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Effects of cisplatin on surgically induced
endometriosis in a rat model
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Abstract. Research has strongly suggested that the features
of endometriosis serve as a precursor lesion of ovarian cancer.
Cisplatin (CDDP) is the preferred drug against these cancer
types. The present study investigated the effects of CDDP on
surgically induced endometriosis in a rat model. Endometriosis
was surgically induced by the autologous transplantation of
endometrial tissue. A total of 36 model rats were randomly
divided into three groups. The rats in Group 1 (control group,
n=12) received no medication. The rats in Group 2 (n=12)
and Group 3 (n=12) were administered 35 mg/m?> CDDP
and 70 mg/m? CDDP, respectively, every four days. All rats
were treated for a total of 24 days. The growth and histologic
scores of the implants were calculated. The expression of
protein markers, including vascular endothelial growth factor
(VEGF), aromatase P450 (P450arom), transforming growth
factor-p (TGF-B) and matrix metalloproteinase (MMP)-2,
were assessed using immunohistochemistry, an enzyme-linked
immunosorbent assay and western blot analysis. Following
CDDP treatment, the mean implant sizes were significantly
reduced in Groups 2 and 3 compared with the control group
(P=0.01). The mean histologic scores were also significantly
lower in Groups 2 and 3. Furthermore, the protein expression
of VEGF, P450arom, TGF-§ and MMP-2 was significantly
lower in Groups 2 and 3 when compared with the control
group. A loss of hair was observed in 4 rats, which only
occurred in Group 3. A dose-dependent effect was observed
in the two CDDP-treated groups. In conclusion, the expression
of proliferation- and angiogenesis-associated proteins was
significantly lower following treatment with CDDP. CDDP
caused a significant regression in the size of the endometriotic
implants and induced atrophy of these lesions in rats.
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Introduction

Endometriosis is a complicated and chronic disease that has
been debated for decades. Although it is known to be estrogen
dependent and an estrogen-inhibiting therapy has been identi-
fied to be beneficial, the exact etiopathology of endometriosis
is, at present, not clear (1,2). Gonadotropin-releasing hormone
agonist and gestrinone are able to suppress the ectopic growth
of endometrial tissue and are frequently used to treat endo-
metriosis (3). However, these hormone drugs are associated
with high recurrence rates and side effects, which limit their
long-term use (4). There has been no optimal treatment method
for endometriosis so far.

Although endometriosis is not a malignant disease, it
has been reported that endometriosis and ovarian cancer
are associated at the molecular level (5). The association
between endometriosis and cancer is a matter of growing
concern (6). With the progress of endometriosis research,
histological, biochemical and epidemiological studies have
identified the features of endometriosis as a precursor lesion
of ovarian cancer (7-14). Genetic research has also identi-
fied gene mutations directly associated with neoplasms in
endometriotic lesions, including the AT-rich interaction
domain 1A, KRAS, p53 and phosphatase and tensin homolog
genes (15).

Endometrioid adenocarcinoma and clear cell adenocarci-
noma are the two most common pathological types of cancer
resulting from the malignant transformation of endome-
triosis (16). Cisplatin (CDDP) is the most widely used drug in
the treatment of ovarian cancer and endometrial carcinoma.
CDDP-based chemotherapy is the preferred method against
these cancer types (17-19). The anti-neoplastic activity of
CDDP is a result of its binding to DNA in target cells to induce
DNA cross-links (20). CDDP was also demonstrated to induce
the downregulation of parkin-like cytoplasmic protein and
apoptosis in the target cells through a p53-associated pathway;
this is hypothesized to be associated with its anti-neoplastic
mechanism (21).

To the best of our knowledge there has been no study
conducted to demonstrate the effects of CDDP in an endome-
triosis rat model. Therefore, the aim of the present study was
to investigate the effects of CDDP on endometriotic tissue and
the expression of proliferation- and angiogenesis-associated
proteins in a rat model of endometriosis.
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Materials and methods

Mouse model. A total of 36 female Sprague-Dawley rats main-
tained in a specific pathogen-free (SPF) facility (8 weeks old
and weighing 200-235 g) were purchased from Peking Union
Medical College and the Institute of Laboratory Animal
Science, Chinese Academy of Medical Science (Beijing,
China). The rats were sacrificed using abdominal aortic
bleeding. The present study was approved by the Institutional
Animal Care and Use Committee of the Institute of Laboratory
Animal Science, and the research was conducted in accor-
dance with the institutional guidelines (22). All the rats were
caged in pairs in a SPF facility, temperature 20-26°C, relative
humidity 40-70%, with a 12-h light/dark cycle and ad libitum
access to food and water (23).

