Journal of IMAB
ISSN: 1312-773X
https://www.journal-imab-bg.org

OPEN 8 ACCESS
BY SA

https://doi.org/10.5272/jimab.2026322.6860

Journal of IMAB. 2026 Apr-Jun;32(2)

Original article

COMPARISON OF EZH2, BCL-2, BER-EP4, AND
CK20 EXPRESSION WITH THE KI67 PROLIFERA-

TIVE INDEX AND OTHER ADVERSE CLINICAL
INDICATORS, AND COMPARISON OF EXPRES-
SION WITH THE MORPHOLOGICAL TYPE OF BA-
SAL CELL CARCINOMA

Boyana Anatolieva!, Ivan Ivanov?, Klimentina Gospodinova!

1) Department of Dermatology, Venereology and Allergology, Medical Univer-
sity, Pleven, Bulgaria.

2) Department of Pathology, Medical University, Pleven, Bulgaria.

ABSTRACT

Introduction: Basal cell carcinoma (BCC) is the
most common cutaneous malignant tumor, characterized by
locally invasive growth and low metastatic potential. The
role of immunohistochemical markers such as EZH2, Bcl-
2, Ber-EP4, and Ki67 in the assessment of tumor biology
is not sufficiently understood.

Purpose: To investigate the expression of EZH2,
Bcl-2, Ber-EP4, and Ki67 in basal cell carcinoma verified
with CK20, and to analyze their relationship with prolif-
erative activity and some clinical parameters.

Materials and methods: A cross-sectional study was
conducted on 50 histologically confirmed BCCs for the
period 2023-2024. Immunohistochemical staining for
EZH2, Bcl-2, Ber-EP4, Ki67, and CK20 was performed.
Their expression was assessed semiquantitatively by stain-
ing index (SI), and Ki67 as a percentage of positive cells.
The %2 test, ANOVA, and Kruskal-Wallis test were used at
a significance level of p<0.05.

Results: All tumors were CK20-negative. A statisti-
cally significant inverse relationship was found between
EZH?2 and Ki67 expression (p=0.036), with higher EZH2
expression being associated with a lower proliferative in-
dex. No statistically significant relationship was found be-
tween Ki67 and Bcl-2 or Ber-EP4. A significant associa-
tion was found between Bcl-2 expression and tumor size
(p=0.037), with smaller tumors showing higher expression.
No correlation was observed between co-expression of
markers and gender, localization, or combined immuno-
profiles.

Conclusion: EZH2 demonstrated an inverse relation-
ship with proliferative activity in BCC, which probably re-
flects methodological peculiarities in the assessment. Bcl-
2 may have a role in the early stages of tumor develop-
ment. Further studies are needed to clarify the prognostic
value of these markers.

Keywords: Basal cell carcinoma, Cytokeratin 20,
EZH2, Bcl-2, Ber-EP4, Ki67, immunohistochemistry,
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INTRODUCTION

Basal cell carcinoma (BCC) is the most common
malignant tumor in humans, surpassing breast and lung
cancer in incidence, and represents approximately 70—
80% of all non-melanocytic skin cancers (NMSC). It is
characterized by a low metastatic potential, but can be
locally invasive to surrounding tissues which can lead to
significant morbidity, especially when localized in ana-
tomically at-risk areas. [1] The clinical and histological
diversity of BCC reflects its biological and molecular het-
erogeneity. [2]

In recent years, there has been an increased inter-
est in the use of immunohistochemical markers to better
understand tumor biology, as well as to improve diagnos-
tic accuracy and potential prognostic assessment. Among
them, Ber-EP4 is an established diagnostic marker widely
used to differentiate BCC from other skin neoplasms,
while Cytokeratin 20 (CK20) serves to exclude Merkel
cell carcinoma. [3]

The proliferative index Ki67 is a widely used
marker for cell proliferation, but it is not specific for BCC
and its role in assessing the aggressiveness of BCC re-
mains limited due to its variable expression in different
tumor areas. [4,5] On the other hand, Bcl-2 is an
antiapoptotic protein that is involved in the regulation
of cell survival and is frequently expressed in BCC, es-
pecially in the earlier stages. [6,7]

