, DNA from endometriosis-like =~ human peripheral blood DNA. As detailed in Fig. 4C and D,
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Figure 3. Immunofluorescence characterization of the endometriosis-like lesions. (A and B) Glandular epithelial cells were intensely stained for E-cadherin
and surrounding stromal cells were mildly stained for CD10. (C and D) Glandular epithelial cells were intensely stained for cytokeratin 7 and surrounding

stromal cells were mildly stained for vimentin.

Mouse-specific primer 1 Mouse-specific primer 2

Homo-specific primer 1

Homo-specific primer 2

Figure 4. Agarose gel electrophoresis analysis for the PCR products. The 571-bp (A) and 549-bp (B) PCR products were amplified by mouse-specific GAPDH
primers. The 327-bp (C) and 772-bp (D) PCR products were amplified by human-specific GAPDH primers. Lanes 1-5, respectively, represent: the no-template
control, DNA from endometriosis-like lesion tissue (no. 2), DNA from endometriosis-like lesion tissue (no. 3), positive control of mouse DNA, positive control
of human peripheral blood DNA. Lane M is the DNA DL2000 marker: 2000 bp\1000 bp\750 bp\500 bp\250 bp\100 bp. GAPDH, glyceraldehyde 3-phosphate

dehydrogenase.

the PCR product in lane 2 and lane 3 yielded a clear band
at the expected size for human GAPDH in the agarose gel
electrophoresis following the regular and touchdown PCR
protocol. However, there were no bands in lane 2 and lane 3
in Fig. 4A and B. These results confirm that the cells present in
the endometriosis-like lesions were of human origin.

Discussion

Endometriosis is formed by the growth and spread of
endometrial tissues (glands and stroma) outside the uterine
body, most commonly in the ovaries, with an incidence as
high as 6-10%, which seriously affects the quality of life of
these patients (3,24). At present, many animal models such
as rabbits, rats and primates have been established at home

and abroad (25-27). Animal models can be divided into two
categories, according to the etiology of endometriosis. One is
spontaneous animal models, which only occur in primates,
but its application has been limited due to the high cost, high
feeding requirements and low mold production rate (28,29).
Another is induced animal models, in which mice are the most
commonly used animal model for the study of endometriosis.
Rodents have short and regular estrus cycle, early sexual
maturity, strong fecundity, spontaneous ovulation, but no
endometrial shedding, thus this can only be used to establish
an induced endometriosis model (30-32).

In the induced endometriosis animal model, endometrial
tissues or cells are transplanted to parts outside the uterine cavity
of animals through various surgical procedures or endometrial
fragmentation injection methods to form endometriosis lesions
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and induce the occurrence of disease (33). Autologous trans-
plantation can be used in the research of immunology and drug
therapy (34,35). However, there are differences between animal
and human endometrium in term of biochemical characteris-
tics and other aspects, thus the histological characteristics and
biological response of autologous transplantation animals are not
completely applicable to humans (26,36). Xenotransplantation
involves transplanting human endometrial tissue or endometrial
cells into immunocompromised mice. This method can preserve
the biological characteristics of human endometrium, and it can
be used to study the invasive ability of human endometrium,
drug efficacy, side effects and so on (37,38).

The results of the present study demonstrated for the first
time that single human immortalized endometriosis epithelial
cells or stromal cells cannot form endometriosis-like lesions
when transplanted subcutaneous into recipient nude mice.
Subcutaneous ectopic endometriosis was established when the
two types of cells were mixed and transplanted subcutaneously
into nude mice. It can be seen that the interaction between
glandular epithelial cells and stromal cells is essential in the
formation of endometriosis lesions (39). Our results showed
a 100% success rate in inducing endometriosis using mixed
human immortalized endometriosis cells, which is better than
other induced endometriosis models (40-42). These lesions are
characterized by the presence of endometriosis glands lined with
cylindrical and flattened epithelial cells and surrounded by dense
stromal cells in the subcutaneous adipose tissue. Moreover, the
cells present in the endometriosis-like lesions were of human
origin identified by PCR technology. All of these results indicate
the stability and reliability of this experimental model.

This experiment has its advantages and disadvantages
compared with the animal models of ectopic abdominal cavity
constructed by predecessors (43). Although intraperitoneal
implantation creates an abdominal environment similar to
human disease conditions for the growth of lesions, multiple
exploratory laparotomy interfers with the formation of lesions
to a certain extent, leading to the decline of animal life vitality,
and it is difficult to evaluate the final results with scattered and
variable-sized lesions. The subcutaneous implant used in this
study can facilitate the continuous and intuitive observation of
the growth and change of the lesions, which is convenient for
operation and measurement. The success of the model can be
determined by touching the subcutaneous injection site of the
nude mouse. For the in vivo experiment of drug treatment for
endometriosis, it is convenient to observe changes in the lesions
on a daily basis. Human endometrial cells isolated and cultured
invitro are more similar to the characteristics of human pathology
than animal models of homotransplantation, which can not only
be used to observe the growth and angiogenesis of endometrial
cells, but also study the cytochemistry and molecular biology.
The subcutaneous xenotransplantation model constructed in this
study can be used as a potential experimental model to under-
stand the molecular mechanism of human endometriosis. For
example, this model can be used to understand the heredity genes
or abnormal expression of key functional proteins, including the
MAPK signaling pathway and WNT signaling pathway, which
improve our understanding of endometriosis (3). In this model,
we can overexpression, knockdown or knockout the key genes in
endometrial stromal cells, and then observe the influence on the
formation of endometriosis lesions. However, the disadvantage

of this animal model of endometriosis is that it cannot be used in
the immunological study of endometriosis.

In summary, a mixture of human immortalized endome-
triosis stromal cells and epithelial cells was able to establish
subcutaneous endometriosis lesions in nude mice. The model
built in this study can be used as a valuable tool today to under-
stand the molecular and cellular behavior of the pathogenesis
of endometriosis. Furthermore, this model has good applica-
tion value for the study of gene modification or abnormal
protein expression in the pathogenesis of endometriosis and
could be used to develop potential targeted therapy to treat
endometriosis in women.
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