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Introduction

Abstract

BACKGROUND: Endometrial cancer is the most common cancer of the female genital tract. No effective biomarkers
currently exist to allow for an efficient risk classification of endometrial carcinoma. Human epididymis protein 4
(HE4) overexpression is first observed in ovarian cancer tissue and subsequent research has shown that the HE4
overexpression has also been observed in patients with endometrial carcinoma. To the best of our knowledge, this
marker was evaluated in small number of research studies in cases of endometrial carcinoma versus hyperplasia.

AIM: This has inspired us to test for immunohistochemical expression of HE4 in endometrial endometrioid carcinoma
and hyperplastic endometria and to correlate HE4 expression with various prognostic pathological parameters
including the International Federation of Gynecology and Obstetrics (FIGO) grading and staging.

METHODS: Immunohistochemical staining for HE4 was performed on paraffin-embedded sections of forty cases of
endometrial endometrioid carcinoma and thirty cases of endometrial hyperplasia: including 15 cases of non-atypical
hyperplasia and 15 cases of atypical hyperplasia. A histochemical score was used to evaluate HE4 expression by
the tumor cells.

RESULTS: In this study, HE4 overexpression level was significantly higher in endometrial endometrioid carcinoma
than endometrial hyperplasia and significantly higher than non-atypical endometrial hyperplasia (p < 0.05). HE4
strong expression was detected in 20% of atypical endometrial hyperplasia, but no statistical significance was
detected between atypical hyperplasia and endometrial carcinoma. HE4 overexpression showed statistically
significant positive correlation with FIGO grading, FIGO staging, and depth of myometrial invasion.

CONCLUSION: During interpretation of endometrial biopsies of atypical hyperplasia, HE4 strong expression might
raise the possibility of the presence of coexisting adenocarcinoma not biopsied or even warning of a near future
malignant transformation. Furthermore, strong expression of HE4 by tissue biopsy of adenocarcinoma should be
reported as this might predict higher grade and stage of the tumor, a point that should be considered by surgeons while
performing hysterectomy. These results should be further confirmed by extending the study on a large scale, correlation
of HE4 expression with the molecular classification of Tumor Cancer Genome Atlas and long-term follow-up are
required to establish the prognostic significance of HE4 expression in endometrial carcinoma and atypical hyperplasia.

epithelium. It is a protease inhibitor which is associated
with innate immunity and sperm maturation. HE4
is mainly expressed in germinal epithelium, oviduct

Endometrial cancer is a malignant cancer
arising from the endometrial epithelium, accounting
for 20% to 30% of malignant tumors in the female
reproductive system. Due to increased obesity,
hypertension, diabetes, and prolonged life expectancy,
the incidence and mortality of endometrial cancer have
risen, with a tendency for onset at a younger age [1].

Approximately 90% of cases of endometrial
cancer are sporadic, whereas the remaining 10% of
cases are hereditary. Two major types are distinguished.
Type | (estrogen-dependent) endometrial cancers
represent the majority of sporadic cases, accounting for
80-85% of cases and these tumors are of endometrial
histology. Type Il is not estrogen-dependent, make up
the remaining 10—-15% of cases [2].

HE4, also known as whey acidic protein
(WFDC2) was discovered in the human epididymal

epithelium, Bartholin’s gland of females, and endometrial
glands [3], [4]. Its overexpression is first observed in
ovarian cancer tissue [5]. It has a better sensitivity,
specificity than CA-125 in the diagnosis of ovarian
cancer [6]. Subsequent research has shown that the
overexpression of HE4 not only exists in patients with
ovarian cancer but has also been observed in patients
with endometrial carcinoma [7], [8].

CA125 is the major marker in the diagnosis
and monitoring of endometrial cancer, but it is less
sensitive and specific in diagnosing endometrial cancer
compared to ovarian cancer; thus, it is only suitable
for cases with advanced or recurrent endometrial
cancer. Therefore, finding out other tumor markers
is of great significant [9]. HE4 immunohistochemical
expression in patients with endometrial carcinoma
was significantly higher than that in patients with
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hyperplasia and in those with normal endometrial
tissue, which provides a preliminary theoretical
reference for basic research on the role of HE4 in
endometrial cancer development [10], [11], [12]. The
exact function of the HE4 protein is unknown, but
some studies have demonstrated that overexpression
of HE4 enhances cell adhesion and migration while
suppression of HE4 markedly inhibits the growth of
tumor cell [13]. Overexpression of HE4 in endometrial
carcinoma cell lines induced proliferation of cancer
cells in vitro and in vivo, supporting a function for
HE4 in tumor progression. HE4 may be beneficial
as a useful prognostic biomarker for endometrial
carcinoma. Overexpression of HE4 is associated with
increases in the FIGO stage and grade [14].