Experimental procedures and tissue collection. All the
rats underwent three consecutive surgical procedures. The
rats were anesthetized via intraperitoneal administration of
3% pentobarbital sodium (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) at a dose of 35 mg/kg.

Procedure 1. In order to observe the estrous cycles of rats,
vaginal smears were obtained and subject to Papanicolaou
staining, as previously described (24). When the rat was in
estrus, endometriosis was surgically induced according to
the method described by Korbel er al with slight modifica-
tions (25). Under aseptic conditions, the rat's abdominal skin
was shaved and a ventral midline incision ~5 cm long was
created to open the abdominal cavity. The left uterine horn
was ligated and excised, and the excised uterine horn was
placed in normal saline. The serosal (outer) layer of the excised
segment was removed, and the uterine segment was trimmed
into a 5x5 mm? piece. Next, the endometrial piece was sutured
to the inner side of the abdominal wall, with the endometrial
surface facing the peritoneal cavity. Finally, the abdominal
muscles and skin were sutured.

Procedure 2. Following the surgical induction of endome-
triosis, all rats were allowed to recover for 4 weeks, during
which period they were not administered any medication. All
36 animals survived. A second exploratory laparotomy was
performed on each rat to observe the growth of the endome-
triotic implants. The peritoneal cavity was irrigated with 5 ml
normal saline. The peritoneal fluid obtained was centrifuged
at 1,000 x g for 20 min at room temperature and the solution
obtained was stored at -20°C. The surface areas of the implants
were measured (length [mm] x width [mm]). The endometriotic
lesions were photographed, and the lesion sizes were recorded.
Finally, the peritoneal cavity was closed.

Procedure 3. All rats were allowed to rest for three days
following the second procedure. The 36 rats were then
randomly divided into three groups of twelve rats each. There
was no significant difference in the area of the implants
between the groups prior to the treatment (Table I). The rats
in Group 1 (n=12) served as controls and were administered
1 ml of normal saline daily via peritoneal perfusion. The rats
in Group 2 (n=12) were administered 35 mg/m? CDDP via
peritoneal perfusion every 4 days. The rats in Group 3 (n=12)
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were administered 70 mg/m* CDDP via peritoneal perfusion
every 4 days. The skin surface areas of the rats were measured
using the Meeh-Rubner equation A=Kx (W?3/10000), where
A is the skin surface area (m?), the K value is 9.1 for rats,
and W is the body weight (g) (26). CDDP in the powder form
(Sigma-Aldrich; Merck KGaA) was crushed and dissolved in
normal saline. All rats were treated for a total of 24 days, which
was equivalent to 6 estrous cycles. A total of 4 days after the
final treatment, a third laparotomy was performed. The rats
were anesthetized with 3% pentobarbital sodium (50 mg/kg),
and the abdominal cavity was opened. Then, the implants were
measured (length [mm] x width [mm]) and photographed. The
peritoneal cavity was then irrigated with 5 ml normal saline
and the peritoneal fluid obtained was centrifuged at 1,000 x g
for 20 min at room temperature, and the solution was stored at
-20°C. Finally, the implants were excised, and a portion of the
endometriotic implant was fixed in formalin for histopatho-
logical examination and immunohistochemistry (IHC). The
remainder of the endometriotic implant was fixed in liquid
nitrogen and stored at -80°C for further analyses.

