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ABSTRACT

Introduction: Hypoxia-Inducible Factor 1a (HIF-1a) is one of the
major adaptive responses to hypoxia, regulating the activity of
glucose transporter -1 (GLUT-1), responsible for glucose uptake.

Aim: To evaluate the immunohistochemical expression of both
HIF-1o and GLUT-1 in type | and Il endometrial carcinoma and
their correlation with the available clinicopathologic variables in
each type.

Materials and Methods: A retrospective study was conducted
on archival blocks diagnosed from pathology department
between April 2010 and August 2014 included 9 cases of
atypical hyperplasia and 67 cases of endometrial carcinoma.
Evaluation of both HIF-1a. and GLUT-1 expression using
standard immunohistochemical techniques performed on cut
sections from selected paraffin embedded blocks.

Statistical Analysis: Descriptive analysis of the variables and
statistical significances were calculated by non-parametric chi-
square test using the Statistical Package for the Social Sciences
version 12.0 (SPSS).

Results: HIF-1a was expressed in epithelial (88.9%, 52.2%,
61.2% and 50%) and stromal (33.3%, 74.6%. 71.4% and

INTRODUCTION

In Egypt, Endometrial Carcinoma (EC) represents 1.6% of total
female cancers ranking the 13™. It is the third most common gynec-
ological cancer after ovary and cervix constituting about 23% [1].
Adaptation of cancer cells to their microenvironment is an important
driving force that leads to invasive and metastatic diseases. Oxygen
concentration is one of the microenvironmental factors that affects
growth and invasion of malignant cells [2]. Hypoxia contributes
to local and systemic tumour progression as well as potentially
compromising radiotherapy and chemotherapy [3].

Regulation of transcription by hypoxia-inducible factor 1o (HIF-1a)
is one of the major mechanisms mediating adaptive responses to
hypoxia [2]. HIF-1a plays an important role in tumour angiogenesis,
promoting tumour cell proliferation and helps in metastases [4].
More than 60 genes, involved in many cancer biological processes
as angiogenesis and glucose metabolism, are targeted by HIF-1a
[3]. HIF-1a regulates the activity of glucose transporters (GLUTS)
including GLUT-1 and GLUT-3, which are responsible for glucose
uptake [5-7].

The metabolism of glucose in tumour microenvironment is changed
from oxygen mitochondrial process to glycolysis (the Warburg
effect) [8]. Expression of GLUT-1 under hypoxemic conditions
induces a shift in glucose metabolism towards glycolysis. The

83.3%) components of hyperplasia, total cases of EC, type |
and Il EC, respectively. GLUT-1 was expressed in the epithelial
component of 88.9%, 98.5%, 98% and 100% of hyperplasia,
total EC cases, type | and Il EC, respectively. The necrosis
related pattern of epithelial HIF-1a expression was in favour of
type Il (p=0.018) and grade Ill (p=0.038). HIF-1a. H-score was
associated with high apoptosis in both type | and total cases
of EC (p=0.04). GLUT-1 H-score was negatively correlated
with apoptotic count (p=0.04) and associated with high grade
(p=0.003) and advanced stage in total EC (p=0.004). GLUT-1
H-score was correlated with the pattern of HIF-1a staining in all
cases of EC (p= 0.04).

Conclusion: The role of HIF-1a in epithelial cells may differ
from that of stromal cells in EC; however they augment the
expression of each other supporting the crosstalk between
them. The stepwise increase in H- score of GLUT-1 in the studied
cases implies its potential role in carcinogenesis of EC. HIF-1a
may promote GLUT-1 expression in EC especially surrounding
areas of necrosis. The differences between type | and type |l
EC regarding HIF-1a. and GLUT-1 expression may confirm the
differences in their aetiopathogenesis.

Keywords: Hypoxic markers, Immunohistochemistry, Necrosis

expression of GLUT-1 was regulated by hypoxia in a HIF-1a
dependent manner [9], which may represent a key mechanism by
which malignant cells may achieve increased glucose uptake and
compensate the lack of energy caused by inefficient anaerobic
glycolysis [10].

Despite the well-established separate role of HIF-1a [11,12] and
GLUT-1 in endometrial carcinoma [10,13], yet their expression
pattern in subtypes of endometrial carcinoma and the relationship
between them are not sufficiently studied.

