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Abstract

Sulforaphane exerts anti-inflammatory activity in inflammatory diseases. The endometriosis (EM) is accompanied by chronic
inflammation. The present study aims to explore the therapeutic effects of sulforaphane on EM and its underlying mechanism. An
EM rat model was established by transplantation of autologous fragments. The rats were intragastrically administered sulfor-
aphane (5 mg/kg, 15 mg/kg, and 30 mg/kg) for 3 weeks. The volumes of endometriotic foci and adhesion score were calculated at
the end of the experiment. Levels of interleukin (IL)-6, IL-10, tumor necrosis factor (TNF)-o, interferon (IFN)-y, and vascular
endothelial growth factor (VEGF) were determined by enzyme-linked immunosorbent assay (ELISA). Expressions of VEGF, B-cell
lymphoma/leukemia 2 (Bcl-2), Bax, cleaved caspase-3, PI3K, and Akt in endometrial tissue were determined by Western blotting.
Relative expressions of PI3K and Akt were determined by quantitative polymerase chain reaction. Posttreatment of sulforaphane
dose-dependently decreased the volumes of endometriotic foci and adhesion score in EM model. Additionally, posttreatment of
sulforaphane inhibited levels of IL-6, IL-10, TNF-a, IFN-v, and VEGF in peritoneal fluid and plasma. Posttreatment of sulforaphane
regulated the expressions of VEGF, bcl-2, Bax, and cleaved Caspase-3 in EM model. The underlying mechanism revealed that
sulforaphane attenuated EM in the rat model by inhibition of PI3K/Akt signaling pathway.
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Introduction demonstrated that the development of EM is correlated with
increased numbers of macrophages and elevations of inflamma-
tory cytokines including monocyte chemoattractant protein-1,
interleukin (IL)-6, and tumor necrosis factor (TNF)-o..”'® Addi-
tionally, some studies have found aberrant expressions of apop-
tosis markers including B-cell lymphoma/leukemia 2 (Bcl-2)
family and caspase-1, 3 in ectopic endometria of EM animal
models.'"'? Therefore, investigation of compounds possessing
anti-inflammatory and pro-apoptosis properties might provide a
good resource for the discovery of anti-EM drug candidates.

Endometriosis (EM) is a chronic disease characterized by
endometrial-like tissue outside the uterine cavity.! It has been
recognized to be associated with pelvic pain and impaired
fecundity in adolescents.? There are 6% to 10% of women with
reproductive age, 50% to 60% of women with pelvic pain, and
as many as 50% of women with infertility affected by EM.?
Endometriosis is associated with an increased risk of develop-
ing into autoimmune diseases, ovarian cancer, and EM-
associated adenocarcinoma.*> The first line recommended
method for EM is nonsteroidal anti-inflammatory drugs or oral
contraceptive pills therapy.®’ However, many patients still
have pelvic pain despite these medications. Therefore, it is ! Department of Gynaecology and Obstetrics, Quanzhou First Hospital
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important to discover novel drug candidates for EM therapy.
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The potential protective effects of consumption of cruciferous
vegetables on the occurrence of cancer have been extensively
investigated in these years.'® Sulforaphane is an isothiocyanate
isolated from cruciferous vegetables including cabbage, cauli-
flower, brussels sprouts, and broccoli. Many studies have iden-
tified that sulforaphane is a promising compound in
chemoprevention and therapy of different types of cancer includ-
ing prostate cancer, colon cancer, breast cancer, and hepatocel-
lular carcinoma.'*'> Multiple mechanisms are involved in the
chemopreventive and therapeutic effects of sulforaphane on can-
cer. These include (1) induction of apoptosis, (2) inhibition of
tumor angiogenesis, (3) inhibition of inflammation, (4) inhibi-
tion of phase I enzymes, (5) induction of phase II detoxification
enzymes, and (6) suppression of oxidative stress.'®'* All these
findings encourage us to investigate the effects of sulforaphane
on EM. Therefore, the present study aims to explore the effects
of sulforaphane in the development of EM and its underlying
mechanisms. We identified that sulforaphane ameliorated EM in
rat models by multiple effects include (1) inhibition of
inflammation-related cytokines including TNF-a, IL-6, IL-10,
and interferon (IFN)-y; (2) inhibition of vascular endothelial
growth factor (VEGF); (3) regulation of apoptosis-related bio-
markers including Bcl-2, Bax, and cleaved caspase-3; and (4)
inhibition of PI3K/Akt signaling pathway.