Materials and Methods

Retrieval of cases

This study included forty cases of endometrial
endometrioid carcinoma and thirty cases of
endometrial hyperplasia obtained through collection
of archived paraffin blocks during the period from
January 2018 till February 2019, from the Pathology
Department, Kasr AL-Ainy, Faculty of Medicine, Cairo
University. The forty cases of endometrial carcinoma
were obtained from total hysterectomy with bilateral
salpingoophrectomy specimens and the thirty cases
of endometrial hyperplasia were obtained from
endometrial biopsies.

The data collected from the pathology reports
of these cases included age at the time of diagnosis,
the extent of myometrial invasion, presence of tumor
involvement of the cervix, adnexa, and parametrium.

Cases received neoadjuvant therapy or cases
with missed data were excluded from the study.

Histopathological examination

Each paraffin block was re-cut by rotatory
microtome at 4 um thickness then mounted on glass
slides and stained by hematoxylin and eosin (H and E)

for routine histopathological examination which
included:
° Histological classification according to the latest

World Health Organization recommendations
[15].

° Histological grading according to the FIGO
grading system [16].
° Pathological staging according to the FIGO

staging system [17] and the eighth edition
(2017) of the American Joint Committee on
Cancer’s AJCC Cancer Staging Manual [18].

HE4 Immunohistochemical staining and
evaluation

Paraffin sections were cut at 4 um thickness
on positively charged slides. Immunostaining was done
using BenchMark XT (Ventana) autostainer.

A section of epididymis was used as positive
control according to the manufacturerrecommendations.

HE4 Immunohistochemical staining results,
brown-stained granules on the cell membrane
and cytoplasm, were regarded as positive. Based
on the intensity of color, uncolored, light yellow,
yellowishbrown, and brown were scored as 0, 1, 2, and
3, respectively. The percentage of stained cells in the
field of view was calculated as follows: five consecutive
high-powered fields in each section were observed
under a 400x optical microscope, and then the scores
were averaged. The proportion of positive cells <5%
was recorded as 0, 5%—25% as 1, 26%—-50% as 2,
51%—75% as 3, and >75% as 4. The final score was
equal to the multiplication of the two scores: 0-2 as
negative (-), 3-4 as weakly positive (+), and 5-12 as
strongly positive (2+/3+) expression [11].

Statistical analysis

Thehistopathologicalandimmunohistochemical
data were then transferred to the SPSS Software
program, version 25 to be statistically analyzed. Simple
descriptive statistics (arithmetic mean and standard
deviation) were used for the summary of quantitative
data and frequencies were used for qualitative data.
Estimation of the association between categorical
variables was performed using the chi-square test.
p < 0.05 is considered as statistically significant.

Results

This study included forty cases of endometrial
endometrioid carcinoma and thirty cases of endometrial
hyperplasia. Fifty-seven percent (57%) of studied cases
were endometrial endometrioid carcinoma, 21.5% of
cases were endometrial hyperplasia without atypia and
21.5% were atypical endometrial hyperplasia. The age
of endometrial malignancy cases ranged in age from 39
to 77 years with a mean of age 62 years. Concerning
FIGO grade of carcinoma cases, 35% of the cases
were Grade 1, 37.5% were Grade 2, and 27.5% were
Grade 3. Regarding the FIGO stage, 55% of the cases
were classified as FIGO Stage |, 27.5% of the cases
were FIGO Stage Il, and 17.5% of the cases were FIGO
Stage lIl.

Less than half myometrial invasion was
documented in 57.5% of the cases and more than
half myometrial invasion was documented in 42.5%
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of the cases. Cervical, serosal, and/or adnexal and
parametrial involvement by the tumor was detected in
27.5%, 10%, and 7.5% of the cases, respectively. The
pathological characteristics of the studied carcinoma
cases are summarized in Table 1 [1].