EZH?2 (Enhancer of Zeste Homolog 2) is an epige-
netic regulator, part of Polycomb repressor complex 2,
which plays a key role in controlling gene expression
through histone methylation. [8] Its increased expression
is associated with tumor progression and more aggressive
behavior in various malignancies, but data on its role in
BCC are limited and contradictory. [9]

Despite the existence of numerous studies on indi-
vidual markers, data on their co-expression and correla-
tion with clinical features in BCC are limited. These facts
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necessitate the need for further studies to clarify their po-
tential role as prognostic factors. [10]

The present study aimed to analyze the expression
of EZH2, Bcl-2, Ber-EP4, and Ki67 in basal cell carci-
noma and to evaluate their relationship with proliferative
activity and clinical indicators such as size, localization,
and gender.

PURPOSE

To investigate the expression of EZH2, Bcl-2, Ber-
EP4, and Ki67 in CK20-verified basal cell carcinoma
(BCC) and to compare it with the morphological variant,
size, and localization of the tumor and the gender of the
patients.

MATERIALS AND METHODS

1. Sample selection

A sectional study was conducted at the University
Hospital-Pleven and the Medical University of Pleven,
randomly selecting 50 histologically confirmed basal cell
carcinomas in 2023 and 2024 excised at the University
Hospital. The tumors were grouped by histologic type.
Clinical data were collected, including gender and age at
diagnosis.

2. Histological examination

A pathologist in the Department of Pathology re-
viewed the corresponding slides stained with Hematoxylin
and Eosin. The histological types of the tumors were con-
firmed.

3. Immunohistochemistry

At the Center for Competence of the Medical Uni-
versity of Pleven, standard histological preparations were
prepared from the paraffin blocks on adhesive slides. Im-
munohistochemical staining was performed with the stud-
ied markers — EZH2, Bcl-2, Ber-EP4, Ki67, and CK20. The
sections prepared from formalin-fixed, paraffin-embedded
tissue samples were 3 micrometers thick. After a standard
procedure of deparaffinization and rehydration of the sec-
tions with xylene and ethyl alcohol, immunostaining was
performed. Reagents and protocols from the company
Biocare Medical, USA, were mainly used, and the EZH2
antibody is manufactured by GenomeMe, Canada. The
steps and incubation times recommended by the manu-
facturer in the accompanying reagent leaflets were fol-
lowed. Immunostaining was performed with the follow-
ing antibodies: CK20, clone Ks20.8, Ber-Ep4, clone Ber-
Ep4, Bcl-2, clone 100/5D (all from Biocare Medical, USA),
and EZH2, clone IHC 770 (GenomeMe, Canada). MACH
I Universal HRP-polymer detector (Biocare Medical,
USA) imaging system was used, following the manufac-
turer’s operating recommendations. The tissue controls
used and the interpretation of the staining were as de-
scribed in the documentation accompanying the reagents,
and interpretable staining was established.

4. Expression assessment

The evaluation was performed by a histopatholo-
gist and a dermatologist on a light microscope equipped
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with standard magnifications and a digital camera. The
normal epidermis in each section was used as an internal
negative control. Only histological areas including the
tumor were evaluated. Due to the lack of a standardized
method for reporting the markers EZH2, Bcl-2, and Ber-
EP4, a modified method was used by us. The H-score (0-
300) used by some authors would give highly heteroge-
neous results in the small number of 50 cases; we do not
consider it appropriate in this study. [11] We focused on
another method used in the literature — staining index (SI)
— semiquantitatively by summing the staining intensity
(0 — negative, 1 — weak, 2 — moderate, 3 — strong) and
the percentage of positive cells (1 — <33%, 2 — 34-66%,
3 — >67%). The tumor areas with the highest percentage
of positivity were evaluated, and the intensity level was
recorded in these areas. A score of >4 was considered high
expression of the marker, and a score of <4 was consid-
ered low expression. [12, 13, 14, 15, 16] The pattern of
positivity is reported as predominantly peripheral or pre-
dominantly diffuse, modified from Ozkanli, 2023. [3]

CK20 was reported as positive or negative.

