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Highlights:

Clotrimazole promotes the regression of endométriesions in a rat model
Clotrimazole decreases inflammatory markers in eretdotic lesions

The angiogenic markers VEGF and VEGFR-2 are deeteafier clotrimazole
treatment

Regression of endometriotic lesions promoted byrich@zole involves MAPK,

Akt, AMPK and endoplasmic reticulum stress

Short title: Clotrimazole for endometriosis treatment.

Abbreviations;

ACC, acetylCoA carboxylase; Akt, protein kinase AYIPK, AMP activated protein

kinase; COX2, cyclooxygenase-2; CTZ, clotrimaz&®K1/2, extracellular response
kinase 1/2; IL-10, interleukin-10; MAPK, mitogen taated protein kinase; PERK,

protein kinase R-like endoplasmic reticulum kinaP&E, prostaglandin E2; ROS,

reactive oxygen species; TNFE-tumor necrosis factar; UPR, unfolded protein

response; VEGF, vascular endothelial growth fackiEGFR-2, vascular endothelial

growth factor receptor-2



44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

ABSTRACT

The present work aimed to evaluate molecular, @y and inflammatory changes
induced by clotrimazole (CTZ) on endometriosisdesi For this, thirty female Wistar
rats with surgically implanted autologous endonoetriwere treated with CTZ or
vehicle (200 mg/kg) via esophageal gavage for Ifsecutive days. CTZ treatment
significantly decreased the growth and the sizeth&f implants, and histological
examination indicated regression and atrophy, wibhtoxicity to the animals. The
levels of the angiogenic markers VEGF and VEGFRe2ensignificantly decreased in
CTZ group. The treatment also promotes a reduatioiPGE and TNFe levels. All
these effects involve the amelioration of ERK1/Xt,AAMPK and PERK signaling
upon CTZ treatment. In conclusion, CTZ promoted @rerall amelioration of
endometriosis in a rat model due to the anti-argiag properties of the drug.
Therefore, our results support the proposal ofracal trial using CTZ for the treatment

of endometriosis.

Key words: clotrimazole; endometriosis treatment; angiogenasilemmatory.
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1. Introduction

Endometriosis, an estrogen-dependent disordehasacterized by the growth of
endometrial tissue outside the uterine cavity, pneidantly in the peritoneal pelvis and
ovaries (Giudice and Kao, 2004). This conditioraisommon disorder among women
of reproductive age worldwide, with a prevalenceapproximately 10% within this
group (Bulun, 2009). The prevalence increases Up0#6 among infertile women and
up to 60% among women and teenagers with pelvio f@iudice, 2010). Although
considered a benign disease, endometriosis frelgugmesents characteristics of
malignancy,such as cell proliferation and active angiogenéKismar et al., 2011,
Machado et al., 2014), and it has been reportedrask factor for ovarian cancer (Brett
M. et al., 2017; Brinton et al., 2005; Kumar et aD11; Vigano et al., 2007). Many of
the symptoms of endometriosis including pelvic paind infertility are strongly
associated with local and systemic inflammationu@iBie, 2010). Indeed, women with
diagnosed endometriosis display elevated numbeararafine cells and increased levels
of cytokines in lesions and peritoneal fluid congehto healthy women (Beste et al.,
2014; Hever et al., 2007; Jeung et al., 2016; Ketad., 2002; Schulke et al., 2009; Wu
and Ho, 2003). This process leads to the incregseduction of reactive oxygen
species (ROS), which are partially responsiblesimme symptoms and characteristics
of endometriosis, such as cellular stress, aggedvatlammation and pain (Carvalho et
al., 2012; Van Langendonckt et al., 2002).

Recently, inflammation-triggered oxidative stress been related to increased
angiogenesis in human pathologies, including headtvascular diseases, psoriasis and
cancer (Armstrong et al., 2011; Kim et al., 2013hld-Fukai, 2006; Xia et al., 2007).
Indeed, angiogenesis is crucial for the endomasridsvelopment, since, in order to
survive outside the uterus, endometriotic lesicmgehto create a novel vascular network
(Laschke and Menger, 2007; Mari-Alexandre et &15). In this context, not only the
increased inflammation and ROS production but alse induction of vascular
endothelial growth factor (VEGF) signaling via VEBE plays the major transducing
pathway in the endometriosis angiogenesis prodeasdfso et al., 2017; Machado et
al., 2008). Therefore, studies suggest that thgetad inhibition of angiogenesis might
offer an important target for the clinical treatrhesf endometriosis (Laschke and
Menger, 2007; Mari-Alexandre et al., 2015).
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Clotrimazole (CTZ) is one of the most used antiniipcdrugs in gynecology
(Zhou et al., 2016). It is a well-tolerated drugesenting minor side-effects and a
broad-spectrum of use (Zhou et al., 2016). Sewwtalies have shown that CTZ also
presents anticancer properties (Adinolfi et al.120Furtado et al., 2015, 2012,
Marcondes et al., 2015, 2010, Moreno-Sanchez @09, 2007). These properties
involve different mechanisms interfering with cedtoliferation, cell survival, cell
metabolism, growth signals and presenting antamfhatory effects (Chung et al.,
2015; Furtado et al., 2015, 2012, Marcondes et 2015, 2010). Therefore, we
hypothesized that this drug might be a potentiahadpr treating endometriosis.