AIM

Therefore, the present study aimed to evaluate the
immunohistochemical expression of both HIF-1a and GLUT-1
in type | and Il EC and their correlation with the established
clinicopathologic variables in each type.

MATERIALS AND METHODS

This retrospective study was conducted on 76 archival cases of
Egyptian patients. The study was approved by the Research Ethics
Committee at Faculty of Medicine, Menofia University. Cases
were diagnosed in Pathology Department, Faculty of Medicine,
Menofia University, Egypt spanning the period between April 2010
and August 2014. Inclusion criteria included; the availability of
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paraffin-embedded blocks for serial cutting and examination and
the availability of most of the clinical data required for this study.
The exclusion criteria included; absence of any one of previously
mentioned inclusion criteria and endometrial carcinoma cases
subjected to chemotherapy or radiotherapy prior to the surgery.
The study included 9 cases of atypical hyperplasia and 67 cases
of EC, which was classified into 49 type | and 18 type Il EC.

Clinical Features
Clinical features were collected from the patients’ medical records.

Histopathological Features

Histological types were assessed according to the 2014 WHO
classification of the tumours of EC [14]. Grading of endometrioid
adenocarcinoma was performed according to FIGO (Interna-
tional Federation of Gynecology and Obstetrics) system [15].
Classification of EC into type | and Il was performed accordinly [16].
Staging was based on 2009 FIGO staging system [17]. Myometrial
invasion was designated as present or absent, positive cases were
further divided into more than one half and less than one half [18].
Necrosis and lymphovascular invasion were assessed whether
present or absent. Scoring of mitosis and apoptosis was carried
out using an Olympus CH2 light microscope with wide angle (field
size: 0.274 mm?, field diameter: 0.59 mm) and were assessed as
mean+SD, median and range.

Immunohistochemical Procedure

Immunohistochemical staining of both HIF-1a and GLUT-1 was
performed on cut sections from selected paraffin embedded
blocks. Four pm thick sections were cut from selected blocks, which
were mounted onto positively charged glass slides. The sections
were dewaxed, rehydrated and boiled in citrate buffer solution (pH
6) for 20 minutes in order to allow antigen retrieval. Endogenous
peroxidase activity was blocked by treating with 0.5% hydrogen
peroxide in methanol for 15 minutes. The slides were incubated
overnight with the primary antibodies, rabbit polyclonal antibody,
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7.0 ml ready to use (Cat. #RB-9052-R7) rose against Glut-1(Lab
Vision Corporation. Fremont, CA, USA) and rabbit monoclonal
antibody (Cat. # CME349 A B) raised against HIF-1 alpha, which
was received as 0.1ml concentrated (Biocare Medical, LLC. Pike
Lane Concord, CA, USA) and diluted by Phosphate Buffered
Saline (PBS) in a dilution 1:150. In this system, two reagents were
utilized, the biotinylated secondary anti-immunoglobulin which was
a purified bovine monoclonal anti-mouse IgG (Thermo scientific,
NOS-3F7-B11 B5) capable of binding to the primary antibody
and the streptvidin-biotin enzyme complex. A 0.1% solution of
Diaminobenzidine (DAB) was used for 5 minutes as a chromogen.
Slides were counter-stained with Mayer’s haematoxylin for 5-10
minutes. Negative control slides were prepared, by omitting the
primary antibodies from the staining procedure. Tissue sections
prepared from cutaneous squamous cell carcinoma and breast
carcinoma were used as positive controls for GLUT-1 and HIF-1
alpha, respectively.

Assessment of HIF-1o. and GLUT-1 immunostaining
HIF-1a and GLUT-1 expression were evaluated in both endometrial
glands (epithelial) and stroma (stromal). In positive cells, nuclear,
cytoplasmic or both staining in any number of cells were required
to assign HIF-1a positive expression [19]. The positive staining
of GLUT-1 was considered when any number of cells exhibited
membranous, cytoplasmic or both staining [20].