Histopathological examination and IHC. In procedure 3, the
endometriotic implants were excised following the rats being
sacrificed, and then the implants were fixed in the formalin
solution at 4°C for one month. Subsequently, the implants
were embedded in paraffin and were sliced at 4-ym thickness.
Hematoxylin and eosin staining was used for histopathological
examination. Subsequently, for the IHC analysis process, the
slides were deparaffinized and rehydrated in ethanol (ethanol
concentrations: 100, 95, 80 and 70%); this was followed
by steaming in sodium citrate buffer (cat. no. ZLI-9065;
Beijing Noble Technology Co., Ltd., Beijing, China). Then,
the slides were incubated in a 3% H,0, solution at 26°C for
15 min to deactivate endogenous peroxidase and washed with
phosphate-buffered saline twice for 5 min each time. Once the
nonspecific antigens were blocked at 26°C for 60 min using
normal goat serum (1:20; cat. no. SL0O38; Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China), the slides
were incubated with primary antibodies overnight at 4°C. The
primary antibodies included rabbit anti-rat vascular endothe-
lial growth factor (VEGF; cat. no. Ab14078), aromatase P450
(P450arom; cat. no. Ab34193), transforming growth factor-3
(TGF-p; cat. no Ab66043) and matrix metalloproteinase
(MMP)-2 polyclonal antibodies (cat. no. Ab110186) (1:100;
Abcam, Cambridge, UK). The slides were washed and then
incubated with the horseradish peroxidase (HRP)-conjugated
goat anti-rabbit IgG H&L secondary antibodies at 26°C for
30 min (1:200; cat. no. Ab6721; Abcam); this was followed
by counterstaining with hematoxylin (0.2%) using the ABC
kit (Abcam) according to the manufacturer's protocol. For
semi-quantitative analysis, the researcher assessing the slides
was blinded to all the groups. The slides were evaluated as
described previously (27). According to the percentage of
cells that stained positive, the following scores from 0 to
3 were assigned: 0: <5%, 1: 5-25%, 2: 26-50%, and 3: >50%.
The staining intensity of the cells was scored as follows:
0: Negative, 1: Weakly positive, 2: Moderately positive, and
3: Strongly positive. The THC score for each rat was deter-
mined by multiplying the two scores (staining intensity and
percentage of cells stained).
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Table I. Treatment results and comparisons of the study groups.
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Group 1 (control) Group 2 (35 mg/m*> CDDP) Group 3 (70 mg/m> CDDP) P-value

Measures

Number of rats 12
Mean surface area of implants (mm?)

Prior to medication 38.17+8.61
Following medication 47.08+8.27
Histopathological score of implants 2.50+0.67
VEGEF level in peritoneal fluid (pg/ml)

Prior to medication 278.33+19.90
Following medication 324.84+53.55

12 12
36.08+6.89 37.92+4.72 0.89
18.67+2.99 6.50+2.01 0.01
1.67+0.65 0.90+0.57 0.01
289.37+12.30 275.16+27.19 >0.05
168.91+24.79 115.27+19.50 <0.05

Values are given as mean + standard deviation. CDDP, cisplatin; VEGF, vascular endothelial growth factor.

Enzyme-linked immunosorbent assay (ELISA). The concen-
tration of VEGF in the peritoneal fluid samples and the
concentrations of VEGF, P450arom, TGF- and MMP-2 in
the endometriotic implants were assayed using ELISA Kkits
(cat.no. K2649R,K2652R,K2763R and K2337R, respectively;
R&D Systems, Inc., Minneapolis, MN, USA), according to the
manufacturer's protocol. The endometriotic implant samples
were homogenized and lysed in phosphate-buffered saline at
4°C for 60 min. Whole-tissue lysates were obtained by subse-
quent centrifugation at 1,000 x g at 4°C for 20 min and then
stored at -20°C. Double replicates of each sample were run
in each assay. The lower detection limits for the ELISA kits
were <1.5 pg/ml (VEGF), <1.5 U/l (P450arom), <0.1 ng/ml
(MMP-2) and <1.5 pg/ml (TGF-f).

Western blot analysis. Endometriotic implant samples were
homogenized using the Fluka Tissue Grinder and lysed in
cold radioimmunoprecipitation assay buffer for 20 min at 4°C
(cat. no. BDIT0037; Beijing Biodragon Immunotechnologies
Co., Ltd., Beijing, China). Tissue lysates were collected and
centrifuged at 5,000 x g for 20 min at 4°C. Protein levels were
detected using the BCA Protein assay kit with bovine serum
albumin (5 mg/ml) as the standard (cat. no. BDIT0101; Beijing
Biodragon Immunotechnologies Co., Ltd.). Protein lysate
samples (50 ug each) were separated on a 12% SDS-PAGE
gel and were subsequently transferred onto a nitrocellulose
membrane. Following blocking with a 3% bovine serum
albumin at 26°C for 30 min (cat. no. BF03075; Beijing
Biodragon Immunotechnologies Co., Ltd.), the membranes
were incubated overnight at 4°C with primary antibodies.
The primary antibodies included rabbit anti-P450arom poly-
clonal antibody (1:1,000; cat. no. Ab18995; Abcam), rabbit
anti-VEGF polyclonal antibody (1:1,000; cat. no. Ab46154;
Abcam) and mouse anti-f-actin monoclonal antibody (1:5,000;
cat. no. TDY041; Beijing TDY Biotech Co., Ltd., Beijing,
China), which was used as the internal standard. Then, the
membranes were washed and incubated with a goat anti-rabbit
secondary antibody conjugated to horseradish peroxidase
at 26°C for 40 min (1:10,000; cat. no. S004; Beijing TDY
Biotech Co., Ltd.). Immunodetection was performed based on
chemiluminescence (ECL reagent; EMD Millipore, Billerica,
MA, USA. Protein-antibody complexes were quantified using

