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Abstract:

Objective: TP53 mutations are the most common genetic changes in human malignancies. Recent studies
suggest that specific p53 immunohistochemical staining patterns may reflect underlying TP53 mutations and
have prognostic significance. This study aimed to evaluate the predictive and prognostic importance of p53
immunohistochemical staining patterns in invasive breast carcinoma.

Methods: A total of 345 patients with invasive breast carcinoma were included in the present study. p53
immunohistochemistry was evaluated and categorized as wild-type, overexpression, null, cytoplasmic or
equivocal. Clinicopathological variables were compared statistically.

Results: Wild-type p53 staining was observed in 243 (70.4%)cases, whereas abnormal p53 staining were
detected in 90 (26.1%) cases. Abnormal p53 expression were associated with a younger patient age (median
48 vs. 52 years, P=0.041), larger tumor size (29 vs. 22 mm, P<0.001), higher histological grade (P<0.001) and
higher Ki-67 levels (P<0.001). Hormone receptor negativity was significantly more frequent in tumor with
abnormal p53 staining (ER negativity: 63.3% vs. 9.1%; PR negativity: 65.6% vs. 21.0%; both P<0.001). HER2
positivity was also more prevalent in the abnormal p53 group (P<0.001). Triple-negative breast cancer was
significantly more prevalent in tumor with abnormal p53 expression (43.3% vs. 6.6%, P<0.001). Additionally,
lymph node metastasis was significantly more prevalent in the abnormal p53 group (75.6%vs.56.8%, P=0.003).
Conclusion: Abnormal p53 staining patterns are strongly associated with adverse clinicopathological features
and aggressive molecular subtypes in invasive breast carcinoma. These results suggest that p53 staining patterns
could be used as a practical surrogate marker to reflect tumor aggressiveness and provide prognostic information
in routine pathological evaluations.
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malignancies in  women  worldwide, recognition of the importance of molecular markers in
representing an important cause of morbidity diagnosis, prognosis and treatment planning. Classic
and mortality in the world [1]. Because of marked markers such as the estrogen receptor (ER),
heterogeneity of breast cancer due to clinical course progesterone receptor (PgR), human epidermal growth

@reast cancer is among the most common and treatment response, there is an increasing
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factor receptor 2 (HER2), and Ki-67 play as key role
in guiding treatment; however, the complexity of
tumor biology requires the necessity of searching
additional markers [2]. It is expected that these
markers will contribute to be understood breast cancer
pathogenesis and contribute to the classification of the
disease according to its molecular subtypes.

TP53, one of the tumor suppressor genes, is
located at the 17p13.1 locus and is approximately 16—
20 kb in length [3-5]. The p53 protein, encoded by
this gene, is a transcription factor that plays an
essential role in regulating the cell cycle, the response
to DNA damage, apoptosis, senescence, and genomic
stability [6, 7]. It is due to these characteristics that
p53 is frequently referred to as the "guardian of the
genome". p53 mutations are the most common gene
mutations in human malignancies, and they are
reported in approximately 20-35% of breast cancers
[8-10]. The frequency of p53 mutation varies
according to breast cancer molecular subtype; they are
notably higher in triple-negative and HER2-enriched
tumor [7, 9, 10]. In the absence of cellular
abnormalities p53 is expressed at low levels as an
immunohistochemical marker, and its detection is
difficult [5]. However, in the presence of mutation, the
protein's half-life increases, and as a result of nuclear
accumulation, it becomes  detectable by
immunohistochemistry [3, 4]. Nevertheless, the
correlation between p53 immunohistochemical
expression and gene mutation is unclear, with
particular staining patterns demonstrating a strong
association with mutation [11]. In recent years,
increasing research proposed that the evaluation of
p53 immunohistochemical staining patterns should not
be limited to a binary classification as either positive
or negative. Instead, a more comprehensive approach
proposes the categorization of patterns into various
groups, including wild-type, overexpression, null
pattern, cytoplasmic, and equivocal staining [12, 13].
These staining patterns have been studied in ovarian,
endometrial, and vulvar carcinomas; while Kébner
standardized this classification for ovarian serous
carcinomas, the classification remains unclear outside
of ovarian carcinoma [12-14]. While the predictive
and prognostic value of p53 mutations has been
investigated in breast cancer, predictive and prognostic
value of immunohistochemical staining patterns
remains limited [15, 16]. The objective of this study

was to investigate the predictive and prognostic value
of previously defined abnormal p53 staining patterns
in breast carcinoma.