To test this hypothesis, we experimentally indueadometriosis in Wistar rats
and treated them with vehicle or CTZ for 2 weelse Treatment promoted a regression
of endometriotic implants in an experimental modélendometriosis.To identify
molecular changes in the endometriosis lesions ptemby the treatment with CTZ,
we performed a series of Western blot analysisrfolecular markers of cell biology, as
well as immunohistochemistry, flow cytometry andI&A immunoassays analyses to
investigate whether CTZ modulated angiogenesisthadnflammatory process in the

development of endometriosis.

2. Materialsand methods
2.1. Endometriosis experimental model and CTZ treatment
Thirty female Wistar rats (200 g and 8 weeks of)agere used in the

experimental induction of endometriosis, using thethod described earlier (Vernon
and Wilson, 1985). All experiments were conductedaccordance with the ethical
guidelines from the Ethics Commission on Animal YS&UA), the NIH Guidelines
for the Care and Use of Laboratory Animals (htgadu.od.nih.gov/regs/index.htm. 8th
Edition; 2011) and approved by the State UniversityWest Zone (UEZO) CEUA
(protocol code 002/2013). In brief, after the ahesia with intramuscular injection of
ketamine and xylazine, the animal's abdomen wasesp@and one uterine horn was
removed, segmented and split longitudinally. On&rbm piece was sectioned and
anchored with the endometrium side adjacent to pkeatoneum of the ventral
abdominal wall by nonadsorbable polypropylene wguf6+0 Prolene, Ethicon,
Piscataway, NJ). Lastly, the abdomen was closedhéird fifteen days, ventral midline
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laparotomy was performed to determine the attachymaability and the area of
endometrial explants.

After one day, the animals were recovered and dditb two groups: CTZ
group daily-treated with 200 mg/kg body weight CZotrimazole, Sigma Chemicals
Co., St. Louis, MO, USA) dissolved in sunflower;odnd Control group received
sunflower oil only. Both treatments were administedaily by esophageal gavage for
15 consecutive days. Body weight was measured inatedyg before the first treatment
(day zero, DO0), on the seventh day of treatmenf) @ on the last day of treatment
(D15), when the animals were euthanized by penbafaroverdose. The peritoneal
fluid was collected for flow cytometry and ELISA imunoassay analysis. Then, the
abdomen was opened, and implantation sites wentifiéel by the presence of a lesion
or by suture alone. The surface area of each explas measured (length x width) to
the nearest 0,1 millimeter using calipers and afieing excised were weighed and
immediately divided for histological and Westermtb&nalysis. In addition, the liver
was weighed and blood samples were collected fochgmical and hematological
analyses. To evaluate the insulin signaling inttbsues of the animals, one hour before
euthanasia, eight random animals out of fifteereath group were injected with 0.5
U/kg insulin (Humalin R, Eli Lilly, Sdo Paulo, SHrazil) in the tail vein. All
assessments were made without taking into acceinmius stage.

2.2. Histology, immunohistochemistry and morphometric analysis

Formalin-fixed tissues were paraffin-embedded artdrto 4-micrometers-thick
sections. Part of the sections were stained wittrisihematoxylin and eosin (HE) and
examined microscopically at 200x magnification fime presence of histological
hallmarks of endometriosis, such as endometrialdgaand stroma. The other paraffin-
embedded tissue sections were placed on silantedrestides and incubated with the
following antibodies: monoclonal antibody againsEGF, SC-57496 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 1:100 ddatiand monoclonal antibody
against VEGFR-2, SC-6251 (Santa Cruz Biotechnoldpnta Cruz, CA, USA) at
1:100 dilution. Incubations were carried out ovghtiand then revealed using LSAB2
Kit HRP, rat (Dako-Cytomation, Carpinteria, CA, UBwith diaminobenzidine (3,3'-
diaminobenzidine tablets; Sigma, St. Louis, MO, (YS#s the chromogen and

