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To analyze the expression of capase3 and C-IAP1/2 in endometriosis and their relationship with clinical prac-
tice. Ectopic and eutopic endometrial tissues were collected from women with endometriosis, and the control
tissues were obtained from regular patients without endometriosis. The expression level of capase3 and C-
IAP1/2 was detected by immunohistochemistry; in addition, the relationship between C-IAP1/2 expression
and the clinical stage of endometriosis was analyzed. The expression of Caspase-3 in ectopic and eutopic
endometrium was significantly lower than that in the control group (P < 0.005). The expression of C-IAP1/2 in
ectopic and situ endometrium was significantly higher than in the control group (P < 0.005). The expression of
C-IAP1/2 in stage III-IV was higher than in stage I-II endometriosis. The positive expression of c-IAP1 protein
in ectopic endometrial tissue was negatively correlated with the positive expression of Caspase-3 protein in
ectopic endometrial tissue (P<0.001). The low expression of Caspase-3 and the high expression of C-IAP1/2
in the ectopic endometrium and eutopic endometrial tissues compared with the controls. The results indicated
that the apoptotic ability of eutopic and ectopic endometrium is weakened, which is involved in the pathogene-
sis of endometriosis. It is expected to be a target for the diagnosis and therapy of this disease. At the same time,
the expression level of C-IAP1/2 is related to the stage of endometriosis, which can guide clinical treatment.

Doi: http://dx.doi.org/10.14715/cmb/2023.69.7.20

Copyright: © 2023 by the C.M.B. Association. All rights reserved.

Introduction

Endometriosis (EMs) is a common gynecological
condition in women of childbearing age. Endometriosis of
the ovaries is the most common. EMs is an often pain-
ful condition of the uterus in which tissue similar to the
lining of the uterus (endometrium) begins to grow outside
the uterus. Therefore, it may involve the ovaries (ovarian
endometriosis), fallopian tubes, and pelvic lining. Endo-
metrial-like tissue is rarely found outside the area of the
pelvic organs. During EMs, the removed tissue also thic-
kens and breaks down with each menstrual cycle. It is for
this reason that women with this disorder experience hea-
vy bleeding. Because the heterotopic tissue cannot leave
your body, it becomes trapped. When it affects the ovaries,
cysts called endometrioma cysts or endometriosis cysts
may develop (1).

Penetration of the endometrium into the tissue covering
the pelvis can cause pelvic tissues and organs to stick toge-
ther. This issue is usually effective on reducing the fertility
of women. Nowadays, a lot of research has been done on
EMs and pregnancy.

The most important initial symptom of EMs is pelvic
pain, often accompanied by menstrual periods. This pain
may get worse over time. Other common signs and symp-
toms of EMs include: 1) Pain during menstruation (dys-
menorrhea): Pelvic pain and cramping may start before
menstruation and continue for a few days after menstrua-
tion. You may also experience pain in your lower back and
abdomen (a symptom of an endometrioma). 2) Pain during

sex: With endometriosis, pain during or after sex is com-
mon. 3)Pain during bowel movements or urination (blad-
der endometriosis symptoms): You often experience these
symptoms during your period. 4) Excessive menstrual
bleeding: You may even experience spotting during your
period (a symptom of endometriosis) (1-3).

Although much research has been done on EMs, the
specific pathogenesis of the disease is still unclear, and its
prevention and treatment remain challenging. In recent
years, an increasing number of researchers have focused
on the role of apoptosis in developing the disease (2-4).
In this study, we compared the expression of capase3 and
C-IAP1/2 in the ectopic and eutopic endometrial tissues
of normal subjects and patients with endometriosis. We
correlated C-IAP1/2 with clinical staging to investigate
the role of capase3 and C-IAP1/2 in endometriosis disease
and to reveal the relationship between apoptosis and the
development of endometriosis disease. This study aims
to examine the role of apoptosis and C-IAP1/2 in endo-
metriosis, show the relationship between apoptosis and
endometriosis, and lay the foundation for the prevention,
diagnosis, and treatment of the disease.

Materials and Methods

General information

Twenty-two cases of endometriosis with concomitant
diagnostic curettage admitted to our hospital from Novem-
ber 2017 to March 2022 were selected for the study. The
patients were aged 29-45 years (median 44 years) accor-
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ding to the clinical staging criteria of the American Fer-
tility Society: stage I-1I in 8 cases and stage III-IV in 12
cases. Two patients with abdominal wall endometriosis are
listed separately.

Inclusion criteria: Ectopic endometrial tissue was dia-
gnosed by post-operative pathology, ectopic endometrial
tissue was obtained from patients with endometriosis by
curettage or surgical excision, and all patients had com-
plete medical records and signed an informed consent
form.

