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ABSTRACT

ARTICLE HISTORY

The objective of this study was to identify proteins that are differentially expressed in the cystic
wall tissues of ovarian endometriotic cysts, simple ovarian cysts, and in normal ovarian tissues.
Specimens of ovarian endometriotic cyst wall tissue, simple ovarian cyst wall tissue, and normal
ovarian tissue (six specimens per group) were collected from patients who received gynecologic
surgery, respectively. Differentially expressed proteins related to the ovarian endometriotic cysts
were screened by use of isobaric tags for relative and absolute quantitation (iTRAQ) combined
with functional annotation and bioinformatics analyses. All differentially expressed proteins
related to cysts were validated using immunohistochemistry methods in recurrent and nonrecurrent ovarian endometriotic cyst. A total of 359 proteins were identified as up-regulated in
ovarian endometriotic cyst groups when compared with both the normal ovary and simple
ovarian cyst groups. The levels of 27 proteins were >two-fold higher in the ovarian endometriotic
cyst group than that in the other two groups. Of note, the five most significantly upregulated
proteins were Charcot-Leyden Crystal Galectin (CLC), Defensin, alpha 1 (DEFA1), S100 calciumbinding protein A9 (S100A9), S100 calcium-binding protein A8 (S100A8), and Ferritin Light Chain
(FTL). Immunohistochemistry results showed that the changes of S100A9 and S100A8 were
consistent with the results shown by iTRAQ. However, no similarity of CLC, DEFA1, and FTL
proteins was found between iTRAQ and immunohistochemistry. The ratio of patients with
abnormally high S100A9 and S100A8 expression in the recurrent ovarian endometriotic cyst
group was significantly higher than that in the non-recurrent group (P < 0.05). Our data identify
differentially expressed proteins S100A9 and S100A8, and suggest they may serve as novel
molecular markers to predict postoperative recurrence of an ovarian endometriotic cysts.
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Introduction
Endometriosis (EM) is one of the most common gynecological diseases associated with infertility in women of
childbearing age, with an incidence of 10%~15%. In
recent years, the incidence of EM has gradually increased
and its recurrence rate after systematic treatment reaches
up to 30.5% (Singh and Suen 2017; Dai et al. 2018;
Klemmt and Starzinski-Powitz 2018). In order to reduce
the recurrence rate of endometriosis, the corresponding
risk factors were identified. Several studies have shown
that a patient’s age, menstruation history, surgical history
for endometriosis, a high intraoperative ASRM score, as
well as a postoperative interruption of adjuvant drug
therapy are all risk factors for EM recurrence (Carvalho

Mde et al. 2015; Guo et al. 2016). However, surgical
treatment can lead to a recurrence of ovarian endometriosis, and the best way to predict and control the potential recurrence remains to be further determined.
Previous studies indicated that overexpression of
cyclooxyenase-2 (COX-2), accompanied by intraoperative
focal adhesion, can predict the recurrence of an ovarian
endometriotic cyst within 30 months after surgical treatment (Yuan et al. 2009). COX-2 is the target gene of nuclear
factor kappaB (NF-κB), and the activation of the latter can
reduce the immunological activity of progesterone receptor
type B (PR-B). Therefore, both NF-κB and PR-B can be
considered as important factors for predicting a recurrence
of EM (Shen et al. 2009). The above evidence suggests that
the recurrence of ovarian endometriotic cysts may be
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related to the overexpression of certain genes. However,
such factors have not been used in clinical practice for the
prognosis of cyst recurrence, probably due to their relatively
low specificity. As for ovarian endometriotic cysts, several
surgical approaches have been used to preserve the cystic
wall (Alborzi et al. 2017); however, all recurrence rates
associated with cysts are nearly 30%. The inconsistencies
of recurrence under the same status of cystic wall preservation suggest that there are differences between the different
cystic walls. In this regard, the pathological type of a cyst
may be an important factor for the recurrence, and the
cystic wall may be involved in regulation of the recurrence
(Selcuk et al. 2016).
Adjuvant drug therapy is commonly required after surgery for an ovarian endometriotic cyst to prevent or delay
its recurrence and increase the chance for a pregnancy. At
present, the drugs most commonly used for this purpose in
the clinic are gonadotropin-releasing hormone antagonists
(GnRHa). However, due to the relatively high price and side
effects, their continuous use may result in a waste of medical resources and as a sort of over-treatment, is unnecessary for non-recurrent patients. Therefore, the screen of
specific markers in the prediction of disease recurrence can
be important for guiding postoperative adjuvant therapy.
The current methods used to predict recurrence mainly rely
on the analysis of relevant high-risk factors. However, such
risk factors are not easy to quantify. Some biological markers found in blood serum, such as cancer antigen 125
(CA125), cancer antigen 129 (CA199), and human epididymal secretory protein 4, are tumor-related markers that
are often used to diagnose an ovarian endometriotic cyst
(Socolov and Socolov et al. 2017). However, these markers
are not highly specific, even for the diagnosis of tumors, and
the value for predicting the recurrence of ovarian endometriotic cysts is limited, which unfortunately cannot meet the
current clinical needs. Therefore, an individualized and
highly specific biomarker should be identified for the prediction by using the cystic wall of an ovarian endometriotic
cyst as an appropriate target. In this study, differentially
expressed proteins were determined by using Isobaric Tags
for Relative and Absolute Quantitation (iTRAQ) technique
between wall tissues of ovarian endometriotic cysts and the
wall tissues of simple ovarian cysts, and in normal ovarian
tissues, which provides new leads for the molecular diagnosis of cyst recurrence.

