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ABSTRACT

Objective: To evaluate the contribution of PAX2, ARID1A, and FOXA1 biomarkers to diagnosis in cases with atypical endometrial
hyperplasia (AEH).

Study Design: Descriptive Study.

Place and Duration of the Study: Pathology Department of Umraniye Training and Research Hospital, from January 2018 to
December 2020.

Methodology: Curettage materials of 100 patients diagnosed with AEH which stained PAX2, ARID1A, and FOXAL, were evaluated.
The staining patterns in the atypical endometrial glandular areas were grouped as slight-no loss, moderate loss, and complete loss /
severe loss for all three biomarkers. Complete or/severe loss in AEH was considered helpful in the diagnosis.

Results: Complete loss / severe loss rates in curettages were 84% for PAX2, 5% for ARID1A, and 15% for FOXA1, respectively.
When used in combination, complete loss / severe loss rates were 85% in at least one of the three markers, 84% in PAX2 and/or
ARID1A, 85% in PAX2 and/or FOXA1, and 17% in ARID1A and/or FOXAL.

Conclusion: Although all 3 biomarkers showed marked staining loss, PAX2 is the most sensitive biomarker for the diagnosis of AEH

in curettage materials.
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INTRODUCTION

Endometrial carcinoma is the most common malign tumour of
the female genital tract, accounting for 4% of all." The term
hyperplasia is used for precursor lesions in endometrial
cancer. Accordingly, endometrial hyperplasias are divided
into hyperplasia without atypia and hyperplasia with atypi-
a/EIN (endometrial intraepithelial neoplasia).” Since 2017,
with the recommendation of ESGO, PAX2, and ARID1A
biomarkers have been used in the pathological diagnosis of
atypical endometrial hyperplasia.’ In addition, the loss of
PTEN, PAX2, and MMR immunoreactivity is an auxiliary diag-
nostic tool in the 2020 WHO classification of female genital
system tumours.* PAX2 is the member of the paired box gene
family, that encodes transcription factors in embryonic devel-
opment and organogenesis. It is also a tumour suppressor
gene, mutates in endometrial carcinogenesis and shows loss
ofexpression.*®
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ARID1A is a nuclear protein involved in the SWI/SNF chromatin
remodelling complex; provides cell differentiation, prolifera-
tion, and DNA damage repair; furthermore atumour suppressor
gene in endometrial carcinogenesis and shows loss of expres-
sion as a result of mutation.”® FOXA1 is a member of the fork-
head box transcription family, and regulates estrogenic activity
in the gynaecological tract with the effect of ERa ligand-depen-
dent transcription factor. It has a dual function in cancer devel-
opmentrelated to cancer type and subtype, thatis, canactasa
protooncogene ortumoursuppressor.”

While evaluating AEHs microscopically, immunohistochemistry
is used for definitive diagnosis in addition to histomorphologic
and morphometric methods. The aim of this study was to eval-
uate 100 curettage cases diagnosed with AEH which had previ-
ously applied PAX2 immunostaining, to compare their expres-
sion at tissue level by applying ARID1A and FOXAL immunos-
tains.

METHODOLOGY

BetweenJanuary 2018 and December 2020, curettage samples
diagnosed as atypical endometrial hyperplasia and examined
for PAX2 inthe Pathology Department of Umraniye Training and
Research Hospital, were examined. One hundred and seven-
teen patient records were accessed through HIS, the hospital’s
electronic data system. H&E and PAX2 stained slides were
collectedfromthearchiveandre-evaluatedtogetherwith curet-
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tage reports. Due to various technical problems (insufficient
amount of tissue, inappropriate fixation, etc.), 17 cases were
excluded from the study and a total of 100 cases were included.
H&E slides (fixed in 10% formaldehyde, paraffinised with
routine tissue application and standard H&E stained) were re-e-
valuated by a single pathologist under an Olympus CX31 brand
light microscope, appropriate slide, and its paraffin block were
selected. Care was taken to select samples with normal
endometrium or benign changes next to the atypical area.

