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Background and Aims. The molecular and cellular mechanisms underlying endometriosis 
are still under investigation. Cyclophilin A (CypA) is an inflammatory marker secreted 

by various types of cells in an inflammatory condition. During inflammation, CypA 

exacerbates the inflammatory response by activating calcineurin signaling, which in- 
creases cytokine secretion and tissue degradation in the inflammatory region. This study 

investigated the effect of inhibiting calcineurin signaling in treating endometriosis in 

rats. 

Methods. Thirty-two albino Wistar rats were used in this study. All rats were divided 

into three groups: cyclosporin A ( n = 10), tacrolimus ( n = 10) and a control group 

( n = 12). The cyclosporin A (CsA) group received two intraperitoneal doses two weeks 
apart, and the tacrolimus group received the same two doses intravenously, also two 

weeks apart. All studies lasted eight weeks. The processed endometrial tissues were cut 
in half and embedded in paraffin. Histological sections (5 μm) were stained with Ki-67, 
Bcl-2, caspase-3 and VEGF. 

Results. The endometriotic focus size was 204.7 ± 153.4 mm3 , 71.9 ± 85.4 mm3 , and 

30.6 ± 36.7 mm3 in the control, CsA, and tacrolimus groups, respectively. Compared to 

the control group, the endometriotic focus size was smaller in the CsA and tacrolimus 
groups ( p = 0.002). Microscopically, Ki-67 ( p = 0.010) and VEGF ( p = 0.007) im- 
munoreactivity were lower in the CsA and tacrolimus groups than in controls. 

Conclusions. The inhibition of calcineurin signaling with CsA or tacrolimus treatment 
causes regression of the endometriotic focus by decreasing endometriotic cell prolif- 
eration and angiogenesis in ectopic endometriotic tissue. © 2025 Instituto Mexicano 

del Seguro Social (IMSS). Published by Elsevier Inc. All rights are reserved, including 

those for text and data mining, AI training, and similar technologies. 
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Introduction 

The endometrium is the inner lining of the uterus, com-
posed of two layers: the functional layer and the basal
layer. The endometrium undergoes cyclic changes during
each menstrual cycle. The epithelial layer and the stroma
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cells that make up the endometrium form a layered struc-
ture, with a basal layer between them (1) . Thus, cytokines
remain in contact with the stromal cells and can regulate
apoptosis and regulation. Disruption of this physiology can
lead to endometrial pathologies such as adenomyosis or
endometriosis. 

Endometriosis is defined as the presence and growth
of endometrial-like tissue outside of the uterine cavity
(2) . While some patients may be asymptomatic, others
experience symptoms such as dyspareunia, dysmenorrhea,
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bladder/bowel symptoms, chronic pelvic pain, and infertil-
ity. (3) Due to the difficulty of diagnosing endometriosis,
diagnosis is often delayed, prolonging the time it takes
to start treatment. Its prevalence is approximately 5–10%
among women of reproductive age worldwide. 

Several theories have been suggested in the literature to
explain the development of endometriosis (4 , 5) , although
the molecular and cellular mechanisms underlying the con-
dition are not yet fully understood. As a consequence, there
is currently no consensus on the most appropriate medical
and/or surgical approaches for the treatment of endometrio-
sis (2 , 6) . 

Cyclophilin A (CypA) is a member of the immunophilin
family of proteins that are secreted by various cells in re-
sponse to inflammatory stimuli, such as hypoxia, oxidative
stress, and infection. Previous studies have demonstrated
increased tissue expression and/or higher blood levels of
CypA in patients with inflammatory diseases, including
asthma, rheumatoid arthritis, cardiovascular diseases, and
various cancers (7–13) . In inflammatory conditions, CypA
plays a role in inflammatory cell migration and cytokine
production. It also causes tissue destruction and cell in-
vasion by increasing the secretion of matrix metallopro-
teinases (MMPs) in the inflammatory areas (14) . The ef-
fects of CypA are mediated by the activation of calcineurin
signaling (14) . 

