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Endometriosis is one of the most frequent diseases in gynecology. Currently available medical therapies
for this disease are unsatisfactory. Based on current understanding of the pathogenic mechanisms in
endometriosis especially the similarity between this disease and cancer, this study was designed to
investigate the efficacy of the anticancer drug sunitinib in treating endometriosis. The effect of sunitinib
on regression of endometriotic implants was studied in a rat surgical model. Sunitinib reduced cyst cross
sectional area by 78.8% and caused complete cyst disappearance in 50% of the animals. Histologically,
extensive fibrosis was detected in sunitinib-treated group with positive reaction in TUNEL assay indicat-
ing that apoptosis is a mechanism of action.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Endometriosis is one of the most frequent gynaecological dis-
eases (Nothnick and Zhang, 2009). It is defined by the ectopic pres-
ence of both endometrial glands and stroma outside the uterus
(D’Hooghe et al., 2009). The main side effects of this disease are
pain (Story and Kennedy, 2004) and infertility (Matalliotakis
et al., 2008).

Despite being a benign disorder, clinical, pathological, molecu-
lar and genetic evidences support the hypothesis that endometri-
osis could be considered as a neoplastic disease with a potential
for malignant transformation (Varma et al., 2004). In fact, endome-
triosis and cancer have common features including: (1) Self-suffi-
ciency in growth signals. It is well established that endometriosis
is an estrogen-dependent disease that locally produces estrogen
through the increased expression of aromatase cytochrome P450
(Bulun et al., 2000). (2) Insensitivity to anti-proliferative signals:
for example endometriosis may resist the antiproliferative action
of progesterone by the predominant expression of the inhibitory
progesterone receptor (PR-A) isoform instead of the stimulatory
PR-B isoform (Attia et al.,, 2000). (3) Resistance to apoptosis
(Meresman et al., 2000). (4) Sustained angiogenesis: pathological
angiogenesis exists in both endometriosis and cancer (Folkman,
2002; Gazvani and Templeton, 2002). (5) Tissue invasion and
metastasis: According to Borghese et al. (2008), deep endometri-
osis can invade the surrounding tissues. Furthermore, it may
metastasize in lymph nodes and beyond the abdominal cavity.
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However, the invasion is controlled in endometriosis since it stops
at a given time. So, endometriosis has a unique feature of being a
benign metastatic disease (Varma et al., 2004). Even though, some
control points prevent endometriotic cells from expressing a more
aggressive phenotype (Borghese et al., 2008).

Sunitinib (SU-11248, Sutent; Pfizer) is an oral, multitargeted
receptor protein-tyrosine kinase (RTK) inhibitor (Patyna et al.,
2008). It has been approved multinationally for the treatment of
gastrointestinal stromal tumor after intolerance to or disease pro-
gression with imatinib therapy, and for the first-line treatment of
advanced renal cell carcinoma (Rock et al.,, 2007). Clinically, it
was also effective in neuroendocrine and breast cancers (Yang
et al., 2010). The effectiveness of different tyrosine kinase inhibi-
tors as anti-endometriotic agents was demonstrated (Ngo et al.,
2010). So, based on these facts and similarities between endome-
triosis and cancer, the effect of the anti-cancer drug sunitinib on
peritoneal endometriosis was studied after producing it surgically
in rats.

2. Materials and methods
2.1. Animals

Animals were treated in accordance with the international
guidelines and principles of laboratory animal care (Institute of
Laboratory Animal Resources, 1996). Virgin female rats (180-
250 g) were obtained from The University of Jordan animal house.
At least two-week acclimatization period to the laboratory
conditions preceded the use of animals in the experiments. Exper-
imental conditions were as follows: 12 h of light and 12 h of dark,
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the temperature was maintained between 18 and 25 °C and food
and water were provided ad libitum. Surgery was performed only
to females which exhibited at least 4 regular 4-5 day estrous cycle.

2.2. First surgery: induction of endometriosis

A 3 cm ventral incision was performed under chloralhydrate
anesthesia (300 mg/kg, i.p) aseptically. The right uterine horn
was resected and the excised horn was immersed in sterile normal
saline and the endometrium was exposed by lengthwise incision.
Two squares of 4 x 4 mm of open uterus were prepared. Then
the two squares were sutured to abdominal muscles with the
endometrium facing the peritoneal cavity. The fragment was al-
ways fixed over a large blood vessel. A single stitch using 4-0 nylon
suture (Hospital & Homecare Imp. & Exp. Co., Ltd., China) was ap-
plied at two opposite sides of the uterine fragment. The abdominal
wall was closed in two layers using 4/0 nylon suture. Then, two
milliliters of sterile normal saline were injected in the abdominal
cavity to prevent dehydration and to minimize adhesions.