the Bio-Rad Quantity One software, version 4.6.9 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. Statistical analyses were performed
using SPSS 11.0 (SPSS, Inc., Chicago, IL, USA). Values were
expressed as mean + standard deviation. Multiple comparisons
were performed using a one-way analysis of variance and
post-hoc Tukey's test. Non-normally distributed variables were
analyzed using Kruskal-Wallis test and Mann-Whitney U-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Side effects and survival. Following peritoneal administration
of CDDP for 15 days, 4 rats in Group 3 exhibited hair loss,
which continued until the last day of the medication, and a
similar phenomenon was not observed in the other two groups.
All rats survived until the day of sacrifice.

Growth of endometriotic tissues. The formation of cystic and
vascularized endometriotic tissues was successfully induced
in all 36 rats. The mean surface area of the endometriotic
implants was similar in all the groups prior to treatment
(P>0.05; Table I). However, at the end of the treatment,
the mean area of the implants in the CDDP groups were
significantly reduced, compared with that in the control group
(P<0.05; Table I). The mean surface area of the endometriotic
implants following medication demonstrated a significant
decrease in Group 2 (from 36.08+6.89 to 18.67+2.99 mm?;
P<0.05) and in Group 3 (from 37.92+4.72 to 6.50+2.01 mm?;
P<0.05), but it non-significantly increased in Group 1 (from
38.17+8.61 to 47.08+8.27 mm?; P>0.05) compared with prior
to medication. In addition, the decrease in the mean surface
area was significantly greater in Group 3 compared with in
Group 2 (P<0.05). Macroscopic images of the endometriotic
implants are presented in Fig. 1.

HE staining of the implant sections revealed the presence
of ectopic epithelium. The growth of the epithelium in the
endometrial explants was scored as follows: 3, well-preserved
epithelium; 2, moderately preserved epithelium; 1, poorly
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Figure 1. Representative images of the endometriotic tissues after the medication. (A) Macroscopic view of S;. (B) Macroscopic view of S,. (C) Macroscopic
view of S;. (D) Macroscopic view of S,. The arrows indicate the macroscopic appearance of the endometriotic tissues and the histopathological view of the
epithelium tissues. S;: Score 3, well-preserved epithelial layer; S,: Score 2, moderately preserved epithelium; S,: Score 1, poorly preserved epithelium; S;:
Score 0, no epithelium. (E) S;,(F) S,, (G) S, and (H) S, H&E staining at magnification x40. (I) S;,J) S,, (K) S, and (L) S, H&E staining at magnification x200;

H&E, hematoxylin and eosin.

preserved epithelium (occasional epithelial cells only);
and 0, no epithelium. This scoring system was based on a
previously published study for rat endometriosis (28). The
mean histopathological score of the implants at the end of
the treatment was significantly lower in Group 3 (0.90+0.57)
compared with in Group 2 (1.67+0.65; P<0.05; Table I). The
mean histopathological score in Group 2 was significantly
lower compared with in Group 1 (2.50+0.67; P<0.05; Table I).
The representative images from staining of the endometriotic
implants based on the histologic assessment are presented in
Fig. 1.