counterstained with hematoxylin. For each caseatneg) control slides consisted of
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sections incubated with antibody vehicle or no imeuabbit or mouse serum. All
tissues were examined by two blinded observersgusid00x magnification on light
microscope (Nikon, Tokyo, Japan) connected to #&aligamera (Coolpix 990; Nikon,
Tokyo, Japan). Ten fields of an immunostained sac(VEGF and VEGFR-2) were
chosen at random and captured from each specimemtifcation was assessed using
captured high quality images (2048 x 1536 pixelédopusing the Image Pro Plus 4.5.1
(Media Cybernetics, Silver Spring, MD, USA). Hisigic scores (H) for VEGF and
VEGFR-2 were calculated using the formula BP+ where | is the intensity ranging
from O (negative cells) to 3 (deeply staining dedad P is the percentage of staining
cells for each given i, with P values of 1, 2, 3aAd 5 indicating <15%, 15-50%, 50-
85%, >85%, and 100% positive-staining cells, respely, as previously described
(Machado et al., 2016). The staining result wasresged as mean * standard

deviations.

2.3. Western blot analysis
Liquid nitrogen-frozen endometrial explants wer@ugrded, dissolved in the
appropriate buffer (Cardim Pires et al., 2017) andmitted to SDS-PAGE according
to (Laemmli, 1970). The gels were transferred ttyyoylidene difluoride membrane
(PVDF Imobilon-P, Millipore), and submitted to West blot as previously described
(Cardim Pires et al., 2017) (Cardim Pires, AlbaneSehwab et al., 2017). The
antibodies used and their dilutions were as folloasti-AMPKa (Cell Signaling
Technology, Danvers, MA, USA, dilution 1:1000, Cdlignaling Technology Cat#
2532 RRID: AB 330331), anti-phospho-AMBK(T172) (Cell Signaling Technology,
Danvers, MA, USA, dilution 1:1000, Cell Signalingedhnology Cat# 2535 RRID:
AB_331250), anti-phospho-Acetyl-CoA Carboxylase @C(S79) (Cell Signaling
Technology, Danvers, MA, USA, dilution 1:1000, Cé#lignaling Technology Cat#
3661 RRID: AB_330337), anti-Akt (Cell Signaling Tewlogy, Danvers, MA, USA,
dilution 1:1000, Cell Signaling Technology Cat# 92RRID: AB_328927), anti-
phospho-Akt (S473) (Cell Signaling Technology, Darsy MA, USA, dilution 1:1000,
Cell Signaling Technology Cat# 9271 RRID: AB_32982%nti-ERK1/2 (Cell
Signaling Technology, Danvers, MA, USA, dilutiorl@00, Cell Signaling Technology
Cat# 4695 RRID:AB_390779), anti-phospho-ERK1/2 (&X@04) (Cell Signaling
Technology, Danvers, MA, USA, dilution 1:1000, Cé&lignaling Technology Cat#
7
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9106 RRID:AB_331768), anti-ACLY (abcam, Cambridty¢d, USA, dilution 1:1000,
abcam Cat# ab40793, RRID: AB_722533), anti-phosp8bY (S455) (abcam,
Cambridge, MA, USA, dilution 1:1000, abcam Cat# @26, RRID: AB 867484),
anti-eEF2 (Cell Signaling Technology, Danvers, MBSA, dilution 1:1000, Cell
Signaling Technology Cat# 2332 RRID:AB_10693546) amti-actin (Cell Signaling
Technology, Danvers, MA, USA, dilution 1:1000, Célignaling Technology Cat#
4967 RRID:AB_330288). Secondary antibodies percaeafinipure goat anti-mouse
IgG and peroxidase-affinipure goat anti-rabbit Ig@re from Jackson Laboratories
(Jackson ImmunoResearch Labs Cat# 115-035-146 RBII2307392 and Jackson
ImmunoResearch Labs Cat# 111-035-144 RRID:AB_230)y3fbr anti-mouse and
anti-rabbit, respectively) and were used at theitidihs of 1:10000 and 1:20000,
respectively. Immunoblotting was performed using DFV membranes (Merck
Millipore, Billerica, MA, USA, PR02531) and develegp using a chemiluminescent
peroxidase substrate (GE Healthcare Bio-Sciencitsbirg, PA, USA, RPN2124)
followed by scanning using C-DiGit Blot scannerGhbr, Lincoln, NE, USA).

2.4. ELISA Immunoassay
Peritoneal fluid was collected by rinsing the amdwal cavity with 10 mL of
PBS and immediately centrifuged at 1500 rpm fomifutes. Supernatants were stored
at -70°C until assayed for VEGF, P&énd IL-10 by use of an enzyme immunoassay
kit. The concentrations were calculated in trigikclom standard curves performed by
an automatic plate reader (Spectra Max; Moleculavites, Sunnyvale, Calif)

controlled by SoftMax software (Molecular Devices).

