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The aim of the study is to analyze the entire set of proteins (proteome) expressed in the endometrial tissue and to identify protein 
markers specific for carcinogenesis.

Materials and Methods. Tissue samples were obtained using endometrial pipelle biopsy in women with chronic endometritis. After 
homogenization the samples were subjected to protein electrophoresis in polyacrylamide gel in the presence of sodium dodecyl sulfate 
according to the Lamley method. The proteins separated according to their molecular weights were digested by modified trypsin using the 
standard method. Obtained tryptic peptides were analyzed and identified by high-performance liquid chromatography coupled with tandem 
mass spectrometry.

The Human Protein Atlas and Tissue-Specific Gene Expression and Regulation databases were used to analyze the tissue-specific 
protein expression.

Functional protein annotation and gene set enrichment analysis were performed using the Database for Annotation, Visualization and 
Integrated Discovery bioinformatics resource. 

Results. In the obtained endometrial tissue samples, 103 proteins were identified by tandem mass spectrometry. Analysis of tissue 
specificity showed that 83 proteins were expressed in the tissues of the female reproductive system. Functional annotation followed by 
clustering revealed that 51 proteins (49.5% of the identified ones) were encoded by the genes differentially expressed in cell cultures of 
the female reproductive organs. Along with that, 4 groups of proteins were expressed both in tumors (serous ovarian adenocarcinoma, 
immortalized ovarian cystadenoma, ovarian carcinoma) and in the immortalized normal ovarian surface epithelium.

Conclusion. Endometrial tissue proteins were identified using a clinical proteomic analysis. The bioinformatic approach allowed us to 
annotate the functional clusters of the identified proteins based on their potential involvement in carcinogenesis. The obtained data can serve 
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as the starting point for further in-depth studies of the endometrium using the proteomic approach, as well as other OMICS technologies. 
Subsequent application of bioinformatic tools will allow revealing of molecular mechanisms of relationship between inflammation and 
endometrium tissue malignant transformation.
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Introduction

Impaired female fertility, recurrent miscarriages, and 
unsuccessful attempts of in vitro fertilization/embryo 
transfer often result in chronic inflammatory diseases 
of the uterus. (Among them is chronic endometritis — a 
frequent disorder in women of reproductive age). The 
disease develops “silently” without specific symptoms, 
and so the classical diagnostic methods are not 
applicable [1–4]. Hysteroscopy and morphological 
examination of the uterus is the gold standard of the 
current diagnostic procedures; however, the ability of 
hysteroscopy to diagnose initial signs of endometritis 
is limited by the resolution of the optical instrument. 
Consequently, hysteroscopy based on macroscopic 
evaluation can detect chronic endometritis in only 35–
40% of cases. Therefore, clinicians need alternative 
diagnostic methods, safe and informative, for examining 
such a vulnerable tissue as endometrium [5, 6]. 

It has been proved by now that chronic endometritis 
is involved in the development of endometrial cancer 
by methylation of the tumor suppressor genes and by 
modifying the local immune and systemic inflammatory 
response, although the importance of this involvement 
is not precisely determined [7]. The molecular and 
pathogenetic mechanisms of this relationship are barely 
elucidated in the literature; rather the malignancy is 
attributed to the formation of focal or diffuse epithelium 
proliferation and the occurrence of hyperplasia, which 
is characterized by a high recurrence rate and potential 
for malignancy [8]. The above factors necessitate more 
research into the endometrial pre-cancer condition, 
specifically, into molecular biomarkers of endometritis, 
as well as into markers of neo-angiogenesis and 
proliferation. On that base, a screening system to 
identify early signs of malignancy in the endometrium 
can be developed.

It is known that inflammation is often associated with 
subsequent cancer by contributing to the development 
and progression of malignant tumors. In recent years, 
there is growing evidence of the significance of the local 
immune response and systemic inflammation in the 
progression of tumors and the survival of cancer patients 
[9, 10]. Therefore, the elucidation of inflammation and 
carcinogenesis molecular markers is highly important 
for early diagnosis of cancer and for new modalities of 
targeted therapy involving the patient’s immune system.

The proteomic approach based on protein 
identification by tandem mass spectrometry coupled 
with high-performance liquid chromatography (LC–MS/

MS) meets most of the criteria for “screening” analysis of 
clinical material. The LC–MS/MS is used for large-scale 
qualitative identification of proteins in biological samples. 
It is characterized by the multiplexity within hundreds of 
individual proteins in a single sample, the sensitivity in 
range of pico- and femtomoles of single protein, and a 
dynamic range of 4–6th orders of magnitude, which is 
close to the protein concentrations in human tissues. 
Currently, the proteomic analysis of the endometrium is 
used in clinical medicine not only in endometriosis [11], 
but also in endometrial cancer [12], infertility [13] and in 
women with pregnancy-induced changes [14].

The OMICS technologies differ from other methods 
of molecular biology by the quantitative and qualitative 
characteristics of the acquired data. As a rule, these are 
global (as in the case of genomic and transcriptomic 
techniques) or local (typical for proteomics) sets 
of biomacromolecules (DNA, mRNA or proteins, 
respectively). To describe such a “molecular phenotype”, 
genomic and post-genomic technologies are coupled 
with computer-assisted data processing.

The basic concept of the OMICS technologies 
implies that: a) essential biological information is 
contained in a set of identified genes or their products 
(mRNA, proteins); b) each element of a living system 
functions in conjunction with a specific set of other 
elements. Accordingly, the purpose of most OMICS 
data interpretation methods is to annotate (i.e., assign a 
functional characteristic to) individual biomacromolecules 
and then reconstruct the significant interactions between 
them. The computational tools of genomic and post-
genomic technologies utilize the variety of available 
biological information obtained by experimental methods 
and deposited in systematized public databases. In most 
cases, the interpretation of OMICS data is predictive 
and based on specially developed methods of statistical 
analysis.