Results
Screening for the differentially expressed proteins
in ovarian endometriotic cysts
We compared the protein expressions in the ovarian
endometriotic cyst and the control groups (normal

ovarian tissues). In comparison to the control group,
there were 1,437 differentially expressed proteins in the
ovarian endometriotic cyst group, among which, the
levels of 695 proteins were upregulated by 1.20~5.23fold. Additionally, 742 proteins were significantly downregulated (0.14~0.83-fold) (Table 1). Compared to that in
the simple ovarian cyst group, there were 1,471 differentially expressed proteins in the ovarian endometriotic cyst
group, among which, 1,064 proteins were upregulated by
1.20 ~ 4.99-fold, while 407 proteins were significantly
downregulated (0.11~0.83-fold expression) (Table 1).
Bioinformatics analysis
GO annotation analysis and metabolic pathway annotation
analysis were conducted on the differentially expressed
proteins to identify their associations with specific metabolic and signaling pathways. It indicated that in the comparisons between the ovarian endometriotic cyst group and
the control group, ovarian endometriotic cyst group and
the simple ovarian cyst group, a number of proteins were
detected associated with regulation of biological process,
cellular processes, catalytic activity, binding, organelle, etc.
(Figure 1A,B). KEGG pathways under different comparisons were also analyzed in present study. The top pathway
enrichments in both comparisons include protein digestion and adsorption, EMC-receptor interaction. However,
in the comparison between ovarian endometriotic cyst
group and the simple ovarian cyst group, intestinal
immune network for IgA production, NF-kappa
B signaling pathways were obviously noted (Figure 2A,B).
In addition to the analysis of KEGG pathways, protein–
protein interaction network analysis (PPI) was also determined (Figure S1), along with the protein clustering analysis and Volcano Plot (Figure 3A–D).
Cross-analysis of the screened differentially
expressed proteins between groups
Our result showed that 27 of 359 proteins were differentially expressed with a >two-fold change in the ovarian
Table 1. Expression of differentially expressed proteins in the ovarian endometriotic cyst group compared to the other two group.

Groups
Ovarian endometriotic
cyst group vs.
control group
Ovarian endometriotic
cyst recurrent
group vs. simple
cyst group