2.5. Flow cytometry

Another washing of peritoneal fluid was obtainedni the rat with 10 mL of
PBS, pH 7.2. The cells were incubated with monaal@mtibodies Pl anti-Mac-2 and
FITC anti-F4/80 (Santa Cruz Biotechnology, SantaizCrCA). These cells were
incubated with Fc blocking (clone 2.4G2) for 10mfétiter, the samples (10000 events
per sample) were submitted to flow cytometer anglflSACSCalibur, BD Biosciences,
USA). Data analysis were performed in CellQuest (Bibsciences, USA) and
WinMDI 2.9 software packages.
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2.6. Biochemical and hematological analysis

Glycemia and insulinemia were evaluated from tlo®db samples taken using a
glucometer (Accu-chek Active Roche) and an ELIS&far insulin (Mouse/Rat Insulin
ELISA kit, Merck Millipore, MO, USA), respectivelyAspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were eat&ld using the respective Kits
(Doles, Goiania, GO, Brazil). The leukocyte couraswerformed using blood smears
for differential counts of neutrophils, lymphocytemonocytes, eosinophils and
basophils. The slides were stained (Panotico Eabprclin, Brazil) and viewed under a

optic microscope (Nikon, Japan).

2.7. Statistical analysis

Data are expressed as mean + standard deviaB@)sof mean + standard error
of the mean (S.E.M.), when appropriate and indecatehe legends. Statistical analyses
were performed with Student’s t-test or two-way AOfollowed by Dunnett’s post-
test, when appropriate and indicated in the legerity VEGF and VEGFR-2
morphometric analysis, statistical calculations evearried out with use of the Stat-
Xact-5 software program (CYTEL Software Corporati@ambridge, MA). Differences
were considered significant when thealues were <0.05.

3. Results
3.1. CTZ iseffective in reducing endometriosis lesions
After 2 weeks of transplanting endometrial tisstiieg explants formed viable

cystic and well-vascularized lesions, resemblinghan peritoneal endometriosis, in all
30 animals. After 15 days of treatment, the growthjntenance and implant size of the
lesions were suppressed in the CTZ group (Figurg dBcompared to the control
(Figure 1A). The histopathological characterizatioavealed the presence of
endometrial glands and stroma, which confirmed \lability of the lesions in the
control group (Figure 1C), while in the CTZ groupete was regression of the lesion
areas and atrophy (Figure 1D). These results hagr teinforced by the measurements
of the weight and area of the lesions before atet &#leatment. Prior to treatment there
were no differences between groups (weight: conird9 + 0.04 ysCTZ: 0,61 = 0.04
g; lesion area: control: 5,98 + 0.07 fhas CTZ: 6,01 + 0,05 mr), but the CTZ group
was significantly smaller after treatment (FigtEeand 1F, P < 0.05, Student’s t-test).

9
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3.2. CTZ treatment inhibits angiogenesis process

VEGF and VEGFR-2 immunoreactivity was detected e tendometriotic
lesions, mainly in the stroma, in the cytoplasmeafiothelial cells and around the
glands (Figure 2A, 2B, 2C and 2D). The distributiai angiogenic markers
(histomorphometry evaluations) significantly deseshin CTZ group compared to the
control (Figure 2E). ELISA analysis revealed a dase in VEGF concentration in the
peritoneal washings (Figure 2F) and Western blalysis (Figure 2G and 2H)
demonstrated suppression of the expression of VHEGEhe endometriotic lesions
treated with CTZ as compared to the control groBp<(0.05, Student’s t-test). In
addition, CTZ (Figure 2J) also decreased the nunabemacrophage positive cells
(Mac-2+F4-80+) in about 50% compared to the congrolup in the peritoneal fluid
(Figure 21). Taken together, these results strosglygest an important anti-angiogenic

effect of CTZ in the endometriosis lesions.

3.3. CTZ interferes with growing signal

CTZ treatment significantly increased the exprassibERK1/2 (Figure 3A and
3B, P < 0.05, Student’s t-test). However, when ERKactivation is evaluated, a
different picture is observed. When comparing tbe-stimulated phosphorylation of
ERK1/2 on threonine 202 and tyrosine 204, it ieckhat phosphorylation was already
high in the control group, as compared to CTZ-gdagroup (Figure 3A and 3C, P <
0.05, two-way ANOVA followed by Dunnett's post-tgst Moreover, this
phosphorylation observed in control was not augetem animals that were injected
with insulin 1 hour prior to euthanasia. On theeothand, in CTZ-treated animals,
ERK1/2 phosphorylation responded to the insulieétipn as expected for a healthy
responsive tissue (Figure 3A and 3C, P < 0.05, vxag- ANOVA followed by
Dunnett's post-test). These results are indicatiiat the endometriotic lesions

presented a basal growth signal that was abolisi&ZiTZ treatment.

