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Abstract
Objective: To explore the expression of anti-apoptotic gene Bcl-2 and second mitochondria-derived activator of caspases (Smac)
in endometriosis, the relationship of Bcl-2 and Smac with clinical staging and menstrual cycle, as well as correlation analysis.
Methods: Thirty samples of endometrial tissues taken from endometriosis patients were chosen as the study group (endometrio-
sis group), including 16 cases in the proliferative phase and 14 cases in the secretory phase. Thirty samples of normal endometrial
tissues were chosen as the control group. Immunohistochemical method (SP) was used to determine the expression of Bcl-2
and Smac proteins in each group. Statistical analysis was carried out with SPSS 16.0 statistical package. The comparison of
measurement data between two groups was made by use of chi-square (χ2) test, and the correlation test of two indexes was
performed by use of Spearman’s correlation analysis. The difference in statistical data was of statistical significance (p < .05).
Results: The expression of Bcl-2 in eutopic and ectopic endometrial tissues in the endometriosis group was significantly higher
than that in normal endometrial tissues in the control group, and the difference was statistically significant (p < .05). The dif-
ference of Bcl-2 expression in all phases of both eutopic tissues in the endometriosis group and normal endometrial tissues was
statistically significant (p < .05), the positive expression in the secretory phase was obviously lower than that in the proliferative
phase. The expression intensity of Smac in eutopic and ectopic endometrial tissues in the endometriosis group was lower than
that in normal endometrial tissues in the control group, and the difference was of statistical significance (p < .05). The expression
intensity of Smac in ectopic endometrial tissues was lower than that in eutopic endometrial tissues, and the difference was of
statistical significance (p < .05); the expression intensity of Smac in the secretory phase was higher than that in the prolifer-
ative phase in normal endometrial tissues (p < .05). The expression of Bcl-2 and Smac was not related to clinical staging of
endometriosis (p > .05). The expression of Bcl-2 was negatively correlated to the expression of Smac (p < .05).
Conclusions: The high expression of Bcl-2 and the low expression of Smac enhance the abilities of hyperplasia and anti-
apoptosis of ectopic endometrial cells, which leads to the occurrence and development of endometriosis.
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Endometriosis is a condition that endometrial tissues nor-
mally cover the inside of the uterus and outside of my-
ometrium. This type of tissues can invade any part of the
body, which is mostly commonly seen in ovaries. In recent
years, it has been found that the sensitization of endome-
trial tissues to cell apoptosis is related to the progress of this

disease.[1]

B-Cell leukemia/lymphoma 2 (Bcl-2 family) is a family
of oncogenes, one of which firstly found to be related
to cell viability is Bcl-2,[2] an anti-apoptotic gene. Sec-
ond mitochondria-derived activator of caspases (Smac), also
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known as direct IAP binding protein with low PI (DIA-
BLO), is a recently discovered mitochondrial pro-apoptotic
protein.[3]

In this study, immunohistochemical method was used to de-
tect Bcl-2 and Smac, in order to study not only their expres-
sion in ectopic and eutopic endometrium in the endometrio-
sis group and normal endometrium in the control group, but
also the correlation between them. It was also intended to
explore the significance of the above factors in the patho-
genesis mechanism of endometriosis, to reveal the relation-
ship between cell apoptosis disorder and the occurrence of
the disease, provide early diagnosis and prognosis of en-
dometriosis with more valuable information, and find a new
theoretical basis for the non-surgical treatment of the dis-
ease.

1 Data and methods
1.1 Research objects

The research was made in three groups: endometriosis
group (ectopic group and eutopic group) and normal en-
dometrium group (control group).

1.1.1 Ectopic group

30 cases of patients (16 cases for the proliferative phase, 14
cases for the secretory phase), were given laparotomy op-
eration or laparoscopic surgery due to endormetriosis (con-
firmed by postoperative pathological examinations) in De-
partment of Obstetrics and Gynecology of Baogang Hospi-
tal from October 2010 to April 2012. According to clinical
staging standards established by American Fertility Associ-
ation (R-AFS) in 1985, 30 cases of patients, aged from 21
to 52 years, can be classified as follows: 14 cases for I-II,
16 cases for III-IV.

1.1.2 Eutopic group

Eutopic endometria were taken from the above endometrio-
sis patients by diagnostic curettage or hysterectomy. Com-
bined with the menstrual history, endometrial staging is
based on the characteristics of endometrium morphology in
different stages to make judgments.

