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Abstract
Objective: To explore the expression of Livin (a new member of inhibitors of apoptosis proteins) and second mitochondria-
derived activator of caspases (Smac) in endometriosis (EMs), and the relationship of Livin and Smac with menstrual cycle and
clinical staging of EMs, as well as correlation analysis.
Methods: 60 cases of patients, who were given laparoscopic surgery or laparotomy operation due to EMs (confirmed by post-
operative pathological examinations) in Department of Obstetrics and Gynecology of the Third Affiliated Hospital of Inner
Mongolia Medical College from October 2010 to April 2012, were selected and included into the study group. The study group
was subdivided into the eutopic group and the ectopic group, each of which contained 30 cases (16 cases for the proliferative
phase, 14 cases for the secretory phase). 30 samples of normal endometrial tissues were chosen as the control group. Immuno-
histochemical method (SP) was used to determine the expression of Livin and Smac proteins in each group, with statistical
analysis conducted to the results.
Results: The expression of Livin in eutopic and ectopic endometrial tissues in EMs was significantly higher than that in normal
endometrial tissues in the control group, and the difference was statistically significant (χ2 = 12.510, p < .05); The expression
of Smac in eutopic and ectopic endometrial tissues in EMs was significantly lower than that in normal endometrial tissues in
the control group, and the difference was statistically significant (χ2 = 19.530, p < .05). The expression of Livin and Smac
in the eutopic and the ectopic endometrial tissues in EMs had no correlation to clinical staging (χ2 = 0.741 and χ2 = 0.002
respectively, all p > .05); In the eutopic and the ectopic endometrial tissues in EMs, the expression of Livin was negatively
correlated to the expression of Smac (rs = -0.933 and rs = -0.867 respectively, all p < .05).
Conclusions: The high expression of Livin 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 EMs.
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Endometriosis (EMs) refers to a condition in which en-
dometrial tissues that normally cover the inside of the uterus
(and myometrium) grow outside of it. This type of tissues
mostly invades the ovaries, and seriously harms women’s
health.[1] Livin, a new member of inhibitors of apoptosis
proteins (IAPs), plays a role in the inhibition of antiapopto-

sis through various ways;[2] and second mitochondrial acti-
vator of caspases (Smac) can play a part in the pro-apoptosis
by preventing the action of IAPs.[3] This study was intended
to perform a correlation analysis to the expression of Livin
and Smac in EMs and their relationships with the menstrual
cycle and clinical staging of EMs, in order to explore the
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relationship of the two factors with the occurrence and de-
velopment of EMs and provide a new theoretical basis for
clinical diagnosis, treatment and prognostic evaluation of
EMs.

1 Data and methods
1.1 Research objects

60 cases of patients, who were given laparoscopic surgery
or laparotomy operation due to EMs (confirmed by post-
operative pathological examinations) in Department of Ob-
stetrics and Gynecology of the Third Affiliated Hospital
of Inner Mongolia Medical College from October 2010 to
April 2012, were selected and included into the study group,
which contained 30 cases of eutopic endometrial tissues and
30 cases of ectopic endometrial tissues (16 cases for the pro-
liferative phase, 14 cases for the secretory phase). The study
group was subdivided into the ectopic group and the eutopic
group. Ectopic group: patients, aged from 21 to 52 years,
can be classified as follows in conformity with clinical stag-
ing standards established by American Fertility Association
(R-AFS) in 1985: 14 cases for I-II, 16 cases for III-IV. Eu-
topic group: eutopic endometria were taken from EMs pa-
tients by diagnostic curettage or hysterectomy. Combined
with the menstrual history, endometrial staging is based on
the characteristics of endometrium morphology in different
stages to make judgments. 30 cases of patients, randomly
selected during the same period and given hysterectomy due
to cervical lesions without adenomyosis and EMs, were in-
cluded in the control group, in which endometria taken from
these patients were verified as normal endometrial tissues by
postoperative pathological examinations.