Table 1: Pathological characteristics of the studied endometrial
carcinoma cases

Pathological characteristics Number (%)
Histopathological type Endometrioid carcinoma 40 (100)
FIGO grade Grade 1 14 (35)
Grade 2 15 (37.5)
Grade 3 11 (27.5)
FIGO Stage | 22 (55)
Il 11 (27.5)
11l 7(17.5)
Myometrial invasion Less than half 23 (57.5)
More than half 17 (42.5)
Cervical involvement Present 11 (27.5)
Absent 29 (72.5)
Serosal and/or adnexal involvement Present 4 (10)
Absent 36 (90)
Parametrial involvement Present 3(7.5)
Absent 37 (92.5)

In the current study, 32 cases out of the
40 cases of endometrial endometrioid carcinoma (80%)
showed positive HE4 immunohistochemical expression
in tumor cells while only 17 out of the 30 cases of
endometrial hyperplasia (57%) showed positive HE4
immunohistochemical expression. Seventeen cases
of endometrial carcinoma (42.5%) showed weak
positivity for HE4immunohistochemical expression
and 15 cases (37.5%) showed strong HE4 positivity,
while the remaining 20% of the cases were negative
for HE4 immunohistochemical expression. Seventeen
cases of endometrial hyperplasia (47%) were weakly
positive for HE4 immunohistochemical expression
and only 3 cases (10%) were strongly HE4 positive,
while the remaining 13 cases (43%) showed negative
HE4 immunohistochemical expression (Table 2 and
Figure 1).

Table 2: HE4 immunohistochemical expression in studied
cases of endometrial endometrioid carcinoma and endometrial
hyperplasia and its correlation with various pathological
characteristics

Parameters Negative Weak Strong Total (%)
(%) expression (%) expression (%)

Endometrial carcinoma 8 (20) 17 (42.5) 15 (37.5) 40 (100)
Endometrial hyperplasia 13 (43) 14 (57) 3(10) 30 (100)
EH without atypia 10 (67) 5((33) 0(0) 15 (100)
Atypical EH 3(20) 9 (60) 3(20) 15 (100)
FIGO Grade

Grade | 3(21) 8 (58) 3(21) 14 (100)

Grade I 3(20) 7 (47) 5(33) 15 (100)

Grade Il 2(18) 2(18) 7 (64) 11 (100)
FIGO stage

Stage | 4 (18) 12 (55) 6 (27) 22 (100)

Stage Il 2(18) 5 (46) 4 (36) 11100%

Stage IlI 2(29) 0(0) 5(71) 7 (100)
Myometrial invasion

Less than half myometrial 5 (22) 13 (56) 5(22) 23 (100)

thickness

More than half myometrial 3 (18) 4(23) 10 (59) 17 (100)

thickness
Cx involvement

Present 2(18) 5 (46) 4 (36) 11 (100)

Absent 6(21) 12 (41) 11 (38) 29% (100)
Parametrial involvement

Present 1(33) 0 (0) 2 (67) 3 (100)

Absent 7(19) 17 (46) 13 (35)% 37 (100)
Serosal/adnexal involvement

Present 1(25) 0 (0) 3(75) 4 (100)

Absent 7 (20) 17 (47) 12 (33) 36 (100)

Endometrial endometrioid carcinoma cases

showed higher percentage (37%) of strongly positive

cases for HE4 immunohistochemical expression than
endometrial hyperplasia (only 10%) with statistically
significant relation (p = 0.01) (Table 2 and Figure 1).

Strong expression of HE4 was significantly
higher in endometrioid carcinoma (37%) than in
endometrial hyperplasia without atypia which showed
no strongly positive cases (p = 0.005) (Table 2 and
Figure 1). There was no statistically significant relation in
HE4 expression between endometrioid carcinoma and
endometrial atypical hyperplasia (p = 0.06) (Table 2).

There was statistically significant relationship
between the grade and the level of HE4 expression
as Grade 3 carcinoma cases showed the highest
percentage of strongly positive cases (64%), followed
by Grade 2 (33%) followed by Grade 1 (21%) (p = 0.04)
(Table 2, Figure 1).

Stage Il endometrioid carcinoma cases
showed the highest percentage of strongly positive
cases (71%), followed by stage Il (36%) followed
by stage | (27%) with statistically significant relation
(p = 0.03) (Table 2, Figure 1).