Materials and Methods

Reagents

Sulforaphane was purchased from Sigma Aldrich (St. Louis,
Missouri). Sterile phosphate—buffered saline solution and
dimethyl sulfoxide (DMSO) were purchased from Beyotime
Biotechnology (Haimen, Jiangsu, China). Sterile 0.9% sodium
chloride (NaCl) solution was prepared by our laboratory.

Animals

Female Sprague Dawley rats (weighing 200-250 g, 6 weeks)
were purchased from Nanjing Model Animal Institute (Nanj-
ing, China). The rats were housed in a 12-hour light—dark cycle
and fed under experimental conditions with a temperature of
22°C to 24°C and humidity of 50% =+ 5%. The animal experi-
ments performed in this study were approved by Animal Care
and Use Committee in Quanzhou First Hospital Affiliated to
Fujian Medical University.

Establishment of the EM Model

A rat model of EM was established according to the previously
reported methods with minor modifications.'”'® All the surgi-
cal operations were performed under sterile conditions. The
rats underwent anesthesia with 3% pentobarbital sodium (intra-
peritoneal injection). The abdominal hair was shaved and the
adnominal cavity was exposed. After that, endometrial tissue
was harvested from the myometrium and trimmed into 5 mm x
5 mm pieces. The autologous fragments were transplanted into
the inner surface of the abdominal wall. Next, the abdominal

cavity was closed with sutures and the rats could recover from
anesthesia.

Drug Administration

Sulforaphane was dissolved in DMSO (final concentration <
0.1%) as a stock solution. The stock solution was diluted using
0.9% NacCl solution into 3 doses including 5 mg/kg, 15 mg/kg,
and 30 mg/kg. The animals were divided into 6 groups (n = 8).
In group 1, the rats underwent sham surgery and were intragas-
trically administered the same volume of 0.9% NaCl solution.
In group 2, the rats underwent sham surgery and were intragas-
trically administered sulforaphane at a dose of 30 mg/kg. In
group 3, the rats underwent surgery and intragastrically admi-
nistered the same volume of 0.9% NaCl solution. In the group 4
to 6, the rats underwent surgery and were intragastrically admi-
nistered sulforaphane at doses of 30 mg/kg, 15 mg/kg, and 5
mg/kg. Two treatment methods including pretreatment and
posttreatment were applied in this study.

All rats were sacrificed and the volumes of endometriotic foci
and adhesion score were calculated. The volumes of endome-
triotic foci were calculated according to formula, which is /6 x
length x width x height. Adhesion score of the endometriotic
lesion was calculated according to the Blauer scoring system. To
evaluate the effects of sulforaphane pretreatment on EM, the
volumes of endometriotic foci and adhesion score were calcu-
lated 3 weeks after surgery. To evaluate the effects of sulfora-
phane posttreatment on EM, the volumes of endometriotic foci
and adhesion score were calculated 6 weeks after surgery.

Enzyme-Linked Immunosorbent Assay

Plasma and peritoneal fluid were collected. Vascular endothe-
lial growth factor, IL-6, IL-10, IFN-y, and TNF-a were deter-
mined using an ELISA kit (BioLegend, San Diego, California),
according to the manufacturer’s instructions.

Isolation of Total RNA and Quantitative Polymerase
Chain Reaction (qPCR)

Trizol reagent was used to extract total RNA from ectopic
endometria, according to the manufacturer’s instructions
(Takara, Japan). To remove DNA contamination, RNase-free
DNase I was used. Primers for PI3K, Akt, and B-actin were
used for amplification of these genes. The sequences are as
follows. PI3K forward: 5'-AAC ACA GAA GAC CAA TAC
TC-3’, and reverse: 5-TTC GCC ATC TAC CAC TAC-3’; Akt
forward: 5'-TCA CCT CTG AGA CCG ACA CC-3/, and
reverse: 5-ACT GGC TGA GTA GGA GAA CTG G-3'; and
B-actin forward: 5'-CCT GGC ACC CAG CAC AAT-3,
and reverse: 5-GGG CCG GAC TCG TCA TAC-3'. To ana-
lyze the accuracy of the PCR reaction, the Melt curves were
used. To evaluate the expressions of genes, 2—~“" values
were calculated. The mRNA expression value of PI3K and Akt
was normalized to that of B-actin.
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Figure |. Effects of sulforaphane on the volume (A) and adhesion score (B) of endometriotic lesion in a rat model of EM (n = 8). Data are
presented as mean (SD). *P < .05, *P < .0| compared to pretreatment group. #P < .05, #P < .0] compared to posttreatment of EM group.

