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Keap1,

estrogen and progesterone receptors as prognostic

factors in endometrial carcinoma: an immuno histochemical study

Aya S Amer, Heba A Mashhour, Hanan A AlShenawy, Hassan Tahseen Sheir, and Alaa | Amer,

Department of Pathology, Faculty of Medicine, Tanta University, Tanta 31527, Egypt

Background: Endometrial carcinoma is the most common malignancy
of the female reproductive system and represents the sixth most
prevalent malignant tumour all over the world. The purpose of this
study was to evaluate the expression of Keap1, estrogen and
progesterone receptors immunoreactivites in a spectrum of
endometrial carcinoma cases and correlate Keap1, estrogen and
progesterone receptors immunohistochemistry expression in the
endometrial carcinoma with available clinicopathological parameters.
Paraffin blocks from 70 cases of endometrial carcinoma, 52 cases of
endometrioid type and 18 cases of non-endometrioid type were
subjected to H&E staining and immunohistochemical staining by
Keap1, estrogen and progesterone receptors.

Results: Keap1 was expressed as cytoplasmic staining mainly and its
expression was related to worse prognosis as it was statistically
significant associated with non-endometrioid type, high grade, higher
stage, deep myometrial invasion and lymphovascular invasion.
Estrogen and progesterone receptors were expressed as nuclear
staining. Estrogen and progesterone receptors expression was with
good prognosis. Both ER and PR expressions associated significantly
with endometrioid type and low grade .ER positive tumours were also
associated significantly with; early stage, less myometrial invasion and
no lymphovascular invasion while PR receptor status did not exhibit
significant relation between its expression, FIGO staging, depth of
myometrial invasion and lymphovascular invasion.

Conclusions: Keap1 could be a useful prognostic factor in endometrial
carcinoma. Keap1 expression is related to non-endometrioid type, high
grade, higher stage, deep myometrial invasion and lymphovascular
invasion and subsequently is associated with worse prognosis. Both
ER and PR expressions were related significantly with endometrioid

type and low grade, thus related to good prognosis.
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INTRODUCTION

Endometrial carcinoma is the most common malignancy of
the female genital tract and is the sixth most prevalent
malignant tumour all over the world [1]. In women, it
accounts for the fourth-prevalent cancer [2]. The incidence
rate of endometrial carcinoma is expected to increase more
than 50%, regarding to the International Agency for
Research on Cancer, worldwide by 2040. The mortality
rate due to endometrial carcinoma was the highest between
women of low socioeconomic status due to reduced
evidence-based care.

A total of 604127 recent cases of endometrial carcinoma
were diagnosed with an incidence of 3.1%, according to
GLOBOCAN 2020 [3]. Worldwide,

carcinoma is a threat to women health [4].

endometrial

Endometrioid Endometrial Cancer (EEC) is the most
common pathological type of endometrial carcinoma,
accounting for 65-85% of all cases [5]. Even though the
new guidelines advocate molecular classification for all
endometrial carcinomas, particularly high-grade cancers, as
a necessary step towards therapy, but when molecular
classification measures are unavailable, prognosis could be
based on clinicopathological features [6].

Endometrial carcinoma cases are currently treated
depending on clinicopathological variables such as
histological type, tumour grade and stage, with Lymphatic
Vascular Space Invasion (LVSI) [7].

Immunohistochemical markers have a crucial role in the
diagnosis, prognosis and treatment of endometrial cancer,
in the era of targeted therapy. Therefore, there is always a
continuous search for prognostic immunomarkers.

Endometrial cancers are a clinical challenge, despite wide
treatment availability. This is mostly because of the
development of chemo resistance and radio resistance and
the diagnosis at late disease stage. Keap1, (Kelch-like ECH-
associated protein 1) is related to tumour resistance to
adjuvant treatment [8, 9].