Ki67 was reported as the percentage of positive cells
in areas with the highest number of positive cells.

5. Statistical analysis

The results were systematized and interpreted us-
ing IBM SPSS® Statistics version 26. The Chi-square test
(x2) was used to assess the presence of a relationship be-
tween categorical data, and the numerical data were ex-
amined for the presence of significant differences between
the individual subcategories with the ANOVA (in the pres-
ence of a normal distribution) and in the absence of a nor-
mal distribution with the Kruskal-Wallis test (KW). Val-
ues for p<0.05 were considered statistically significant.

6. Ethical approval

This study was funded through research project No.
D5/2024 and approved by the Research Ethics Commit-
tee (REC) of the Medical University of Pleven (Ref. No.
782/REC/14.06.24, Protocol No. 79). This study was con-
ducted in accordance with the Declaration of Helsinki.

RESULTS

All 50 tumors tested were reported as negative for
CK20, verifying that they were basal cell carcinomas, and
no trichoblastomas or Merkel cell carcinomas (MCCs)
were present (Fig. 1). Ki67 expression varies in different
areas of each tumor. Fifteen tumors had low (<4) EZH2
expression and a mean Ki67 percentage of 55.53% (with
a standard deviation of 21.915), and 35 tumors had strong
(>4) EZH2 expression and a mean Ki67 percentage of
40.11% (with a standard deviation of 23.606). When com-
paring the percentage of tumor cells positive for Ki67
against the strength of EZH2 expression, a statistically
significant difference was found between the studied
groups (ANOVA, F=4.668, p=0.036) (Table 1). These re-
sults show that BCCs with strong EZH2 expression show
low Ki67 expression and vice versa — carcinomas with
low EZH2 expression have higher Ki67 expression.
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Fig. 1. a) Clinical image of a nodular BCC on the scalp, b) 100x H&E, solid BCC showing palisading in the
periphery of nests of basaloid cells, ¢) 100x Bcl-2 staining, d) 100x EZH2 staining, e) 100x CK20 negative, f) 100x
Ber-EP4 staining.
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Table 1. Expression of Ki67 and every one of the markers EZH2, Bcl-2, and Ber-EP4.

Std.
marker expression N Mean p
Deviation

<4 - low expression 15 55.53 21,915

EZH2 0.036*
>4 - strong expression 35 40.11 23,606
<4 - low expression 14 43.5 21,558

Bcl-2 0.822
>4 - strong expression 36 45.22 25,125
<4 - low expression 24 45.54 24,292

Ber-EP4 0.823
>4 - strong expression 26 44 24,136

No statistically significant difference was found in
co-expression of Ki67 and Bcl-2 (F=0.051, p=0.822) as well
as co-expression of Ki67 and Ber-EP4 (F=0.051, p=0.823).

There was no statistically significant difference in
median Ki67 values when comparing basal cell carcinoma

cases divided by EZH2, Bcl-2, and BerEP4 co-expression
levels (KW=7.370, df =7, p=0.391). It is noteworthy, how-
ever, that low EZH?2 values in combination with the other
two markers, regardless of their value, coincided with
higher median Ki67 values (Table 2).

Table 2. Comparison of median Ki67 values in BCC according to co-expression levels
of EZH2, Bcl-2, and Ber-EP4.

Combination of markers N Ki67 % median Min-Max %
EZH2>4, BCL2>4, BerEP4>4 18 37.5 12-95
EZH2<4, BCL2>4, BerEP4>4 2 54.5 50-59
EZH2<4, BCL2<4, BerEP4>4 2 61 54-68
EZH2<4, BCL2>4, BerEP4<4 7 61 5-83
EZH2>4, BCL2>4, BerEP4<4 9 37 25-80
EZH2<4, BCL2<4, BerEP4<4 4 61 50-73
EZH2>4, BCL2<4, BerEP4>4 4 25.5 21-58
EZH2>4, BCL2<4, BerEP4<4 4 24.5 5-58