IHC expression of VEGF, P450arom, MMP-2 and TGF-f3 in
endometriotic tissues. In the endometriotic tissues, the VEGF
protein was present mainly in the vascular endothelial cells,
and P450arom was present mainly in the glandular epithe-
lial cells. The expression levels of the VEGF and P450arom
proteins were significantly lower in Group 2 (3.00+0.74 and
3.25+0.87, respectively) and Group 3 (1.25+0.45 and 1.08+0.29,
respectively) compared with in Group 1 (4.33+0.78 and
4.50+0.90, respectively; P<0.05). Furthermore, the VEGF and
P450arom levels were significantly lower in Group 3 compared

with in Group 2 (P<0.05). The IHC expression of VEGF and
P450arom proteins in the endometriotic tissues is presented
in Fig. 2A-C and D-F, respectively. The TGF-f proteins were
observed in the endometrial epithelium, and the MMP-2
proteins were principally located in the mesenchymal tissue.
The THC expression of TGF-f3 and MMP-2 was significantly
lower in Group 2 (3.01+0.60 and 2.67+0.65, respectively) and
Group 3 (1.17+£0.39 and 0.92+0.29, respectively) compared with
in Group 1 (4.23+0.71 and 4.92+0.79 respectively; P<0.05).
Furthermore, TGF- and MMP-2 expression was significantly
lower in Group 3 compared with in Group 2 (P<0.05). The
THC expression of TGF-p3 and MMP-2 proteins in the endome-
triotic tissues is presented in Fig. 2G-I and J-L, respectively.
Comparison of the THC scores of VEGF and P450arom
proteins between the groups is presented in Fig. 3A and B.
Comparison of the IHC scores of TGF-§ and MMP-2 proteins
between the groups is presented in Fig. 3C and D.

VEGF level in the peritoneal fluid and VEGF, P450arom,
TGF-fand MMP-2 levels in endometriotic tissues. The VEGF
level in the peritoneal fluid was similar in all groups prior to
administration of CDDP/saline (TableI). Following treatment,
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Figure 2. Representative images of immunohistochemical staining in the endometriotic tissues of rats. P450arom expression in glandular epithelium for
(A) Group 1, (B) 2 and (C) 3; VEGF expression in vascular epithelium for (D) Group 1, (E) 2 and (F) 3; TGF-f expression in endometrium epithelium for
(G) Group 1, (H) 2 and (I) 3; MMP-2 expression in mesenchymal tissue for (J) Group 1, (K) 2 and (L) 3. VEGF, vascular endothelial growth factor; P450arom,
aromatase P450; TGF-f, transforming growth factor-; MMP-2, matrix metalloproteinase 2. All the images were recorded at magnification x200.
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Figure 3. Comparisons of the IHC scores of VEGF, P450arom, TGF-f and MMP-2 proteins between the groups. The IHC score values of (A) VEGF,
(B) P450arom, (C) TGF-f and (D) MMP-2 proteins in the endometriotic tissues were presented as the mean =+ standard deviation. Control: Group 1; CDDP
(35): Group 2, CDDP dosage is 35 mg/m?* CDDP (70): Group 3, CDDP dosage is 70 mg/m?. “P<0.05 vs. control, *P<0.05 vs. group CDDP (35). IHC,
immunohistochemistry; VEGF, vascular endothelial growth factor; P450arom, aromatase P450; TGF-f, transforming growth factor-f3; MMP-2, matrix metal-
loproteinase 2; CDDP, cisplatin.
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Figure 4. Comparisons of the VEGF, P450arom, TGF-3 and MMP-2 levels in the endometriotic tissues between the examined groups. The levels of (A) VEGF,
(B) P450arom, (C) TGF-f and (D) MMP-2 proteins in the endometriotic tissues were quantified with enzyme-linked immunosorbent assay kits. Data are
presented as the mean + standard deviation. Control: Group 1; CDDP (35): Group 2, CDDP dosage is 35 mg/m?* CDDP (70): Group 3, CDDP dosage is
70 mg/m?. “P<0.05 vs. control, #P<0.05 vs. group CDDP (35). VEGF, vascular endothelial growth factor; P450arom, aromatase P450; TGF-f3, transforming

growth factor-f; MMP-2, matrix metalloproteinase 2; CDDP, cisplatin.