3.4. CTZ affects cell survival and proliferation mediators
The treatment with CTZ decreased the expressidmotf AKT and ACLY as
compared to control (Figure 4A and 4B, P < 0.050-tway ANOVA followed by
Dunnett's post-test). The phosphorylation of AKT sarine 473, which is mediated by

10
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MTORC2, was strongly diminished upon CTZ treatn{€igure 4B, P < 0.05, two-way
ANOVA followed by Dunnett’'s post-test). Consequgngphosphorylation of ACLY on
serine 455, which is mediated by AKT, was also distied by CTZ treatment (Figure
4B, P < 0.05, two-way ANOVA followed by Dunnett'sgt-test).

3.5.CTZ down regulates stress markers and acts as an anti-inflammatory

modulator

Treatment with CTZ decreased the expression of AM#PK its downstream
mediator ACC (Figure 5A and 5B, P < 0.05, two-wa)f@VA followed by Dunnett’s
post-test). However, phosphorylation of these nwiabcell stress markers was
improved by the treatment with CTZ (Figure 5C, B.€5, two-way ANOVA followed
by Dunnett's post-test). PERK, another marker df seess but from the unfolded
protein response pathway, was also more activapdwsphorylated) upon CTZ
treatment (Figure 5C, P < 0.05, two-way ANOVA folled by Dunnett’'s post-test) but
with no changes on its total expression (Figure 3Bg pro-inflammatory marker TNF-
a was also down-regulated in the endometriotic lesiof CTZ-treated animals (Figure
5A and 5B). This is accompanied by a decreaseeanctincentration of PGHFigure
5D), a major signal for the development of endomgtrlesion. The levels of IL-10, an
anti-inflammatory cytokine normally increased indemetriotic lesions, were also
reduced in endometriotic lesions treated with CBZcampared to the control group
(Figure 5E).

3.6. No toxicity was observed in CTZ treated animals

No evidence of toxicity was noted for the CTZ daseninistered based on body
weight compared with controls (Figure 6A). Thereravao significant differences
between the liver weights (Figure 6B), nor serunTABd ALT (Figure 6C), glycemia
(Figure 6D) and insulinemia (Figure 6E) betweentthated CTZ group and control. In
addition, in the hematologic analysis with peri@tdériood, we observed an accentuated
lymphocytosis in control animals, while in the teshgroup there was a recovery in the
leukocytes number with normal parameters (Figurg &, the toxicity assessments

used in this study did not reveal any toxic effectiiced by CTZ.

4. Discussion

11
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Endometriosis frequently produces serious effectssocial and marital life,
because it is often associated with infertilitydasevere and incapacitating painful
symptoms (Bulun, 2009; Fourquet et al., 2010)s hoped that new approaches will be
developed to improve endometriosis treatment. éndirrent work, we have provided
evidence for the pharmacological use of CTZ for titeatment of endometriosis. The
current pharmacological treatment approaches fdometriosis are largely focused on
creating a hypoestrogenic or progestin dominatedr@mment and relieve pelvic pain
(Ruhland et al., 2011). However, a recent systeamatiew has reported that many
patients gained only limited alleviation from paymptoms (Becker et al., 2017). In
addition, for all the patients, particularly thoseshing to conceive, the side effects of
medication treatments are unacceptable (Bedaivay,2016). Our results here indicate
that CTZ treatment is able to reduce lesions $#ased on the morphological studies,
we observed a reduction in the endometriotic leswih regression and atrophy in the
animals treated with CTZ and, importantly, withaigns of drug toxicity. The dose of
200 mg/kg CTZ used in our study was equivalent ltosé reported in previous
experimental models and it was without considerauleerse reaction or expressive
variation in hepatic or blood parameters (De Fraadeet al., 1994; Khalid et al., 2005;
Rufo et al., 1997; Takei et al., 2003; Wang et2014). Moreover, we used a relatively
short treatment, and it is possible that a longeatiment (plus one or two weeks) would
lead to the complete reversion of the picture.

The contribution of new blood vessels is fundamieimiathe development and
sustainability of the endometriotic lesion, drawiagfention to the importance of
angiogenesis that will provide a substrate for salivival (Taylor et al., 2009). Many
studies have reported the up-regulation of VEGF arndGFR associated to
endometriosis and their importance to the progoessf the disease (Braza-Boils et al.,
2014; Mari-Alexandre et al., 2015; Ramn et al., D0ITherefore, anti-angiogenic
agents are discussed as possible candidates fotheeaspeutic approachs (Becker and
D’Amato, 2007; Nap et al., 2004). In our study, VE@nd VEGFR-2 expression were
downregulated in CTZ group as compared to conffbis anti-angiogenic effect of
CTZ had previously been described in different ni@adé tumor growth (Belo et al.,
2004; Takei et al., 2003). These observationsmaportant because the VEGF/VEGFR-
2 signal enhances endothelial cell migration analiferation (Ferrara et al., 1992)

12
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being essential conditions for the lesions maimeaand growth (Cardoso et al., 2017;
Machado et al., 2008).

