Int J Clin Exp Pathol 2017;10(9):9853-9857
www.ijcep.com /ISSN:1936-2625/1JCEPO058052

Original Article
Transcriptomic analysis of stromal cells
from patients with endometrial carcinoma

Min Li**, Xiao-Yan Xin?*, Zhi-Shan Jin2, Teng Hua?, Hong-Bin Wang®, Hong-Bo Wang?

1Department of Obstetrics and Gynecology, Xuhui Hospital, Zhongshan Hospital, Fudan University, Shanghai,
China; 2Department of Obstetrics and Gynecology, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China; 3South Branch of The Six People’s Hospital Affiliated to Shanghai Jiao
Tong University, Shanghai, China. *Co-first authors.

Received November 8, 2016; Accepted August 2, 2017; Epub September 1, 2017; Published September 15, 2017

Abstract: Tumor microenvironment plays a critical role in cancer pathogenesis. In this study, we performed tran-
scriptomic analysis of stromal cells from patients diagnosed with endometrial carcinoma. Endometrial stromal cells
from patients and healthy donors were cultured and total RNA was extracted for RNA integrity examination and gene
profiling analysis. Gene ontology (GO) and KEGG analysis were also performed. In this study, we found that, in endo-
metrial stromal cells from endometrial cancer patients, a total of 605 genes were changed (fold change >2, p-value
<0.05). From these, 275 were up-regulated and 330 were down-regulated genes. In addition, GO analysis showed
that the differentially expressed genes (DEGs) were involved in various biological processes including cell adhesion,
biological adhesion, bone development and extracellular matrix organization. Furthermore, KEGG analysis of the
DEGs identified four pathways including Wnt signaling pathway, cadherin signaling pathway, ECM-receptor interac-
tion, and focal adhesion. Our study identified 605 DEGs in stromal cells from endometrial carcinoma which mapped
to a variety of biological processes. These results may contribute to understanding the molecular mechanisms o of
endometrial carcinoma pathogenesis.
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Introduction that tumors are composed of tumor parenchy-
ma and stroma, two discrete but closely inter-
active parts, and that their crosstalk promotes

tumor growth [7, 8]. Recently, many studies

Endometrial carcinoma is one of the worldwide
leading gynecological malignancies in women.

Typical clinical symptoms observed include dys-
pareunia, dysmenorrhea, and infertility [1, 2]. In
2013, 49500 new cases and 8200 deaths
caused by endometrial cancer were reported in
the United States [3]. To date, surgical resec-
tion and hormonal suppressant drugs are the
primary therapeutic options for endometrial
cancer [4]. To date, little is known about endo-
metrial cancer pathogenesis, therefore identifi-
cation of altered genes may contribute to
understanding the molecular events in endo-
metrial cancer.

It is well established that cancer is a systemic
and multiple-step disease, encompassing inter-
action between tumor cells and host stromal
cells [5, 6]. Increasing evidence demonstrates

support the notion that tumor stromal cells play
critical roles in malignant behaviors, such as
cell growth, invasion, differentiation, and
metastasis [9, 10]. In the current study, we
examined the gene expression profile of stro-
mal cells isolated from endometrial carcinoma
patients.

Materials and methods
Endometrial tissue isolation

Samples of uterine tissue were obtained from
endometrial carcinoma patients at the Xuhui
Hospital, Zhongshan Hospital, Fudan University.
Endometrial stromal cells were isolated and
cultured as previously described [11].
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Table 1. Preparation of RNAs for microarray analysis

Array hybridization

Concentration Volume
Sample Name

Total (ug) A260/280

Array hybridization and wash was per-

(pg/pL) (pL)
JZ-N-1 0.202 100  20.19 1.79
JZ-N-2 0.213 100 21.31 1.76
JZN-3 0.186 100 18.57 1.80
Jz-Cc-1 0.140 100 14.01 1.71
Jz-C-2 0.136 100 13.57 1.75
JzC-3 0.121 100 12.06 1.82

formed using GeneChip® Hybridization,
wash and stain Kit (Affymetrix, Santa
Clara, CA) in Hybridization Oven 645
(Affymetrix, Santa Clara, CA) and Flui-
dics Station 450 (Affymetrix, Santa Cl-
ara, CA) following the manufacturer’s
instructions.

