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The diagnostic value of cyclin d1, EGFR, P53 and Ki-67 in epithelial

dysplasi of the gallbladder
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Abstract

Objective: To quantitatively compare the expression levels of cyclin D1, epidermal growth factor receptor, Kiel-67 antigen
and tumour suppressor protein P53 between gallbladder flat dysplasia and reactive epithelial changes.

Method: The retrospective, analytical, cross-sectional study was conducted from November 1, 2024, to January 5, 2025, at
the Department of Pathology, Health Sciences University, Elazig Fethi Sekin City Hospital, Elazig, Turkiye, and comprised
cholecystectomy specimens collected between September 2010 and October 2024. Immunohistochemical staining was
performed for cyclin D1, epidermal growth factor receptor, Kiel-67 antigen and tumour suppressor protein P53. Staining
intensity and percentage were analysed using histoscore calculations. Data was analysed using SPSS 20.

Results: Of the 10,509 specimens reviewed, 211(2%) were analysed; 159(75.4%) females and 52(24.6%) males with overall
mean age 52.34 +15.43 years (range: 16-87 years). There were 118(55.9%) cases of reactive epithelial changes and 93(44.1%)
cases of flat dysplasia. Significant differences were observed between the groups with respect to age, epidermal growth
factor receptor staining intensity, cyclin D1 staining percentage and intensity, and Kiel-67 proliferation index (p<0.001).
Cyclin D1 staining percentage, intensity and Kiel-67 expression were markedly higher in dysplastic cases, underscoring their
potential diagnostic value (p<0.001). Although epidermal growth factor receptor staining intensity was significantly elevated
in dysplasia (p<0.001), its staining percentage did not exhibit diagnostic significance (p=0,261). Tumour suppressor protein
P53 expression showed no significant difference between reactive and dysplastic lesions (p=0.44).

Conclusion: Cyclin D1, epidermal growth factor receptor and Kiel-67 were found to be useful biomarkers for distinguishing
gallbladder dysplasia from reactive epithelial changes, whereas tumour suppressor protein P53 showed limited diagnostic
value.
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suppressor protein P53. (JPMA 76: 1292; 2026) DOI: https://doi.org/10.47391/JPMA.30295

Introduction

Gallbladder epithelial lesions comprise a broad spectrum,
ranging from reactive epithelial alterations to premalignant
and malignant conditions, including metaplasia and
dysplasia. Dysplasia and metaplasia are recognised
precursor lesions of gallbladder carcinoma and are,
therefore, of considerable pathological importance. Given
the frequent evaluation of cholecystectomy specimens in
routine practice, such epithelial alterations are commonly
encountered by pathologists.! Inflammatory conditions
such as gallstones, parasitic infections and sclerosing
cholangitis may induce reactive epithelial changes, which
often mimic dysplasia and complicate histopathological
diagnosis.2 Accurate identification of precursor lesions is
essential, as dysplasia may be associated with synchronous
or subsequent malignancy within the biliary tract.34
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Dysplasia is a premalignant lesion with a reported
incidence of approximately 3.3%.! According to the World
Health Organisation (WHO) classification, gallbladder
dysplasia is categorised as biliary intraepithelial neoplasia
grades 1-3 (BilIN 1-3); however, practical distinction
between dysplasia and reactive epithelial changes remains
challenging, particularly in non-tumoural flat lesions.>6 Flat
dysplasia is characterised by subtle architectural and
cytological abnormalities, including nuclear elongation,
pseudostratification and mild hyperchromasia, which may
overlap considerably with inflammation-related reactive
changes and complicate diagnosis.”

In the absence of specific clinical, radiological or gross
pathological findings, the diagnosis of gallbladder flat
dysplasia relies predominantly on microscopic evaluation.
Nevertheless, morphological assessment alone may be
insufficient in borderline cases, highlighting the need for
additional diagnostic tools.4 In recent years, studies have
focused on immunohistochemical (IHC) biomarkers related
to cell cycle regulation and cellular proliferation in
gallbladder dysplasias.8

Biomarkers such as epidermal growth factor receptor
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(EGFR), Kiel-67 antigen, tumour suppressor protein P53 and
cyclin D1 are widely used IHC markers that reflect cellular
proliferation and cell cycle alterations, and may support the
differential diagnosis of epithelial lesions, including
gallbladder dysplasia.8 Evaluating the expression profiles
of these markers may, therefore, assist in distinguishing
dysplastic lesions from reactive epithelial changes and
improve diagnostic accuracy in challenging gallbladder
lesions.9.10

The current study was planned to assess the diagnostic
utility of EGFR, Ki-67, P53 and cyclin D1 expression in
differentiating gallbladder flat dysplasia from reactive
epithelial changes.