The mechanism by which endometriotic lesions upHetg angiogenesis have
been frequently associated to two different medmasi an increased level of pro-
inflammatory cytokines that increase local inflanti and its consequent up-
regulation of PGE which directly promotes angiogenesis (Kim et 2013; Machado
et al.,, 2010; Sacco et al., 2012; Szade et al.5)20Qur results here show that the
treatment of the animals with CTZ reduced inflamora{evaluated by means of TNF-
a levels) and PGHevels. PGE promotes the production of estrogen by endometriot
cells and its elevated levels are directly assediatith the progression of the disease
(Sacco et al., 2012). Moreover, TNfFis normally elevated in endometriotic lesions
due to its secretion by the increased infiltrateatrophages (Kurt et al., 2015). We also
observed a decrease in macrophage infiltration apertreatment with CTZ, which is
consistent with the TNIg- results. Moreover, TN is described to promote the
expression of cyclooxygenase-2 (COX-2) in macropea@acco et al., 2012). COX-2
is an enzyme responsible for the synthesis of P@SEcco et al., 2012) and, thus, the
decrease in macrophage infiltration promoted by Giight be responsible for the
lower levels of TNFe and PGE observed here. The altered function of the local
immune system cells and cytokines profile is chiaréstic of endometriosis (Ahn et al.,
2015). Notably, macrophages are important immun#és ceontributing to this
dysregulation because they can produce both plasimhatory and pro-angiogenic
cytokines (Burney and Giudice, 2012; CapobiancoRadere-Querini, 2013; Machado
et al., 2016; Scheerer et al., 2016; Takebayashli,e2015). Therefore, the fact that the
treatment of the animals with CTZ reduced in mabeme infiltration accompanied by
the decrease in TN&-and PGE support the efficacy of the drug to treat endoiosis.

In spite of the fact that endometriosis promotesilland systemic inflammation,
it has been reported the occurrence of elevatadrstvels of IL-10, a markedly anti-
inflammatory cytokine, in patients with endometisogSuen et al., 2014). The
importance of this cytokine to the progress ofdisease is evident since, in a rat model
for endometriosis, depletion of IL-10 considerabiiecreased the size of the
endometriotic lesions and, conversely, adminisiratf IL-10 promoted the growth of
the lesions (Suen et al., 2014). This effect mlgghtdue to the putative effect of IL-10

on the immunity of the patients preventing the immusystem to control the
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progression of the endometriotic lesions. Nevee$gl the fact that the treatment with
CTZ reduced the levels of IL-10 substantiates tlifeces of the drug against
endometriosis and corroborates its clinical usetfercontrol of the disease.

Although the etiology and pathogenesis of endom&siremain uncertain, a
recent study highlighted the ERK1/2 are significeffiéctors on the development of the
disease (Uimatri et al., 2017). The current workwghthat ERK1/2 expression is down-
regulated in CTZ-treated rats, as compared to oltrisolated, this result is
encouraginger se Nonetheless, we also observed that, in contts] ERK-1/2 is over
phosphorylated even in a non-stimulated conditiom iGsulin injected previous to the
euthanasia) and that insulin does not augmentpth@sphorylation. This is a strong
indicative that ERK1/2 is constitutively activated endometriotic lesions and
corroborate the major role of ERK1/2 on the progi@s of the disease. Intriguingly, the
treatment of the animals with CTZ not only redutieel expression of ERK1/2 but also
reduced to very low levels the unstimulated phosghton of the enzyme. Moreover,
CTZ-treated mice recovered the responsiveness galimn on regard of ERK1/2
phosphorylation that was not observed on contrsl rBhis result is a strong indicator
that the treatment reversed the previously repatfestegulation of the expression of
ERK1/2 (Afshar et al., 2013).