The tumors were grouped as small (£20mm) and
large (>20mm). 40 of the tumors were up to 20 mm in size,
and 7 tumors were larger than 20 mm. For 3 of the tumors,
there was no documented data on the size. 14 tumors have
low (£4) Bcl-2 expression and a mean size of 22.36 mm
+19.270, and 33 tumors were of high (> 4) expression and
a mean tumor size of 14.06 mm =+ 7.357. When comparing

Bcl-2 expression against tumor size, a statistically signifi-
cant difference was found (ANOVA, F=4.642, p=0.037) (Ta-
ble 3). These results indicate that small carcinomas have
higher expression of Bcl-2, while larger ones lose this ex-
pression. When comparing the co-expression of EZH2, Bcl-
2, and Ber-EP4 to the tumor size, no statistically signifi-
cant difference was observed (KW=1.887, df =7, p=0.966).

Table 3. Comparison of expression of EZH2, Bcl-2, and Ber-EP4 against tumor size.

Std.
marker expression N Mean p
Deviation

<4 - low expression 14 26.18 11.554

EZH2 0.514
>4 - strong expression 33 23.08 13.091
<4 - low expression 14 22.36 19.27

Bcl-2 0.037*
>4 - strong expression 33 14.06 7.357
<4 - low expression 21 27.93 13.583

Ber-EP4 3.18
>4 - strong expression 26 20.83 11.433
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After comparing the co-expression of the three
markers in both sexes, no statistically significant differ-
ence was found. (¥%=8.192, df =7, p=0.316).

After comparison of the co-expression of EZH2,
Bcl-2, and Ber-EP4 in the different anatomical areas*
(nose/nasolabial, eyelid/periorbital, ear/parotid, face —

cheek, forehead, temple, beard, lips; neck, torso — chest,
back, abdomen) no statistically significant relationship
was found between the co-expression of the three mark-
ers and tumor localization (= 38.329, df = 35; p= 0.321)
(Table 4).

Table 4. Crosstabs of the correlations between three markers with sex, tumor localization, and tumor size

Marker combinations
EZH2>4, EZH2<4, EZH2<4, EZH2<4, EZH2>4, EZH2<4, EZH2>4, EZH2>4,
BCL2>4, | BCL2>4, | BCL2<4, | BCL2>4, | BCL2>4, | BCL2<4, | BCL2<4, | BCL2<4, P
BEReP4>4 | BEReP4>4 | BEReP4>4 | BEReP4<4 | BEReP4<4 | BEReP4<4 | BEReP4>4 | BEReP4<4
Male
(1=28) 10 1 2 1 6 3 2 3
w | (0=
5 0.316
“ | Female
8 1 0 6 3 1 2 1
(n=22)
1
4 0 0 2 4 0 0 1
(n=11)
% 2
% 1 0 0 0 0 0 0 0
g =D
&0
@ 3
° (1=6) 1 0 0 2 0 1 2 0
n=
=2 0.321
g 4
= 5 1 0 3 2 1 1 2
'g (n=15)
EREE
S 0 0 1 0 0 1 0 0
(n=2)
6
(n=15) 7 1 1 0 3 1 1 1
o | d720
S 16 2 2 5 6 3 3 3
: mm
o 0.966
g >20
ﬁ 2 0 0 1 1 1 1 1
mm

* [-nose/nasolabial, 2-eyelid/periorbital, 3-ear/parotid, 4-face — cheek, forehead, temple, beard, lips; 5-neck,

6-torso — chest, back, abdomen

DISCUSSION

The present study investigated the co-expression of
EZH2, Bcl-2, Ber-EP4, and Ki67 in basal cell carcinoma
(BCC) of the skin, the aim being to evaluate their poten-
tial association with proliferative activity and various
clinical indicators.