Calcineurin, which is a Ca+ 2 -dependent serine/threonine
protein kinase that plays an important role in the inflam-
matory response and implantation (15) . It also plays a cen-
tral role in the adaptive immune response by activating the
nuclear factor of activated T cells (NFAT) and the nuclear
factor kappa beta (NF- κB) transcription factors in several
cell types (16) . The known mechanism of the calcineurin
signaling pathway, which causes the production and releas-
ing of proinflammatory cytokine and chemokine including
TNF- α, and IL-6 by activating NF- κB. Cyclosporine A
(CsA) and tacrolimus (FK506) are calcineurin inhibitors
that act by a similar mechanism. The pharmacological ef-
fects of both drugs are based on the inhibition of cal-
cineurin by binding to CypA, especially in immune effec-
tor cells (15) . 

In previous studies, we demonstrated increased CypA
expression in eutopic and ectopic endometrial cells of
patients with endometriosis (17 , 18) . Moreover, we found
CypA expression to be correlated with vascularity and en-
dometrioma recurrence. Previous studies on cancer cell
lines and culture media have shown that CypA deficiency
or CsA (or tacrolimus) treatment decrease tumor growth
and increase the efficacy of chemotherapeutic agents in
relation to the treatment of glioblastoma multiforme and
endometrial cancer (19 , 20) . 

Given the anti-inflammatory and immunomodulatory
properties of CsA and tacrolimus, we investigated their
added benefit in the treatment of endometriosis using an
experimental rat model. 
Materials and Methods 

Animals 

A total of 36 female nonpregnant, 10–12 week-old Wistar
albino rats, weighing 250–300 g were used for the induc-
tion of the experimental model of endometriosis. All rats
were housed at a room temperature of 20 ± 2 °C during
the adaptation and experimental procedure. The room had
a 12 h light/ dark cycle and 50 ± 10% humidity, and the
rats had access to food and water ad libitum. The ani-
mals were randomly classified into three groups: a control
group, a cyclosporine A group, and a tacrolimus group.
Before surgical induction of endometriosis, the rats un-
derwent daily vaginal lavages to detect the phase of the
estrous cycle. Vaginal secretions were examined under a
light microscope to identify the estrous cycle by the dom-
inance of the anucleate cornified cells. The estrous stage
was monitored daily by vaginal lavage 2 h after the lights
were turned on, beginning at least 2 weeks before surgery
and continuing until the day of death. Only rats with reg-
ular 4 d cycles both before and after surgery were used. 

Surgical Procedure 

Experimental endometriosis was induced by removing the
right uterine horn, and trimming a piece of the tissue with
microscissors. The removed endometrial tissue fragment
was sutured into the abdominal wall of the same rat. One
month after the initial surgery, a second procedure was
performed under anesthesia to confirm the presence of
endometrial foci. During the procedure, the endometrio-
sis foci was measured and recorded. After the procedure,
all rats were divided into three groups: CsA ( n = 10),
tacrolimus ( n = 10) and control group ( n = 12). The
CsA group was administered 5 mg/kg intraperitoneally,
and the tacrolimus group was administered 0,3 mg/kg in-
travenously. Each group received two doses at 2 weeks
intervals. The control group received a saline infusion at
50 mg/kg by intraperitoneal injection at the same intervals.
All studies lasted for eight weeks. At the end of the treat-
ment period, all rats were sacrificed, and the eutopic and
ectopic endometrial tissues were removed. 

Tissue Evaluation 

After 28 d of medication, the rats in the experimental
group were euthanized with 10% ketamine and 2% xy-
lazine, and a laparotomy was performed. The ectopic
endometrial tissue was isolated and its three dimensions
(length, width, and height) were measured using a dig-
ital meter. The macroscopic volume of the tissue was
calculated with the prolate ellipsoid formula, described
elsewhere (21) . For histopathological and immunohisto-
chemical evaluations, all endometriotic tissue samples
were fixed in 10% formalin followed by an overnight
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soak in phosphate-buffered saline. The samples were then
stored in 70% EtOH until processing. The processed
endometrial tissues were cut in the middle and embedded
into paraffin. Histological sections (5 μm) were stained
with Ki-67 (anti-human Ki-67 antibody, Cat. No. A0047
[1:300], Dako, California, USA), Bcl-2 (Bcl-2 antibody
[C-2], Cat. No: sc-7382 [1:250], mouse polyclonal,
Santa Cruz Biotechnology, California, USA), Caspase-3
(Anti-caspase-3 antibody, Cat. No. 200270-T08 [1:500],
rabbit polyclonal, Sino Biological, Houston, TX, USA)
and VEGF (Anti-VEGF183/VEGFA antibody, Cat. No.
10009-RP02 [1:500] Sino Biological, Paoli, PA, USA). 