Number of
differentially
expressed
proteins

Upregulated
proteins

Downregulated
proteins

1437

695

742

1471

1064

407
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Figure 1. Gene ontology (GO) functional classification and enrichment analysis of differentiated expressed proteins. (A) The ovarian
endometric cysts vs. simple cysts; (B) The control group vs. ovarian endometric cysts. The x-axis indicates the functional description of the
GO classifications, the left y-axis represents the proportion of the number of proteins annotated to the GO database. All GO terms are
grouped into three major categories: Red is for biological processes, purple is for cellular components and orange is for molecular function.
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Figure 2. Kyoto Encyclopedia of Genes and Genomes (KEGG) classifications and pathway enrichment analysis of differentiated
expressed proteins. (A) The ovarian endometric cysts vs. simple cysts; (B) The control group vs. ovarian endometric cysts. The x-axis
indicates the functional description of the KEGG classifications, the left y-axis represents the percentage of the sequences annotated
to the KEGG database. The yellow bar is for Difference Set and ble is for Reference Set.
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Figure 3. Heat map and Volcano Plot for protein clustering analysis. (A, C) The ovarian endometric cysts (B1, B2, B3) vs. the simple
cysts group (C1, C2, C3); (B, D) the ovarian endometric cysts group (B1, B2, B3) vs. the control group (A1, A2, A3). The red indicates
up regulation while blue denotes down regulation. The depth of color represents the degree of level change.

endometriotic cyst group, among which, the levels of 5
proteins, Charcot-Leyden Crystal Galectin (CLC),
Defensin, alpha 1 (DEFA1), S100 calcium-binding protein A9 (S100A9), S100 calcium-binding protein A8
(S100A8), and Ferritin Light Chain (FTL), were expressed
more than 3.1-fold higher. Furthermore, another protein
(A8K3Q9) showed a > 4.5-fold increase in expression, but
its function remains unknown and to be further verified
(Table 2).

Identification of differentially expressed proteins by
immunohistochemistry
Immunohistochemistry results showed the changes for
the differentially expressed proteins S100A9 and S100A8
were in line with the data obtained by iTRAQ detection.
However, the CLC, FTL, and DEFA1 proteins showed no
similar trends in variation by comparison. The positive
rate for the S100A9 and S100A8 expression in the recurrent ovarian endometriotic cyst group was significantly
higher than that in the non-recurrent group (P < 0.01);
(Table 3, Figure 4). Follow-up results showed that there
were 25 cases detected that corresponded to the postoperative recurrent and non-recurrent groups. The ratio
of patients with high S100A9 and S100A8 expressions in
the recurrent group was significantly higher than that in
the non-recurrent group (P < 0.05). However, no differ-

Table 2. Proteins in the ovarian endometriotic cyst group that
showed a > 2-fold increase.
Protein
sequence
No.
Q9NR99
Q9HD89
Q6NS36
Q2KHT4
Q05315
P59665
P49746
P40261
P35442
P20160
P17213
P11678
P06702
P05164
P05109
P02792
J3KNB4
D3VVG1
B7Z481
A8K9E4
A8K3Q9
A1A5C5
A0A1U9X8Y4
A0A161I202
A0A110BDC4
A0A0E3DC45
A0A0A7C8E4

Protein name
MXRA5
RETN
FTH1
GSG1
CLC
DEFA1
THBS3
NNMT
THBS2
AZU1
BPI
EPX
S100A9
MPO
S100A8
FTL
CAMP
ATXN3

RRBP1
LTF
HLA-A
HLA-DQB1

Change multiplier
of ovarian
endometriotic cyst
group vs. control
group
2.472764645
2.65133906
2.107327586
2.085714286
3.731070496
3.100775194
2.574920298
2.785789474
2.237185461
2.094708759
2.649678377
2.161819887
4.691198786
2.616062176
3.554854981
3.142629905
2.703957784
5.234329797
2.395055499
2.31501658
4.500359454
3.22408442
2.465259907
2.138938053
2.546751189
2.064516129
2.143315018

Change multiplier
of ovarian
endometriotic cyst
group vs. simple
cyst group
2.146297948
2.957722661
2.729759911
2.395254922
3.26069595
3.513174404
2.133861735
2.930786268
2.337390458
2.310446297
3.297413793
2.040283311
4.124749833
2.498268184
3.17454955
4.997470489
2.586572438
2.142067877
2.089348592
2.43984024
4.640474426
2.366287016
2.113857017
2.537532808
2.108923885
2.262469734
2.19456165

ences were detected concerning the levels of FTL, CLC,
and DEFA1 expressions in the different groups (P > 0.05)
(Table 4, Figure 4A–E).
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Table 3. The expression rates of differentially expressed proteins in found in the cyst
wall tissues of the ovarian endometriotic cyst recurrent group, n (%).
Groups
Ovarian endometriotic cyst recurrent group
Normal ovary group
χ2
P