the VEGF levels in the peritoneal fluid were significantly lower
in Groups 2 (168.91+£24.79 pg/ml) and 3 (115.27+19.50 pg/ml)
compared with Group 1 (324.84+53.55 pg/ml; P<0.05). In
addition, the decrease in the level of VEGF in peritoneal
fluid was significant in Group 2 (from 289.37+12.30 to
168.91£24.79 pg/ml; P<0.05) and in Group 3 (from
275.16+27.19 to 115.27£19.50 pg/ml; P<0.05), while the
VEGEF level non-significantly increased in Group 1 (from
278.33£19.90 to 324.84+53.55 pg/ml; P>0.05; Table I).
Following treatment, the VEGF, P450arom, TGF- and
MMP-2 levels in endometriotic tissues were significantly
reduced in Groups 2 (272.83+43.76 pg/ml, 70.92+8.94 U/1,
164.16+36.91 pg/ml and 3.52+0.72 pg/ml; respectively)
and 3 (206.74+36.07 pg/ml, 49.16+£7.90 U/1, 130.09+28.72
pg/ml and 2.22+0.57 pg/ml; respectively), compared
with in Group 1 (388.61+£79.41 pg/ml, 99.45+11.73 U/I,
250.63+37.69 pg/ml and 5.28+1.06 pg/ml; respectively;
P<0.05; Fig. 4A-D). Furthermore, these levels were lower
in Group 3 than in Group 2 following CDDP treatment.
Comparison of the study groups is presented in Fig. 4A-D.

Western blot analysis of VEGF and P450arom. Western blot
analysis of VEGF protein of the endometriotic tissues demon-
strated similar results to the IHC results (Fig. 5A). The VEGF
protein level in the endometriotic tissues were significantly
reduced in Groups 2 and 3 compared with in Group 1 (P<0.05;
Fig. 5B). Western blot analysis of P450arom protein of the
endometriotic tissues also demonstrated similar results to
the THC results (Fig. 5C). The P450arom protein levels in
the endometriotic tissues were also significantly reduced in
Groups 2 and 3, compared with Group 1 (P<0.05; Fig. 5D).
In addition, the VEGF and P450arom levels were signifi-
cantly lower in Group 3 compared with in Group 2 (P<0.05;
Fig. 5B and D).

Discussion

The rat model established by autologous transplantation of
endometrial tissue has been used extensively in endometriosis
research (25,27,29,30). The advantages of this model are the
low cost involved and the potential for genetic manipulation
using transgenic animals for etiology studies (31-34). The
endometriotic tissues of rats perform in a similar manner to
human endometriotic tissues in organ explant culture, and the
rat model is a valuable tool for the exploration of novel thera-
peutic medicines, permitting the research of pathogenesis and
pathophysiology of endometriosis (35).

Blood vessels are necessary for the development and
maintenance of endometriosis (36). Angiogenesis is essential
for the development of a number of diseases, including cancer
and endometriosis (37). Local angiogenesis is regulated by
VEGF, which stimulates the proliferation and migration of
vascular endothelial cells (38). The VEGF concentration in
peritoneal fluid and endometriotic tissue has been reported to
be increased in women with endometriosis (39-41).

Furthermore, TGF-f also serves important roles in the
control of cellular proliferation, differentiation and apop-
tosis (42). Evidence demonstrated that TGF-f3 is produced by
endometriotic lesions and could be involved in the establish-
ment and progression of the disease (42,43). The receptors and
signaling pathways of these proteins may be altered in patients
with endometriosis and these proteins may therefore be poten-
tial targets for the development of therapeutic agents (42).
VEGF and TGF-f are thought to be critical for the implantation
and infiltration of ectopic endometrium, as well as the invasion
and metastasis of ovarian tumor cells (44-47). In the present
study, following the administration of CDDP, the regression of
endometriotic implants was observed, along with a significant
decrease in the VEGF level in the peritoneal fluid of rats.
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Figure 5. Protein levels of VEGF and P450arom in the endometriotic tissues of the model rats, as assessed by western blot analysis. Representative western
blots of (A) VEGF with (B) quantification and (C) P450arom with (D) quantification. The expressions of VEGF and P450arom were downregulated in Groups 2
and 3 compared with the control group. “P<0.05 vs. Group 1, “/P<0.05 vs. Group 2. VEGF, vascular endothelial growth factor; P450arom, aromatase P450.

Furthermore, the protein expression of VEGF and TGF-f in
the endometriotic implants also decreased significantly. These
results suggest that CDDP may be involved in the regression of
the endometriotic lesions via suppression of cell proliferation
and inhibition of the angiogenesis of endometriotic tissue.