IHC Examination 

A 5 μm thick endometriotic tissue section was ob-
tained and stained with hematoxylin and eosin. All sam-
ples were visualized under a light microscope (Olym-
pus BX48, Tokyo, Japan) and evaluated according to the
semi-quantitative method described previously (Nis El-
ements Advantages Research Microscope Imaging Soft-
ware; Nikon Instruments Europe BV, Amsterdam, Nether-
lands). All histopathological and immunohistochemical
evaluations were performed by the same histopathologist
who was blinded during the evaluation. 

Assessment of H&E Immunoreactivity 

Morphological analyses using light microscopy showed
that the ectopic endometriotic tissue mainly consists of en-
dometrial glandular cells, stroma and vascular cells. The
endometrium was structurally intact in the control group
when stained with H&E, and blood vessels and glands
were clearly visible. In contrast, cystic dilatation of the
endometriotic gland, hemosiderin deposition in the stroma,
and localization of inflammatory cells in the endometriotic
gland were visible when the ectopic endometriotic focus
was stained with H&E. 

Assessment of Ki-67, Bcl-2, Caspase-3 and VEGF 

Immunoreactivity 

The expression of Ki-67, Bcl-2, caspase-3 and VEGF was
compared in all tissue samples according to IHC staining
intensity. Ki-67 and caspase-3 immunoreactivity were pre-
dominantly localized in the nuclei of endometriotic cells.
In contrast, the Bcl-2 immunoreactivity was predominantly
localized on the intracytoplasmic and cell membrane sur-
faces of the same cells. 

The degree of positive staining for Ki-67 and caspase-3
was calculated as the ratio of positively stained endometri-
otic cells to the total number of endometriotic cells at 400x
magnification in the selected field. Any nuclear staining
was considered positive. 
A semiquantitative scoring system was used to evaluate
the degree of Bcl-2 and VEGF immunoreactivity. Brown
staining in the cell membrane surface of the endometri-
otic cells revealed the presence of Bcl-2 expression. Brown
staining in the cytoplasm of the cells revealed the presence
of VEGF expression. The degree of positive staining for
Bcl-2 and VEGF was scored as follows: 0, negative; 1,
weak positive; 2, moderate positive; and 3, strong posi-
tive. 

Ethical Approval 

The study protocol was approved by the Balikesir Uni-
versity Animal Research Local Ethics Committee (Date:
25.06.2020, No. 2020/4–14) prior to the start of the study.
This study was conducted at the Balikesir University Ex-
perimental Animals Laboratory. All of the experimental
procedures and investigations were performed in accor-
dance with international guidelines on the ethical use of
animals. 

Statistical Analysis 

All the statistical analyses were performed using the Med-
Calc statistical package for medical sciences (MedCalc
Inc., Belgium) version v20.218. Pre- and post-treatment
endometriotic volume evaluation was calculated using a
paired samples t -test. All data were presented as mean ±
SD or as a proportion, as appropriate. The parametric data
were compared between study groups using one-way anal-
ysis of variance (ANOVA), followed by post hoc tests for
subgroup analyses. A p of less than 0.05 was considered
statistically significant. 

Results 

A total of 36 rats were randomly divided into three
study groups; four of them were excluded from the study
due to anesthesia complications. Finally, 32 rats were in-
cluded in the study and all of them were divided as con-
trols ( n = 12), cyclosporine A ( n = 12) and tacrolimus
( n = 10). No significant differences were observed in
baseline characteristics among the groups ( Table 1 ). Af-
ter treatment, the size of the endometriotic focus was
204.7 ± 153.4 mm3 in the control group, 71.9 ± 85.4 mm3 

in the cyclosporine A group, and 30.6 ± 36.7 mm3 in the
tacrolimus group. 

Compared to the control group, the macroscopic sizes
of the endometriotic foci were smaller in both the CsA
and tacrolimus group ( p = 0.002) ( Table 2 ). 