1.1.3 Control group

30 cases of patients, randomly selected during the same pe-
riod, were given hysterectomy due to cervical lesions with-
out endometriosis and adenomyosis. Endometria taken from
these patients were verified as normal endometrial tissues by
postoperative pathological examinations.

All of the above subjects were of complete clinicopatholog-
ical data and regular menstrual cycle, without oral steroid
hormones taken in 6 months before surgery, with no IUD
placed, no lesions in the endometrium and no history of en-
docrine diseases.

1.1.4 Main reagents and experimental methods

The main reagents were purchased from Wuhan Boster Bi-
ological Technology Co., Ltd. and Fuzhou Maixin Biotech-
nologies Development Company. Immunohistochemical
method was used in strict accordance with kit instructions
for staining.

1.1.5 Image analysis

The immunohistochemical SP method was used to carry out
the experiment. In the image analysis, the average percent-
age of positive cells in each field was counted as the per-
centage of positive cells in the section, and then scored as
follows: the percentage of positive cells more than 75% was
4, 51%-75% for 3, 26%-50% for 2, 6%-25% for 1, less than
5% for 0; the positive intensity is based on the chromogenic
reaction of most cells: dark brownish-yellow for 3 points;
brownish-yellow for 2 points; light brownish-yellow for 1
point; no coloring or slight coloring for 0 point. The re-
sults were determined through comprehensive analysis: the
product (> 3 points) obtained by multiplying the percentage
of positive cells and the positive intensity together, can be
used as the positive standard.

1.1.6 Statistical analysis

After the positive percentages of Bcl-2 and Smac proteins
in the endometrium were measured, Excel 2000 was used to
compute results and set up a database. SPSS 16.0 software
package was applied to the statistical analysis. The com-
parison of measurement data between two groups was made
by use of chi-square (χ2) test, and the correlation test was
performed by use of Spearman’s correlation analysis. The
difference in statistical data was of statistical significance (p
< .05).

2 Results
2.1 Expression of Bcl-2

The expression of Bcl-2 protein in the control group, eutopic
group and ectopic group was of statistical difference (χ2 =
17.104, p = .002). After examination, the expression of Bcl-
2 protein in the ectopic group was significantly higher than
that in the control group. According to the statistical testing,
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the difference was statistically significant (χ2 = 9.643, p <
.05). The positive expression of Bcl-2 protein in the eutopic
group was significantly higher than that in the control group.
According to the statistical testing, the difference was statis-
tically significant (χ2 = 15.017, p < .05). According to the
statistical testing, the difference of the positive expression
of Bcl-2 protein in the ectopic group and the eutopic group
was of no statistical significance (p > .05). According to the

statistical testing, the difference of the positive expression
of Bcl-2 protein in the secretory phase and the proliferative
phase in the ectopic group, was of no statistical significance
(p >.05); in the eutopic group and the control group, the
positive expression of Bcl-2 protein in the secretory phase
was dramatically lower than that in the proliferative phase,
and the difference was of statistical significance (p < .05,
see Tables 1-2 and Figure 1).

Table 1: The comparison of Bcl-2 expression in each group
 

 

 n 
+  - 

n %  n % 

Control Group 30 8 26.67  22 73.33 

Eutopic Group 30 23 76.67  7 23.33 

Ectopic Group 30 20 66.67  10 33.33 

 

Table 2: The comparison in Bcl-2 expression between the proliferative and the secretory phases in each group
 

 

 Staging n + (n) - (n) Positive Rate (%) χ
2
 value p value 

Control Group 
Proliferative Phase 16 7 9 43.75 

5.117 < .05 
Secretory Phase 14 1 13 7.14 

Eutopic Group 
Proliferative Phase 16 15 1 93.75 

5.593 < .05 
Secretory Phase 14 8 6 57.14 

Ectopic Group 
Proliferative Phase 16 11 5 68.75 

0.067 > .05 
Secretory Phase 14 9 5 64.29 

 

Figure 1: The expression of Bcl-2 (1) and Smac (2) in the ectopic group (Immunohistochemistry × 400)

2.2 Expression of Smac

The expression of Smac in the control group, eutopic group
and ectopic group was of statistical difference (χ2 = 19.530,
p = .000). After examination, the expression of Smac in
the ectopic group was significantly lower than that in the

control group. According to the statistical testing, the dif-
ference was statistically significant (χ2 = 19.461, p < .05).
The positive expression of Smac in the eutopic group was
significantly lower than that in the control group. Accord-
ing to the statistical testing, the difference was statistically