The cellular protein Keapl was considered as a suppressor
of Nrf2 activity and a negative regulator of nuclear
erythroid 2-related factor 2/ anti-oxidant response
element. (Nrf2/ARE) signalling pathway, that increases
the expression of many genes related to cytoprotective
mechanisms. Following the discovery of Nrf2/ARE
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signalling, there is an area of ongoing research in numerous
articles on this pathway [10].

Estrogen (E;) and Progesterone (Pg) are significant
contributors in the formation and progression of
endometrial cancer through specific receptors (ER alpha
and PR) [11].

According to several research, the rates of hormone
receptor expression vary depending on a variety of criteria,
including the proportion of low-grade and high-grade
tumours. There is still heterogeneity and publication bias
among the research [12, 13].

Immune-Histochemical (IHC) assessment of steroid
hormone receptors may be effective as a predictor of cancer
behavior in a pre-operative environment and has value as an
indicator for adjuvant treatment [13].

The aim of this work was to evaluate the expression of

Keapl, estrogen and progesterone I‘CCCptOl‘S

immunoreactivities in a spectrum of endometrial
carcinoma cases and correlate the immunohistochemical
expression of Keapl, estrogen and progesterone receptors
with the available clinicopathological parameters in

endometrial carcinoma cases.

METHODS
Study design

It is a retrospective study of 70 cases diagnosed as
endometrial carcinoma collected from Department of
Pathology, Faculty of Medicine- Tanta University from
November 2019 till January 2021. This study was approved
by the Research Ethics Committee (REC), Faculty of
Medicine, and Tanta University. (Approval code:
33411/10/19).

Data collection and histopathological
evaluation

Patient's age, histopathological ~diagnosis, grading,
myometrial invasion, staging of endometrial carcinoma
cases, were obtained from pathology reports. Paraffin
blocks with the maximum bulk of tumour were chosen

from each case for histopathological studies.

Serial sections (5 um thickness) were prepared for
Hematoxylin and Eosin stain. Stained sections were
reviewed to assess the histological diagnosis. Cases were
then classified according to the WHO classification of
endometrial carcinoma, 2020 [14]. Also, graded according
to binary grading system to reduce the inter-observer
variation and improve prognostic significance. Tumour
stage and myometrial invasion of endometrial carcinoma
cases were determined according to FIGO stage of the
Uterine Corpus tumours (American Joint Committee on

Cancer) [15].
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Immunohistochemical staining

The immunohistochemical staining was performed for all
70 cases using DAKO EnVision FLEX Protocol in
automated Link 48 DAKO AUTOSTAINER
(DAKO/Agilent Corp.). Routine FFPE sections, cut at 3
um, were collected on positive charged slides.

Immunostaining was done using Keap1 a Rabbit polyclonal
antibody (1: 300 dilutions, Biogenix), ER alpha a rabbit
monoclonal antibody (Ready to use, Dako/Agilent) and
PR a Mouse monoclonal antibody (Ready to use, Dako/
Agilent) were placed on each slide for 30 minutes. The
Dako EnVision™ FLEX Detection system was used,
without linker antibodies, regarding to standard protocol
times as the following: peroxidase blocking reagent: 10
minutes then primary antibodies: 20 minutes; chromogen
(diaminobenzidine; DAB): 10 minutes. Slides were
flooded with distilled water and counter stain with Mayer’s
hematoxylin was done, the slides were washed in tap water,
then were covered by Canada balsam [16].

The expression of Keapl, ER and PR were
interpreted as follows:

The immunohistochemical results for Keaplwere recorded
based on quantitation of staining performed in cytoplasm.
The expression was considered positive when moderate to
strong cytoplasmic immunostaining was (>5%) in
neoplastic epithelial cells [17]. The immunohistochemistry
results for ER and PR expression were recorded based on
the percentage of nuclear immunostained cells as the
following: The marker expression was evaluated “negative”
if the percentage of immunostained cells was <10%;
otherwise, the expression was evaluated “positive” if the

percentage (10%-100%) [18, 19].