METHODS

A total of 520 cases of breast cancer diagnosed
between January 2020 and July 2025 were reviewed.
Subsequently, cases lacking a mastectomy specimen,
those for which clinical and radiological data were
unavailable, and those in  which the
immunohistochemical markers specified in the
methods section were not applied were excluded from
the study. The study incorporated a total of 345 cases
that satisfied the specified criteria. In each patient,
both diagnostic tru-cut biopsy specimens and
subsequent mastectomy specimens were available for
analysis. Three to four micron thick sections were
obtained from formalin-fixed, paraffin embedded
tissue (FFPE) samples, and stained with hematoxylin
and eosin (H&E). The H&E-stained slides were then
subjected to review by two pathologists. Initial
evaluation of the cases was conducted to ascertain
their histological type and grade, utilizing the
Nottingham histological scoring system. The clinical
information pertaining to the patients' age, tumor size,
tumor location, axillary lymph node involvement, and
distant metastasis was obtained from the hospital
information system.

For the purpose of immunohistochemical analysis,
4 micrometer thick sections were taken from FFPE
breast tru-cut biopsies and mounted on slides. The
tissue sections were incubated at a temperature of
95°C. The sections were then subjected to an antigen
retrieval procedure for 52 minutes (Cell Conditioning
1; Ventana). Following this procedure, the specimens
were analyzed using an automated staining system
(Ultra-Benchmark, Ventana, Roche Diagnostics) to
determine the expression of ER (clone SP1; Ventana
Medical Systems), PgR (clone 1E2; Ventana Medical
Systems), HER2 (clone 4B5; Ventana Medical
Systems), Ki-67 (MIB-1, Ventana Medical Systems),
and p53 (clone DO-7, Ventana Medical Systems).
Consequently, a 16-minute counterstaining process
was conducted using hematoxylin, subsequently
followed by  background  staining  with
diaminobenzidine (DAB). The results of the ER, PgR,
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HER?2, Ki-67, and p53 immunohistochemistry tests for
the cases were evaluated by two pathologists.

ER, PR, and HER2 were evaluated in accordance
with the criteria delineated in the 5th Edition of the
WHO Breast Tumours [1]. Accordingly, staining more
than 1% was considered as positive result for both ER
and PR.

The following criteria were used for HER2:

«3+: Complete, intense circumferential membrane
staining in >10% of tumor cells;

*2+: Weak to moderate complete membrane
staining was observed in >10% of tumor cells.

*1+: Incomplete membrane staining faint/barely
in >10% of tumor cells.

eUltra-low: Incomplete membrane
faint/barely in <10% of tumor cells.

*0: No staining is observed.

Cases with equivocal (2+) HER2 staining were
confirmed using the HER2 Dual-Silver in situ
hybridization (SISH) method (Ventana Medical
Systems).

The P53 immunohistochemical evaluation was
conducted in accordance with the classification system
delineated by Kobel et al. [12]. Accordingly;

1. Wild-type staining pattern: variable nuclear
positivity (Figure 1).

2. Abnormal staining pattern: Overexpression:

staining

manifestation of strong nuclear positivity in >80% of
tumor cells (Figure 2a).

3. Null pattern: absence of staining in tumor cells
in tissue containing an internal control (Figure 2b).

4. Cytoplasmic: cytoplasmic staining without
widespread strong nuclear positivity (Figure 2c¢).

5. Equivocal: The presence of strong nuclear
positivity was observed in a proportion of tumor cells
that ranged from 50% to 80% (Figure 2d).