All of the subjects were of complete clinicopathological
data, without oral steroid hormones taken in 6 months be-
fore surgery, with no IUD placed, no lesions in the en-
dometrium, regular menstrual cycle and no history of en-
docrine diseases.

1.2 Experimental methods

The immunohistochemical SP method was used to carry out
the experiment. The average percentage of positive cells in
each field was counted as the percentage 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, 5%-25% for 1, less than 5% for 0; The posi-
tive 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 results were determined

through comprehensive analysis: the product (> 3) obtained
by multiplying the percentage of positive cells and the pos-
itive intensity together, can be used as the positive standard.

1.3 Statistical methods

Excel 2000 was used to set up a database, and SPSS 16.0
software package was applied to the statistical analysis. The
comparison of measurement data between two groups was
made by use of χ2 test, and the correlation test was per-
formed by use of Spearman’s correlation analysis. The dif-
ference (p < .05) was of statistical significance.

2 Results
2.1 The gene expression of Livin

Livin was mainly expressed in the cytoplasm of endometrial
epithelial cells, almost with no expression in endometrial
vessels (see Figure 1).

Figure 1: The expression of Livin in eutopic endometria
(100 ×)

The difference in the positive expression of Livin in the con-
trol group, eutopic group and ectopic group was of statisti-
cal significance (χ2 = 12.510, p < .05). The positive expres-
sion of Livin in ectopic and eutopic groups was significantly
higher than that in the control group (χ2 = 11.280 and χ2 =
6.690 respectively, all p < .05); The difference in the posi-
tive expression of Livin in eutopic and ectopic groups was
of no statistical significance (χ2 = 0.693, p > .05, see Table
1). The difference in the positive expression of Livin be-
tween the proliferative phase and the secretory phase was of
no statistical significance, no matter in the study group or
the control group (all p > .05, see Table 2).

10 ISSN 2375-8449 E-ISSN 2375-8473



dcc.newcenturyscience.com Discussion of Clinical Cases 2018, Vol. 5, No. 1

Table 1: Comparison in the expression of Livin and Smac among different groups
 

 

Group Cases (n) 
Livin  Smac 

+ -  + - 

Control Group 30 9 (30.0) 21 (70.0)  22 (73.3) 8 (26.7) 

Eutopic Group 30 19 (63.3) 11 (36.7)  13 (43.3) 17 (56.7) 

Ectopic Group 30 22 (73.3) 8 (16.7)  5 (16.7) 25 (83.3) 

 

Table 2: Comparison in the expression of Livin and Smac in the proliferative and secretory phase among different groups
 

 

Group Staging Cases (n) 
Livin 

χ
2
 p 

Smac 
χ

2
 p 

+ - + - 

Control 

Group 

Proliferative Phase 16 5 (31.3) 11 (68.7) 
0.026 > .05 

9 (56.3) 7 (43.7) 
5.117 < .05 

Secretory Phase 14 4 (28.6) 10 (71.4) 13 (92.9) 1 (7.1) 

Eutopic 

Group 

Proliferative Phase 16 10 (62.5) 6 (37.5) 
0.01 > .05 

7 (43.8) 9 (56.2) 
0.002 > .05 

Secretory Phase 14 9 (64.3) 5 (35.7) 6 (42.9) 8 (57.1) 

Ectopic 

Group 

Proliferative Phase 16 11 (68.8) 5 (31.2) 
0.368 > .05 

3 (18.8) 13 (81.2) 
0.107 > .05 

Secretory Phase 14 11 (78.6) 3 (21.4) 2 (14.3) 12 (85.7) 

 

2.2 The gene expression of Smac

Smac was mainly expressed in the cytoplasm of endometrial
glandular cells, almost with no expression in endometrial
vessels (see Figure 2).