2.3. Second surgery: measuring cyst length and width

Second surgery was performed 28 days after the first one. The
length and width of the implant were measured by a caliper (accu-
racy = 0.05 mm). Then, the cross sectional area was calculated
using the formula for an ellipsoid [length x width x (n/4)] (Eltern,
2008). Animals were randomly divided into 3 different groups.
Group 1 (9 animals) received 10 mg/kg sunitinib malate (LC labs,
USA) dissolved in normal saline. Rats in group 2 (6 animals) re-
ceived only the vehicle (negative control). Group 3 (7 animals) rats
were ovariectomized after measuring cyst dimensions (Chart 1). It
is well known that endometriosis is an estrogen-dependent dis-
ease. So, in the absence of ovarian estrogen, it is expected that cysts
degenerate. Any animal that developed any complications after the
first and/or second surgery was excluded. Treatment started
immediately after the second surgery by intra-peritoneal injection
of the tested compound given once daily and lasted for 21 days.

2.4. Light microscopic studies

At the end of treatment period, endometrial implants (cysts)
were excised and stored in 10% formalin solution for histological
evaluation. Sections (5 pm) were prepared and stained with hae-
matoxylin and eosin or Masson trichrome stain.

2.5. TUNEL assay

Terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) assay was performed using the DeadEnd™
Colorimetric TUNEL System from Promega, USA according to the
manufacturer’s instructions.

2.6. Statistical analysis

The statistical analyses were performed using Statistical Pack-
age for Social Sciences (SPSS) version 17. The effect of treatments
on cyst regression was evaluated using descriptive analysis.

3. Results
3.1. Regression of endometrial cysts in rats treated with sunitinib

Four weeks after transplantation, the deposit (uterine implant)
appeared as a transparent cystic area (Fig. 1) with a fine superficial
vascularization. Fat adhesions were very common. Histological
examination revealed the presence of endometrial tissue contain-
ing stroma and glandular epithelium. In those animals which
underwent ovariectomy after cyst development, the cyst disap-
peared regardless to its original size after 21 days. Ten mg/kg

e il

Fig. 1. Growth of endometrial implant into a cystic structure: transparent cyst
appeared at the site of transplantation (arrow).

2" Surgery

22 rats with endometriosis,
cyst cross sectional area was

reported
1 1
Group 1, N=9 Group 1, N=6 Group 1, N=7
Treatment with sunitinib Treatment with vehicle ovariectomy

for 28 days for 28 days

Chart 1. Experimental protocol: In the first surgery, uterine fragments were implanted. In the second surgery the following protocol was followed. While in the third surgery,
animals were sacrificed after measuring cyst dimensions.
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Table 1

Cross-sectional area of the cyst before and after treatment (values are mean + SEM).
Treatment Number of rats/group  Cross sectional area before treatment (mm?)  Cross sectional area after treatment (mm?)  Inhibition (%)
Negative control (0.85% NaCl) N=6 14.81 £ 1.66 14.67 £2.06
Sunitinib (10 mg/kg) N=9 13.56 £ 091 2.87+0.97 78.8
Ovariectomy N=7 18.7+53 0+0 100

Fig. 2. Regression of endometrial implants upon treatment with sunitinib: disap-
pearance of the cyst after treatment with sunitinib (arrow).

Fig. 3. Extensive fibrosis was present within stroma in a sunitinib-treated rat (B)
but not in control rat (A). (A) RBC are present in the lumen of the cyst of the control.
(B) Hemosiderin is seen (arrow) which is usually present in healed foci of
endometriosis (Masson trichrome stain). E: luminal epithelium; L: cyst lumen; S:
stroma. Scale bar =25 pm in (A) and (B).

sunitinib given daily for 21 days resulted in 78.8% reduction in
cross sectional area of the cyst (Table 1) with complete cyst disap-
pearance in 50% of the animals (Fig. 2). Furthermore, fat adhesions
were almost absent. Although many cysts disappeared macroscop-
ically in sunitinib-treated group, they were detected microscopi-
cally. However, they were greatly reduced in size. Degenerative
changes in luminal epithelium were prominent. Also, extensive
fibrosis was observed in the stroma that contained abundant
hemosiderin-laden macrophages (Fig. 3).