Materials and Methods

The retrospective, analytical, cross-sectional study was
conducted from November 1, 2024, to January 5, 2025, at
the Department of Pathology, Health Sciences University,
Elazig Fethi Sekin City Hospital, Elazig, Tirkiye, and
comprised cholecystectomy specimens collected between
September 2010 and October 2024. Data was retrieved
from the institutional pathology information system, and
the cases were identified by searching the diagnosis
section using the term “gallbladder”. All the samples were
formalin-fixed, paraffin-embedded, and sectioned at a
thickness of 3um for haematoxylin and eosin (H&E)
staining.

The cases included were those with complete clinical and
histopathological data and formalin-fixed, paraffin-
embedded tissue samples of sufficient quality for IHC
evaluation. The samples excluded were those exhibiting
tissue autolysis, poor fixation, or marked artefactual
distortion that could interfere with IHC staining and
interpretation. Additionally, samples with incomplete data
or insufficient remaining tissue were excluded.

A single pathologist evaluated the slides using a light-
emitting diode (LED) microscope (Model: DM2000 LED;
Leica Microsystems CMS GmbH, Wetzlar, Germany). Initial
diagnoses were confirmed, and the cases showing cells
with pleomorphic, mildly hyperchromatic nuclei and loss
of polarity, differing from normal epithelium, were
classified as reactive changes. Flat dysplasia diagnosis was
based on the presence of a flat growth pattern on the
surface, increased cellular alignment, hyperchromatic and
elongated nuclei localised basally and a prominent
cytoplasmic band on the surface.

The sample size was determined using priori power
analysis for the comparison of two independent group
means, using standard sample size calculation formulas. A
medium effect size was defined as Cohen’s d=0.50,
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representing the expected difference between the means
of two independent groups with significance level (a) 0.05
and statistical power (1-beta [B]) 0.80.1" The sample was
raised using non-probabilistic consecutive sampling
technique. Paraffin blocks from the cases analysed were
mounted onto positively charged slides.

IHC staining was performed using peroxidase-based
methods with EGFR, cyclin D1, P53 and Ki-67. Sections were
deparaffinised with xylene, rehydrated through graded
alcohols, and washed in distilled water. Antigen retrieval
was performed in sodium citrate solution with potential of
hydrogen (pH) 6.0 using heat, followed by blocking
endogenous peroxidase activity with 3% hydrogen
peroxide (H,0,) solution. the sections were incubated with
appropriate primary antibodies to allow binding to specific
target proteins. After applying secondary biotinylated
antibodies, a peroxidase-conjugated streptavidin solution
was added, and the reaction was developed using 3,3'-
diaminobenzidine  (DAB)  chromogen solution.
Counterstaining with haematoxylin completed the process
(Figure 1).

EGFR expression was evaluated based on membranous
staining observed through IHC methods. Staining intensity

- Ki-67

Figure-1: Inmunohistochemical staining of EGFR, cyclin D1, Ki-67 and P53 in both
reactive and dysplastic cases. The images illustrate the differential expression
patterns of these markers, aiding in the distinction between reactive atypia
and dysplasia.

EGFR: Epidermal growth factor receptor, Ki-67: Kiel-67, P53: Tumour suppressor protein P53.
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was classified based on the level of staining observed on
cell membranes. Cases with no staining were classified as
'0’ (negative). Cells showing weak membranous staining
were categorised as '1+' (weak). Cases with distinct but
incomplete membranous staining were classified as '2+’
(moderate), and cases exhibiting strong and complete
membranous staining were evaluated as '3+’ (strong).
Additionally, classification was performed based on the
percentage of stained cells. Cases with a positive staining
percentage of 0-10% were categorised as 'negative, those
with 10-50% as 'moderate' and cases with >50% as 'high'
After recording the results, the histoscore (H-score) was
calculated using the formula; H-score = staining intensity
X staining percentage.912

Cyclin D1 expression was evaluated based on positive
nuclear staining. Scoring was performed based on the
percentage of cells exhibiting nuclear staining, with 0 = no
staining, 1 = staining in <10% cells, 2 = staining in 10-50%
cells, and 3 = staining in >50% cells. Additionally, staining
intensity was graded as 0 = no staining, grade 1 = weak,
grade 2 = moderate and grade 3 = strong. After recording
the results, the H-score was calculated.13.14

P53 expression was evaluated based on nuclear staining,
and was classified as
either wild type or
mutant type. If the
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proliferation index, whereas a proportion of <20% was
considered a low proliferation index .16

Data was analysed using SPSS 20. Data normality of
continuous variables was assessed using the Shapiro-Wilk
test. Age demonstrated a normal distribution and was
analysed using the student’s t-test, whereas EGFR, cyclin D1
and Ki-67 H-scores showed non-normal distributions and
were analysed using the Mann-Whitney U test. Categorical
variables were compared using the chi-square test or
Fisher’s exact test, as appropriate. P<0.05 was considered
statistically significant.