Cases S100A9
25
25

FTL

S100A8

CLC

DEFA1

23(92.0) 17(68.0) 22(88.0) 13(52.0) 14(54.0)
2(8.00) 13(52.0) 2(13.33) 14(54.0) 12(48.0)
9.91
3.39
9.45
3.08
3.37
<0.01
>0.05
<0.01
>0.05
>0.05

Comparison of two groups: S100A8 and S100A9: P < 0.01; other proteins: >0.05

Discussion
Endometriosis mainly manifests as infertility, pelvic
pain, and pelvic masses. The majority of pelvic masses
are ovarian endometriosis that is commonly managed
by surgical treatment. However, high postoperative
recurrence rates remains to be solved in the clinic.
Understanding the mechanism of endometriosis and
biological markers may facilitate to predict its recurrence or guide the relevant therapy. It is proposed that
the recurrence of ovarian endometriotic cysts may be
related to the overexpression of several genes.
Nevertheless, the functions of genes in the prediction
of disease recurrence in clinical practice need further
investigation.
There was no significant increase in the recurrence
rate of ovarian endometriotic cysts that could be related
to retention of the cystic wall tissues. It can be speculated that recurrence may be regulated by a number of
certain specific genes, and the recurrence of the disease
after subsequent adjuvant therapy is related to these
genes. In view of the above clinical problems, it is
important to screen for and identify the specific genes
related to endometriosis recurrence. The current methods used in proteomics are convenient and able to
provide highly reliable and reproducible qualitative
and quantitative results. Furthermore, the target molecules of those proteins can be rapidly identified and
analyzed for the biological functions. Therefore, proteomics has become a mainstream protein quantification technology used to search for and screen various
biomarkers for diseases (Mokart et al. 2018).
In this study, the iTRAQ technique was used to
detect proteins that were differentially expressed in
the cystic wall tissues of ovarian endometriotic cysts,
simple ovarian cysts, as well as in normal ovarian
tissues. On account for the possible recurrence of cystic
walls, it further demonstrated the role of the differentially expressed proteins in differentiation between
recurrence and non-recurrence of cystic wall, which
provides clinical value of the proteins. In total, there
were 6,100 proteins, among which, 2,908 proteins were
detected with more than 1.2-fold increase in expression
or less than 0.83-fold of the level compared to that in
the control group. A cross-analysis showed there were

359 differentially expressed proteins in ovarian endometriotic cysts, and 27 of those proteins were identified
more than two-fold change in expression. Among those
27 proteins, 5 proteins (CLC, DEFA1, S100A9, S100A8,
and FTL) were significantly upregulated by >3.1-fold.
Those upregulated proteins were mainly found in the
cytoskeleton or represented extracellular matrix components, adhesion molecules, signaling molecules, structural proteins, enzymes, immune-related, and tumorrelated proteins. Finally, an immunochemistry study
further verified the screened proteins S100A9 and
S100A8 as previously determined by iTRAQ, indicating
that specific proteins were indeed aberrantly expressed
in ovarian endometriotic cysts. Considering the shortage of relevant literature concerning the proteomics of
endometriosis, Williams KE performed a proteomic
analysis of urine, peritoneal fluid, and the omental fat
tissues of women with and without endometriosis
(Williams et al. 2015). Those results indicated that the
expression of matrix metalloproteinase-9 was significantly down-regulated in women without endometriosis, suggesting specific patterns of protein expression
exist in various kinds of the organs and body fluids
of patients with endometriosis. Furthermore, Piotr
Marianowski performed a proteomic analysis of ectopic
and eutopic endometrium and found that vimentin
expression was significantly upregulated in ectopic
endometrium (Marianowski et al. 2013). The results
of our current study indicated that the up-regulated
proteins were not only structural proteins, but also
proteins that are involved in several biological functions. However, it is difficult to identify the factors
that account for the inconsistency of these findings.
Deviations in results may be related to the structure
of the specimens being studied, how the specimens are
selected, and the relative proportions of interstitium
and glandular tissue in different specimens. Therefore,
some investigators believe that any further proteomic
analysis of endometriosis will require more stringent
and unified standards for specimen collection. The
present study also identified a new protein (A8K3Q9)
that showed a 4.5-fold increase in expression in ovarian
endometriotic cyst tissue. However, due to its unknown
function, the protein could not be further verified, and
requires further study.
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Figure 4. Verification of proteins expression level by immunohistochemistry. Expression of S100A9 (A), S100A8 (B), FTL (C), CIC (D),
DEFA1 (E) in normal group, non-recurrent group of ovarian endometriosis cyst and recurrent group of ovarian endometriosis cyst;
(DAB development, ×200).
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Table 4. The expression rates of differentially expressed proteins in the ovarian
endometriotic cyst recurrent and non-recurrent groups, n (%).
Groups
Ovarian endometriosis cyst recurrent group
Non-recurrent group
χ2
P