H-score was applied to evaluate positive cases for both markers
either in epithelial or stromal components according [21,22],
where both intensity (scored 1-3 as 1= mild, 2=moderate and
3=strong) and percentage of positive cells was considered
according to the following formula:

H-score = strong intensity (3) x percentage + moderate intensity
(2) x percentage + mild intensity (1) x percentage. H-score ranged
from O to 300. The pattern of epithelial HIF-1oe and GLUT-1
expression were divided into necrosis related (the expression is
related to necrotic areas) and necrosis not related (the marker is
expressed throughout the tumour irrespective to necrotic areas).

Total endometrial
Hyperplasia Carcinoma group Type | EC Type Il EC
Variables (No=9) (no=67) (no=49) (no=18)
Age (years) Mean+SD 51.88+7.89 60.46+6.98 59.93+6.94 61.88+7.11
Median 50 60 59 64
Range 39-62 46-79 46-79 49-71
Menopausal status No % No % No % No %
Premenopausal
Postmengpausal 3 33.3 5 7.5 4 8.2 1 56
6 66.7 62 92.5 45 91.8 17 94.4
FIGO stage | x x 39 58.2 32 65.3 7 38.9
Il 10 14.9 9 18.4 1 5.6
1] 16 23.9 6 12.2 10 55.6
v 2 3.00 2 41 0 0
Stage grouping Early o e 49 73.1 41 83.7 8 44.4
Advanced 18 26.9 8 16.3 10 55.6
Myoinvasion Inner 1/2 o o
With myoinvasion Quter 1/2 21 18 36.7 3 16.7
Without myoinvasion 41 28 571 13 72.2
5 7.5 3 6.1 2 114
LVI Negative o o 53 79.1 41 83.7 12 66.7
Positive 14 20.9 8 16.3 6 33.3
Necrosis Absent 8 88.8% 18 26.9 14 28.6 4 22.2
Present 1 11.1% 49 731 35 71.4 14 77.8
Stromal reaction Inflammatory e e 15 22.4 12 24.5 3 16.7
Desmoplastic 11 16.4 5 10.2 6 33.3
Both 4 61.2 32 65.3 9 50
Mitosis Mean+SD 1.33+0.71 5.556+2.21 5.12+1.95 6.72+2.49
Median 1 5 5 7
Range 0-2 1-13 1-9 3-18
Apoptosis Mean+SD 1.89+0.78 23.91+£16.06 29.65+13.88 8.28+10.18
Median 2 25 30 4
Range 1-3 3-56 7-56 3-40

[Table/Fig-1]: Clinico-pathologic data of studied cases.
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STATISTICAL ANALYSIS

Data were collected, tabulated, and statistically analyzed using
a personal computer with the “Statistical Package for the Social
Sciences” (SPSS) version 20. The Chi-square and the Fisher-exact
tests were used for comparisons between qualitative variables. The
Mann-Whitney (U), Kruskal-Wallis (K) tests and Pearson correlation
were used for comparisons between quantitative variables. The
p-value < 0.05 was considered significant.

RESULTS

Clinical and Histopathological Features of the
Studied Groups

Clinical and histopathological features of hyperplasia, total EC,
type I and Il EC cases were summarized in [Table/Fig-1].

Immunohistochemical Profile of HIF-1o. and GLUT-1
in Hyperplasia

HIF-1o was expressed in both the epithelial and the stromal com-
ponents of the hyperplasia group. HIF-1a. was expressed in the
epithelial component of eight out of nine cases (88.9%) [Table/Fig-
2a]. Seven out of 8 positive cases (87.5%) displayed necrosis not
related pattern of staining while only one case displayed necrosis
related pattern. With regard to stromal HIF-1 a-expression, three
out of nine cases (33.3%) showed positive expression [Table/Fig-
2b]. The H-score ranged between 0 and 30 with a mean+SD of
8.89+13.64 and a median of O [Table/Fig-3].

GLUT-1 was expressed in the epithelial part of the hyperplasia

group and not in the stroma [Table/Fig-2c]. GLUT-1 was expressed
in eight cases out of nine (88.9%). Regarding GLUT-1 pattern of
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staining; the entire cases displayed necrosis not related pattern
[Table/Fig-4].