Published by New Century Science Press 13



dcc.newcenturyscience.com Discussion of Clinical Cases 2017, Vol. 4, No. 4

significant (χ2 = 5.554, p < .05). According to the statistical
testing, the positive expression of Smac in the ectopic group
and the eutopic group was of statistical significance (χ2 =
5.079, p < .05, see Table 3). The expression of Smac in the
eutopic and the ectopic groups had no significant correlation

to the expression in the menstrual cycle (p > .05), while in
the control group, the positive expression rate of Smac in
the secretory phase was higher than that in the proliferative
phase, and the difference was statistically significant (p <
.05, see Table 4 and Figure 1).

Table 3: The comparison of Smac expression in each group
 

 

 n 
+  - 

n %  n % 

Control Group 30 22 73.33  8 26.67 

Eutopic Group 30 13 43.33  17 56.67 

Ectopic Group 30 5 16.67  25 83.33 

 

Table 4: The comparison in Smac expression between the proliferative and the secretory phases in each group
 

 

 Staging n + (n) - (n) Positive Rate (%) χ
2
 value p value 

Control Group 
Proliferative Phase 16 9 7 56.25 

5.117 < .05 
Secretory Phase 14 13 1 92.86 

Eutopic Group 
Proliferative Phase 16 7 9 43.75 

0.002 < .05 
Secretory Phase 14 6 8 42.86 

Ectopic Group 
Proliferative Phase 16 3 13 18.75 

0.107 > .05 
Secretory Phase 14 2 12 14.29 

 

Table 5: The comparison of Bcl-2 and Smac expression in different clinical stages of endometriosis [n, (%)]
 

 

 n 
Bcl-2  Smac 

+ -  + - 

I-II 14 11 (78.57) 3 (21.43)  6 (42.86) 8 (57.14) 

III-IV 16 12 (75.00) 4 (25.00)  7 (43.75) 9 (56.25) 

 

2.3 The relationship between the expression of Bcl-
2 and Smac and the clinical staging of en-
dometriosis

In the eutopic group, the difference of Bcl-2 expression in
stage I-II and the stage III-IV was of no statistical signifi-
cance (χ2 = 0.053, p > .05). The difference of Smac expres-
sion in both stages was of no statistical significance (χ2 =
0.002, p > .05, see Table 5).

2.4 The correlation of Bcl-2 to Smac in en-
dometriosis

Spearman’s correlation analysis showed that, in the eutopic
group and the ectopic group, Bcl-2 was negatively corre-
lated to Smac, and rs were -0.933 (p < .05) and -0.875 (p <
.05) respectively.

3 Discussion

3.1 Bcl-2 and endometriosis

Bcl-2 family, is also known as B-cell leukemia/lymphoma
2 protein. Bcl-2 gene, a type of anti-apoptosis proteins ob-
tained in 1984, is one of proto-oncogenes closely associ-
ated with apoptosis in the current discovery.[4] During the
process of apoptosis, Bcl-2 protein is activated and then
translocated to the mitochondrial outer membrane, destroy-
ing its integrity, stimulating pro-apoptotic factors inside the
mitochondria to be transformed and released, and promot-
ing cell apoptosis.[5] The mechanism of Bcl-2 in the inhibi-
tion of cell apoptosis is as follows:[6, 7] (1) Bcl-2 inhibits cy-
tochrome C with the pro-apoptotic function being released
from the mitochondria into the cytoplasm. The ions inside
and outside the mitochondrial membranes reach equilibrium
with each other, so that the ions in the mitochondrial ma-
trix turn out to be hypertonic and inflated, resulting in mi-
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tochondrial outer membrane rupture, and then pro-apoptotic
proteins are released from the intermembrane space into the
cytoplasm. Pro-apoptotic proteins that enter the cytoplasm
disrupt chromatins in the nucleus or activate Caspase fac-
tors, causing cell apoptosis consequently. (2) Bcl-2 can
regulate cell transmembrane transport and affect the dis-
tribution of calcium ions inside and outside the cell mem-
branes. Calcium ions can stimulate and activate endogenous
endonucleases and gamma-glutamyl transpeptidase (GGT),
thereby changing the role of the necleus in apoptosis. (3)
Bcl-2 can be used as an antioxidant to change the oxidation-
reduction state of cells, further preventing components of
cells from being destructed by redox.