Statistical analysis

Statistical data analysed by SPSS v26 (Statistical Package
for Social Sciences) (IBM Inc., Chicago, IL, USA).
Quantitative variables were presented as mean and
Standard Deviation (SD). Qualitative variables were
introduced as frequency and percentage (%) and were
analysed by using the Chi-square test or Fisher's exact test.
A two tailed p-value < 0.05 was considered significant.

RESULTS

Clinicopathologic characteristics of
endometrial carcinoma cases

Paraffin blocks from 70 of endometrial carcinoma cases, 52
cases of endometrioid type and 18 cases of non-
endometrioid type. The clinicopathological features of the
studied cases of endometrial carcinoma are summarized in
(Table 1). Age ranged from 35 — 84 years with a mean of
58.5 £ 14.35 years. According to binary grade classification
system, studied cases were graded into: Low grade: There



were 43 cases including 28 cases were endometrioid
adenocarcinoma of usual type, 2 cases was endometrioid
adenocarcinoma with squamous differentiation, 7 cases
were endometrioid adenocarcinoma with villoglandular
pattern, 2 cases were endometrioid adenocarcinoma with
secretory pattern, and 4 cases were endometrioid
adenocarcinoma with mucinous differentiation. High
grade: There were 27 cases including 6 cases were
endometrioid adenocarcinoma of usual type, 3 cases were
adenocarcinoma  with

endometrioid squamous

differentiation, 11 cases were uterine papillary serous
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carcinoma, and 7 cases were clear cell endometrial
carcinoma. Tumour staging was determined according to
FIGO stage of tumours of the Uterine Corp (American
Joint Committee on Cancer) 70 cases were categorized
into: stage IA was 24 cases representing (34.3%), stage IB
was 34 cases representing (48.6%), stage II was 8 cases
representing (11.4%), stage IIIA was 3 cases representing
(4.3%) and stage IVA was 1 case representing (1.4%).
Myometrial invasion > 50% occurred in 46 (65.71%) cases
and below 50% in 24 (34.29%) cases. Lymphovascular
invasion was detected in 39 (55.7%) cases (Figure 1).

Fig. 1. Histopathological variants of studied cases of endometrial carcinoma (H&E x 200) (A) Low grade endometrioid adenocarcinoma of
usual type (B) High grade endometrioid adenocarcinoma of usual type (C) Endometrioid adenocarcinoma with squamous differentiation.
(D) Low grade endometrioid adenocarcinoma with villoglandular pattern (E) Endometrioid adenocarcinoma with secretory pattern (F)
Endometrioid adenocarcinoma with mucinous differentiation (G) papillary serous carcinoma (H) Clear cell carcinoma

Tab. 1.  Clinicopathological Clinicopathological features Total (70)
features of studied (%)
cases of endometrial carcinoma | 1+ Age (Mean SD.) 58.5£14.35
2. Histopathological type
Endometrioid type 52 (74.29%)
Non Endometrioid type 18 (25.71%)
3. Grade
High grade 27 (38.57%)
Low grade 43 (61.43%)
Tumour staging( FIGO stage)
4. 1A 24 (34.3%)
1B 34 (48.6%)
I 8 (11.4%)
1A 3 (4.3%)
IVA 1 (1.4%)
s, Myometrial invasion
<50% 24 (34.29%)
>50% 46 (65.71%)
Vascular invasion
6. Yes 39 (55.7%)
No 31 (44.3%)
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Keap1, ER and PR immunohistochemical
results

Keapl was expressed as cytoplasmic staining mainly and its
expression was related to worse prognosis as Keapl
immunoexpression was associated with non-endometrioid

‘ .éﬁ_

type as seen in 94.4% and expressed in 81.5% of high-grade
endometrial carcinoma cases. Besides, its expression with
higher stage (100%) of cases of stage III and IV, deep
myometrial invasion representing 71.7% and showed
association with lymphovascular invasion representing

