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Role of SOX4 gene in the progression of endometrial
hyperplasia to endometrial adenocarcinoma
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Abstract: The objective of this study was to investigate the role of SOX4 gene in progression of
endometrial hyperplasia to endometrial adenocarcinoma .A total of 41 Iragi patients with abnormal
uterine bleeding followed by hysterectomy. Histological findings recorded 36 cases with endometrial
hyperplasia and 5 endometrium adenocarcenoma. Cases collected during the period from February
2017 to October 2017. Curettage techniques were used to obtain a ten samples as healthy control
group. All cases were obtained from Al-Zahra Teaching Hospital in Wasit Province . Endometrial
hyperplasia subjects distributed according to age, the highest percentage ranged (40-50)years recorded
(58.33%). To evaluate the SOX4 gene expression, total RNAs were extracted with TRIzol from each
sample then directly converted to cDNA. RT-PCR technique was used to estimate the SOX4 gene
expression and (GAPDH gene used as a reference gene). The results revealed that there was a highly
significant increase (p<0.01) in SOX4 gene expression in endometrium adenocarcenoma (9.24+0.52)
followed by endometrial hyperplasia (6.14+0.17) when compared to the healthy control group
(1£0.00).In conclusion, endometrial hyperplasia can be a precursor of endometrium adenocarcenoma
when the SOX4 gene expression elevated gradually.
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Introduction: following simple cystic without
atypia 1%, complex adenomatous

Endometrial hyperplasia (EH) without atypia 3%, a typical simple

form a morphologic continum of
abnormal  epithelia and  stromal
prolifration  ranging from focal
glandular ~ crowding or  simple
hyperplasia to well differentiated
adenocarcenoma(1,2). The
international society of Gynecological
pathologists (ISGP) agreed on a
classification of EH into two main
groups; hyperplasia with or without
atypia (1).

The  lesions  were  further
subdivided into simple and complex
hyperplasia. These guidelines were
subsequently adopted by the World
Health Organization (WHOQO) as the

with typia 8% and a typical complex
with atypia 29% (1,4,5).

A major criterion for hyperplasia
is that the endometrium is thickened by
an increase in the number and size of
proliferating glands. A lesion that does
not increase the thickness of the
endometrium does not warrant a
diagnosis of hyperplasia and best
designated as a disorder hyproliferative
endometrium or a focal glandular
crowding, besides the gross appearance
of the endometrium can be confused
with a very thick and succulent
endometrium removed on day 26 to 28
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of normal secretory cycle
(3).Approximately 80% of endometrial
cancers are endometrium
adenocarcinomas. Serous and clear cell
carcinomas account for 1-5% and
5-10% of endometrial cancers,
respectively. Mucinous, squamous cell,
transitional cell, and small cell
carcinomas compromise less than 2%
of endometrial cancers (6).

Adenocarcinomas arising from
epithelial cells account for up to
90% of EC (7). Endometrium
adenocarcinoma, the cancer cells raise
in patterns reminiscent of normal
endometrium, with many new glands
formed from columnar epithelium with
some abnormal nuclei. The tumor's
glands form very close together,
without the stromal tissue that
normally separates them. There are
diverse subtypes of endometrioid
adenocarcinoma with identical
prognoses , including villoglandular ,
secretory, and ciliated cell variants.
There is also a subtype described by
squamous differentiation (8).
Endometrial adenocarcinoma found in
hysterectomy sample from patients
diagnosed with atypical hyperplasia on
endometrial specimen is a numerous
finding and has been described to
occur in up to 42 % of the patients (9).
Endometrial carcinomas are
characterized by a diversity of genetic
changes, the most frequent of which is
PTEN (10). They are considered type |
endometrial cancers according to the
Bokhman classification  because of
their epidemiologic connotation with
estrogen extra (11). The aim of this
study was to assess the role of SOX4
gene in progression the endometrium
hyperplasia to endometrium
adenocarcinoma.

Subjects, Materials and Methods:
Subjects:

All  patients suffering from
abnormal uterine bleeding followed by
hysterectomy. Tissues specimens of 41
patients (36 with EH and 5 with EC)
and 10 healthy control group were
obtained from Al-Zahra Teaching
Hospital in wasit province / Iraq

Histological study:

Histological technique of all
tissues were carried out to observe the
changes in tissues. Sixty biopsies of
hysterectomy and Curettage were
enrolled in this study (12).

Gene expression:

Total RNA of all samples was
extracted using the TRIzol® LS
Reagent according to the
manufacturer's instructions .Total RNA
was reversely  transcribed to
complementary DNA (cDNA) using
WizScript™ RT FDmix Kit (Alpha
DNA Ltd /Canada). The procedure was
carried out in a reaction volume of 20
pl according to the manufacturer's
instructions. The expression levels of
SOX4 gene were estimated by qRT-
PCR . To confirm the expression of
target gene, quantitative real time qRT-
PCR SYBR Green assay was used. The
mRNA levels of endogenous control
gene GAPDH were amplified and used
to normalize the mRNA levels of the
SOX4 gene. The design process for
primers was obtained by Primer3
web version 4.1.0 (online at website
http://primer3.ut.ee) for SOX4 and
GAPDH genes.The primers sequences
are (Forward:5-AGGATTCAAACG
CAACTCAAAT-3,Reverse5'-AAAGA
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AATACGAGGATGGAGCA-3) and
sequence of GAPDH (Forward, 5'-
AACTTTGGCATTGTGGAAGG-3’
and Reverse,5-ACACATTGGG
GGTAG AACA-3).