The research results have indicated that the expression of
Bcl-2 protein in the normal endometrium is mainly in the
cytoplasm, and the expression intensity in the secretory
phase is lower than that in the proliferative phase. It is con-
sistent with the theory that endometrial apoptosis is exac-
erbated in the secretory phase to promote the shedding of
endometrium. The expression of Bcl-2 in the ectopic and
the eutopic groups is higher than that in the control group,
suggesting that Bcl-2 might be involved in the occurrence
and development of endometriosis and play a key role in it.
It is consistent with the concept of “determinism of eutopic
endometrium”. Dmowski et al.[8] used RT-PCR method to
detect the expression of Bcl-2 in the samples of ectopic en-
dometrium, eutopic endometrium in endometriosis and nor-
mal endometrium. The results showed periodic changes in
the expression of Bcl-2 protein in the endometriosis eutopic
endometrium and the normal endometrium, the expression
of Bcl-2 in the secretory phase was significantly lower than
that in the proliferative phase in any type of endometrium,
and the expression in the eutopic endometrium was signifi-
cantly higher than that in the normal endometrium during
the secretory phase; high expression of Bcl-2 protein in
endometriosis ectopic endometrium showed no significant
periodic changes. The experimental results supported this
study.

3.2 Smac and endometriosis

Smac/DIABLO protein, i.e., second mitochondria-derived
activator of caspases/direct IAP binding protein with low
PI, isolated from HeLa cell experiments made in 2000, is
a type of mitochondrial pro-apoptotic proteins involved in
the downstream reaction of cell apoptosis. Human Smac
gene is located on the long arm of chromosome 12, where
55 amino acids at the N-terminus are called mitochondrial
target sequence (MTS), the function of which is to ensure
that unprocessed Smac proteins shall be located on the mi-
tochondria, whereas MTS is decomposed by the mitochon-
drial signal peptide after Smac is transferred into the mito-
chondria. Eventually, umprocessed Smac proteins contain-
ing 184 amino acid residues are generated, with the apop-
totic activity acquired simultaneously.[3, 9] The mechanism

of Smac in the cell apoptosis is as follows:[10, 11] (1) Smac
can directly interact with Caspase-9 to enhance cascade re-
actions of Caspases, increase the sensitivity of tumor cells
to the apoptosis stimulation and promote cell apoptosis. (2)
Smac can also enhance the activity of Caspase-3 by pro-
moting the proteolysis of pro-Caspase-3, while the activated
Caspase-3 in turn activates Caspase-9 zymogens. Activated
Caspase-9 can also activate Caspase-3 by trans-activation,
forming positive feedback to promote apoptosis further. (3)
During the research on the effect of chemotherapy on pro-
moting tumor cell apoptosis, Kim[12] found that Smac fac-
tor may promote cell apoptosis in a non-Caspase dependent
way, which was supposed to be more efficient than the Cas-
pase dependent way.

The results in this research showed that: the expression of
Smac in the control group, the eutopic group and ectopic
group was decreased significantly, the difference among the
three groups was statistically significant (p < .05), suggest-
ing that Smac may participate in the occurrence and devel-
opment of endometriosis, and play a key role in it. It is
consistent with the concept of “determinism of eutopic en-
dometrium”. The expression of Smac in the eutopic and
the ectopic groups had no significant correlation to the men-
strual cycle and clinical staging (p > .05), but in the control
group, the expression of Smac was higher in the secretory
phase than that in the proliferative phase (p < .05); it is con-
sistent with the theory that endometrial apoptosis is exac-
erbated in the secretory phase to promote the shedding of
endometrium.

3.3 Relationship between Bcl-2 and Smac

The results of this study showed that Bcl-2 was negatively
correlated to Smac, but the mechanism remained to be per-
fected; the synergistic effect of these two factors can lead
to uncontrolled proliferation of endometrial cells in other
parts outside the uterus, promote the decline in the pro-
apoptotic ability of ectopic endometrial cells and the in-
crease in the anti-apoptotic ability. Ectopic and eutopic
endometrial apoptosis are disordered in patients with en-
dometriosis, so that the apoptosis rate of endometrial cells is
low with a high proliferation rate. Normal endometrial cells
with biological activities flow upstream with menstruation
into the abdominopelvic cavity, and these ectopic endome-
trial cells with low apoptosis rate will cause ectopic lesions
to occur and develop where they are located. RNAi tech-
nology is a newly developed molecular biology technology.
It can be combined with specific mRNA to disintegrate the
target gene. The application of this technology silencing the
specific gene provides a new development direction for the
gene therapy of diseases.
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