ARID1A (BAF250a) Epitomics brand, clone EP303, concen-
trated rabbit monoclonal antibody, epitope retrieval 2 (EDTA),
at 1/150 dilution and FOXAL (HNF3a) Cell Marque brand, clone
2F83, mouse monoclonal antibody, epitope retrieval 1 (Citrate
Buffer), at 1/50 dilution were used. Nonneoplastic colon tissue
for ARID1A and malign carcinamatous breast tissue for FOXAL
were accepted as positive control. Fifty positively charged
slides coated with poly-I-lysine were provided as two separate
tissues on one slide. Sections of 3 microns prepared from
paraffin blocks were taken on slides. The preparations were
first deparaffinised by keeping them in an oven at 58°C for 1
hour. Afterwards, they were placed in a biotin-free, HRP poly-
mer-based fully automatic immunohistochemistry staining
device (Leica BOND-MAX Fully automated IHC&ISH) and all
procedures were performed automatically. PAX2 applied to
samples during standard reporting, was Cell Marque brand,
clone EP235, rabbit monoclonal antibody, at 1/50 dilution
(Tablel).

Tablel: Details ofantibodies.

Antibody Brand Clone Concentration
PAX2 Cell Marque EP235 1/50

ARID1A Epitomics EP303 1/150

FOXA1 Cell Marque 2F83 1/50

The prepared sections were evaluated by two pathologists with
the Olympus BX51 light microscope at x4, x10, x20, and x40
magnificationssothatallareasontheslidewerescanned. Atyp-
ical areas on H&E sections were matched on immunohisto-
chemistry stained sections, and the staining pattern of anti-
bodies was examined. Nuclear staining in epithelial cells lining
theendometrialglands was considered positive for ARID1Aand
FOXAL. Since the surrounding normal endometrium was
accepted asinternal control in each case, the staining patterns
of atypical endometrial glands were compared with the
surrounding normal endometrium. In atypical endometrial
glands, the staining intensity was graded as; no staining/nega-
tive (score: 0), mild-strength staining (score: 1), moder-
ate-strength staining (score: 2), and severe staining (score: 3).
The staining percentage was graded as no staining/negative
(score:0), 1-25% staining (score: 1), 26-75% staining (score:2),
and 76-100% staining (score: 3). Thenthe scores obtained from
the staining intensity and staining percentage were added to
getatotalscore between 0-6 (without 1); 0-2 as complete loss/-
severe loss; 3 as moderate loss; and 4-6 as slight loss/no loss
were accepted. PAX2 staining pattern was graded by the same
scoring system for ARID1A and FOXAL. Nuclear staining in

epithelial cells lining the endometrial glands was considered
positive while evaluating PAX2.

NCSS (Number Cruncher Statistical System) program was used
for statistical analysis. Descriptive statistical methods (mean,
standard deviation, median, frequency, percentage, minimum,
maximum) were used while examining the study data. In the
comparison of qualitative data, the one-eyed layout Chi-Square
testwasused. Statistical significance wasacceptedasp<0.01.

RESULTS

The patients, aged between 18 and 74 years, withan average of
49.39+10.87 years, were diagnosed with AEH in their curet-
tages. Seventy-nine cases were operated, 16 were not oper-
ated, and 5 ofthem could not reach the information. Diagnoses
of the operated patients were 22% endometrioid carcinoma,
47% AEH, and 31% other diagnoses (hyperplasia without
atypia, proliferative pattern, secretory pattern, and atrophy)in
late pathology reports.

Four(4%) ofthe PAX2 staining intensity was mild, 3% (n=3) was
moderate,11% (n=11) was severe and 3% (n=3) of the PAX2
staining percentage was between 1-25%, 1% (n=1) was
between 26-75%, and 14% (n=14) was above 75%. Alsoin 82%
(n=82) of the cases, PAX2 was negative, 0%. PAX2 total
staining scores; 84% showed complete loss/severe loss, 2%
moderate loss, 14% slight loss/no loss (Figure 1 a-c and 4-a). A
statistically significant difference was found between the PAX2
staining groups (p=0.001and p<0.01, respectively). PAX2 was
84%sensitivetestin AEH.