Statistical analysis:

ACT and AACT values were
calculated according to their equation
(13). This was conducted according to
Statistical Analysis System-SAS (14)
to measure the effect of different
factors in studying the parameters.
Least significant difference —LSD test
was used to compare between means
and  Chi-square  test  between
percentages . The means and standard
deviations were recorded for each

sample (test and control) variables
included Ct values and gene expression
levels. This included values of
housekeeping gene and test gene. P
value for all tests was considered
significant if <0.05 .

Results and discussions:

1. Distribution of subjects according
to age:

This study involved 36 patients
with EH ; age ranged between (30 -
70) vyears , the endometrium
adenocarcenoma concluded one case
(35) years and others aged (>50)
years. Table (1) shows the age and
percentage.

Table (1): The age groups of endometrial hyperplasia patients .

Age group Number Percentage
of patients %
30-40 4 11.11
40-50 21 58.33
50-60 9 25
60-70 2 5.56

Endometrial hyperplasia (EH) can
appear  between puberty  and
menopause period (15). Endometrial
hyperplasia results agreed with Yuk ,
(2010) who reported the mean ages of
incidence with endometrial hyperplasia
were (44.11£0.4) years (16).
Endometrial hyperplasia
pathophysiology is related to the over
and persistent stimulation of the
endometrium by estrogen (17). The
Endometrial hyperplasia risk factors
incorporate  constant  anovulation,
polycystic ovary syndrome, obesity,,
tamoxifen treatment, and estrogen-only
hormone therapy (17,18,19).
Endometrial cancer is frequently a
disease of ladies who are post-
menopausal , the middle age at
determination is 62 years and 45 % of

cases happen in patients beyond 65
(20).

One of the strongest risk factors
for the development of endometrial
cancer is unopposed estrogen exposure
deficient progesterone to adjust the
mitogenic impacts of estrogen (21).
This happens either exogenously by
means  of  estrogen-just  post-
menopausal hormone substitution , or
endogenously in fat ladies, abundance
of fat tissues leads to increasing
peripheral conversion of androgens to
estrogens via aromatase enzyme (22).
Other risk factors for the development
of  endometrial cancer include
incorporate  diabetes, hypertension,
tamoxifen utilize, expanding age and
hereditary disorders (23).
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Histopathological findings:

1. Endometrial hyperplasia:
Macroscopically, Hyperplastic
endometrium is not distinctive. Focal
over growth of glands and stroma
produces a diffuse thickening that
increases the volume of tissue. The
tissue is pale, creamy yellow and
spongy, appearing velvety and knobby

on the surface, it's often lobulated or
with pseudopolypoid appearance. A
major criterion for hyperplasia is that
the endometrium is thickened by an
increase in the number and size of
proliferating glands (3,4). Figure (1)
shows the irregular shaped
proliferative endometrial glands with
irregular and shape.

Figure (1): Proliferative endometrial gland with complex endometrial hyperplasia

The most common cause of EH is
succession of that omit the periodic
differentiating stimulus of
progesterone. Therefore, EH is the
most commonly seen during the
perimenopausal  period.  Sequential
hormone replacement therapy is
associated with a prevalence of
complex hyperplasia seen in about 5-
6% of patients (1). However, it can
also be encountered in young patients,
even adolescent ones (27). Atypical
EH has been related strongly to
evolution of endometrial carcinoma
(24). The risk of incidence with
endometrial carcinoma is about 30% in
women with atypical EH (25).

2. Endometrial adenocarcinoma:

This study involved 5 cases (18%)

of endometrium  adenocarcenoma
patients with the age ranging between
35 and 72 vyears. One case was
classified as endometrium
adenocarcenoma type | depending on
the age (35 years). This cancer
develops in perimenopausal women
and occurs in an estrogen-dependent
manner via EH. Another cases
(72,50,45 and 63 years were included
with endometrium adenocarcenoma
type 1l because it develops in
postmenopausal women .Figure (2)
shows the microscopic features of the
biopsy obtained by total hysterectomy.
The section shows a back to back
arrangement of pleomorphic malignant
cells and glandular structure is
observed with a stromal disappearance.
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Environmental factors including
estrogen, an abnormal mismatch repair
(MMR), aberrant methylation of DNA
and miRs are proposed as major
mechanisms of carcinogenesis of
endometrium cancer (26). Mismatch
repair system deficiency is the
important abnormality in the early
stage of endometrial cancer and related
with estrogen, expression of Hmlhl
and Hmsh2 examined by
immunohistochemistry show a strong
positive  correlation  with  blood
estrogen (27). Many tumor suppressor
genes in cancer cells are arrested by
aberrant DNA methylation in promoter
CpG islands (28) . Muraki et al., (29)
reported a hypermethylation of 40.40%
of Hmlhlin patients with endometrial
cancer. miRs, short nucleotides that
regulate gene expression sometime,
act as tumor suppressor, such as miR-
126, miR-124, miR-152, miR-129-2 ,
miR-137 and miR-491 ; therefore the
promoters hypermethylation of this
miRs lead to activation of oncogenes
regulated by these genes (26).