However, subgroup analyses showed no significant dif-
ference between the CsA and tacrolimus groups ( p > 0.05).
There was no difference in endometriotic implant vol-
ume between pre-treatment and post-treatment in the con-
trol group ( p = 0.200). However, statistically signifi-
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Table 1. Results of endometriotic implant volume and immunohistochemical evaluations by group 

Control group ( n = 12) Tacrolimus group ( n = 10) Cyclosporin A group ( n = 10) p b 

Pre-treatment endometriotic implant volume 165.3 ± 129.1 213.6 ± 166.8 214.8 ± 193.9 0.716 
Post-treatment endometriotic implant volume 204.7 ± 153.4 a 30.6 ± 36.7 71.9 ± 85.4 0.002 
Ki-67 mean ± SD 1.8 ± 0.7 a 1.1 ± 0.5 1.0 ± 0.6 0.010 
Bcl-2 mean ± SD 1.8 ± 0.7 1.2 ± 0.8 1.1 ± 0.7 0.056 
Caspase-3 mean ± SD 1.6 ± 0.7 2.1 ± 0.9 2.2 ± 0.9 0.178 
VEGF mean ± SD 1.9 ± 0.7 a 1.1 ± 0.6 1.0 ± 0.8 0.007 

In terms of all evaluated parameters (pre-treatment endometriotic implant volume, post-treatment endometriotic implant volume, Ki-67, Bcl-2, caspase-3 
and VEGF immunoreactivity) there was no difference between the tacrolimus and cyclosporin A groups ( p > 0.05). 
a Control group is statistically different from the tacrolimus and cyclosporin A groups ( p < 0.05). 
b ANOVA. Bcl-2: B-cell lymphoma 2; VEGF: Vascular endothelial growth factor. 

Table 2. Pre-treatment and post-treatment endometriotic implant volume of each group 

Pre-treatment endometriotic implant volume Post-treatment endometriotic implant volume p a 

Control group ( n = 12) 165.3 ± 129.1 204.7 ± 153.4 a 0.200 
Tacrolimus group ( n = 10) 213.6 ± 166.8 30.6 ± 36.7 0.002 
Cyclosporin A group ( n = 10) 214.8 ± 193.9 71.9 ± 85.4 0.003 

a Paired samples t -test. 

Figure 1. Immunoreactivity grades of Ki-67 ( × 40). A. Weak immunoreactivity of Ki-67 in the cyclosporine A group. B. Weak immunoreactivity of 
Ki-67 in the tacrolimus group. C. Strong immunoreactivity of Ki-67 in the control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

cant differences were observed between pre- and post-
treatment endometriotic implant volumes in both the CsA
and tacrolimus groups ( p = 0.003 and p = 0.002, respec-
tively). 

Microscopically Ki-67 and VEGF immunoreactivity
were lower in the CsA and tacrolimus groups than in
the control group ( p = 0.010 and p = 0.007, respec-
tively) ( Figures 1 and 2 ). Moreover, Bcl-2 immunoreac-
tivity was lower in both the CsA and tacrolimus groups,
though these differences were not statistically significant
( p = 0.056) ( Figure 3 ). There were no significant differ-
ences in caspase-3 immunoreactivity between the groups
( p = 0.178) ( Figure 4 ). Our subgroup analysis demon-
strated that there were no significant differences in Ki-67,
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Figure 2. Immunoreactivity grades of VEGF ( × 40). A. Weak VEGF immunoreactivity in the cyclosporine A group. B. Weak VEGF immunoreactivity 
in the tacrolimus group. C. Strong VEGF immunoreactivity in the control group. 

Figure 3. Immunoreactivity grades of Bcl-2 ( × 40). A. Weak immunoreactivity of Bcl-2 in the cyclosporine A group. B. Weak immunoreactivity of 
Bcl-2 in the tacrolimus group. C. Strong immunoreactivity of Bcl-2 in the control group. 
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Figure 4. Immunoreactivity grades of caspase-3 ( × 40). A. Weak immunoreactivity of caspase-3 in the cyclosporine A group. B. Weak immunoreactivity 
of caspase-3 in the tacrolimus group. C. Strong immunoreactivity of caspase-3 in the control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bcl-2, caspase-3 or VEGF immunoreactivity between the
CsA and tacrolimus groups. 