74.4% as in Figure 2, Table 2.

f
Ji

Fig. 2. Keapl immunoexpression in studied endometrialcarcinoma cases(x400) (A) Low grade endometrioid adenocarcinoma of usual type

B
Wi

showing negative expression (B) High grade endometrioid adenocarcinoma of usual type showing cytoplasmic positive expression (C)

Papillary serous carcinoma showing positive cytoplasmic expression (

D) Clear cell carcinoma showing positive cytoplasmic expression

Tab. 2. Relation Variables Keapl Keapl -ve P ER +ve ER -ve P PR +ve PR-ve p-
Bereen +ve value value value
OIS of 19 33 Hismpathglsogical e 17 38(73.1% 14
Keapl, ER and PR i L7
an dp available Endometroid (52) (36.5%) | (63.5%) | <0.001 | (67.3%) | (32.7%) | <0.001 ) (26.9%) | <0.001
- B o, o,
histopathologic data | NOeriametoid | 7Oy (5.6 2111%) | gem0n e | O
Histopathological grade
i 14(32.6% 29 31 12 34(79.1% ,
Low-grade (43) ) (674%) | <0001 | (2.1%) | (27.9%) | <0.001 ) 920.9%) | 001
) 22(81.5% ) ) 21 ) 22
High-grade (27) ) (18.5%) 6(222%) | (77 g05) SU85%) | (g1 s06)
Stage
21 20 15(62.5%
0, 0, 0,
IA (24) 3025%) | (4750, (833 | H167%) ) 9(37.5%)
B o) 22647% | 1235.5% | “0-001 T1542.4% 19 0.002 2 12 0.051
) ) ) (55.9%) (64.7%) | (35.3%)
11 (8) 7(87.5%) | (12.5%) 2(25.0%) | 6(75.0%) 1(125%) | 7(87.5%)
1A (3) 3(100%) | (0.0%) 0(0.0%) | 3(100%) 1(33.3%) | 2(66.7%)
IVA (1) 1(100%) | 0(0.0%) 0(0.0%) | 1(100%) 0(0.0%) 1(103'0%
Myometrial invasion
21 20 15(62.5%
0, 0, 0, 0,
<30% (24) (25%) | (g7500) | <0001 | 333%) | 107%) | <9001 ) 9B7:3%) | 456
33 13 17 29 24 22
2 50% (46) (717%) | (283%) (37.0%) | (63.0%) (52.2%) | (47.8%)
Lymphovascular invasion
Yes (39) 29(74.4% | 10(25.6% 15 24 20(51.3% 19
) ) <0.001 | (38.5%) | (61.5%) | 0.009 ) (48.7%) | 0223
24(77.4% 22 21 10
No (31) 7(22.6%) y Loy | 0 @90%) 6% | (23%

Estrogen and progesterone receptors were expressed as
nuclear staining. The Estrogen receptor and PR expressions
of endometroid carcinoma in our study encompassed 35
positive cases and 38 positive cases for ER and PR
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respectively, while all clear cell carcinoma cases showed
negative expression for both ER and PR. Regarding serous
carcinoma, two cases were positive for ER expression and
one case showed positivity to PR expression. ER and PR-




negative tumours were more often associated significantly
with high-grade. ER and PR immunoexpressions and
tumour staging of endometrial carcinoma cases, our study
showed positivity of ER and PR expressions in stage I; (35
cases and 37 cases respectively out of 58 cases), while in stage
IV negativity for both ER and PR immunoexpressions was
found. Myometrial invasion below 50% was associated with

Amer .A. S. et al. Keap1, Estrogen...

positive ER expression (p-value <0.001) and non-
significantly with PR expression. In the current study,
estrogen receptor expression was associated with no
lymphovascular invasion, while PR expression was
insignificantly associated with lymphovascular invasion as
shown in Figure 2 and 3, Table 2.