EM indicates endometriosis; SD, standard deviation.

Western Blotting

The rats were harvested and ectopic endometria were collected.
The protein was extracted according to the previously reported
methods.'*2° Briefly, tissues were cut into small pieces and
then homogenized in radioimmunoprecipitation assay buffer
supplied with protease inhibitors. Next, the lysate was centri-
fuged at 12000g to remove insoluble material. The supernatant
was collected and protein concentrations were qualified using a
Bicinchoninic acid protein assay kit (Thermo Fisher, Waltham,
Massachusetts)

Equal amounts of protein were separated by 10% sodium
dodecyl sulfate (SDS) gel. Next, the SDS gel was then trans-
ferred to a polyvinylidene fluoride membrane and 5% nonfat
milk was used to block the membrane. After the membrane was
probed with antibodies against VEGF, Bcl-2, Bax, cleaved
caspase-3, PI3K, Akt, p-Akt, and B-actin overnight at 4°C, the
membrane was then incubated with appropriated secondary
antibodies. ChemiDoc MP imaging system (Bio-Rad, Her-
cules, California) was used to examine chemiluminescence.
The expressions of proteins of interest were normalized to the
internal control B-actin.

Statistical Analysis

SPSS (SPSS, Chicago, Illinois) was used to statistical analysis.
All data were expressed as mean value (SD). To evaluate the
significance, one-way analysis of variance with multiple com-
parisons and Student-Newman-Keuls test were performed. A
P value less than.05 was considered as a statistical significance.

Results

Effects of Sulforaphane on the Volumes of Endometriotic
Foci and Adhesion Score in the EM Rat Model

To explore an ideal treatment method of sulforaphane on the
EM rat model, rats were pretreated or post-treated with sulfor-
aphane. After that, the volumes of endometriotic foci and

adhesion score were evaluated. As shown in Figure 1A, we
observed endometriotic foci with massive volumes in the EM
group. Similarly, the highest adhesion score was observed in
the EM group (Figure 1B).

We found that sulforaphane post-treated significantly
decreased the volumes of endometriotic foci and adhesion
score when compared with those in the EM group. Interest-
ingly, we found that pretreatment of sulforaphane (5 mg/kg)
showed less endometriotic foci volumes and lower adhesion
score than those in sulforaphane (5 mg/kg) post-treated group.
However, posttreatment of sulforaphane at doses of 30 mg/kg
and 15 mg/kg significantly decreased the volumes of endome-
triotic foci and adhesion score when compared with those in the
sulforaphane pre-treated group (30 mg/kg and 15 mg/kg).
Therefore, the posttreatment of sulforaphane was selected in
the following experiments in this study.

Effects of sulforaphane on the Levels of TNF-a, IL-6,
IL-10, and IFN-y in Plasma and Peritoneal Fluid

Endometriosis is an inflammatory process and inflammatory
cytokines were elevated in the development of EM.* We
next evaluated the anti-inflammatory effects of sulforaphane
in the EM rat model. Several inflammation-related cyto-
kines including IL-6, IL-10, TNF-o, and IFN-y in plasma
and peritoneal fluid were evaluated. As shown in Figure 2A
and B, levels of IL-6, IL-10, TNF-o, and IFN-y in plasma
were significantly increased in the EM group when com-
pared with those in the sham group (P < .01). Posttreatment
of sulforaphane significantly decreased levels of IL-6,
IL-10, TNF-a, and IFN-y in plasma when compared to those
in in EM group.

Similarly, levels of IL-6, IL-10, TNF-a, and IFN-y in peri-
toneal fluid were significantly increased in the EM group when
compared to those in the sham group (Figure 2C and D, P <
.001). In addition, posttreatment of sulforaphane significantly
decreased levels of IL-6, IL-10, TNF-a, and IFN-v in the peri-
toneal fluid when compared with those in the EM group.
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Figure 2. Effects of sulforaphane on the levels of cytokines in plasma and peritoneal fluid (n = 8). Levels of TNF-o (A and E), IL-6 (B and F), IL-10
(C and G), and IFN-y (D and H) in plasma and peritoneal fluid were determined by ELISA. Data are presented as mean (SD). *P < .05, **P < .01,
#4P < 001 compared to sham group. #P < .05, #P < 0| compared to EM group. ELISA indicates enzyme-linked immunosorbent assay;
EM, endometriosis; IFN-v, interferon; IL, interleukin; SD, standard deviation; TNF-o, tumor necrosis factor-a.