Discussion 

In this experimental study, we observed that CsA and
tacrolimus treatments were equally able to significantly
reduce endometriosis size. We also found that they de-
creased the histological grade, as demonstrated by the Ki-
67 and VEGF expression, in endometriotic implants in
rats compared to the control group. Since the groups had
comparable baseline characteristics, the observed effects
may be attributed to the pharmacological blockade of the
CypA-calcineurin axis rather than to intergroup variabil-
ity. These data extend earlier work in the same model
by confirming that two mechanistically similar, clinically
approved calcineurin inhibitors (CNIs) yield overlapping
therapeutic effects when administered at clinically rele-
vant doses. To the best of our knowledge, this is the first
study to evaluate the effects of CsA- and tacrolimus- me-
diated calcineurin signaling inhibition in the treatment of
endometriosis. 

CsA and tacrolimus are two well-known immunosup-
pressive drugs with similar therapeutic mechanisms. Both
drugs work by binding to CypA and inhibiting calcineurin
signaling. Importantly, calcineurin signaling plays a cen-
tral role in the adaptive immune response and calcineurin
activation depends on CypA binding to the calcineurin re-
 

ceptor. CypA mediates the action of these immunosuppres-
sant drugs via peptidyl-prolyl cis-trans isomerases (PPI-
ases) (22 , 23) . Once CsA and tacrolimus bind to their re-
spective proteins, PPIase activity is abolished (22) . The
effect of CsA and tacrolimus become active by forming
complexes with the PPIases in the body. These complexes
bind to calcineurin and inhibit its phosphatase activity.
These drugs inhibit calcineurin by competitively binding
to and inhibiting Ca+ 2 and calmodulin-dependent phos-
phatase calcineurin (24) . According to the findings of the
present study, inhibiting calcineurin signaling with CsA
or tacrolimus treatment causes endometriotic tissue regres-
sion, leading to decreased cell proliferation and angiogen-
esis. 

Our effect sizes are comparable to those achieved
with immunomodulators such as leflunomide, which in-
duced ∼60% lesion regression in a similar rat model, as
well as with mTOR blockade. Rapamycin reduced lesion
volume and microvessel density by inhibiting VEGF in
mice (25 , 26) . These results exceeded the 30–40% regres-
sion typically obtained with hormonal agents in rodents
and underscore the potency of targeting non–hormonal,
inflammation–angiogenesis axes. Emerging reviews em-
phasize the need for such hormone–independent drug
classes in the treatment of endometriosis. 

In inflammatory conditions, CypA secretion exacerbates
the inflammatory response in various benign and malig-
nant diseases, such as atherosclerosis, asthma, rheuma-
toid arthritis, diabetes mellitus, and lung and endometrial
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cancer (7–13) . In a previous study, we demonstrated that
women with endometriosis had increased CypA expres-
sion in both their eutopic and ectopic endometrial tissues
when compared to control subjects. Moreover, CypA ex-
pression correlates with the vascularity of endometriotic
tissue (17) . In the present study, we showed that the in-
hibition of CypA-mediated calcineurin signaling caused
the regression of the experimental endometriotic tissues in
rats. 

Endometriosis is characterized by the presence and
growth of the functional endometrial glands and/or stromal
tissue in abnormal regions outside the uterine cavity. The
condition has a multifactorial etiology and previous studies
have demonstrated that various inflammatory and immuno-
logical biomarkers play a significant role in its pathogen-
esis. 

Natural killer (NK) cells, one of the most important cy-
tokines involved in normal physiology, are found in the
uterus and are called uterine NK (uNK). The amount of
uNK cells in the circulation increases during the menstrual
cycle (27) . Endometriosis-associated cytokines have been
examined in numerous studies to date (28–30) . The ex-
pression of proinflammatory cytokines and chemokines in-
creases in response to the presence of ectopic endometri-
otic tissue. Previous studies have shown increased expres-
sion of IL-1 β, TNF- α, IL-6, IL-8 and VEGF in the blood
samples, pelvic peritoneum, and endometriotic tissue sam-
ples of patients with endometriosis (31 , 32) . Similarly, prior
studies have demonstrated that calcineurin signaling activa-
tion causes the upregulation of proinflammatory cytokines
and chemokines, including TNF- α and IL-6, via NF- κB
activation (33) . In addition, blocking calcineurin signal-
ing with calcineurin inhibitors decreases TNF- α and IL-6
(33) . According to these results, the CsA- and tacrolimus-
mediated inhibition of calcineurin signaling may decrease
proinflammatory cytokine and chemokine production. In
this study, we focused especially on the macroscopic
and microscopic effects of CsA and tacrolimus on en-
dometriotic tissue and observed that the use of CsA
and tacrolimus decreases endometriotic volume by inhibit-
ing cell proliferation and angiogenesis in endometriotic
tissue. 