Immunohistochemical profile of HIF-10. and GLUT-1
in Endometrial Carcinoma (EC) and its subtypes
HIF-1a was expressed in both the epithelial and the stromal
components of the carcinoma group and its subtypes. In the total
EC cases, HIF-1a was expressed in the epithelial component of
39 out of 67 cases (58.2%). Fifty out of 67 cases (74.6%) showed
stromal HIF-1a expression [Table/Fig-3].

bl vt Nk e it
[Table/Fig-2]: Atypical hyperplasia showing strong diffuse cytoplasmic epithelial

HIF-1a. with negative stroma (a) (IHCx400), (b) strong stromal nuclear HIF-1a (b)
(IHCx100) and (c) strong cytoplasmic GLUT-1 (c) (IHCx200).

p-value
Hyperplasia p-value Between type
group Between type | | and type Total EC
Epithelial and stromal HIF-1a (n=9) Type | EC (n=49) and hyperplasia Type Il EC (n=18) IlEC (n=67)
No % No % No % No %
Epithelial HIF-1a Positive 8 88.9 30 61.2 011 9 50 0.41 39 58.2
expression Negative 1 1.1 19 38.8 ’ 9 50 ’ 28 41.8
Enithelial HIF-1 Mean+SD 108.33+78.34 50.51+58.91 46.19+59.41 46.19+59.41
H?score o Median 100 20.00 0.02* 15 0.25 15
Range 0-230 0-180 0-225 0-225
Positive cases Positive cases (n= 30) Positive cases Positive cases
(n=8) (n=9) (n=39)
Epithelial HIF-1a Necrosis not 7 87.5 20 66.7 0.24 2 222 0.018* 22 56.4
Pattern of staining | related 17 43.6
Necrosis related 1 125 10 33.3 7 77.8
No % No % No %
Stromal HIF-1a Positive 3 33.3 35 71.4 0.02* 15 83.3 0.32 50 74.6
expression Negative 6 66.7 14 28.6 ' 3 16.7 ’ 17 25.4
Stromal HIF-1a Mean+SD 8.89+13.64 25.2+34.73 0.06 28.13+37.04 0.22 28.13+37.04
H-score Median 0 156.00 20 20
Range 0-30 0-180 0-180 0-180

[Table/Fig-3]: HIF-1a expressionin the studied cases (Hyperplasia, EC and its subtypes). *Statistically significant

Type | p-value p-value
Hyperplasia group EC Between type | Type Il EC Between type |
(n=9) (n=49) and hyperplasia (n=18) and type Il EC Total EC (n=67)
No % No % No % No %
GLUT-1 Positive 8 88.9 48 98 017 18 100 0.54 66 98.5
Expression Negative 1 1.1 1 2 ' 0 0 ' 1 1.5
GLUT-1H-score Mean+SD 80.00+61.13 146.53+59.56 201.94+51.5 161.42+62.3
Median 65.00 150.00 0.008* 207.5 0.002* 165
Range 0-170 0-250 110-285 0-285
No. of positive cases No of positive cases No of positive No. of positive cases
8) (48) cases (18) (66)
GLUT-1 Necrosis not 8 100 21 43.8 0.003* 9 50 30 45.4
Pattern of staining | related 0 0 27 56.3 9 50 0.65 36 54.5
of positive cases Necrosis related

[Table/Fig-4]: GLUT-1 expression in the studied cases (Hyperplasia, EC and its subtypes). “Statistically significant
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In type | EC, epithelial HIF-1a was expressed in 30 out of 49 cases
(61.2%) [Table/Fig-5a&b]. Stromal HIF-1a was expressed in 35 out
of 49 cases (71.4%) [Table/Fig-3].

In type Il EC, epithelial HIF-1a was expressed in half of the cases
(9/18) [Table/Fig-5c]. Seven cases showed HIF-1a expression
related to necrosis [Table/Fig-5d] and 2 cases showed diffuse
expression irrespective to necrosis. Stromal HIF-1o was expressed
in15 out of 18 cases (83.3%) [Table/Fig-3,6].

GLUT-1 was expressed in the epithelial and not in the stromal
part of the carcinoma group . In the total number of endometrial
carcinoma cases, 66 out of 67 cases (98.5%) expressed GLUT-1.
Regarding the staining pattern, 45.4% (30/66) displayed necrosis
not related pattern while 54.5% (36/66) displayed necrosis related
pattern [Table/Fig-4].