Notably, sulforaphane significantly decreased levels of IL-6,
IL-10, TNF-o, and IFN-y in peritoneal fluid and plasma in a
dose-dependent manner.

Effect of Sulforaphane on the Protein Levels of VEGF in
the Plasma, Peritoneal Fluid, and Ectopic Endometria

We investigated the effects of sulforaphane on the protein
expressions of VEGF in the plasma, peritoneal fluid, and
ectopic endometria. As shown in the Figure 3A and B,
levels of VEGF in the plasma and peritoneal fluid were
significantly increased in the EM group when compared to
those in the sham group. Interestingly, sulforaphane (30 mg/
kg and 15 mg/kg) post-treated significantly decreased levels
of VEGF in peritoneal fluid and plasma in a dose-dependent
manner.

Next, we evaluated the expressions of VEGF in the ectopic
endometria. As shown in the Figure 3C and D, the expressions
of VEGF in the ectopic endometria were significantly
increased in the EM group when compared to those in the
sham group. However, sulforaphane (30 mg/kg and 15 mg/
kg) post-treated significantly decreased the expressions of
VEGF in the ectopic endometria when compared with that
in the EM group. These results supported the effects of sulfor-
aphane on angiogenesis in part by inhibition of expressions of
VEGF.

Effects of Sulforaphane on the Expressions of Apoptosis-
Related Factors in the EM Rat Model

Aberrant expressions of apoptosis markers including Bcl-2
family and caspases enzymes have been reported in the devel-
opment of EM.'? Therefore, we further investigated the effects
of sulforaphane on the expressions of apoptosis-related factors
in the EM rat model. As shown in the Figure 4A-C, we found
that a decrease in expressions of Bcl-2 while an increase in
expressions of Bax in the sulforaphane (30 mg/kg and 15
mg/kg) treated groups when compared to those in the EM
group. Additionally, we also observed that expressions of
cleaved caspase-3 were significantly increased in the sulfora-
phane (15 mg/kg and 30 mg/kg) treated groups when compared
to those in the EM group (Figure 4D, P < .05, P < .01). These
results supported that sulforaphane attenuated EM in part by
the regulation of apoptosis-related proteins including Bcl-2,
Bax, and caspase-3.

Effects of Sulforaphane on Expressions of PI3K/Akt
Signaling Pathway in the EM Rat Model

We explored the underlying mechanisms of sulforaphane on
the development of EM. PI3K/Akt signaling pathway has been
reported to play an important role in a series of cellular events
including cell proliferation and apoptosis. Activation of PI3K/
Akt signaling pathway accelerates expressions of inflammatory
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Figure 3. Effect of sulforaphane on the levels of VEGF in the EM models (n = 8). Levels of VEGF in peritoneal fluid (A) and plasma (B) were
determined by ELISA. Expressions of VEGF in ectopic endometria were determined by Western blotting. Data are presented as mean (SD).
*P < 05, *kP < .01, **P < 001 compared to sham group. #P < .05, P < 0| compared to EM group. ELISA indicates enzyme-linked
immunosorbent assay; EM, endometriosis; SD, standard deviation; VEGF, vascular endothelial growth factor.

cytokines and mediators. Using Western blotting and qPCR,
we examined the expressions of PI3K, p-Akt, and Akt in ecto-
pic endometria tissue. We found that protein expressions of
PI3K and p-Akt were significantly decreased in sulforaphane
(15 mg/kg and 30 mg/kg)-treated groups when compared with
those in the EM group (Figure 5SA-C, P < .05, P < .01). Inter-
estingly, when we examined the mRNA expressions of PI3K
and p-Akt, we observed that only PI3K was significantly
increased in sulforaphane (30 mg/kg)-treated group when com-
pared to that in the EM group (Figure 5D and E, P < .05).