Eight (8%) of the ARID1A staining intensity was mild, 9% (n=9)
was moderate, 82% (n=82) was severe and 6% (n=6) of the
ARID1A staining percentage was between 1-25%, 7% (n=7)
wasbetween 26-75%, 86% (n=86) wasabove 75%. ltwas nega-
tive, 0% in only 1% (n=1) of the cases. ARID1A total staining
scores; 5% showed complete loss/severe loss, 3% moderate
loss, and 92% slight loss/no loss (Figures 2a-c and 4-a, respec-
tively). A statistically significant difference was found between
the ARID1A staining groups (p=0.001 and p<0.01). ARID1A
was 5% sensitive testinshowing complete loss/severeloss.

Nineteen (19%) of the FOXA1 staining intensity was mild, 17%
(n=17) was moderate, 64% (n=64) was severe and 17%
(n=17) of the FOXA1 staining percentage was between 1-25%,
15% (n=15) was between 26-75%, 68% (n=68) was above
75%. In none of the cases (n=0) FOXAl was negative, 0%.
FOXA1 total staining scores; 15% showed complete loss/se-
vere loss, 6% moderate loss, 79% slight loss/no loss (Figures
3a-cand 4-a, respectively). Inonly one case, increased expres-
sion of FOXA1 was observed in the area of atypia compared to
the surrounding normal endometrium, which was admitted as
slight loss/no loss. A statistically significant difference was
found between the FOXAL staining groups (p=0.001 and
p<0.01, respectively). FOXAlwas 15%sensitive testin AEH.

In combinations; at least one of the three markers was
complete loss/severe loss in 85% of the cases, and all three
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markers were complete loss/severe loss in only 3% of the
cases. In dual combinations complete loss/severe loss rates
were; PAX2 and/or ARID1A 84%, PAX2 and/or FOXAL 85%,
ARID1A and/or FOXAL 17% (and/or means at least one marker
shows complete loss/severeloss, Figure 4-b).

Figure 1: PAX2 staining groups. (a) Complete loss/severe loss. (b) Moderate
loss. (c)Slightloss/noloss.

Figure 2: ARID1Astaining groups. (a) Completeloss/severeloss. (b) Moderate
loss. (c)Slightloss/noloss.

Figure3:FOXA1l staimnggrups. (a) Coplete loss/severeloss (b)Moderate
loss. (c) Slightloss/noloss.
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Figure4: (a) Complete/severelossrateinsingle markerusage. (b) Complete/
severelossrateincombined markerusage.

DISCUSSION

AEHs have been described as precursors of endometrioid carci-
nomas; it may progress to or co-exist with them. Although clin-
ical factors are considered in the treatment method, the prefer-
ence is mostly surgery. Therefore, both the risk of carcinoma
and the surgical treatment method make diagnosis critical. In
general, histomorphologicalevaluationandimmunohistochem-
icalmethodsare usedtogether.

PAX2 is a transcription factor identified in endometrial carcino-
genesis and AEHSs. In the study by Zhai et al., PAX2 was evalu-
ated in normal, reactive, tumoural and metastatic tissues. It
was shown that PAX2 is synthesised in mature endometrial
glands and provides homeostasis.” Allison et al. evaluated
normal endometrium, hyperplasia and endometrioid carci-
noma according to PAX2 expression; 74% of atypical hyper-
plasias had complete loss of PAX2. It was emphasised that loss
of PAX2 is an early finding in endometrial carcinogenesis and
that it can only be used to differentiate hyperplasia with atypia
from normal endometrium.” In the study by Quick et al., the
contribution of PAX2 to the diagnosis of EIN was defined
(helpful, unnecessary, confusing) and PAX2 loss was found
helpful for diagnosis by 53%, especially in subdiagnostic
cases.” Meng et al. assessed the staining pattern of PAX2 in
benign hyperplasia, EIN, and endometrioid carcinomas and
found that it showed staining loss in 40%, 73%, 79%, respec-
tively. Asaresult, PAX2 could be used as areliable markerin the
diagnosis of EIN, since there was a statistically significant differ-
ence between the included groups.” Although different
threshold values are used in the literature, loss of PAX2 expres-
sion occurs early in endometrial carcinogenesis and is a signifi-
cantfinding forthe diagnosis of AEH.®