Endometrial endometrioid carcinoma cases
invading more than half myometrial thickness showed
higher percentage of strongly positive cases (59%),
than those with less than half myometrial thickness with
statistically significant relation (p = 0.02) (Table 2).

There was no statistically significant relation
was detected in HE4 immunohistochemical expression
among the endometrioid carcinoma cases with and
without cervical involvement (p > 0.05). Furthermore,
there was no statistically significant relation was
detected in HE4 immunohistochemical expression
among the endometrioid carcinoma cases with and
without parametrial, serosal/adnexal involvement
(p > 0.05) (Table 2).

Discussion

Endometrial cancer is the most common
gynecological malignancy. The available
histopathological and clinical data do not allow for an
efficient and well reproducible risk classification. This
is especially true for an early-stage disease where few
patients suffer fatal relapse in spite of the absence of the
established high-risk criteria. Furthermore, no effective
biomarkers currently exist to allow for an efficient
risk classification of endometrial carcinoma, to direct
treatment (chemotherapy and/or adjuvant radiation) in
endometrial cancer, or to triage pelvic and para-aortic
lymphadenectomy [19].

HE4 protein has gained a great degree of
interest as a complementary biomarker to CA 125, or
even as an independent one for monitoring, diagnosis,
and prognostic evaluation of ovarian cancer. They have
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without atypia showing weekly positive inmunhistochemical expression of HE4. (c) Complex atypical endometrial hyperplasia showing strongly
positive immunohistochemical expression of HE4. (d) Complex atypical endometrial hyperplasia showing strongly positive immunohistochemical
expression of HE4. (e) Complex atypical endometrial hyperplasia showing strongly positive immunohistochemical expression of HE4.
(f) Grade 1 endometrioid carcinoma showing strongly positive immunohistochemical expression of HE4. (g) Villoglandular endometrioid
carcinoma grade 1 showing strongly positive immunohistochemical expression of HE4. (h) Grade 2 endometrial endometrioid carcinoma
showing weekly positive immunhistochemical expression of HE4. (i) Grade 2 endometrial endometrioid carcinoma showing strongly positive
immunohistochemical expression of HE4. (j) Grade 3 endometrial endometrioid carcinoma showing strongly positive immunhistochemical
expression of HE4. (k) Grade 3 endometrial endometrlioid carcinoma showing weekly positive immunhistochemical expression of HE4
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suggested that it could also be used in other types of
cancers [20].

This study included forty cases of endometrial
endometrioid carcinoma obtained from total
hysterectomy with bilateral salpingoophrectomy and
thirty cases of endometrial hyperplasia obtained
from endometrial biopsies. All were obtained through
collection of archived paraffin blocks during the period
from January 2018 till February 2019, from the Pathology
Department, Kasr Al-Ainy, Faculty of Medicine, Cairo
University.

The mean age of studied endometrial
endometrioid carcinoma cases was 62 years (ranging
between 39-77 years). This is consistent to surveillance,
epidemiology, and end result program (SEER), where
the mean age at presentation for EC was reported to
be 62 years [21] and was 57.6 years according to the
pathology-based cancer registry of Ain-Shams Faculty
of Medicine [22].

HE4 was mainly expressed in the cell
membrane, and the cytoplasm also showed slight
expression. In this study, the positive expression rate
of HE4 was 80% in the endometrial cancer group,
higher than 67% in the endometrial hyperplasia group,
this figure close to that reported by Li et al., 2015 and
Deng et al., 2015 [10], [11]. The positive expression rate
of HE4 was (84.62% and 85.7%) in the endometrial
cancer group higher than (66.67% and 66.7%) in
the endometrial hyperplasia group respectively. In
accordance to our study, Yang et al. (2011) detected
HE4 immunohistochemical expression in 31 cases
of endometrial carcinoma, 19 cases of endometrial
hyperplasia, they showed that the expression of HE4 in
the malignant group was significantly higher than that
in the hyperplasia group suggesting that HE4 may be
involved in the tumor development [12].