Other signaling pathways were also affected by CGf@atment, such as
MTORC2/AKT signaling. Although we have not evalaateTOR, phosphorylation of
AKT on serine 473 is mediated by the mTORC2. Ousults reveal that this
phosphorylation of AKT is strongly attenuated up@iZ treatment. We have
previously shown that CTZ is a direct inhibitor PIBK (Furtado et al., 2015), another
upstream activator of AKT. This effect is corrolted by the phosphorylation of
ACLY, which is a substrate for AKT and is involvedcell proliferation, and followed
a similar pattern observed for AKT phosphorylatigpgon CTZ treatment. These effects
are observed for non-stimulated and insulin-stinedlarats, suggesting that the whole
signalization is affected by the treatment. In endtriotic lesions, mTOR is activated
suppressing autophagy and decreasing endomeiraltscapoptosis (Choi et al., 2015).
Indeed, CTZ promotes cellular stress, such as leddgy the activation of the nutrient
sensor AMPK and its downstream effector ACC. Mos¥pvthe increased
phosphorylation of PERK, an ultimate UPR effectemggests that the endoplasmic

reticulum stress is also triggered upon the treatmehus, by interfering with these
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pathways, CTZ might also contribute to the induttid apoptosis of the endometriotic
cells, as well as to the reduction on these cebisfpration, resulting in the reversion of
the progress of the disease.

CTZ is a well-tolerated drug, majorly used to treedl and vaginal candidiasis
(Crowley and Gallagher, 2014). Presented as diffel@@mulations and brands, CTZ is
one of the top pharmaceuticals of gynecological wsmldwide (Crowley and
Gallagher, 2014). When orally administrated, casfeslevated hepatic enzymes and
irritation of the gastrointestinal tract have beeported (Ellepola and Samaranayake,
2000). Recently, we have developed a nanoformuatioCTZ aimed to circumvent
these possible side effects (Marcondes et al., RMH&wvever, in the current study, we
administered the drug orally to the rats withoderations of hepatic enzymes in the
serum. This is a strong indication that CTZ is podmoting hepatic damage to the
animals and support its utilization to control emeriosis.

Finally, based on the results of this and previstuslies, we demonstrated that
the angiogenic factor VEGF and that the AMPK, MARKd Akt pathways are
involved in the pathogenesis of endometriosis. W g@ropose a CTZ molecular
mechanism on the reduction of the lesions in expantal endometriosis (Figure 7). We
know that the molecular mechanisms are complexjrbatir opinion, the macrophage
plasticity and their ability to modulate essensatvival and invasion pathways is the
key to a better understanding of the malignant wenhaof endometriosis. In the
endometriotic microenvironment, the macrophage rgaton signals are essential to
promote the angiogenesis process, inflammation taedgrowth because it leads to
upregulation of VEGF expression and the AMPK andRfApathways. In addition, the
Akt pathway is also activated and promotes metabolchanges. On the other hand,
CTZ decreases the number of activated macrophagdbeolesions resulting in the
suppression of these target signals of growth, Ipodisan, inflammation and
angiogenesis. These actions interfere in the salnawnd invasion of endometriotic
lesions.

In conclusion, we demonstrated that CTZ has ant@egic and anti-
inflammatory activities, which produced the regressof endometriotic lesions. The
main CTZ mechanism of action was to decrease tlesepce of the activated
macrophages in the lesions leading to the redudidfEGF expression, as well as the

downregulation of proliferative and survival signagl pathways. In addition, no toxicity
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454  was observed in the animals treated with CTZ, aveait fact for a possible clinical
455  treatment for endometriosis patients. The resulthis study suggest the use of CTZ as
456  an effective pharmacological treatment for endoio&s, and we are optimistic that
457  these effects will be reproducible in clinical test
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705 LegendstotheFigures

706

707  Figure 1: CTZ suppresses endometriosis growth in vivo. In the end of the treatment,

708 endometriotic lesions were evaluated in all themats by means of direct visualization
709  (panels A and B, as representative images of coatie CTZ groups, respectively) and
710 by HE staining and histological analysis (panelard D, as representative images of
711 control and CTZ groups, respectively). In the coingroup (A), the observed lesions
712 were cystic and well-vascularized (circle). In ©€&Z group (B), was observed a drastic
713 reduction on the implant size and growth of theoles. The histological analysis

714  showed the presence of the endometrial glandswamoad stromal cells (asterisks) in
715  the control group, characterizing the ectopic enelia tissue. In the treated group
716 (D), an atrophy and regression of the lesions weigualized (arrowheads).

717  Measurements of the lesion weight (E) and areaa(&)expressed as mean + standard
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deviation (n=15). * indicates P<0.05 as compareccdatrol (Student’s t-test). The
individual values that generated panels E and fpreasented in supplementary material
(Table S1).