Mao et al. classified ARID1A expression as no loss, clonal loss
and complete loss; clonal loss was observed in 16% of cases
which were diagnosed as hyperplasia with atypia. Different
numbers of low-grade and high-grade endometrioid carcinoma
groups were also included, ARID1A loss increased proportion-
ally from clonal to complete as the severity of malignancy
increased. Thus, it has been suggested that ARID1A loss plays
an important role in endometrial tumour progression.'® In the
study conducted by Yen et al. loss of ARID1A expression was
observed in 16 of 52 (31%) patients diagnosed with atypical
hyperplasia in their endometrial samplings, and endometrioid
carcinoma was found in 15 of these 16 patients in their subse-
quent hysterectomies. ARID1A loss was classified as complete
and heterogeneous, but both were included in the same group.
Inthisstudy, ARID1Aloss has been proposedtobeagood predic-
tive marker for concomitant carcinoma."” Vierkoetter et al.
researched expression loss of six biomarkers, including
ARID1A, inpatientswho were diagnosed with EINinendometrial
samplings and underwent hysterectomy in the follow-up. While
no ARID1A expression loss was observed in EIN, 5 of 40 (13%)
endometrioid carcinoma cases which were diagnosed in the
postoperative report showed ARID1A expression loss. With this
result, it was emphasised that ARID1A loss has high specificity
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butlow sensitivity inthe diagnosis of endometrioid carcinoma.*®
Similarly, there are studies in which ARID1A loss was not
observed in AEHs."”*° So, the lack of standardisation regarding
the assessment of ARID1A loss and the different antibody
clones used in the studies may explain the inconsistency of the
literature data.

The role of FOXAL in endometrial carcinogenesis is still contro-
versial and there is limited information about its effect in AEHSs.
Yildirim et al. observed that FOXA1 was more expressed in
endometrioid carcinoma compared to normal endometrium
andEIN, sothoughtto be poorprognostic factorinendometrioid
carcinomas.’

In this study, it was aimed to experimentally analyse the
staining pattern of FOXAL and evaluate the accuracy of ARID1A
in AEHs, so contributing to currentliterature.Inaddition, the use
of panels containing more than one immunostain in the diag-
nosis of AEH was analysed. PAX2 alone shows 84% loss, PAX2
and/or ARID1A 84%, PAX2 and/or FOXA1l 85%, and ARID1A
and/orFOXA1 17%in AEHSs, respectively. In otherwords, usinga
combination of PAX2 and ARID1A instead of PAX2 alone in the
AEH diagnosis does not change the sensitivity. Aguilar et al.
created a biomarker panelforthe diagnosis of AEH; PAX2, PTEN,
beta-catenin, ARID1A, MLH1, and p53 markers alone and in
combination were evaluated. While PAX2 showed the highest
sensitivity with 81% alone in 111 AEH cases, this rate reached
93% in triple combination use of PAX2, PTEN, beta-catenin in
which at least one was abnormal. However, the addition of
ARID1A, MLH1 and p53 to the first combination did not change
the rate.” This result was similar with this study, as the single
most sensitive markeris PAX2 and the addition of ARID1Ato the
paneldid notchangethesensitivity.

In this study, PAX2, ARID1A and FOXA1 biomarkers were evalu-
ated in 100 curettage cases diagnosed with AEH. All three
biomarkers show significant staining loss in AEH (p=0.001
p<0.01), although PAX2 alone has the highest sensitivity. Other
markers recommended for the diagnosis of atypical endome-
trial hyperplasia, such as PTEN or MMR, were not preferred.
Because the staining pattern of PTEN is nucleocytoplasmic in
both endometrial glands and stroma so it is difficult to evaluate
and compare with normal endometrium; while MMR is not finan-
cially sustainablethatitcontains 4 different markers.

CONCLUSION

PAX2 alone could be preferred over ARID1A, FOXA1 and dual
combinations because of its higher sensitivity in diagnosing
atypicalendometrial hyperplasia.
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