Regarding the expression of GLUT-1 in type | EC, 48 cases out of
9 (98%) expressed GLUT-1 [Table/Fig-7a&b]. H -score values of
GLUT-1 expression ranged between 0 and 250 with a mean+SD
of 146.53+59.56 and a median of 150. Regarding the staining
pattern, 43.8% (21/49) displayed non necrosis related pattern
while 56.3% (27/49) displayed necrosis related pattern [Table/
Fig-4].
Regarding the expression of GLUT-1 in type Il EC, all cases (100%)
expressed GLUT-1 [Table/Fig-7c]. H-score ranged between 110
and 285 with a mean+SD of 201.94+51.5. The cases equally
displayed both patterns, nine necrosis not related pattern and 9
necrosis related patterns [Table/Fig-4,7d].

Comparison between Hyperplasia and Type | EC
Regarding the HIF-10 and GLUT-1

Regarding epithelial HIF-1a expression, the hyperplasia group
displayed higher median H-score in comparison with type | EC
(p=0.02). HIF-1a expression by stromal cells was significantly in
favour of type | EC in comparison to hyperplasia group (p=0.02)
[Table/Fig-8a]. Meanwhile, the median value of H-score of HIF-1a.
in the stroma was higher in type | EC than in the hyperplasia group
(p=0.06) [Table/Fig-3].

Regarding the GLUT-1, higher H-score of GLUT-1 was statistically
in favour of type | EC group in comparison with hyperplasia group
(p=0.008). Necrosis related pattern of GLUT-1 was in favour of
type | EC since all positive cases of hyperplasia displayed necrosis
not related pattern (p=0.003) [Table/Fig-4].

Comparison between Type | and Type Il EC regarding
the HIF-10 and GLUT-1

Regarding epithelial HIF-1o, the necrosis related pattern of
expression was significantly in favour of type Il (77.8%) compared
to type I (33.3%) [Table/Fig-3,5b].

Regarding GLUT-1, a higher H-score of GLUT-1 was statistically in
favour of the type Il EC group in comparison with type | EC group
(p=0.002) [Table/Fig-4].

Relationship between HIF-1a and the Studied
Parameters in EC and Its Subtypes

In total EC cases, epithelial HIF-1a expression was significantly
in favour of grade ll(p=0.05). The necrosis related pattern was
significantly in favour of type Il EC (p=0.018) and grade Il (p=0.038)
[Table/Fig-8c]. Regarding the H-Score of epithelial HIF-1a,
apoptotic count was positively correlated with H-score of HIF-1a
(p=0.04) [Table/Fig-8d].

In type | EC, epithelial HIF-1a expression was significantly in favour
of grade Il (p=0.02). The apoptotic count was positively correlated
with H-score of HIF-1a; i.e., the higher the apoptotic count, the
higher the H-score of HIF-1a (p=0.04).

In type Il EC, epithelial HIF-1a expression and H-score evaluation
didn’t statistically correlate with any of the studied parameters.
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There was no significant association between stromal HIF-1a
expression and the studied parameters in total EC, type | and type II.

Relationship between GLUT-1 and the Studied
Parameters in EC and Its Subtypes

In total EC cases, GLUT-1 H-score was positively correlated
with age (p=0.03) and negatively correlated with apoptotic count
(p=0.04) and was significantly higher in grade Ill (p=0.003) and
advanced stage (p=0.004). There was an observed progressive
increase in GLUT-1 mean H-score values from grade | (173+53.31)
to grade Ill (201.94+51.85). The pattern of GLUT-1 staining did not
correlate with the studied parameters.

In type | EC, advanced stage grouping was associated with high
mean values of GLUT-1 H-score compared to early stage grouping
(p=0.02). On the other hand there was no statistical significant
relationship between pattern of GLUT-1 staining and the studied
parameters in type | EC.

Intype Il EC, GLUT-1 H-score and pattern of GLUT-1 staining failed
to show statistical association with the studied clinicopathological
parameters.