Cases S100A9
25
25

FTL

S100A8

CLC

DEFA1

23(92.0) 17(68.0) 22(88.0) 13(52.0) 14(54.0)
8(32.0) 13(52.0) 10(40.0) 15(60.0) 11(44.0)
5.71
3.39
5.13
3.01
3.25
<0.05
>0.05
<0.05
>0.05
>0.05

Comparison of two groups: S100A8 and S100A9: P < 0.01; other proteins: >0.05

S100 calcium-binding protein A8 (S100A8) and S100
calcium-binding protein A9 (S100A9) are both important members of the calcium-binding protein S100
family, and often bind to form heterodimers needed
for various functions (Argyris et al. 2018). S100A8 and
S100A9 function in regulating cell migration, promoting the production of proinflammatory factors, and as
adhesion molecules (Cluzeau et al. 2017). They also
mediate inflammatory reactions and modulate the
amount and extent of a certain immune response.
S100A8 is often included in tumor-related studies
(Austermann et al. 2017; Wu et al. 2018). S100A8 and
S100A9 are thought to play similar roles in the pathogenesis of endometriosis, despite the fact that no
reports concerning their roles in endometriosis have
been published. Adhesion, epithelial metaplasia, and
immune factors exert critical function in the pathogenesis of endometriosis, and it can be speculated that
S100A8 and S100A9 proteins may affect these factors
to regulate the occurrence and recurrence of endometriosis (Moris et al. 2016). In addition, our results
showed that the S100A8 and S100A9 proteins were
expressed at different levels in normal ovarian tissues
when compared to ovarian endometriotic cyst tissues,
and were obviously up-regulated in ovarian endometriotic cysts. Consequently, S100A8 and S100A9 may be
involved in the recurrence mechanism of ovarian endometriotic cysts, and represent new markers for the
evaluation of disease severity, the effect of treatment,
and disease recurrence.
There were no significant differences in the levels of
Charcot-Leyden crystal (CLC) protein, ferritin light
chain peptide, and alpha-defensin-1 (DEFA1) protein
expression in the recurrent group when compared with
either the non-recurrent group or normal ovarian tissue group. However, in view of the existing results, it
can be concluded that these proteins are not significantly involved with the occurrence and development
of endometriosis, and have limited clinical value for
predicting EM recurrence.
There are several studies that aim to investigate the
cause of recurrence in endometriosis. Mainly, the
recurrent lesions might originate from residual lesions
or alternatively from de novo cells coming through
retrograde bleeding. Surgery, lymph node involvement,

lymphovascular invasion, immunological factors are
responsible for recurrence (Selcuk and Bozdag 2013).
Previous finding showed that r-AFS stage and MTA1
overexpression were risk factors for the recurrence of
endometriosis. MTA1 is closely associated with the
occurrence and development of endometriosis and
may be used as a new indicator to predict the progression of endometriosis (Zhang et al. 2018). The abnormal increasing level of ADP-ribosylation factor-like
protein 4C (ARL4C) has been reported to be involved
in progression processes of endometriosis-associated
ovarian cancer (EAOC) (Wakinoue et al. 2019), suggesting differentially expressed proteins are associated
with progression or recurrence of endometriosis and
can be used as novel therapeutic targets. In this scenario, we try to screen potential targets at protein level
though the tissue context in ovarian endometriotic cyst
(most likely the unruptured follicles) and normal ovarian tissues (follicles with interstitial tissues) may vary.
In clinical practice, there are significant differences in
the incidence of disease recurrence among patients who
have been operated for an ovarian endometriotic cyst.
Furthermore, there are no indicators of the need for
follow-up adjuvant drug therapy. In this study, the
positive expression rates of S100A9 and S100A8 in the
postoperative recurrent group were higher than those
in the non-recurrent group, suggesting that these indicators may predict the possibility of the recurrence.
Those high expression rates of certain proteins may
also be valuable for the options of appropriate postoperative treatment. Despite our valuable findings in
this study, it is possible that the bias on the result may
exist owing to relatively small sample size in our study.
Further prospective cohort studies and additional data
mining are needed to confirm our current results to
develop comprehensive predicting strategy based on
extensive screening and identification of serum.