Statistical Analysis

The relationship between p53 staining patterns
and various clinicopathological parameters was
examined. These parameters included patient age,
tumor size, histological grade, and the
immunohistochemical staining of ER, PgR, HER2,
and Ki-67. Molecular subtype, axillary lymph node
involvement and distant metastasis were also
considered. Statistical analyses were conducted using
R statistical software (version 4.5.0, R Foundation for
Statistical Computing, Vienna, Austria). The
distribution of continuous variables was assessed
using the Kolmogorov—Smirnov test. As most
continuous variables did not follow a normal
distribution, they were summarized as median values
with interquartile ranges (IQRs). Categorical variables
were reported as frequencies and percentages. Patients

FIGURE 1. Wild-type staining pattern on pS3 immunohistochemistry (x20).
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FIGURE 2. Abnormal p53 staining patterns. (a) Overexpression (x20), (b) Null pattern (x10), (c) Cytoplasmic staining pattern

(x20) and (d) Equivocal staining pattern (x10).

were divided into two groups according to their p53
expression status: wild-type and abnormal. The
abnormal p53 category comprised overexpression,
complete absence (null pattern) and cytoplasmic
staining. Equivocal cases were excluded from further
comparative analyses. The Mann—Whitney U test was
used to analyze continuous variables between groups
for statistical comparisons. Categorical variables were
evaluated using chi-squared test or Fisher's exact test.
A P-value of less than 0.05 was considered statistically
significant.

RESULTS

The study comprised a total of 345 patients diagnosed
with invasive breast carcinoma. In accordance with the
results of p53 immunohistochemical staining patterns,
243 (70.4%) cases demonstrated wild-type expression,
67 (19.4%) cases revealed overexpressions, 19 (5.5%)
cases exhibited a null staining pattern, 4 (1.2%) cases
displayed cytoplasmic staining, and 12 (3.5%) cases
were categorized as equivocal (Table 1). The median
age of patients was found to be similar across p53
staining pattern groups. Cases exhibiting abnormal
p53 staining were found to have a significantly higher

histological grade in comparison to those cases with
wild-type p53 staining. Tumors with abnormal p53
staining patterns tended to demonstrate larger tumor
size (22 mm vs. 29 mm) and higher Ki-67 levels
compared with tumors showing wild-type p53
expression. A marked divergence in hormone receptor
status was observed between the groups. ER negativity
and PR negativity were more frequently observed in
tumors with abnormal p53 staining patterns, whereas
the majority of tumors with wild-type p53 expression
were hormone receptor positive (Table 1).

When molecular subtypes were evaluated,
Luminal A tumors were predominantly associated with
wild-type p53 expression, while triple-negative and
HER2-enriched subtypes were more frequently
observed among tumors with abnormal p53 staining
patterns.

Lymph node metastasis was observed in 56.8% of
tumors with wild-type p53 expression, whereas higher
proportions of lymph node involvement were
observed among tumors with abnormal p53 staining
patterns (Table 1).

For the purpose of comparative analysis, cases
were grouped as wild-type p53 (n=243) and abnormal
p53 expression (n=90), with the exclusion of cases that
were equivocal.

4
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TABLE 1. Clinicopathological Characteristics According to p53 Staining Pattern
Variable Wild type Overexpression Null Cytoplasmic Equivocal
(n=243) (n=67) (n=19) (n=4) (n=12)

Age (years) 52 (44-61) 48 (41-56) 48 (44-58) 52 (47-53) 53 (42-64)
Tumor size (mm) 22 (15-30) 29 (20-45) 30 (23-43) 27 (20-35) 32 (25-40)
Histological grade

Grade | 56 (23%) 2 (2.9%) 0 0 0

Grade 11 107 (44%) 13 (19.4%) 2 (10.5%) 0 4 (33.3%)

Grade III 80 (33%) 52 (77.7%) 17 (90.5%) 4 (100%) 8 (66.7%)
Ki-67 (%) 0 (0-0) 0 (0-0) 1(0-1) 0 (0-1) 1 (0-1)
ER status

Negative 22 (9.1%) 39 (58.2%) 16 (84.2%) 2 (50.0%) 7 (58.3%)

Positive 221 (90.9%) 28 (41.8%) 3 (15.8%) 2 (50.0%) 5 (41.7%)
PR status

Negative 51 (21.0%) 41 (61.2%) 16 (84.2%) 2 (50.0%) 8 (66.7%)

Positive 192 (79.0%) 26 (38.8%) 3 (15.8%) 2 (50.0%) 4 (33.3%)
HER2 (CERB-2)

Negative 181 (74.5%) 37 (55.2%) 14 (73.7%) 2 (50.0%) 6 (50.0%)

1+ 10 (4.1%) 2 (3.0%) 0 0 0

3+ 25 (10.3%) 26 (38.8%) 5(26.3%) 2 (50.0%) 6 (50.0%)