Correlation between Epithelial and Stromal HIF-1a
Expression in EC Cases and Its Subtypes

Thirty one out of 39 (79.5%) EC displayed both epithelial and
stromal HIF-1a reaching a statistical significance (p=0.03). On the

[Table/Fig-5]: (a): moderate to strong cytoplasmic epithelial HIF-1a in grade |I
endometriod adenocarcinoma (IHC, 100X) and in perinecrotic tumour cells in a grade
I endometroid adenocarcinoma (D: yellow asterisk :necrosis) (IHC 200X), (b): nuclear
epithelial HIF-1 o in grade Il endometriod adenocarcinoma (IHC, 200X),(c); and
cytoplasmic epithelial HIF-1a in clear cell adenocarcinoma (IHC, 200X).
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[Table/Fig-6]: Strong nuclear stromal HIF-1a with absence of epithelial expression in
a case of papillary serous adenocarcinoma (IHC 100x).
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other hand, no correlation was observed in either subtypes (type |
and type Il EC) [Table/Fig-9].

Correlation between GLUT-1 and HIF-1o Expression
in EC Cases and Its Subtypes
Higher GLUT -1 H-score was noticed in cases showing necrosis

L N g A
[Table/Fig-7]: (a): Moderate cytoplasmic and
occasional membranous (red arrow) GLUT-1 in grade Il endometroid adenocarcinoma
(A, B: IHC 100X). (c): Strong membranous epithelial GLUT-1 in a case of clear cell
carcinoma (IHC 200x). (d): Moderate to strong cytoplasmic GLUT-1 expression in
perinecrotic tumour cells in a grade Il endometroid adenocarcinoma (yellow asterisk
:necrosis) (IHC 400X).
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showing non necrosis related pattern. On the other hand, no
correlation was observed in either subtypes (type | and type Il EC)
[Table/Fig-10Q].

DISCUSSION

In the current study, high expression of epithelial HIF-1a was
seen in hyperplasia agreeing with previous studies with a variable
percentage, such as 60.9% in Horree et al., study and 41.6% in
Feng et al., study [11,23]. The percentage of HIF-1a epithelial
expression in EC (58.2%) of the present study was close to Sivridis
et al., who reported HIF-1o expression in 49% (41/80) of the cases
[24]. On the other hand, a higher expression was reported by
Sadlecki et al., who demonstrated 97% positive expression [25].

Over-expression of HIF-1a in the hyperplasia group than in the
EC group could be attributed to the evident hypoxic conditions in
cases of hyperplasia. Although there is only one case of endometrial
hyperplasia showing necrosis in the current study, however this is
not against the presence of hypoxic microenvironment. According

Positive Negative
epithelial HIF- epithelial HIF- Test of
1a (no. =39) 1a (no. =28) significance | p-value

Positive stromal No % No % FE=5.29 0.03*
HIF-1

¢ 31 | 795 | 19 | 67.9
Negative stromal 8 20.5 9 32.1
HIF-1a

[Table/Fig-9]: Correlation between epithelial and stromal HIF-1a expression in

total cases of endometrial carcinoma (NO=67).
*Statistically significant
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[Tabie/Fig-8]: (a) Stromai HiF-1a expression in hyperpiasia and type i EC. (b): Epitheiiai HiF-1a staining patterns in types i and ii EC. (c): Epitheiiai HiF-1a staining pattern and

Journal of Clinical and Diagnostic Research. 2016 May, Vol-10(5): EC20-EC27



www.jcdr.net

Dalia Rifaat Al-Sharaky et al., HIF-1a and GLUT-1 in Endometrial Carcinoma

Glut -1 expression Glut -1 H-score Glut -1pattern of staining
Positive Negative Diffuse Necrosis related
No % No % p value Mean = SD p-value No % No % p-value

Epithelial HIF-1 o expression
Positive 38 97.4 1 2.6 0.39* 162.56+59.5 0.76" 17 44.7 21 55.3 0.89*
Negative 28 100 0 0 159.82+67.15 13 46.4 15 53.6
Epithelial HIF-1a 0.71
Mean + SD 46.569+59.77 20.00 — 46.33+55.61 46.81+63.82 0.98#
Epithelial HIF-1a
Pattern of staining of the 13
positive cases 38.1 8 61.9
Necrosis no related 21 95.5 1 4.5 0.37* 144.32+£62.53 0.04* 8 52.9 471 0.36*
Necrosis related 17 100 0 0 186.18+47.15 9
Stromal HIF-1a o expression
Positive 49 98 1 2 0.56* 159.7+63.12 0.64* 7 41.2 10 58.8 0.63*
Negative 17 100 0 0 166.47+61.53 23 46.9 26 53.1
Stromal HIF-1a 0.16#
Mean + SD 27.65+37.11 60.00 — 0.54 30.00+34.71 25.69+39.37