JZ-N represents control and JZ-C means cancer. A total of six samples
were subjected to microarray analysis with three samples in each

group.
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d

Figure 1. Volcano Plot of differentially expressed
genes. X axis represents log2 (fold change) and Y
axis is marked with -log10. Differentially expressed
genes with fold change =2 and P<0.05 are marked
in red.

RNA extraction and purification

Total RNA was extracted using TRIZOL Reagent
(Life technologies, Carlsbad, CA, USA) following
the manufacturer’s instructions. RNA quality
was determined via Agilent Bioanalyzer 2100
(Agilent technology, Santa Clara, CA, USA). Total
RNA was further purified by RNeasy microkit
(QIAGEN, GmBH, Germany) and RNase Free
DNase Set (QIAGEN, GmBH, Germany).

RNA amplification and labeling

Total RNA was amplified, labeled and purified
via GeneChip 3'IVT Express Kit (Affymetrix,
Santa Clara, CA, USA) following the manufac-
turer’'s instructions to obtain biotin labeled
cRNA.
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Data analysis

Slides were scanned by GeneChip®

Scanner 3000 (Affymetrix, Santa Clara,
CA, US) and Command Console Software 3.1
(Affymetrix, Santa Clara, CA, US) with default
settings. The enrichment analysis of GO and
KEGG pathway annotations were conducted
based on a hypergeometric test.

Results

Transcriptional profiles in stromal cells from
endometrial carcinoma patients

As previously described, stromal cells were
characterized with cytokeratin (epithelial mark-
er) and vimentin (stromal marker) [11]. Total
RNA was extracted f from healthy donors stro-
ma cells and endometrial carcinoma patients,
and further subjected to microarray analysis
using Affymetrix U133 plus 2.0 array. The con-
centrations and A260/280 values of RNA pre-
pared for microarray analysis are shown in
Table 1. We found that stromal cells from endo-
metrial cancer patients exhibited significant
variety in gene expression levels when com-
pared to healthy donors. As shown in Figures 1
and 2, a total of 605 genes were changed (fold
change >2, p-value <0.05). Changes included
275 up-regulated genes and 330 down-regulat-
ed genes.

Functional categories of differentially ex-
pressed genes

The differentially expressed genes (DEGs) were
further analyzed with GO ontology analysis to
determine a correlation between genes and
physiology. We found that DEGs were involved
in various molecular functions and biological
processes (Figure 3) including cell adhesion,
biological adhesion, bone development and
extracellular matrix organization.
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Figure 2. Cluster analysis of transcriptional profiles in stromal cells. Transcrip-
tional profiles were measured in stromal cells from endometrial carcinoma
(JZ-C-1,2,3) and normal controls (JZ-N-1,2,3). Fold change >2, P<0.05.

Differential gene expression profile with KEGG
analysis

To further characterize the potential functions
of the stromal genes, the DEGs were subjected
to KEGG pathway analysis. As a result, 4 path-
ways were assigned including Wnt signaling
pathway, cadherin signaling pathway, ECM-
receptor interaction, and focal adhesion. An-
alysis of the pathways relative to Wnt signaling,
cadherin signaling, ECM-receptor interaction
and focal adhesion identified 28, 18, 10, and
11 differentially expressed genes, respectively
(Table 2).
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Endometrial carcinoma is a
multiple-step process invo-
Ived in initiation, promotion
and progression [5]. Accu-
mulating evidence supports
the notion that cancer devel-
opment is intimately related
to the complex tumor micro-
environment [7, 12]. The im-
portance of the local tumor
microenvironment in tumor
progression has been recog-
nized for many years. In the
current study, we examined
gene transcription expres-
sion levels in stromal cells
derived from endometrial
carcinoma patients.