Discussion

Sulforaphane is an isothiocyanate isolated from cruciferous
vegetables including cabbage, cauliflower, brussels sprouts, and
broccoli.?! It has garnered significant interest due to its potential
therapeutic effects in many types of cancer.'*'> More impor-
tantly, sulforaphane exists anticancer properties by multiple
mechanisms including the regulation of inflammation, inhibition
of angiogenesis, and induction of apoptosis.'®'* It is interesting
to explore the effects of sulforaphane on other diseases.
Endometriosis has been identified to be associated with pel-
vic pain and impaired fecundity in adolescents."> There are 6%
to 10% of women with reproductive age, 50% to 60% of women
with pelvic pain, and as many as 50% of women with infertility
affected by EM.*> Although the underlying mechanisms which

induce EM are still not fully understood, many studies have
demonstrated its occurrence and development associated with
a disorder of the immune systems. Additionally, increasing pop-
ulation of apoptotic cells, elevation of inflammatory cytokines,
and angiogenesis biomarkers, have been identified as the hall-
marks in the development of EM.""'2 It is worthwhile exploring
compounds with properties including inhibition of inflamma-
tion, induction of apoptosis, and inhibition of angiogenesis.
Therefore, in this study, for the first time, we aim to explore the
therapeutic effects of sulforaphane for EM.

A rat model of EM was established and volumes of endome-
triotic foci and adhesion score were evaluated. Blauer scoring
system is well-known to grade intraabdominal adhesion and
widely used to evaluate in the EM model.'”'® In this study, endo-
metriotic foci with massive volumes and the highest adhesion
score were observed in the EM group, indicating a rat model of
EM was successfully established. Next, we evaluated the protec-
tive effects of sulforaphane on rat EM. The results demonstrated
that treatment of sulforaphane (15 mg/kg and 30 mg/kg) signifi-
cantly decreased the volumes of endometriotic foci and adhesion
score when compared with those in the EM model, suggesting
protective effects of sulforaphane on rat EM. We further explored
the underlying mechanisms of sulforaphane on the EM.

Inflammation has been reported to play an important role in
the development of EM.’ For instance, in patients with EM,
levels of pro-inflammatory cytokines such as IL-6 and TNF-o,
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growth factors, and other inflammatory mediators in the peri-
toneal fluid and plasma are dramatically increased.*** In addi-
tion, an increase of activated macrophages and natural killer
cell is also observed in the patients with EM.?* In this study, we
evaluated the effects of sulforaphane on the expressions of
inflammation-related cytokines in rat EM. The results demon-
strated that posttreatment of sulforaphane dose-dependently
decreased levels of IL-6, IL-10, TNF-a, and IFN-y in perito-
neal fluid and plasma, indicating its protective effects on EM
are in part by inhibition of inflammatory cytokines including
IL-6, TNF-o, and IFN-y. Interestingly, we observed that the
levels of IL-10 in the EM and sulforaphane post-treated groups
were much higher than those in the Sham group. IL-10 is
known as an anti-inflammatory cytokine. We infer that there
may be a compensatory mechanism which acts to regulate the
levels of inflammatory cytokine in rat.

Vascular endothelial growth factor is an important biomarker
of angiogenesis and has been identified as a key factor for the
regulation of EM by maintaining endometriotic cells growth and
survival.” Inhibition of VEGF has been identified as an effective
method to reduce the volume of ectopic endometrial explants.*’
In the present study, we found that the expressions of VEGF in
the peritoneal fluid, plasma, and ectopic endometria were sig-
nificantly increased in the EM group. Sulforaphane (30 mg/kg

and 15 mg/kg) post-treated dose-dependently decreased the
expressions of VEGF in the peritoneal fluid, plasma, and ectopic
endometria when compared to that in the EM group. These
results supported that inhibition of VEGF by sulforaphane sup-
pressed the growth of endometriotic foci. Interestingly, in a
previous study, sulforaphane has been reported to inhibit VEGF
expression in human colon cancer cells.?® Our data, along with
this study, supported sulforaphane is able to suppress VEGF
expression in colon cancer and EM.