Exclusion criteria: Hormone therapy six months before
surgery, endocrine disease, and tumor history. Twenty-
five normal endometrial tissues were selected as controls
from patients who had undergone hysterectomy for uterine
fibroids but not for endometriosis or adenomyosis. The
age of the patients ranged from 42 to 56 years (median 50
years), and the difference in age between the two groups
was not statistically significant.

Research Methodology

Main reagents and instruments

Immunohistochemistry (histochemistry) kits were pur-
chased from Beijing Zhongshan Jingiao Biotechnology
Co Ltd. (Beijing, China), primary antibodies Capase3
and C-IAP1/2 were purchased from Abcam (Cambridge,
MA, USA), and secondary antibodies for immunohisto-
chemistry were purchased from Thermo Fisher (Waltham,
MA, USA). An Olympus light microscope and an Olym-
pus (Tokyo, Japan) microphotography system were used
for observation and photography.

Using immunohistochemistry (SP method)

Capase3 and C-IAP1/2 expression were detected ac-
cording to the kit instructions as follows: sections were
baked at 60°C for 20 min, then dewaxed by immersion
in xylene, hydrated in anhydrous alcohol, 95%, 80%, and
70% alcohol for 2 min, rinsed three times in PBS, boiled
in 0.01 mol/L citrate buffer (pH 6.0) (95°C, 15-20 min),
cool naturally for 20 min or more for antigen repair, rinse
three times in PBS, incubate 20 min at room temperature,
incubate primary antibody overnight at four °C, rinse three
times in PBS, incubate secondary antibody at room tem-
perature for one h, rinse three times in PBS, stain in DAB
for 5-10 min, color under a microscope, rinse 10 min in
tap water to terminate The reaction was released by rinsing
with tap water for 10 min, hematoxylin staining for 30 s,
dehydration, blocking (using a drop of neutral gum next to
the tissue, then covering with a coverslip) and microscopic
examination.

Determination of results

Each section was randomly selected from 10 fields of
view, and 100 cells were counted. The percentage of posi-
tive staining (<25% is 1, 25%-75% is 2, >75% is 3) is
determined by the product of the intensity of staining and
the percentage of positive cells, with a yield of less than
three being considered harmful and more than or equal to
3 being considered positive.

Statistical analysis

Statistical Product and Service Solutions (SPSS) 17.0
statistical software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis, and statistical data were ex-

pressed as (cases (%)).x*> test was used for comparison
between the two groups, and the t-test was used for measu-
rement data (+s).spearman correlation analysis was used.

Results

Expression of capase3 in various groups

The positive expression of capase3 protein was lower
in ectopic endometrium, and ectopic endometrial tissues
than in normal endometrial tissues in patients with endo-
metriosis, and the difference was statistically significant
(x*=15.6, P=0.000; ¥*=32.6, P=0.000). Ectopic endothelial
tissues showed lower capase3 positive expression than
eutopic endothelial tissues, and the difference was statis-
tically significant (y>=5.5, P=0.02). See Table 1, Figure 1.

Expression of C-IAP1/2

The positive expression of C-IAP1/2 protein was
higher in both eutopic and ectopic endometrial tissues than
in normal endometrial tissues, and the difference was sta-
tistically significant (y*=11.8, P=0.001; y>=32.6, P=0.000),
and the positive expression of C-IAP1/2 protein was higher
in Ectopic than eutopic endometrial tissues. The difference
was statistically significant (y*=8.28, P=0.004). See Table
2, Figure 2.

Association of capase3 and C-IAP1/2 expression with
clinical stage of endometriosis
In EMs eutopic endometrium (of which two abdomi-
nal wall endometriosis were excluded), the difference in
capase3 expression between stage I-1I and between stage
ITI-TV was not statistically significant (3>=0.357, P>0.05)
The difference in expression of C-IAP1/2 between

Table 1. Expression of capase3 protein in patients with endometriosis.

Group amount capase3(+) capase3(-)
Control 25 22(88.0) 3(12.0)
Eutopic 22 7(32.0) 15(68.0)
Ectopic 22 1(4.5) 21(95.5)

S
(i Hia
v Wi

Control Eutopic Ectopic

Figure 1. Localization expression of capase3 in various tissues (bar

equals 100 um).

Table 2. Expression of C-IAP1/2 protein in patients with endometriosis.