Quantitative Real-Time PCR

results:

Real time PCR quantification was
applied in the present experiment
utilizing the EVA green.The
fluorescent dye recognized any double

TN

K INAL (N
Figure (2): Microscopic feature with high

LS (Lo % ‘7‘{’.
power of endometrium adenocarcenoma .

stranded DNA including cDNA and
the amplification was recorded as a Ct
value. The lower Ct value indicates the
presence of high copies of the target
and vice versa. In terms of gene
expression, high Ct values indicate a
low gene expression and vice versa
(30,31).

GAPDH gene Expression:

There were no  significant
differences of Ct value of GAPDH in
subjects and healthy group
(1.05+0.00). The little variations in
gene fold expression between the
patents group and healthy group makes
GAPDH gene useful as a reference
gene .The inherent assumption in the
use of housekeeping genes in
molecular studies is that their
expression remains constant in the
cells (32). One of the most commonly
used housekeeping ~ genes  in
comparison with the gene expression
data is GAPDH (33).

SOX4 gene Expression:

Expression of the SOX4 gene
was highly significant (p<0.01) in
endometrial  adenocarcenoma  and
endometrium hyperplasia ~ when
compared to the healthy control group
as shown in table (2).
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Table (2) : Fold of SOX4 gene expression, depending on 2 ** Method
ACt
Means | Means (I(\)/erSa gi(it e'),((?uer;n;ﬁrc]f?)lf Fold of
Groups Ct of Ct of LV gace | O an trol SOX4 gene
SOX4 | GAPDH expression
Ctof group
GAPDH)

Endometrium 21.10 29.816 -8.716 420.51 | 420.51/68.40 | 6.14 +0.17
hyperplasia b
Endometrial 20.56 29.864 -9.304 632.09 | 632.09/68.40 | 9.24 +0.52

adenocarcenoma a
Control 23.85 29.946 -6.096 68.40 68.40/68.40 1+0.00c
LSD value --- --- --- 2.073 **
** (P<0.01).
** (P<0.01) means different letters in the same column are significant at 0.01 level.
Figures (3) and (4) show the amplification plots and melting curves
for SOX4 gene .
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Figure (3): SOX4 gene amplification plots by gPCR .Ct values ranged from 23.58 to 28.63. this plot
for samples(1-36). The photograph was taken directly from Rotor-Gene Software Version 2.1.0.9,
Threshold (0.210).

55 60 65 70 75 80 85 a0 95 100

Figure (4): SOX4 melting curves by gPCR Samples included all study groups. Melting temperature
ranged from 82°C to 86°C, No primer dimer could be seen. The photograph was taken directly
from Rotor-Gene gPCR machine Rotor-Gene Software Version 2.1.0.9.
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The gene expression of SOX4 in
EH subjects recorded a high
significance fold (6.14+ 0.17) when
compared to the control group . The
diagnosis of EH is made typical by
endometrium biopsy or curettage after
a woman coming to a gynecologist
with unusual uterine bleeding
including intermenstrual or
postmenopausal bleeding (24). A
relative abundance of estrogen, be it
exogenous or endogenous, contrasted
and progesterone, is thought to be one
of the essential etiological factors in
both endometrial hyperplasia and
endometrial carcinomas (34). It is clear
that postmenopausal ladies treated with
supplemental estrogens are at a risk of
EH and carcinoma if a progestin is not
utilized to restrict the proliferative
activities of estrogen on the
endometrium. The level of hazard
increments with measurements and
span of therapy, with an around 10-
fold increases risk related with every
time of use (35). A high expression of
SOX4 gene has been reported in many
types of tumor and there is evidence
of its contributes in cellular
transformation (36) ; therefore, the
role of SOX4 protien in inducing EH
and endometrial adenocarcenoma is
suggested, because the high
expression of SOX4 leads to the
transformation of cells lining the
endometrium.

Endometrial adenocarcenoma
recorded a high significance (9.24 *
0.52) when compared to other groups
and the control group (1+0.00). The
result of this study agreed with Levan
et al., (37) who reported the SOX4
gene was overexpressed in patients
with endometrial cancer. miRs play an
important role in carcinogenesis by
targeting tumor suppressor gene or by
act as oncogenes with elevated

expression (38) . miR-203 , miR-129-2,
miR-596 , and miR-618 identified to
bound to the 3-UTR of SOX4 gene in
silico analysis and these miRs keep
the levels of SOX4 protein by the
degradation of its mRNA. Huang et
al.,, (39,40) reported that the
hypermethylated promoters of miR-
129-2 and miR-203 lead to SOX4
gene overexpression . In conclusion ,
the gradually elevated of SOX4 gene in
patients with endometrium hyperplasia
can be lead to endometrium
adenocarcinoma
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