The most common computational approach in this 
area is the so-called gene set enrichment analysis 
(GSEA) [15]. In the GSEA, the principle of cluster 
analysis is applied to sets of biomacromolecules, which 
makes it possible to adapt this method to specific 
OMICS technologies.

It has to be emphasized though that today, the stage 
of generalization and data analysis is a “bottleneck” 
that significantly limits the scientific and practical value 
of transcriptomic and proteomic tests. Therefore, the 
optimization of systemic analysis and interpretation of 
OMISC data is an urgent task.

The present study is a pilot project aimed at 
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searching for protein markers of malignancy in women 
with clinically confirmed chronic endometritis; we used 
mass spectrometry for protein identification followed 
by bioinformatic analysis. For this purpose, we used a 
number of methods to assess the tissue specificity of the 
identified proteins; we also applied an optimized cluster 
analysis to the gene set enrichment method.

Materials and Methods
The study involved women of reproductive age 

with the histologically confirmed diagnosis of chronic 
endometritis. Informed consent was obtained from all 
participants. The work was carried out in accordance 
with the Helsinki Declaration (2013) and approved by the 
Ethics Committee of the Privolzhsky Research Medical 
University.

All patients underwent endometrial pipelle biopsy; the 
tissue samples were then placed in a buffer solution. 
After homogenization, the samples were subjected to 
protein electrophoresis in polyacrylamide gel in the 
presence of sodium dodecyl sulfate according to Lamley 
method. The proteins separated by their molecular 
weights were treated with modified trypsin (Promega, 
USA). The resulted tryptic peptides were analyzed and 
identified by high-performance liquid chromatography 
coupled with tandem mass spectrometry (Orbitrap Velos 
Pro apparatus; Thermo Scientific, USA). For protein 
identification, the UniProt database (release 2014) was 
used. 

Tissue-specific expression was analyzed using the 
Human Protein Atlas [16] and Tissue-Specific Gene 
Expression and Regulation (TiGER) databases [17].

Functional annotation of the proteins and their 
analysis by GSEA were performed using the Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID v. 6.8) bioinformatics resource [18, 19].

Results
The endometrial tissue homogenates were first 

subjected to electrophoretic protein separation by 
molecular weights followed by trypsinolysis. The analysis 
of the tryptic fragments by using LC–MS/MS and the 
subsequent mass spectrometry allowed us to identify 
103 different proteins.

In accordance with the objectives of this study, the 
presence of these proteins in various tissues was 
manually evaluated. According to the information from 
the Human Protein Atlas and TiGER, 83 of these proteins 
are present in tissues of the female reproductive system. 
Blood plasma proteins were also identified. This was an 
expected result because the endometrial biopsy material 
inevitably contained blood components.

It needs, however. to be emphasized that the manual 
analysis of tissue specificity with the help of databases 
cannot be considered the optimal method for interpreting 
clinical proteomic results. The impossibility of statistical 

evaluation of the results is a major disadvantage of 
the described approach. Considering the fact that the 
overwhelming majority of proteins are expressed at 
various concentrations in diverse tissues, practical 
significance of this approach is regrettably small.

At the next stage of this study, we used DAVID (v. 6.8) 
bioinformatic resource for functionally annotating the 
proteins identified in the endometrial tissues. The list 
of proteins was analyzed by the GSEA method using 
the standard clustering parameters. Unfortunately, 
the obtained results were not informative, because 
the proteins were combined into groups with low 
functional specificity; that was the blood micro-particles 
(GO: 0072562), the intercellular space proteins (GO: 
0005615), and the signal peptides. We consider this 
result to be due to the high universality of the DAVID 
resource. It is known that the GSEA method is most 
commonly used for differentially expressed genes 
(i.e., transcriptome analysis), which is reflected in the 
set of parameters proposed “by default”. However, the 
transcriptomic and proteomic data are fundamentally 
different from each other, both quantitatively and 
qualitatively.

Therefore, when choosing the optimal cluster 
parameters for protein detection with mass spectrometry 
from the CGAP_SAGE_QUARTILE (The cancer genome 
anatomy project / Serial analysis of gene expression) 
(see the Table), the main grouping factor was the 
association between the protein expression and the 
pathogenesis of female reproductive system cancers.

It was found that 51 proteins (49.5% of the original list) 
were encoded by genes differentially expressed in cell 
cultures of the female reproductive organs. In addition, 
four groups of proteins typical for tumor cells (immortal 
ovarian cystadenoma, ovarian carcinoma) as well as for 
the immortalized normal ovarian surface epithelium were 
detected.

These results demonstrate the significance of 
these proteins in the development of physiological 
and pathological processes in the cells of female 
reproductive system. Being a pilot project, this study 
provides a serious basis for further research in this area, 
for instance, an assessment of the clinical relevance of 
the identified proteins.

Conclusion
This pilot proteomic study resulted in identification of 

proteins expressed in the human endometrium. Using 
current bioinformatic methods, we were able to annotate 
these proteins into functional clusters according to their 
involvement in carcinogenesis.

The obtained data can serve as the starting point 
for further in-depth studies of the endometrium using 
the proteomic approach, as well as other OMICS 
technologies. The application of bioinformatics is 
expected to further elucidate the molecular basis of 
the inflammatory process in the endometrium and 
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the occurrence of hyper- and neoplasia of the uterine 
mucosa.
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