Results

Of the 10,509 specimens reviewed, 211(2%) met the
inclusion criteria. Ther were 159(75.4%) females and
52(24.6%) males, and the overall mean age was
52.34+15.43 years (range: 16-87 years). There were
118(55.9%) cases of reactive epithelial changes and
93(44.1%) cases of flat dysplasia. Significant differences
were observed between the groups with respect to EGFR
staining intensity, cyclin D1 staining percentage and
intensity, and Ki-67 proliferation index (p<0.001) (Table 1)
(Figure 2).

No significant difference was observed between the

Table-1: Distribution of reactive atypia and dysplasia cases based on EGFR staining intensity, EGFR staining percentage, cyclin D1 staining
percentage, cyclin D1 staining intensity, P53 mutation type, and Ki-67 proliferation index.

staining pattern was low o Casesin(%)] Total p-value
or limited to focal areas, Reactive atypia Displasia [n (%)]
it was considered 'wild EGFRstainig intensity Negative 6(2.8) 3(14) 9(43) <0.001
type. Conversely, diffuse Weak 104 (49.3) 55(26.1) 159 (75.4)
positivity in nearly all Moderate 8(3.8%) 33(15.6) 41(19.4)
Strong 0(0) 2(0.9) 2(0.9)
cells or the absence of ., 118(55.9) 93 (44.1) 211(100)
any  staining (NIl gorrotaining percentage  0-10% 6(28) 3(14) 9(43) 0261
pattern) was classified as 10-50% 69 (32.7) 46(2138) 115 (54.5)
'mutant type''> >50% 43(20.4) 44(20.9) 87(41.2)
. Total 118 (55.9) 93 (44.1) 211(100)

For the Ki-67 " (ydin1 staining percentage  Score 0 89 (42.2) 3(14) 9 (43.6) <0.001
proliferation index, the Score 1 29(13.7%) 44(209) 73(34.6)
number of nuclear- Score 2 0(0%) 36(17.1) 36 (17.1)
positive  cells  was Score 3 0(0) 10 (4.7) 10 (4.7)
counted among 1,000 Total 118 (55.9) 93 (44.1) 211(100)
tumour cells. This count dinD1stainingintensity  Negative 89(42.2) 3(14) 92 (43.6) <0.001
was performed at 400X Weak 28(13.3) 60 (28.4) 88 (41.7)
magniﬁcation using a Moderate 1(0.5) 26(12.3) 27(12.8)

. Strong 0(0) 4(1.9) 4(1.9%)
microscope  (Model: ., 118(55.9) 93 (44.1) 211(100)
DM2000  LED; Leica ps3 Wild 118(55.9) 92 (43.6) 210(%9.9) 0.441
Microsystems CMS Mutant 0(0) 1(0.5) 1(0.5)
GmbH, Wetzlar, Total 118 (55.9) 93 (44.1) 211(100)
Germany). If the Ki67 Low Ki-67 index 118 (55.9) 54(25.6) 172 (81.5) <0.001
proportion of Ki-67- High Ki-67 index 0(0) 39(18.5) 39(18.5)
positive cells was >20%, 10t 118(55.9) 93 (44.1) 211(100)
it was classified as a high EGFR: Epidermal growth factor receptor, Ki-67: Kiel-67, P53: Tumour suppressor protein P53.
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Figure-2: Heatmap showing immunohistochemical expression patterns in reactive
epithelial changes and flat dysplasia cases. The Y-axis lists individual cases
and the X-axis indicates the immunohistochemical markers. Colour intensity
reflects expression levels (green: low; red: high) based on H-score values. The
left panel represents reactive epithelial changes, and the right panel
represents flat dysplasia.

Table-2: Clinicopathological and immunohistochemical characteristics of flat
dysplasia and reactive epithelial changes.

Variable Reactive epithelial ~ Flat dysplasia  p-value
changes (n =118) (n=93)
Mean Age (years) 48.1£15.0 57.8+143 <0.001

Gender (female/male), n (%)  89/29(75.4/24.6)  70/23(75.3/24.7)  0.99
Mean EGFR H-score 47114 5.8+2.0 <0.001
Cydlin D1 H-score, median (IQR)  1.0(0.75) 6.0 (5.0) <0.001

EGFR: Epidermal growth factor receptor, SD: Standard deviation, IQR: Interquartile range.

reactive epithelial change and flat dysplasia groups in
terms of gender distribution (p=0.979). Patients with flat
dysplasia were significantly older than those with reactive
epithelial changes (p<0.001). Significantly higher EGFR and
cyclin D1 H-scores were noted in the flat dysplasia group
compared to the reactive epithelial change group
(p<0.001) (Table 2). (Figure 2).