Materials and methods
Specimens for iTRAQ detection
The endometriotic cyst group included six patients
aged of 22–43. These patients had a regular menstrual
cycle and received surgical treatment for the first time
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(clinical stage of ASRM I – III). Inclusion criteria:
Preoperative ultrasonography and intraoperative
exploration indicated that the diameter at least one
side of an ovary was enlarged more than 5 cm. All six
patients had a confirmed history of dysmenorrhea and
infertility, and received intraoperative cystectomy.
Patients with cervical carcinoma were required to
remove their ovaries, and a postoperative pathology
examination showed no evidence of ovarian metastasis
or complications of adenomyosis. The patients in all
three groups had no history of hormone therapy, use of
an intrauterine contraceptive device, genital tract deformity, malignancy or other type of chronic disease during 6 months prior to tissue sampling. All the patients
in each group received their pathological diagnosis after
surgery. The tissue sampling protocol was approved by
the Hospital’s Ethics Committee, and all patients
enrolled in this study had written informed consents
after a detailed explanation.
Specimens for immunohistochemistry analysis
All specimens were paraffin embedded. The recurrent
ovarian endometriotic cyst group included 25 patients
with a mean age of 31.5 ± 4.2. The non-recurrent ovarian
endometrial cyst group included 25 patients with a mean
age of 30.5 ± 4.8. The normal ovary group included 25
patients with a mean age of 33.7 ± 4.9. Postoperative
pathology results for the patients with cervical carcinoma
showed no evidence of ovarian metastasis. Each patient
diagnosed with an ovarian endometriotic cyst had
a regular menstrual cycle, and all patients received their
first surgical treatment for ASRM I – III. Inclusion criteria: Results of preoperative ultrasonography and an
intraoperative exploration indicated that at least one
side of the ovary was enlarged by >5 cm in diameter. All
patients had a history of dysmenorrhea and infertility.
Cystectomy was conducted intraoperatively. No patient
in the 3 groups had received hormone therapy, used an
intrauterine contraceptive device, or had a genital tract
deformity, malignant tumor or other chronic disease
within 6 months prior to tissue sampling. Cystectomy
was carried out intraoperatively. A GnRH-a was injected
on the first day after menstruation for a total of 6 times
(once every 28 days). All patients were followed up for at
least 2 years by telephone and outpatient service, and no
patient had a successful conception during that time
period. The pathological number and recurrence condition of each patient were recorded at the same time. The
following criteria were used to indicate recurrence of an
endometriotic ovarian cyst: (1) clinical symptoms had
returned to their preoperative levels or higher; (2) transvaginal color Doppler ultrasound indicated an ovarian
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endometriotic cyst and excluded a physiological cyst.
There was no significant difference in the mean age of
the three groups.
Reagents and instruments
A high-performance liquid chromatography system,
Q Exactive high-resolution mass spectrometer, and
TMTsixplex™ Isobaric Label Reagent Set Kit were purchased from Thermo Fisher Scientific (Waltham, MA,
USA). A Strata-X C18 column was purchased from
Phenomenex (Torrance, CA, USA), and the analytical
column was purchased from SCIEX (Framingham, MA,
USA). CLC rabbit anti-human polyclonal antibody
(No. 25225-1-AP), S100A9 rabbit anti-human polyclonal antibody (No. 26992-1-AP), DEFA1 rabbit antihuman polyclonal antibody (No. 18057-1-AP),
S100A8 rabbit anti-human polyclonal antibody (No.
ZA-0709), FTL rabbit anti-human polyclonal antibody
(No. 10727-1-AP), a concentrated DAB Kit, and an
immunohistochemistry staining kit were purchased
from Wuhan Proteintech Group, Inc. (China). S100A8
rabbit anti-human polyclonal antibody (No. ab92331)
was purchased from Abcam Biological Technology Co.,
Ltd. (Cambridge, MA, USA).
Protein isolation
Tissue specimens (about 10 g each) were obtained
under aseptic conditions and incubated on ice for 5