Previous studies have clearly shown that calcineurin acts
by activating the NF- κB and NFAT transcription factors.
More specifically, the activation of the calcineurin/NFAT
signaling pathway by angiotensin II increases the endome-
trial stromal cell proliferation and blastocyst implantation
in rats by inducing cyclooxygenase-2 gene expression (34) .
On the other hand, NF- κB activation in macrophages re-
leases proinflammatory cytokines in endometriotic cells,
which promotes cytokine production in ectopic endometri-
otic cells. This process increases the synthesis of anti-
apoptotic factors, preventing apoptosis in endometrial cells,
and contributing to endometriotic cell survival (35) . In a
recent study that sought to investigate the pathway lead-
ing to NF- κB activation, the authors found that MAPKs,
ERK1/2, JNK, and p38 were all activated by CypA treat-
ment. However, only the ERK inhibitor PD98059 de-
creased NF- κB activation and attenuated MMP-9 activ-
ity induced by CypA (36) . In addition, previous stud-
ies using animal models have shown that CsA inhibits
endometrial stromal cell proliferation by abolishing cal-
cineurin/NFAT dephosphorylation and translocation to the
nucleus (34) . Recent studies on cancer cell lines and cul-
ture media have shown that CypA overexpression is as-
sociated with cancer cell proliferation, cell cycle pro-
gression, cell invasion, cell migration and apoptosis in-
hibition (9 , 37 , 38) . Interestingly, the presence of CypA
causes resistance to chemotherapeutic drugs. Recent stud-
ies have demonstrated that medical treatments with anti-
cancer agents such as 5-aza-2-deoxycytidine, celecoxib, 5-
fluorouracil, and paclitaxel are related to decreased CypA
expression in cancer cells (20 , 39–41) . However, the knock-
down of CypA or CsA has been shown to increase the
chemotherapeutic effects of cisplatin and paclitaxel in
the treatment of glioblastoma multiforme and endometrial
cancer (19 , 20) . 

Conversely, CsA and tacrolimus are known to have im-
munosuppressive effects, which can lead to adverse reac-
tions such as nephrotoxicity, hepatotoxicity, and electrolyte
imbalances. We suggest that non-immunosuppressive cal-
cineurin signal inhibitors may be more effective for the
treatment of endometriosis. 

The main limitation of this study is that it was con-
ducted in an experimental rat model, so we could not
evaluate cytokine and chemokine levels in the blood, peri-
toneal fluid, or endometriotic tissue. Due to the absence
of cytokine profiling, fertility readouts and long- term re-
lapse data, immunosuppressive inhibitor doses may ex-
ceed acceptable clinical exposure. This hypothesis should
be investigated in future studies. These should integrate
multiple cytokine and transcriptomic analyses to graphi-
cally represent NFAT/NF- κB signatures, monitor fertility
and recurrence over an extended follow-up period, com-
pare CNIs with non-immunosuppressive cyclophilin antag-
onists or mTOR/NF- κB inhibitors, and develop intrale-
sional depots or nanoparticle formulations that confine
drug to pelvic lesions. 

Conclusions 

For many years, medical researchers have investigated
the treatment of endometriosis. Nowadays, while symp-
tomatic treatment is mostly applied, permanent solutions
to the underlying cause are being sought. The inhibition
of calcineurin signaling with CsA and tacrolimus treatment
could cause regression of endometriotic foci by decreasing
endometriotic cell proliferation and angiogenesis in ectopic
endometriotic tissue. Further studies are needed to support
these results. 
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29. Toczek J, Jastrzębska-Stojko Ż, Stojko R, et al. Endometriosis: new
perspective for the diagnosis of certain cytokines in women and ado-
lescent girls, as well as the progression of disease outgrowth: a sys-
tematic review. Int J Environ Res Public Health 2021;18:4726 . 