Figure 2: The expression of Livin in eutopic endometria
(100 ×)

The difference in the positive expression of Smac in the con-
trol group, eutopic group and ectopic group was of statisti-
cal significance (χ2 = 19.530, p < .05). The positive expres-
sion of Smac in ectopic and eutopic groups was significantly
lower than that in the control group (χ2 = 19.461 and χ2 =
5.554 respectively, all p < .05); The difference in the posi-
tive expression of Smac in eutopic and ectopic groups was
of statistical significance (χ2 = 5.079, p < .05, see Table
1). The difference in the positive expression of Smac in the
proliferative phase and the secretory phase was of no statis-
tical significance, both in the eutopic group and the ectopic
group (all p > .05). However, in the control group, the posi-
tive expression in the secretory phase was higher than that in
the proliferative phase, and the difference was of statistical
significance (p < .05, see Table 2).

2.3 The relationship between the expression of
Livin and Smac and the clinical staging of EMs

In the eutopic group, the difference of Livin expression in
stage I-II and the stage III-IV was of no statistical signifi-
cance (χ2 = 0.741, p > .05); The difference of Smac expres-
sion in both stages was of no statistical significance (χ2 =
0.002, p > .05, see Table 3).

Table 3: Relationship of Livin and Smac expressions with clinical staging of EMs
 

 

Group Cases (n) 
Livin  Smac 

+ -  + - 

I-II 14 10 (71.4) 4 (28.6)  6 (42.9) 8 (57.1) 

III- IV 16 9 (56.3) 7 (43.7)  7 (77.8) 9 (22.2) 
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2.4 The correlation of Livin to Smac in EMs

Spearman’s correlation analysis showed that, in the eutopic
group and the ectopic group, Livin was negatively corre-
lated to Smac (rs = -0.933 and rs = -0.867 respectively, all
p < .05).

3 Discussion
3.1 The relationship between the gene of Livin and

EMs

Livin, a new member of IAPs, was discovered in 2000.[4]

Located at q13.3 on human chromosome 20, it contains
seven exons and six introns, with a total length of about
4.6 kb. The carboxyl terminal of Livin protein contains
a RING finger structure consisting of one histidine (His)
and 7 cysteines (Cys) with two zinc ions bound; The N-
terminal contains one BIR domain, which is a novel zinc
finger structure, including 70 highly conserved amino acids.
The BIR domain is probably the anti-apoptotic site of Livin
gene. In recent years, studies have found that there exists
apoptosis in endometria, and its periodic cell proliferation
and shedding can be achieved through the imbalance of cell
apoptosis and proliferation. This periodic change is regu-
lated by the level of pro-apoptotic gene.[5] Studies have
shown that Livin can inhibit apoptosis by the following three
pathways:[6, 7] (1) Livin can inhibit the activity of cysteine-
containing aspartate-specific protease-3 (Caspase-3), simul-
taneously bind unactivated Caspase-9, activated Caspase-9
and Caspase-9 precursor proteins to block their sequential
cleavage and activation and to block the positive feedback
activation of Caspase-3 to Caspase-9 precursors, resulting in
anti-apoptotic effect; (2) Livin can bind TAB1 (TAK1 bind-
ing protein) to activate TAK1 (TGF-β activated kinase), and
TAB1 is the coactivator of TAK1, with the effect in pro-
moting the activation of mitogen-activated protein kinase/c-
Jun N-terminal kinase-1 (JNK1), so that JNK1 is activated
through the TAB1/TAK1 pathway to counteract cell apop-
tosis; (3) Livin can prevent cell apoptosis caused by cellu-
lar DNA damage resulted from chemotherapy drugs. The
results of this study indicated that the positive expression
of Livin in ectopic and eutopic endometria of EMs signifi-
cantly exceeded that in normal endometria, and the expres-
sion of Livin in endometria of the first two groups was not
statistically significant. No matter the study group or the
normal control group, the positive expression of Livin was
not correlated to menstrual cycle and clinical staging. In
recent years, there have been few reports about the expres-
sion of Livin in normal endometria and EMs at home and
abroad. Wang CF et al.[8] utilized an immunohistochemi-
cal method to detect the expression of Livin in 30 cases of
normal endometrial tissues and 30 cases of eutopic and ec-
topic endometrial tissues in EMs. It was indicated that the
expression of Livin in the normal control group was obvi-

ously lower than that in the eutopic and ectopic groups. The
difference was not statistically significant, with the experi-
mental results supporting the results of this study. Currently,
Livin has been found to be abnormally expressed in a variety
of tumor cells and closely related to tumorigenesis. Livin
is rarely expressed in normal tissues but can be highly ex-
pressed in tissues in malignant tumors such as lung cancer,
breast cancer, digestive system malignancy, bladder cancer,
leukemia and lymphoma etc.