The tumor microenvironm-
ent, is primarily composed
of immune cells, stromal fi-
broblasts, extracellular mat-
rix proteins, and endothelial
cells derived from various
cell types, which can directly
regulate the cell phenotypes,
representing a unique app-
roach for cancer diagnosis
and treatment [13]. The pri-
mary cell types in the tumor
microenvironment that are
required for cancer progres-
sion consist of cancer-asso-
ciated fibroblasts, endotheli-
al cells, and cancer-associat-
ed adipocytes [14]. A rec-
ent study has reported that
transforming growth factor-B (TGF-B) synthe-
sized by stromal cells participates in bone
resorption induced by oral squamous cell carci-
noma [15]. Important biomolecules in endome-
trial carcinoma stromal cells include genes that
are intricately related to biological functions
such as cell growth, apoptosis, and metastasis.
Our previous study demonstrated that stromal
cells of endometrial carcinoma promoted epi-
thelial cell growth via regulating HGF/c-Met/Akt
signaling pathway [11]. However, the transcrip-
tional profile of stromal cells derived from
endometrial cancer has not been previously
reported.

JZ_N_3

JZ_N_1
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Figure 3. GO analysis of differentially expressed genes. The Y-axis shows significantly enriched gene ontology (GO)
terms relative to the genome, and the X-axis shows the enrichment scores of these terms.

Table 2. KEGG analysis of DEGs

Term Count P Value Genes

Wnt signaling pathway 28 <0.05 PCDHAG, PCDHA7, PCDHA8, PCDHA9, PCDHA2, CORIN, PCDHA3, PCDHA4, PCDHAS, PCDHA1,
PCDHAC2, PCDHAC1, HOXC6, PLCB4, HOXC4, PCDHA10, PCDHA11, PCDHA12, PCDHA13,
AXIN2, FZD8, TCF7, MYH3, PCDH10, PCDHB2, PCDH9, PCDH7, TLE2, EP300, HOXB7, SFRP1,

KREMEN1, CDH10

Cadherin signaling pathway =~ 18 <0.05 PCDHAG, FZD8, PCDHA7, PCDHAS, TCF7, PCDHA9, CORIN, PCDHA2, PCDHA3, PCDHA4,
PCDH10, PCDHAS, PCDHB2, PCDH9, PCDHA1, PCDH7, PCDHAC2, PCDHAC1, PCDHA10,
PCDHA11, PCDHA12, PCDHA13, CDH10

ECM-receptor interaction 10 <0.05 COL4A4, LAMA1, TNXB, TNXA, ITGA1, COL6A1, LAMC2, COL1A1, COL11A1, HMMR, SPP1
Focal adhesion 11 <0.05 COL4A4, LAMA1, TNXB, TNXA, ITGA1, COL6A1, LAMC2, HGF, COL1A1, PDGFD, COL11A1, SPP1

In the current study, we compared the gene
expression levels in endometrial carcinoma-
derived stromal cells to those in the healthy
controls. Our results indicated that a total of
605 genes were changed (fold change >2,
p-value <0.05). Among these, 275 were up-reg-
ulated and 330 were down-regulated genes. In
addition, GO ontology analysis showed that the
DEGs were involved in various molecular func-
tions and biological processes.

Furthermore, KEGG analysis revealed that
DEGs were involved in Wnt signaling pathway,
cadherin signaling pathway, ECM-receptor
interaction, and focal adhesion. More specifi-
cally, 28 genes belonged to Wnt signaling path-
way. The Wnt signaling is a signal transduction
pathway made of proteins that passes signals
into a cell through cell surface receptors. In
mammals, Wnt signaling is important in body
axis patterning, cell growth, and cell migration
[16]. Constitutive activation of this pathway is
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closely associated with human cancers [17].
Our results indicate that, many genes mapped
to the protocadherins (PCDHs) family including
PCDHA1-13. PCDHs are a large family of cad-
herin-like cell adhesion proteins that are
involved in the establishment and maintenance
of cellular connections. Adhesive properties of
these proteins are critical for cell rearrange-
ment, migration, and cell sorting [18, 19]. In
addition, a recent study showed that PCDHs
mediate cell growth, cell cycle arrest, apopto-
sis, and migration of endometrial cancer,
underlining their critical roles in endometrial
carcinogenesis [20].

In conclusion, our study identified 605 differen-
tially expressed genes, mapping to a variety of
biological processes including Wnt signaling
pathway, cadherin signaling, ECM-receptor in-
teraction and focal adhesion. These results
may contribute to understanding the molecular
mechanisms of endometrial carcinoma.
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