MMPs and tissue inhibitor of metalloproteinases are
critical factors in the breakdown of the extracellular matrix and
remodeling of endometrial tissue in endometriosis (36). The
overexpression of MMP-2 has been observed in patients with
endometriosis (48). MMP-2 is involved in extracellular matrix
disruption in the early angiogenic stage of vascular budding and
sprouting (49). In the present study, the MMP-2 protein was prin-
cipally detected in the mesenchymal cells, and its IHC expression
level was significantly lower in the CDDP-treated groups when
compared with the control group, which was corroborated by and
was more evident in the ELISA results. Therefore, the effect of
CDDP's on endometriotic implants may result from its suppres-
sion of MMP-2, which results in the inhibition of the breakdown
of the extracellular matrix and remodeling of endometrial tissue
in the progression of endometriosis in the rats, and this effect
of CDDP may be combined with its suppression of VEGF and
TGF-f; however, the exact mechanism and action of this associa-
tion need to be further studied.

Endometriosis is widely accepted as an estrogen-dependent
condition, the progression of which is strongly affected by the
level of serum estrogen (50). Several studies have reported
that endometriotic tissues express aromatase and synthesize
their own estrogen (1,50-53). P450arom is the key enzyme
for estrogen synthesis, and catalyzes the conversion of andro-
stenedione and testosterone to estrone and estradiol (2). As
aromatases are involved in the synthesis of estrogen, the
application of aromatase inhibitors is a valuable advance in
the treatment of endometriosis (54-56). In the present study,
P450arom was principally detected in the glandular epithelial
cells of the endometriotic implants, and the expression levels of
the P450arom protein were significantly lower following CDDP
treatment. The results of ELISA and western blot analyses
were in concurrence with these results. This inhibitory effect of

CDDP on estrogen synthesis was in accordance with the func-
tion of aromatase inhibitors reported in a previous study (56).
In addition, researchers have also demonstrated that CDDP
chemotherapy is associated with effects on ovarian function in
clinical and experimental animal studies (57,58). These results
suggest that CDDP may be involved in the regression of the
endometriotic tissue in an estrogen-inhibiting manner.

The histopathological examination and protein expression
analyses of endometriotic tissue in the present study demon-
strated that angiogenesis-associated factors, including VEGF
and TGF-B, and the extracellular matrix-disrupting protein
MMP-2 are all downregulated following CDDP administra-
tion. Furthermore, the expression of the P450arom protein,
which is crucial for estrogen synthesis, was also suppressed by
CDDP. As a result, regression of the endometriotic implants
and decrease in the histological scores were observed in the
CDDP-treated groups.

In the present study, a dosage of 70 mg/m? CDDP was admin-
istered every 4 days, which corresponds with the chemotherapy
dosage administered for ovarian cancer and endometrial cancer
in clinical practice, a total of 4 rats in the CDDP-treated group
exhibited loss of hair following treatment for 15 days. However,
this was not observed in the group administered the lower dosage
of 35 mg/m?* CDDP. Furthermore, a dose-dependent effect was
observed in the regression and protein expression of the endo-
metriotic tissues in the two CDDP-treated groups. These results
imply that the CDDP dosage is a critical factor associated with
its effects and side effects in the treatment of endometriosis
and requires exploration in future studies. However, one should
also take into consideration that CDDP is a drug which has a
number of severe side effects, including severe kidney problems,
allergic reactions, decrease immunity to infections, gastroin-
testinal disorders, hemorrhage and neurotoxicity (14,19,59,60);
particularly for CDDP's gonadal toxicity and the concern of
reproductive function preservation (61). Therefore, it may be
more appropriate to administer CDDP medication to cases with
endometriosis refractory at the same time in clinical practice to
conventional therapies for patients who have decided not to have
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more children ever. Balancing the benefits and risk of CDDP
and the proper indications of CDDP treatment in endometriosis
requires further study.

In the present study, rats were treated for a total of 24 days,
which was equivalent to 6 estrous cycles of rat. This was based
on the consideration that 6 courses (which equals 6 menstrual
cycles of women) of chemotherapy is the standard treatment
protocol for patients with ovarian cancer and endometrial
cancer in clinical practice. To the best of our knowledge, the
present study is the first to apply CDDP treatment in a surgically
induced endometriosis rat model.

In conclusion, the present study demonstrated that CDDP
causes significant regression of surgically induced endome-
triotic implants in model rats, and this effect is accompanied
by a decrease in the expression of VEGF, P450arom, TGF-f3
and MMP-2 in these tissues. CDDP exhibited promising thera-
peutic effects in the rat endometriosis model. Further animal
and clinical studies should be conducted to determine whether
CDDP may be used as an effective therapeutic option for the
treatment of endometriosis.
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