3.2. Sunitinib produced apoptosis in both luminal epithelium and
endothelial cells of blood vessels

Few apoptotic cells in luminal epithelium and stroma were seen
in control group (Fig. 4). For sunitinib-treated group, most cells in
luminal epithelium were clearly positive in TUNEL assay (Fig. 5).
Endothelial cells of blood vessels were positive as well as some
cells in stroma (Fig. 6).

4. Discussion and conclusion

Sunitinib (Sutent) is one of the new generation anticancer
agents. It is a tyrosine kinase inhibitor with no cytotoxic effects.
Its side effects are mild and well tolerated. Adverse events were
considered somewhat manageable and the incidence of serious ad-
verse events is low (Demetri et al., 2006). In this study, sunitinib
(10 mg/kg) caused complete cyst regression in 50% of the animals
with an average reduction in the cross sectional area of the cyst of
78.8%. To the best of our knowledge, this is the first time sunitinib
is reported to cause such an effect. In addition to cyst regression,
sunitinib reduced fat adhesions. This agrees with the findings of
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Fig. 4. Results of TUNEL assay-control group. The majority of cells in this section
failed to take the dark brown color in TUNEL assay which indicates a negative result
for apoptosis E: luminal epithelium; L: cyst lumen; S: stroma. Scale bar = 100 pm.
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 5. TUNEL assay for a sunitinib-treated rat. Luminal epithelial cells (black
arrow) were positive (dark brown staining) in TUNEL assay as well as few cells in
the stroma which means that they underwent apoptosis. E: luminal epithelium; L:
cyst lumen; S: stroma. Scale bar = 250 pum. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

JE

Fig. 6. Positive TUNEL assay for luminal epithelial cells and endothelial cells of
blood vessels of a sunitinib-treated rat. Endothelial cells were positive (dark brown
staining) in TUNEL assay as well as some cells in the stroma which means that they
underwent apoptosis. Sections were counterstained with haematoxylin. BV: blood
vessel. E: luminal epithelium; L: cyst lumen; S: stroma. Scale bar =25 um. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

Kim et al. (2008) who demonstrated that sunitinib significantly re-
duces adhesion formation in a murine model.

Several tyrosine kinase inhibitors were studied for their anti-
endometriotic effects. For example, imatinib decreased prolifera-
tion and transmesothelial migration by endometrial cells in an
in vitro model (Griffith et al., 2010). Also, it resulted in 35% reduc-
tion in number of endometriotic lesions formed in a murine model
of endometriosis (Jensen et al., 2008). Similarly, Ngo et al. (2010)
provided evidence that protein kinase inhibitors can control
endometriotic cell proliferation in vitro and endometriosis progres-
sion in vivo. Treating endometriotic cells with A771726, PD98059
or U0126 significantly decreased cellular proliferation in vitro. In
vivo, A771726, leflunomide, PD98059, and U0126 controlled the
growth of endometriotic implants in the mouse model of endome-
triosis. So, it was suggested that protein kinase inhibitors could be
new candidates to treat endometriosis.

It was proposed that inhibition of angiogenesis may lead to
regression of endometriotic implants (Onalan et al., 2009).

Sunitinib inhibition of VEGFRs and PDGFRs expressed by vascular
or perivascular endothelial cells is predicted to produce anti-angio-
genic effects. A recent study by Yao et al. (2006) demonstrated that
the dual inhibition of VEGFR and PDGFR with sunitinib is associ-
ated with greater antiangiogenic effects compared with selective
inhibition of VEGFR or PDGFR alone (Christensen, 2007). In our
experiment, sunitinib caused cyst regression after twenty-one days
of treatment. It is expected that it caused this regression due, at
least in part, to its anti-angiogenic activity. Apoptosis of endothe-
lial cells was evident using TUNEL assay (Fig. 6). According to Baff-
ert et al. (2006), the time course of capillary regression begins
within two weeks of treatment, with the loss of vessel patency,
intraluminal fibrin deposition, and cessation of blood flow. Apopto-
sis and the loss of endothelial cells follow (Mancuso et al., 2006).
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