3.2 The relationship between Smac gene and EMs

Smac/DIABLO protein, i.e., second mitochondria-derived
activator of caspases/direct IAP binding protein with low PI,
was isolated from HeLa cell experiments made in 2000.[9]

Human Smac gene, located on the long arm of chromosome
12, contains 7 exons, with its mRNA about 1.5 kb in full
length. It can encode 239 amino acids, where 55 amino
acids at the N-terminal are called mitochondrial target se-
quence (MTS), the function of which is to ensure that un-
processed Smac proteins shall be located on the mitochon-
dria, whereas MTS is decomposed by the mitochondrial
signal peptide after Smac is transferred into the mitochon-
dria. Eventually, unprocessed Smac proteins containing 184
amino acid residues are generated, with the apoptotic activ-
ity acquired simultaneously. The mature Smac protein exists
in the intermembrane space of the mitochondria as a dimer
and is released into the cytoplasm when it is affected by
apoptosis-inducing factors such as anticancer drugs, chem-
ical or physical apoptotic signals, etc.[3] The mechanism
of Smac in promoting cell apoptosis is as follows:[10, 11]

(1) The N-terminal tetrapeptide of Smac shows obvious ho-
mology to Caspase-9 N-terminal tetrapeptide, and it releases
the inhibitory effect on Caspase-9 by competition, activates
cascade reactions of Caspases and promotes the progress
of cell apoptosis; (2) Smac can promote the decomposi-
tion of pro-caspase-3, whose product p24 is successfully
cleaved to generate product p20/p17, the latter can consti-
tute the activated caspase-3 together with p12, and the ac-
tivated caspase-3 can activate the caspase-9 zymogens in
turn, forming a positive feedback pathway to play a role in
promoting cell apoptosis; (3) it was found by Kim (2005)
that Smac may also promote cell apoptosis in a Caspase-
independent manner, which was speculated to be more ef-
ficient than the caspase-dependent way. The results of this
study showed that the positive expression of Smac in nor-
mal endometria, eutopic endometria and ectopic endome-
tria of EMs was significantly decreased, and the difference
among groups was of statistical significance (p < .05). The
positive expression of Smac in eutopic and ectopic endome-
tria in EMs was not correlated to menstrual cycle and clin-
ical staging (all p > .05). However, in normal endometria,
the positive expression in the secretory phase was higher
than that in the proliferative phase in the menstrual cycle
(p < .05). It is consistent with the theory that endometrial
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apoptosis is exacerbated in the secretory phase to promote
the shedding of endometria.[12]

3.3 The relationship between Livin gene and Smac
gene

The results of this study showed that Livin was negatively
correlated to Smac in EMs. Both Livin and Smac proteins
may play a role in the occurrence of EMs by regulating
cell apoptosis, they may be an important part in the occur-
rence of EMs,[8] and their synergistic effect may weaken
the pro-apoptotic ability of the ectopic endometrial cells
and enhance the anti-apoptotic ability, causing hyperplasia
of endometrial cells in other parts out of control. Ectopic
and eutopic endometrial cells in patients with EMs are of a

low apoptosis rate but a high proliferation rate. Normal en-
dometrial cells with biological activities, flow upstream with
menstruation into the abdominopelvic cavity. These cells
with a low apoptosis rate continue to survive and implant in-
side the pelvic, causing ectopic lesions to occur and develop
where they are located. RNAi technology is a newly de-
veloped molecular biology technology. It can be combined
with specific mRNA to disintegrate the target gene. The ap-
plication of this technology silencing the specific gene, pro-
vides a new development direction for the gene therapy of
diseases.
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