30. Amidifar S, Jafari D, Mansourabadi AH, et al. Immunopathology
of endometriosis, molecular approaches. Am J Reprod Immunol
2025;93:e70056 . 

31. Othman ER, Hornung D, Hussein M, et al. Soluble tumor necrosis
factor-alpha receptors in the serum of endometriosis patients. Eur J
Obstet Gynecol Reprod Biol 2016;200:1–5 . 

32. Akoum A, Jolicoeur C, Boucher A. Estradiol amplifies interleuk-
in-1-induced monocyte chemotactic protein-1 expression by ectopic
endometrial cells of women with Endometriosis1. J Clin Endocrinol
Metab 2000;85:896–904 . 

33. Hong JM, Moon JH, Oh YM, et al. Calcineurin, calcium-dependent
serine-threonine phosphatase activation by prion peptide 106–126 en-
hances nuclear factor- κb-linked proinflammatory response through
autophagy pathway. ACS Chem Neurosci 2021;1(12):3277–3283 . 

34. Abraham F, Sacerdoti F, León RD, et al. Angiotensin II acti-
vates the calcineurin/NFAT signaling pathway and induces cyclooxy-
genase-2 expression in rat endometrial stromal cells. PLOS ONE
2012;25(7):e37750 . 

35. González-Ramos R, Van Langendonckt A, Defrère S, et al. Involve-
ment of the nuclear factor- κb pathway in the pathogenesis of en-
dometriosis. Fertil Steril 2010;94:1985–1994 . 

36. Jin ZG, Lungu AO, Xie L, et al. Cyclophilin A is a proinflammatory
cytokine that activates endothelial cells. Arterioscler Thromb Vasc
Biol 2004;24:1186–1191 . 

37. Choi KJ, Piao YJ, Lim MJ, et al. Overexpressed cyclophilin A in
cancer cells renders resistance to hypoxia- and cisplatin-induced cell
death. Cancer Res 2007;67:3654–3662 . 

http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0001
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0002
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0003
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0004
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0005
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0006
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0007
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0008
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0009
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0010
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0011
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0012
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0013
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0014
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0015
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0016
http://dspace.balikesir.edu.tr/xmlui/handle/20.500.12462/6423
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0018
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0019
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0020
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0021
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0022
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0023
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0024
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0025
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0026
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0027
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0028
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0029
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0030
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0031
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0032
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0033
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0034
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0035
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0036
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0037


Endometriosis Treatment with Cyclosporin A and Tacrolimus 9

 

 

 

 

 

 

 

 

 

 

 

38. Calhoun CC, Lu YC, Song J, et al. Knockdown endogenous CypA
with siRNA in U2OS cells results in disruption of F-actin structure
and alters tumor phenotype. Mol Cell Biochem 2009;320:35–43 . 

39. Cecconi D, Astner H, Donadelli M, et al. Proteomic analysis of pan-
creatic ductal carcinoma cells treated with 5-aza-2’-deoxycytidine.
Electrophoresis 2003;24:4291–4303 . 

40. Lou J, Fatima N, Xiao Z, et al. Proteomic profiling identifies
cyclooxygenase-2-independent global proteomic changes by cele-
coxib in colorectal cancer cells. Cancer Epidemiol Biomark Prev
Publ Am Assoc Cancer Res Cosponsored Am Soc Prev Oncol
2006;15:1598–1606 . 

41. Wong CSC, Wong VWK, Chan CML, et al. Identification of 5-fluo-
rouracil response proteins in colorectal carcinoma cell line SW480 by
two-dimensional electrophoresis and MALDI-TOF mass spectrome-
try. Oncol Rep 2008;20:89–98 . 

http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0038
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0039
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0040
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0040
http://refhub.elsevier.com/S0188-4409(25)00078-5/sbref0041

	Efficacy of Cyclosporin A and Tacrolimus in the Treatment of Endometriosis of Rats
	Introduction
	Materials and Methods
	Animals
	Surgical Procedure
	Tissue Evaluation
	IHC Examination
	Assessment of H&E Immunoreactivity
	Assessment of Ki-67, Bcl-2, Caspase-3 and VEGF Immunoreactivity

	Ethical Approval
	Statistical Analysis
	Results
	Discussion
	Conclusions
	Acknowledgments
	References