[Table/Fig-10]: Correlation between GLUT-1 and epithelial/stromal HIF-1a expression in all cases of EC cases (n=67)

*Fisher Exact test

*Mann Whitney test% is being calculated by Row
*Statistically significant

to Chianeh et al., endometrial hyperplasia is characterized by
presence of large thin walled tortuous, superficial endometrial
vessels, which eventually causes loss of blood due to fragility of
the blood vessels [26]. The loss of blood could cause hypoxic
microenvironment which mediates the release of HIF-1a. This
could explain the HIF-1o over-expression in hyperplasia than in
endometrial carcinoma.

In the current study, epithelial HIF-1a expression showed high
percentage in type | (61.2%) compared to type Il (50%) but with
absence of significant difference (p>0.05). Meanwhile, Pansare et
al., reported predilection of HIF-1a to type Il EC (86%) than type
I EC (26%) [12]. On the other hand, necrosis related pattern of
HIF-1a was statistically in favour of type Il EC (77.8%, p=0.018)
compared to type | EC. We agreed with Seeber et al., who
demonstrated the association of perinecrotic HIF-1a expression
with high-grade endometrial carcinoma represented by type Il EC
in the present study [27]. Furthermore, Daponte et al., reported an
association between epithelial HIF-1o expression and high grade
ovarian carcinoma [28].

The expression of HIF-1a in the stroma was higher in type | EC
than hyperplasia group (p=0.02). Stromal HIF-1a expression was
noted occasionally in the stromal fibroblast and endothelial cells
in a case of endometrial carcinoma, as reported by Sivridis et al.,
[24]. In the current study, this stepwise increase in the level of
HIF-1a in the stroma implies a potential role of HIF-1a in the early
carcinogenesis of endometrial carcinoma.

Most of the cancer studies focused on cancer cell metabolism,
however, crosstalk between cancer metabolism and the metabolism
of non-malignant stroma is also crucial for understanding malignant
progression [29]. Activation of HIF-1a in stromal cells up-regulates
the ability of stromal cells to produce CXCL12, which is required
for proliferation and survival of the malignant cells [30]. Thus,
over-expression of stromal HIF-1a in the EC group than in the
hyperplasia group and the significant correlation between epithelial
and stromal HIF-1a expression in the total endometrial carcinoma
(p=0.03) support the crosstalk between stroma and the malignant
endometrial glands, suggesting that the initial expression of HIF-
1o may come from the stroma in response to hypoxia.

In the current study, the epithelial HIF-1a expression and stromal
HIF-1a H-score are in favour of grade Il. Some studies reported a
correlation between HIF-1a and the grade in EC [24] and urothelial
carcinoma [31] while others didn’t find such correlation such as
Sadlecki et al., in endometrial carcinoma, Dos Santos et al., in
squamous cell carcinoma of the oral cavity and Kim et al., in
cervical carcinoma [25,32,33].
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High epithelial H-score of HIF-1a was positively correlated with
apoptotic count in total EC (p=0.04) and in type | EC (p=0.04),
agreeing with Theodoropoulos et al., in urothelial carcinoma [31].
Previous studies connected HIF-1a accumulation directly with the
mutant p53 and inversely with bcl-2. HIF-1a acts by enhancing
apoptosis of neoplastic cells by stabilization of wild type P53
which induce apoptosis, and down regulation of anti-apoptotic
factor bcl-2 [34,35].

GLUT-1 is a glucose transporter which is also responsible for the
uptake of sugar. The expression of GLUT-1 increased under non
aerobic conditions, inducing a metabolic shift towards glycolysis.
Previous studies failed to document the expression of GLUT-1 in
most normal epithelial cells. In contrast, over-expression of GLUT-1
was found in various neoplasms, including colorectal carcinoma
[36], cancer cervix [33], laryngeal carcinoma [37], ovarian tumours
[38], and in oral squamous cell carcinoma [39].