Fig. 3. ER immunoexpression in studied endometrial carcinoma cases x200 (A) Low grade endometrioid adenocarcinoma of usual type
showing positive nuclear expression (B) Low grade endometrioid adenocarcinoma with villoglandular pattern showing positive nuclear

expression PR immunoexpression in studied endometrial carcinoma cases x400 (C) Low grade endometrioid adenocarcinoma of usual type

showing positive nuclear expression (D) Low grade endometrioid adenocarcinoma with secretory pattern showing positive nuclear

expression

DISCUSSION

Since endometrial cancers are hormone-dependent,

immunohistochemistry markers ~ for estrogen and progest
erone receptors are frequently used in prognosis. Immuno

histoch-emical markers have importance in the prognosis
and prediction of treatment efficacy of endometrial cancer
in the age of targeted therapy. As a result, searching for

prognostic markers is ongoing [20].

There are proteins and molecules that might cause a
response to oxidative stress stimuli and are being researched
as potential cancer biomarkers not just for diagnosis, but
also as prognostic variables and potential target therapy.
The NRF2/Keapl signalling pathway is critical in cell
protection from oxidative damage, which is caused by
increasing Reactive Oxygen Species (ROS). Stimulation of
NRF2/Keapl signalling in cancer cells, on the other hand,
lead to chemoresistance by deactivation of drug mediated
oxidative stress with protection of cancer cells from drug
induced cell death. Kelch-like ECH-associated protein 1
(Keapl) is an adapter of the Cullin3 (CUL3)-based
ubiquitin E3 ligase which promotes NRF2 degradation and
suppresses its transcription in the absence of oxidative stress
[21].

Although NRF2 ordinarily protects cells from oxidative
stress by co-activating genes producing antioxidant
proteins, NREF2
chemo/radiotherapy

in

of

accumulation results

resistance and promotion

malignancy in cancer cells. Chemotherapeutic medicines
have little effect on these malignancies. These malignancies
are known as NRF2-addicted/NRF2-activated cancers
[22].

In the present study, Keapl immunoexpression was
associated with non-endometrioid type as seen in 94.4%
and expressed in 81.5% of high-grade endometrial
carcinoma cases. Besides, its expression with higher stage
(100%) of cases of stage III and IV, deep myometrial
invasion representing 71.7% and showed association with
lymphovascular invasion representing 74.4%. These results
agreed with who stated Keap1 expression in 100% of non-
endometrioid type, 87.5% of high-grade cases, 56.8% of
cases with deep myometrial invasion and 61% of cases with
lymphovascular invasion.

Very limited literature data exists on studying Keapl
expression in endometrial carcinoma cases. When assessing
Keapl expressions on different organs, study by showed
significant differences in immunohistochemical expression
of Keapl between different histological types of ovarian
108
mucinous, endometrioid and clear cell) [23]. Patients with

carcinoma  cases; ovarian carcinomas (serous,

serous carcinoma showed highest Keap1 expression.

Regarding the histological grade, found that tumour
differentiation of colorectal carcinoma cases was noticed to
be significantly associated with decreased expression of
Keapl [24]. Concerning the tumour stage, reported that
Keapl was related to advanced disease and invasion of
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breast cancer, with increased Keapl immunoexpression
that was linked with a triple-negative subtype [25]. It was
concluded that Keapl may induce cellular proliferation and
cancer progression as a transcriptional factor in the Keap-1-
Nrf2 signal pathway, which may result in dedifferentiation
of malignant cells.

Estrogen and progesterone receptors are key biomarkers for
endometrial cancer outcome. ER and PR are members of
the steroid superfamily and regulate their action in the
endometrium. Binding of the receptors to its ligand results
in translocation of the complex to the nucleus, where
receptor dimers can bind specific hormone-responsive
DNA of target genes [26].