min. The specimens were then rinsed with PBS and
stored in liquid nitrogen for future use. After being
homogenized and centrifuged, the supernatant of the
sample was collected. Protein concentrations were
determined by using the Bradford method. The samples
were diluted as required, and the absorbance of each
sample at 595 nm was determined with a microplate
reader. The protein content in each sample was calculated using a standard curve.
SDS-PAGE
A 20 µg aliquot of total protein from each sample was
added to a fivefold volume of buffer solution. Next, the
diluted protein sample was boiled in a water bath and
the proteins were separated on a 12% SDS-PAGE gel.
The gel was then stained with Coomassie Brilliant Blue.
iTRAQ labeling
Trypsin was added to 30 μL of protein solution and the
peptide fragments were quantified with a Nano Drop
2000 spectrophotometer. Next, 100 μg of peptide
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fragments were treated with reagents in an iTRAQ labeling kit (AB SCIEX, Framingham, MA, USA) according to
the manufacturer’s instructions. The labeled peptide fragments were re-dissolved and eluted, and separated on an
analytical column (Thermo Fisher Scientific, Acclaim
PepMap RSLC, 50 μm x 15 cm, Nano Viper, P/N164943).
Mass spectrometry
Each peptide segment obtained by liquid-phase separation
was re-dissolved and eluted. The supernatant fraction was
analyzed with a Q-Exactive mass spectrometer (Waltham,
MA, USA). Furthermore, a qualitative analysis was performed by searching specific parameters in the Mascot 2.5
database. For a quantitative analysis, Proteome Discoverer
2.1 software was used to identify the reported ion peak
intensity of each peptide segment for further quantification and normalization. Based on protein abundance,
differentially expressed proteins were defined as those
that were expressed at >120% or <80% of their normal
levels. P-values < 0.05 were considered to be statistically
significant.
Bioinformatics analysis and comparison
Bioinformatics analysis of selected differentially expressed
proteins: The differentially expressed proteins were identified and their functions were annotated simultaneously.
Proteins identified by mass spectrometry were further analyzed in a Human Protein Reference Database (HPRD)
analysis, Gene Ontology (GO) annotation and enrichment
analysis, and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis. A protein clustering
analysis and protein–protein interaction network analysis
(PPI) were also performed. When the mass spectroscopy
analysis identified a large number of differentially expressed
proteins, the standard difference multiplier was improved
to narrow the expression range of the target proteins.
Differentially expressed proteins that were strongly related
to disease recurrence were selected after a pathway enrichment analysis. Differentially expressed proteins that
showed the same variation trends were searched during
the above network analysis to further narrow the screening
range. A cross-analysis was performed on the differentially
expressed proteins in the different groups, as identified by
iTRAQ technology. There were two different data comparisons: the ovarian endometriotic cyst group vs. the normal
ovary group, and the ovarian endometriotic cyst group vs.
the simple ovarian cyst group. Differentially expressed proteins that showed a significant up-regulation and only
existed in the cystic wall tissues of ovarian endometriotic
cysts were used to verify the clinical tissue samples. The
t-test was used to compare the mean values in different

groups, and the χ2 test was used for analyzing categorical
data. A P-value < 0.05 was considered statistically
significant.
Immunohistochemical verification
The positive expression of proteins manifested as
brownish yellow granules in the cytoplasm, cell membrane or nucleus. The S100A8, FTL, S100A9, DEFA1
and CLC proteins were detected. A semi-quantitative
analysis was performed by combining the staining
intensity and proportion of positive cells observed at
a high magnification. Ten visual fields per section were
randomly observed at high magnification.
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