Apoptosis is crucial to maintaining tissue homeostasis.
Some studies have been reported that abnormal expressions
of apoptosis markers include Bcl-2 family and caspase-1, 3
of ectopic endometriotic tissues in EM.'"' We then evaluated
the effects of sulforaphane on the apoptosis. Interestingly, we
observed that a decrease of expressions of Bcl-2 while an
increase in expressions of Bax and cleaved caspase-3, in the
sulforaphane (30 mg/kg and 15 mg/kg) treated groups when
compared to those in the EM group. These results are in part in
agreement with the pro-apoptosis effects of sulforaphane on
brain malignant glioma, in which sulforaphane regulates mito-
chondrial and MEK/ERK-mediated apoptosis pathway.?” Our
results demonstrated that effects of sulforaphane on EM are in
part by the regulation of apoptosis-related proteins including
Bcl-2/Bax and cleaved caspase-3.
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To our knowledge, sulforaphane exists chemopreventive and
therapeutic effects by multiple mechanisms including induction
of apoptosis, inhibition of tumor angiogenesis, inhibition of
inflammation, and suppression of oxidative stress.'*?! Interest-
ingly, we found that sulforaphane attenuated EM in rat models
by the regulation of inflammation, induction of apoptosis and
inhibition of angiogenesis. These results demonstrated that the
regulation of inflammation, apoptosis, and angiogenesis might
be a strategy, which can be used to treat EM.

Furthermore, we further explored the potential target of sul-
foraphane on EM. PI3K/Akt signaling pathway has been iden-
tified to play an important role in the regulation of cellular
functions including cell growth, proliferation, and apoptosis,
and activation of immune cells including T cells and macro-
phages.?® In addition, PI3K/Akt signaling pathway also regu-
lates angiogenesis in cancers and normal tissues.?>*® In this

study, for the first time, we found that PI3K and p-Akt were
significantly decreased in sulforaphane (15 mg/kg and 30 mg/
kg) treated groups. These results suggested that sulforaphane
ameliorated EM in rat models in part by inhibition of PI3K/Akt
signaling pathway. However, the effects of sulforaphane on
other signaling pathways associated with the development of
EM should be investigated in further studies.

Conclusion

The present study, for the first time, identified that sulfora-
phane ameliorated EM in rat models by multiple effects. First,
treatment of sulforaphane decreased levels of inflammatory
cytokines including TNF-a and IL-6 in peritoneal fluid and
plasma. Second, treatment of sulforaphane decreased the
expressions of VEGF in the peritoneal fluid, plasma, and
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ectopic endometria. Third, treatment of sulforaphane regulated
the expressions of apoptosis-related biomarkers including Bcl-
2, Bax, and cleaved Caspase-3. Moreover, we revealed that
sulforaphane-ameliorated EM in rat models is by inhibition
of PI3K/Akt signaling pathway.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Yuchun Lv & https://orcid.org/0000-0002-3571-0817

References

1. Giudice LC. Clinical practice. Endometriosis. N Engl J Med.
2010;362(25):2389-2398.

2. Guillebaud J. Epidemiology of endometriosis. BMJ. 1993;
306(6882):931.

3. Ozkan S, Murk W, Arici A. Endometriosis and infertility: epide-
miology and evidence-based treatments. Ann N Y Acad Sci. 2008;
1127:92-100.

4. Burney RO, Giudice LC. Pathogenesis and pathophysiology of
endometriosis. Fertil Steril. 2012;98(3):511-519.

5. Lebovic DI, Mueller MD, Taylor RN. Immunobiology of endo-
metriosis. Fertil Steril. 2001;75(1):1-10.

6. Allen C, Hopewell S, Prentice A, Gregory D. Nonsteroidal anti-
inflammatory drugs for pain in women with endometriosis.
Cochrane Database Syst Rev. 2009;15(2):CD004753.

7. Brown J, Crawford TJ, Allen C, Hopewell S, Prentice A. Non-
steroidal anti-inflammatory drugs for pain in women with endo-
metriosis. Cochrane Database Syst Rev. 2017;1:CD004753.

8. Aghajanova L, Giudice LC. Molecular evidence for differences in
endometrium in severe versus mild endometriosis. Reprod Sci.
2011;18(3):229-251.

9. Agic A, Xu H, Finas D, Banz C, Diedrich K, Hornung D. Is
endometriosis associated with systemic subclinical inflamma-
tion? Gynecol Obstet Invest. 2006;62(3):139-147.

10. Nasu K, Nishida M, Kawano Y, et al. Aberrant expression of
apoptosis-related molecules in endometriosis: a possible mechan-
ism underlying the pathogenesis of endometriosis. Reprod Sci.
2011;18(3):206-218.