Despite the fact that Endometrial Cancer (EC) has
generally favourable outcomes with a low recurrence rate,
research for its prognosis is crucial research to plan adjuvant
treatment. Hormone receptors for Estrogen (ER) and
progesterone are considered promising markers for
prognosis of EC [27]. Besides being a predictor for adjuvant
treatment, immunohistochemical assessment of hormone
receptors may be beneficial in a pre-operative scenario as an
indicator for tumour response.

In this study, ER positivity was substantially higher in
endometrioid type than in non-endometrioid type.
Furthermore, PR expression was much higher in
endometrioid type.

These findings are consistent with those of, who found that
the positivity of ER or PR in endometrioid type was much
greater than in non-endometrioid type, with 92.1% or
91.0% of cases in type 1 being ER and PR positive,
respectively [28].

The Estrogen receptor and PR expressions of endometroid
carcinoma in our study encompassed 35 positive cases and
38 positive cases for ER and PR respectively, while all clear
cell carcinoma cases showed negative expression for both

ER and PR.

Regarding Serous carcinoma, two cases were positive for ER
expression and one case showed positivity to PR expression.
Our results are in accordance with the findings of, who
reported that out of 56 cases, 24 cases of endometrioid
carcinoma were positive for ER and 33 cases were positive
for PR. Out of serous carcinoma cases, two cases were PR
positive. Clear cell carcinoma was negative for ER and PR
expressions [29].

From the results of the current study, ER and PR-negative
tumours were more often associated significantly with high-
grade in accordance with. Also, reported that ER/PR-
positive tumours were in direct proportion with low grade
tumours [30, 31].

ER PR

immunoexpressions and tumour staging of endometrial

Inspecting  relation  between and
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carcinoma cases, our study showed positivity of ER and PR
expressions in stage I; (35 cases and 37 cases respectively out
of 58 cases), while in stage IV negativity for both ER and PR
immunoexpressions was found. Kandaswamy et al. also
noticed that higher stage (stage IV) showed loss of ER or PR
immunoxpression [1].

In contrary to other studies, Rima found no significant
difference in ER expression and staging of the tumour [32].
Furthermore, found an insignificant association between
endometrial cancer stages and receptor type. This could be
explained by various factors, such as mixed histologic
subtypes and varying sampling,

Our study showed that less myometrial invasion was
associated with positive ER expression (p-value <0.001)
and non-significantly with PR expression and this was
similar to study done by [33]. In contrary to our results,
that ER and PR expression  was

with the depth of

myometrial invasion, while [34, 35] found significance as

documented
statistically insignificant

regard ER and PR expression and depth of myometrial
invasion with (p=0.024), (p=0.048) for ER and PR
expression respectively. Estrogen receptor expression was
associated with lymphovascular invasion in the current
study. This was corresponding to a study conducted by

[36].

In the current study, PR expression was insignificantly
associated with lymphovascular invasion. In contrast to our
results, noticed that progesterone receptor expression was
associated with lymph vascular invasion (p-value = 0.022).
Reported that lymphovascular invasion was not of

prognostic value [37, 38].

To summarize, ER positive tumours were associated with
better prognosis: endometrioid type, low grade, early stage,
and less myometrial invasion. Our findings agreed with the
study by that explained that by it might be related to change
in normal enzyme activity, which impact the synthesis of
ER and PR in cancer cell. Moreover, PR negative tumours
were associated with a poor prognosis: non-endometrioid
type and high grade, which is close to. ER and PR
expressions are consistent because PR gene transcription is
stimulated by estrogen and suppressed by progestin, this is
reported by found that loss of ER expression was linked to
loss of PR [39].

CONCLUSION

Keapl could be a useful prognostic factor in endometrial

carcinoma. Keapl expression is related to non-

endometrioid type, high grade, and higher stage, deep
myometrial invasion and lymphovascular invasion and

Both

ER and PR expressions were related significantly with

subsequently May associated with worse prognosis.

endometrioid type and low grade, thus related to good
prognosis.
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