A statistically significant relationship was found
between the co-expression of Ki67 and EZH2 (p=0.036).
These results indicate that BCCs with strong EZH2 ex-
pression show low Ki67 expression and vice versa - car-
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cinomas with low EZH2 expression have higher Ki67 ex-
pression. These results differ from the data in the litera-
ture, which could be explained by the semiquantitative
scoring method (SI) used, which takes into account the
heterogeneity of expression. In BCC, a peripheral growth
front with high proliferative activity and a central area
with lower activity is often observed. The measurement
of Ki67 in high proliferation areas of the tumor, combined
with an average score for EZH2, can lead to a seemingly
inverse correlation. [17] This results in a disparity in the
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interpretation of the expression of EZH2 and Ki67. In the
context of BCC, the role of EZH2 remains poorly under-
stood, but it is suggested to be involved in the epigenetic
regulation of tumor growth. [9,18] Superficial BCCs are
strongly positive for most markers, but this does not carry
a higher risk of progression if it is excised completely.
Therefore, the reporting of EZH2 needs to be refined as a
methodology. Its prognostic role in small basal cell car-
cinomas is controversial in the context of tumor charac-
teristics. [6]

There was no statistically significant difference be-
tween co-expression of Ki67 and Bcl-2 (F=0.051,
p=0.822), as well as between co-expression of Ki67 and
Ber-EP4 (F=0.051, p=0.823), respectively. These results
are consistent with data in the literature that Bcl-2 in BCC
is more likely associated with antiapoptotic activity and
tumor survival than with direct regulation of proliferation.
[18] Ber-EP4 is a well-established diagnostic marker for
BCC, but has no proven prognostic value in terms of
tumor aggressiveness or proliferation. [19]

When comparing the co-expression of EZH2, Bcl-
2, and Ber-EP4 against tumor size, no statistically signifi-
cant difference was observed (KW=1.887, df =7, p=0.966).

When comparing the expression of Bcl-2 alone with
tumor size, a statistically significant difference was found
(ANOVA, F=4.642, p=0.037). In our study, small carcino-
mas showed higher expression of Bcl-2, while larger ones
lost this expression. This observation is consistent with
some literature data, according to which Bcl-2 is ex-
pressed more strongly in the early stages of BCC and de-
creases with progression and more aggressive types, and
may reflect a change in the biological behavior of the
tumor with disease progression. [20]

After comparing the co-expression of the three
markers in both sexes, no statistically significant differ-
ence was found. (KW=8.192, df =7, p=0.316). Sex is not
a determinant of the expression level of EZH2, Bcl-2, and
BerEP4.

No statistically significant difference was found
between co-expression of markers and tumor localization
(x*=38.329, df = 35; p = 0.321).

The lack of a statistically significant association
between co-expression of the markers and tumor size, gen-
der, and location suggests that these biomarkers likely re-
flect intrinsic tumor mechanisms that are not directly de-
pendent on clinical parameters, and is consistent with the
understanding that BCC is a heterogeneous tumor with
different molecular subtypes. [2]

The limitations of our study include the relatively
small number of cases (n=50), use of a semiquantitative
method for assessment (SI) of marker expression, and lack
of stratification by high-risk histological subtypes. How-
ever, the study provides valuable information on marker
co-expression and highlights the need to standardize meth-
ods for their assessment.

CONCLUSION

The present study found a statistically significant
inverse relationship between EZH2 and Ki67 expression,
which is most likely due to methodological error in the
reporting. No relationship was found between the prolif-
erative index Ki67 and the expression of Bcl-2 and Ber-
EP4.

Bcl-2 expression was significantly associated with
tumor size, with smaller basal cell carcinomas showing
higher expression, while larger ones lost this expression.
The co-expression of the studied markers did not show a
dependence on gender or tumor localization.

The obtained results question the role of EZH2 as
a universal marker of proliferation in basal cell carcinoma
and emphasize the importance of methodology in the in-
terpretation of immunohistochemical results.

Studies with larger cohorts, standardized methods
for expression assessment, and patient follow-up are
needed to clarify the prognostic value of these markers
and their potential role in personalized medicine in BCC.

Abbreviations:

BCC - Basal cell carcinoma

CK20 - Cytokeratin 20

NMSC - non-melanocytic skin cancers
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