11. Harada T, Kaponis A, Iwabe T, et al. Apoptosis in human endo-
metrium and endometriosis. Hum Reprod Update. 2004;10(1):
29-38.

12. Jones RK, Searle RF, Bulmer JN. Apoptosis and bcl-2 expression
in normal human endometrium, endometriosis and adenomyosis.
Hum Reprod. 1998;13(12):3496-3502.

13. Keck AS, Finley JW. Cruciferous vegetables: cancer protective
mechanisms of glucosinolate hydrolysis products and selenium.
Integr Cancer Ther. 2004;3(1):5-12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Clarke JD, Dashwood RH, Ho E. Multi-targeted prevention of
cancer by sulforaphane. Cancer Lett. 2008;269(2):291-304.
Singh KB, Kim SH, Hahm ER, Pore SK, Jacobs BL, Singh SV.
Prostate cancer chemoprevention by sulforaphane in a preclinical
mouse model is associated with inhibition of fatty acid metabo-
lism. Carcinogenesis. 2018;39(6):826-837.

Bayat Mokhtari R, Baluch N, Homayouni TS, et al. The role of
Sulforaphane in cancer chemoprevention and health benefits: a
mini-review. J Cell Commun Signal. 2018;12(1):91-101.

Cao Y, Ye Q, Zhuang M, et al. Ginsenoside Rg3 inhibits angio-
genesis in a rat model of endometriosis through the VEGFR-2-
mediated PI3K/Akt/mTOR signaling pathway. PLoS One. 2017,
12(11):e0186520.

Saltan G, Suntar I, Ozbilgin S, et al. Viburnum opulus L.: A
remedy for the treatment of endometriosis demonstrated by rat
model of surgically-induced endometriosis. J Ethnopharmacol.
2016;193:450-455.

Yang H, Wang J, Fan JH, et al. Ilexgenin A exerts anti-
inflammation and anti-angiogenesis effects through inhibition
of STAT3 and PI3 K pathways and exhibits synergistic effects
with Sorafenib on hepatoma growth. Toxicol App! Pharmacol.
2017;315:90-101.

Yao YD, Sun TM, Huang SY, et al. Targeted delivery of PLK1-
siRNA by ScFv suppresses Her2+ breast cancer growth and
metastasis. Sci Transl Med. 2012;4(130):130ra148-130ra148.
Fimognari C, Hrelia P. Sulforaphane as a promising molecule for
fighting cancer. Mutat Res. 2007;635(2-3):90-104.

Halis G, Arici A. Endometriosis and inflammation in infertility.
Ann N Y Acad Sci. 2004;1034:300-315.

Halme J. Role of peritoneal inflammation in endometriosis-
associated infertility. Ann N Y Acad Sci. 1991;622:266-274.
Milewski L, Barcz E, Dziunycz P, et al. Association of leptin with
inflammatory cytokines and lymphocyte subpopulations in peri-
toneal fluid of patients with endometriosis. J Reprod Immunol.
2008;79(1):111-117.

Hull ML, Charnock-Jones DS, Chan CL, et al. Antiangiogenic
agents are effective inhibitors of endometriosis. J Clin Endocrinol
Metab. 2003;88(6):2889-2899.

Kim DH, Sung B, Kang Y], et al. Sulforaphane inhibits hypoxia-
induced HIF-lalpha and VEGF expression and migration of
human colon cancer cells. Int J Oncol. 2015;47(6):2226-2232.
Huang TY, Chang WC, Wang MY, Yang YR, Hsu YC. Effect of
sulforaphane on growth inhibition in human brain malignant
glioma GBM 8401 cells by means of mitochondrial- and MEK/
ERK-mediated apoptosis pathway. Cell Biochem Biophys. 2012,
63(3):247-259.

Fresno Vara JA, Casado E, de Castro J, Cejas P, Belda-Iniesta C,
Gonzalez-Baron M. PI3K/Akt signalling pathway and cancer.
Cancer Treat Rev. 2004;30(2):193-204.

Ettl T, Schwarz-Furlan S, Haubner F, et al. The PI3K/AKT/
mTOR signalling pathway is active in salivary gland cancer and
implies different functions and prognoses depending on cell loca-
lisation. Oral Oncol. 2012;48(9):822-830.


https://orcid.org/0000-0002-3571-0817
https://orcid.org/0000-0002-3571-0817
https://orcid.org/0000-0002-3571-0817


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