Figure 2. Anti-angiogenic effect of CTZ on endometriotic lesions. Ten samples of
each group, control and CTZ, were randomly chosah immunostained for VEGF
(panels A and C, as representative images of daatitdb CTZ groups, respectively) and
VEGFR-2 (panels B and D, as representative imadesontrol and CTZ groups,
respectively). The immunodistributuion of angiogaaanarkers VEGF (A and C) and
VEGFR-2 (B and D) was more detected in the corgroup (arrow) than in CTZ group
(arrowheads), being confirmed by the morphomemilysis (panel E; n=10, * indicate
P<0.05 as compared to control, two-way ANOVA foleEdvby Dunnett’s t-test). VEGF
concentration was evaluated by ELISA immuoassayénperitoneal washing of eight
randomly selected animals from each group (paneh#8, * indicate P<0.05 as
compared to control, Student’s t-test). For Westblots, five randomly selected
samples from each group were used. Panel G: repiadse Western blot analysis of
the effects of CTZ treatment on the expression &G¥ protein. Panel H:
guantification of the Western blots representedbanel G (n=5, * indicate P<0.05 as
compared to control, Student’s t-test). FACS anslyshowed a reduction of the
macrophage phenotype (Mac-2+F4-80+) in the tregtedp (J) than the control group
population in the peritoneal fluid (I). The indivdl values that generated panels E, F

and H are presented in supplementary material €Tah).

Figure 3. Effects of CTZ treatment on ERK1/2 expression and phosphorylation.
Protein levels and phosphorylation of ERK1/2 weral@ated by Western blot analysis
of 5 randomly selected samples from each groupelPAnshows a representative
Western blot of total and phosphorylated ERK1/2ndPaB: quantification of total
ERK1/2 expression relative to [3-actin used as lmaudrol (n=5, * indicate P<0.05 as
compared to control, Student’s t-test). Panel Cangication of the levels of
phosphorylated ERK1/2 relative to total ERK1/2 itag (n=5, * indicate P<0.05 as
compared to control, two-way ANOVA followed by Duettis t-test). The individual
values that generated panels B and C are presentwtpplementary material (Table
S1).
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Figure 4: Effects of CTZ treatment on AKT and ACLY expresson and
phosphorylation. Protein levels and phosphorylation of AKT and ACLwYere
evaluated by Western blot analysis of 5 randomlgcted samples from each group. In
panel A is shown a representative Western blobtsl tand phosphorylated ERK1/2.
Panel B: quantification of total expression relatio 3-actin used as load control and
phosphorylation relative to total protein of AKTAMCLY (n=5, * indicate P<0.05
between the bars indicated by the brackets, twoAM@VA followed by Dunnett’s t-
test). The individual values that generated paneir8 presented in supplementary
material (Table S1).

Figure 5. CTZ induces intracellular stress and acts as an anti-inflammatory
modulator. Protein expression of AMPK, ACC, PERK and THNF-and
phosphorylation of AMPK, ACC and PERK were evalddby Western blot analysis of
5 randomly selected samples from each group. Aesgmtative result is shown in panel
A. Panel B: quantification of total expression loé tproteins relative to 3-actin used as
load control (n=5, * indicate P<0.05 as comparedctmtrols, two-way ANOVA
followed by Dunnett’'s t-test). Panel C: quantifioat of the levels of phosphorylated
proteins relative to total proteins staining (n=5indicate P<0.05 as compared to
control, two-way ANOVA followed by Dunnett's t-tgsPanels D and E: quantification
of PGE and IL-10, respectively in the serum (n=7, * iratee P<0.05 as compared to
control, Student’s t-test). The individual valubattgenerated panels B, C, D and E are

presented in supplementary material (Table S1).

Figure 6: No toxicity was observed in CTZ treated animals. No evidence of toxicity
was noted between the treated CTZ group and theotdrased on body weight (A),
liver weight (B), serum AST and ALT (C), glycemi®)( and insulina (E). In the
hematologic analysis using peripheral blood, anemait@ated lymphocytosis on the
control animals was noted, while in the treatedugrahere was a recovery in the
leukocytes number with normal parameters (F). Bl tneasurements were performed

in all the animals (n=15).
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Figure 7. CTZ signaling pathways in endometriotic microenvironment. In the
endometriotic microenvironment, the macrophagesrpation signals are essential to
promote the angiogenesis process, inflammation taedgrowth because it leads to
upregulation the VEGF, AMPK and MAPK pathways. Besi that, the AKT pathways
are also activate and promotes metabolisms chan@é&Z downregulating these
pathways and decrease the number of activated ptages resulting in the suppresses

of the target signals and interfering in the suaand growth of endometriotic lesion.
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Dr Somasundaram,

attached, you will find the Figure 7.

Please et me know if you need any other thing.

Best regards,

Patricia
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Highlights:
» Clotrimazole promotes the regression of endometriotic lesionsin arat model
» Clotrimazole decreases inflammatory markers in endometriotic lesions
* The angiogenic markers VEGF and VEGFR-2 are decreased after clotrimazole
treatment
* Regression of endometriotic lesions promoted by clotrimazole involves MAPK, Akt,

AMPK and endoplasmic reticulum stress