Discussion

The current study’s findings highlight that cyclin D1, EGFR
and Ki-67 serve as significant markers in distinguishing
reactive epithelial changes from flat dysplasia in
gallbladder epithelium.

Cyclin D1 is a key protein involved in the gap-1 (G1) to
synthesis (S) phase transition of the cell cycle and the
regulation of cell proliferation.’3 A study on gallbladder
epithelial dysplasia found no cyclin D1 expression in non-
neoplastic epithelium, whereas progressive cyclin D1
expression was observed in the dysplasia-to-carcinoma
sequence.’® The overexpression of cyclin D1 reflects
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increased cellular proliferation and uncontrolled
progression of the cell cycle, indicating a higher
susceptibility to malignant transformation. This suggests
that both the staining intensity and staining percentage of
cyclin D1 are important diagnostic parameters.
Consequently, H-index assessment may be used more
frequently in clinical decision-making processes for this
marker.

Ki-67 is a marker that directly reflects cell proliferation and
is frequently used to assess tumour aggressiveness.!” In the
current study, the significant difference in Ki-67 expression
between reactive changes and dysplasia confirms its
reliability in measuring proliferative activity. The high level
of Ki-67 expression in dysplastic lesions suggests increased
proliferative capacity and potential malignancy.! In a study,
high Ki-67 expression was observed in 5% of cases with
reactive changes and 20% of dysplasia.’” Another study
reported high Ki-67 expression in 38% of dysplasia cases
and 8% of cases with reactive changes.'8 Contrary to these
findings, a study observed low Ki-67 expression in all
dysplasia cases, reactive changes and 75% of carcinomas.®
Despite such variability, Ki-67 emerges as an important
marker that could serve as a diagnostic differentiator,
particularly between dysplasia and reactive changes.

In the current study, EGFR expression was observed in both
groups, but staining intensity was higher in dysplastic
cases. EGFR s a receptor tyrosine kinase that plays a critical
role in cell growth and proliferation.20 Previous studies have
reported that EGFR shows high expression, particularly in
advanced-stage adenocarcinomas, but its role in dysplasia
is not significant.2’ In a study, weak to moderate EGFR
expression was observed in dysplasia cases, while weak
staining was reported in 64% of inflammatory lesions.22 In
another study, 85.7% of dysplasia cases showed EGFR
overexpression, whereas no staining was observed in
normal tissues. The current findings indicate that while
EGFR staining intensity may have limited value in
distinguishing between reactive and dysplastic lesions, the
staining percentage does not exhibit a significant
difference. In the H-index assessment of EGFR, it was
observed that while staining intensity was significantly
higher in dysplasia, the staining percentage did not show
a diagnostic difference. This suggests that the role of EGFR
in early-stage gallbladder lesions may be limited, but could
become more pronounced in later stages.

P53 is a tumour suppressor protein that plays a crucial role
in cell cycle regulation and apoptotic mechanisms.23.24 In
the current study, P53 expression did not show a
statistically significant difference between reactive changes
and dysplasia. This finding suggests that P53 is not a
reliable diagnostic marker for distinguishing dysplasia.
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Similarly, a study reported no significant difference in P53
expression between reactive gallbladder epithelium and
dysplastic epithelium, consistent with the current findings.
However, P53 overexpression was present in malignant
lesions, indicating its potential utility as a diagnostic marker
in differentiating malignant from benign lesions.2> In
contrast, a study observed wild-type P53 staining in normal
and reactive epithelium, while mutant overexpression was
detected in dysplastic cases.26 P53 appears to have limited
utility as a marker for distinguishing dysplasia from reactive
changes. Instead, it holds greater clinical significance in the
context of invasive malignancy.

The current study has limitations owing to its retrospective
design and a relatively small sample size. Future research
should focus on prospective, large-scale studies and
molecular profiling to further validate these findings and
explore their prognostic and therapeutic implications in
gallbladder tumourigenesis.

Conclusion

Cyclin D1, Ki-67 and EGFR were found to be promising
diagnostic biomarkers for differentiating dysplasia from
reactive changes in gallbladder lesions. These markers
could aid in overcoming diagnostic challenges, guiding
more accurate histopathological evaluations.
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