Group Amount C-IAP1/2(+) C-IAP1/2(-)
Control 25 1(4.0) 24(96.0))
Eutopic 22 13(59.0) 9(41.0)
Ectopic 22 21(95.5) 1(4.5)
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Control

eutopic Ectopic

Figure 2. Localization expression of C-IAP1/2 in various tissues (bar
equals 100 um).

stages I-II and stage III-IV was statistically substantial
(x*=4.848, P=0.02); see Table 3.

Among the 22 patients with ectopic endometrial tis-
sue, c-IAP1 and Caspase-3 protein were both positively
expressed in 2 cases and negatively expressed in 3 cases.
The positive expression of c-IAP1 protein in ectopic endo-
metrial tissue was negatively correlated with the positive
expression of Caspase-3 protein in ectopic endometrial tis-
sue (P<0.001), as shown in Table 4.

Discussion

Although endometriosis is a common benign disease,
it is characterized by malignant tumor invasion and me-
tastasis (5-7). Most scholars believe that EMs develop
due to a combination of immune, endocrine, and internal
and external environmental factors (8, 9). In recent years,
researchers have shown that endometrial cells in patients
with endometriosis exhibit reduced apoptosis, significant-
ly higher proliferation rates, and disrupted cycles (10).
Currently, capase3 and C-IAP1/2 have been shown to play
an essential role in the development and progression of
various malignancies (4).

Caspase family as a class of cysteine proteases (11).
Caspase-3 is one of the most critical proteases in the Cas-
pase family Caspase-3 is one of the essential proteases in
the Caspase family (12). The increased expression of cas-
pase-3 can promote apoptosis (13). Therefore, it is called
"death executive protease", which plays the final pivotal
role in various kinds of apoptosis signal transduction.

Inhibitors of apoptosis proteins (IAPs), which have
functions in regulating apoptosis, cycling, signal transduc-
tion, etc. (14, 15). The expression of IAPs is highly cor-
related with the nature, prognosis, and efficacy of tumors.
The face is positively associated with tumor nature, pro-
gnosis, and outcome (16). Scientists have identified eight
members of human IAPs: NAIP, cIAP1, cIAP2, XIAP,
Survivin, BRUCE, Livin, and ILP-2 (17). Among them,
c-IAP1/2 is an essential constituent member whose me-
chanism of action is to inhibit the activation of the cas-
pase family members by inhibiting their mediated protease
cascade reaction, thus acting as an inhibitor of apoptosis,
which is considered to be an essential mechanism of an-
ti-apoptosis in tumor cells This is deemed to be an im-
portant mechanism of anti-apoptosis in tumor cells (18).
Now many studies have shown that c-IAP1/2 is highly
expressed in a variety of tumors, such as prostate cancer,
kidney clear cell cancer, laryngeal cancer, leukemia, etc.,
and the degree of expression is positively correlated with
the severity of the disease (19, 20).

The results of this study showed that the positive ex-
pression of Caspase-3 protein in the eutopic and ectopic
tissues of patients with endometriosis was significantly
lower than that in normal control tissues. In contrast, the
expression of c-IAP1/2 in the eutopic and ectopic tissues
of patients with endometriosis showed high expression.
This suggests that the abnormal expression of c-IAP1 /2
and Caspase-3 is closely related to endometriosis and has a
role in the development and progression of the disease. The
elevation of c-IAP1/2 may inhibit the activity of caspase3,
which in turn inhibits apoptosis, resulting in a disordered
state of diminished apoptosis and increased anti-apopto-
sis and uncontrolled proliferation of endometriosis cells,
leading to the development of ectopic lesions, although
the exact mechanisms involved need to be investigated in
depth. This study also revealed that the expression of C-
IAP1/2 was significantly higher in patients with stage I11-
IV endometriosis than in those with background I-I1. This
suggests that the degree of its expression is related to the
clinical phase of the disease and provides a new direction
for the treatment of endometriosis disease.

In conclusion, the abnormal expression of c-IAP1 /2
and Caspase-3 in endometriosis tissues is presumed to
promote endometriosis by disrupting the balance between
apoptosis and proliferation, leading to the disruption of
apoptosis. This is a promising target for this disease's dia-
gnosis and gene therapy. Due to our limited sample size,
this study requires an expanded or multicentre study for

Table 3. Relationship between the expression of capase3 and C-IAP1/2 and the clinical staging

of endometriosis.
Capase3 C-IAP1/2
Group Amount
) ) ) )
I~11 8 3 2
MI~1V 12 3 9 3

Table 4. Spearman rank correlation analysis of c-IAP1 and Caspase-3 protein expression in ectopic

endometrial tissue.

Group capase3 ectopic tissue r P
c-IAP1/2 ectopic tissue (+) )

() 2 16 -0.683 <0.001
) 1 3
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further clarification.
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