In the current study, GLUT-1 was expressed only in the epithelial
part sparing the stromal one. In contrast to epithelial HIF-1a,
GLUT-1 was noticed to be higher in the EC group compared to the
hyperplasia group. Our results agreed with Horree et al., Sadlecki
et al., and Xiong et al., who reported GLUT-1 over expression
in endometrial cancer than in the precancerous lesions (CAH),
suggesting that this molecule can be involved in early stages
of endometrial carcinogenesis [11,25,40]. The percentage of
GLUT-1 expression in EC cases in the current study (98.5%) was
close to that reported by Sadlecki et al., (100%) and Wang et al.,
(100%) [25,41]. On the other hand, Krzeslak et al., reported that
GLUT-1 was only expressed in 67.1 % (51/76) of the studied EC
cases [13].

A stepwise increase in the median H- score of GLUT-1 was noticed
between the hyperplasia group (65) and type | EC (150) and type Il
EC (207.5), reaching a high statistical significance between type |
and hyperplasia (p=0.008), and between type | and Il EC (p=0.002).
This stepwise increase supports a potential role of GLUT-1 in early
carcinogenesis of EC, which was previously reported by others
[11,25,40]. Necrosis related pattern of GLUT-1 expression was
seen mainly in endometrial carcinoma group, a pattern which has
not been mentioned before for GLUT-1 staining.

GLUT-1 H-score (p=0.003) was significantly associated with grade
Il of total EC agreeing with others [10,13]. Moreover, GLUT-1 H-
score was significantly associated with advanced stage of type
| EC (p=0.004). Other studies have demonstrated that GLUT-1
expression was increased linearly with FIGO stage in cancer cervix
[42], while others failed to find an association between GLUT-1
expression and stage of EC [13,25]. This poor prognostic impact
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of GLUT-1 was explained by Mayer et al., who suggested that
the environmental factors (e.g., glucose deprivation) are important
for the expression of the protein [42]. Activated oncogenes may
have an effect on the degree of activation by these factors. This
influence is likely to become more relevant in higher stages and
larger tumours. Because oncogenic mutations, accumulated
during malignant progression may become more prevalent.

Opposite to the HIF-1a, high GLUT-1 H-score was associated with
low apoptotic count in total EC (p=0.04). We agreed with Vesely et
al., who stated that enhanced expression of the facilitative glucose
transporter, GLUT-1, has been shown to inhibit apoptosis in several
cell systems including vascular smooth muscle cells (VSMCs) [43].
The antiapoptotic and prosurvival genes that increase VSMC, are
proposed to be induced by GLUT-1 [43].

In the current study, high GLUT-1 H-score was correlated with
necrosis related HIF-1a staining pattern in total EC. This correlation
binds hypoxia with stimulation of both HIF-1a. and GLUT-1,
expression inducing a metabolic shift towards glycolysis and lead
to malignant progression. This scenario was previously reported
by Wu et al., in laryngeal carcinoma, Xiong et al., in endometrial
carcinoma, Ishikawa et al., in oral squamous cell carcinoma, and
Li et al., in lung cancer, [37,40,44,45]. Meanwhile, absence of
a significant correlation between HIF-1a and GLUT-1 has been
demonstrated by Koukourakis et al., in colorectal carcinoma and
Schrijvers et al., in laryngeal carcinoma [36,46].

LIMITATION

Small sample size of atypical endometrial hyperplasia cases and
confinement of studying both HIF-1a and GLUT-1 at the protein
level only not the gene level contributed to the limitation in the
present study.

CONCLUSION

Necrosis related pattern of HIF-1a and GLUT-1 expression in
EC may refer to the role of hypoxia in their up-regulation. The
role of HIF-1a in epithelial cells may differ from that of stromal
cells in EC. Although of this apparent difference in distribution,
they augment the expression of each other in EC supporting
the crosstalk between the epithelial and stromal components of
cancer. Stromal expression of HIF-1a is the one that could be
incriminated in endometrial carcinoma pathogenesis because it is
highly expressed in EC compared to atypical hyperplasia group.

The stepwise increase in the median H-score of GLUT-1 in the
studied cases implies its potential role in carcinogenesis of EC.
GLUT-1 may carry poor prognosis in EC because of its association
with advanced stage, high grade and low apoptosis. HIF-1a may
promote GLUT-1 expression in endometrial carcinoma especially
surrounding areas of necrosis. The differences between type | and
type Il EC regarding HIF-1a. and GLUT-1 expression may confirm
the differences in their aetiopathogenesis
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