In this work, the results showed that the
strongly positive expression rate of HE4 in endometrioid
carcinoma cases (37.5%) was significantly higher than
that in endometrial hyperplasia cases (10%) and no
cases of endometrial hyperplasia without atypia were
strongly positive for HE4 (0.0%), the figures are close
to study reported by Li et al., 2015 which revealed
that the strong expression of HE4 was significantly
higher in endometrioid carcinoma (55.98%) than that
in endometrial hyperplasia (20%) and also significantly
higherthan thatin endometrial hyperplasia without atypia
(0.0%) [11]. Similarly, Deng et al., 2015 also reported
that strong HE4 immunohistchemical expression is
significantly higher in endometrial carcinoma cases
(45.2%) than that detected in endometrial hyperplasia
cases (23.3%) [12]. Zhang et al., 2016 stated that
HE4 expression was obviously higher in patients
with endometrial carcinoma than in benign uterine
diseases [23].

In our study, there was statistically significant
relationship between the grade and the level of HE4

expression as Grade 3 carcinoma cases showed the
highest percentage of strongly positive cases (64%),
followed by Grade 2 (33%) followed by Grade 1 (21%)
(p = 0.04). In agreement to our results, Li et al., 2015
reported that as the degree of endometrial cancer
differentiation decreased, the HE4 level increased,
and the HE4 positive expression rate in the poorly
differentiated group (92.3%) was significantly higher
than that in the highly differentiated group (72.7%),
which demonstrated that HE4 expression in endometrial
cancer is related to the degree of differentiation of the
tumor [11]. Furthermore, Mutz-Dehbalaie et al., 2012,
Bignotti et al., 2011; Moore et al., 2011 and Moore
et al., 2008 reported positive correlation between FIGO
grading and high expression of HE4 [9], [24], [25], [26].

In this work, FIGO Stage Ill cases showed the
highest percentage of strongly positive cases (71%),
followed by stage Il (36%) followed by stage | (27%)
with statistically significant relation (p = 0.03). Similarly,
Li et al., 2015 stated that the positive expression of
HE4 in advanced endometrial cancer was significantly
higher than that at earlier stages [11]. This is consistent
with the findings in the literature of Li et al., 2013, Moore
et al., 2011 and Bignotti et al., 2011, which suggested
that the expression level of HE4 is associated with
myometrial invasion depth; the larger the area and
greater the depth of invasion, the more malignant
cells are present and the higher the HE4 expression
in corresponding tissues [25], [26], [27]. Furthermore,
Deng et al., 2015 reported that the high expression
rate of HE4 in Stage llI-IV endometrial carcinoma was
66.7% (16/24), which was significantly higher than
stage |-l 36.7% (22/60) [10].

In our study, endometrial endometrioid
carcinoma cases invading more than half myometrial
thickness showed higher percentage of strongly positive
cases (59%), than those with less than half myometrial
thickness with statistically significant relation. Similarly,
Li et al. (2015), Li et al. (2013), Moore et al. (2011),
and Bignotti et al. (2011) reported that the rate of
HE4 positive expression increased with increasing
the depth of myometrial invasion [9], [25], [26], [27].
In this study, there was no statistically significant
relation was detected in HE4 immunohistochemical
expression among the endometrioid carcinoma cases
with and without cervical involvement. This correlation
was not evaluated by other comparative studies. As
well, no statistically significant relation was detected
in HE4 immunohistochemical expression among
the endometrioid carcinoma cases with and without
serosal/adnexal or parametrial involvement. This might
be explained because of the small number of cases
within the groups of cervical, adnexal and parametrial
involvement. These correlations were not evaluated by
other comparative studies.

Finally, it is worth mentioning that one of the
most important findings is that the positivity rate of
HE4 expression was significantly higher in endometrial
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carcinoma than that in endometrial hyperplasia and also
significantly higher than that in endometrial hyperplasia
without atypia. This is consistent with many of the
reported studies which provide a preliminary theoretical
reference for basic research on the role of HE4 in the
development of endometrial cancer.

Therefore, during interpretation of endometrial
biopsies of atypical hyperplasia, HE4 strong expression
might raise the possibility of the presence of coexisting
adenocarcinoma not biopsied or even warning of a near
future malignant transformation. Also, strong expression
of HE4 by tissue biopsy of adenocarcinoma should be
reported as this might predict higher grade and stage
of the tumor, a point that should be considered by
surgeons while performing hysterectomy. These results
should be further confirmed by extending the study on
a large scale, correlation of HE4 expression with the
molecular classification of Tumor Cancer Genome Atlas
and with patient’s prognosis, particularly occurrence
of recurrence and survival to establish the prognostic
significance of HE4 expression in endometrial
carcinoma and atypical hyperplasia.
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