Ultra-low 27 (11.1%) 2 (3.0%) 0 0 0
Molecular subtype

Luminal A 88 (36.2%) 1 (1.5%) 0 1 (25.0%) 0

Luminal B HER2— 114 (46.9%) 15 (22.4%) 2 (10.5%) 1 (25.0%) 2 (16.7%)

Luminal B HER2+ 18 (7.4%) 12 (17.9%) 2 (10.5%) 0 3 (25.0%)

HER2-enriched 7 (2.9%) 14 (20.9%) 3 (15.8%) 0 3 (25.0%)

Triple-negative 16 (6.6%) 25 (37.3%) 12 (63.2%) 2 (50.0%) 4 (33.3%)
Lymph node status

Positive 138 (56.8%) 51 (76.1%) 13 (68.4%) 4 (100%) 8 (66.7%)

Negative 105 (43.2%) 16 (23.9%) 6 (31.6%) 0 4 (33.3%)

Data are shown as median (interquartile range [IQR]) or n (%) where appropriate. ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2.

In this analysis, tumors exhibiting abnormal p53
expression were associated with a younger patient age
(P=0.041), larger tumor size (P<0.001), higher
histological grade (P<0.001), and higher Ki-67 levels
(P<0.001) (Table 2).

Furthermore, ER-negative and PR-negative status
were found to be significantly more prevalent in
tumors exhibiting abnormal p53 expression (both
P<0.001). The HER2 expression status exhibited

significant variation between the groups (P<0.001).
With regard to molecular subtypes, triple-negative
breast cancer was significantly more prevalent in the
abnormal p53 group (43.3%) in comparison with the
wild-type group (6.6%), whereas Luminal A tumors
were predominantly observed in the wild-type group
(36.2%) (P<0.001).

Finally, lymph node metastasis was shown to be
significantly more prevalent in tumors exhibiting
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TABLE 2. Association Between Abnormal p53 Expression and Clinicopathological Variables

Variable Wild type Abnormal p53 P-value
(n=243) (n=90)
Age (years) 52 (44-61) 48 (41-56) 0.041

Tumor size (mm) 22 (15-30) 29 (20-45) <0.001

Histological grade
Grade 1 56 (23%) 2 (2.2%) <0.001
Grade 11 107 (44%) 15 (16.6%)

Grade 111 80 (33%) 73 (81.2%)

Ki-67 (%) 0 (0-0) 0(0-1) <0.001
ER status <0.001
Negative 22 (9.1%) 57 (63.3%)

Positive 221 (90.9%) 33 (36.7%)

PR status <0.001
Negative 51 (21.0%) 59 (65.6%)

Positive 192 (79.0%) 31 (34.4%)

HER2 (CERB-2) <0.001
Negative 181 (74.5%) 54 (60.0%)
1+ 10 (4.1%) 2 (2.2%)
3+ 25(10.3%) 32 (35.6%)

Ultra-low 27 (11.1%) 2 (2.2%)

Molecular subtype <0.001

Luminal A 88 (36.2%) 1 (1.1%)
Luminal B HER2—- 114 (46.9%) 18 (20.0%)
Luminal B HER2+ 18 (7.4%) 15 (16.7%)
HER2-enriched 7 (2.9%) 17 (18.9%)

Triple-negative 16 (6.6%) 39 (43.3%)

Lymph node status 0.003
Positive 138 (56.8%) 68 (75.6%)

Negative 105 (43.2%) 22 (24.4%)

Data are shown as median (interquartile range [IQR]) or n (%) where appropriate. ER, estrogen receptor; PR, progesterone

receptor; HER2, human epidermal growth factor receptor 2.
Statistically significant P-values in bold.

abnormal p53 expression in comparison to those
demonstrating wild-type p53 expression (75.6% vs.

56.8%, P=0.003).

DISCUSSION

The p53 mutation has been identified as the most

prevalent mutation in human cancers, with prevalence
rates of up to approximately 30% in breast cancers
being reported. The role of p53 in tumor development
is explained by two mechanisms: the loss of the tumor
-suppressor function of the mutated p53 (loss of
function) or the acquisition of oncogenic activity (gain
of function) [6, 8]. The majority of p53 mutations are
associated with the DNA-binding domain of the gene,
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often resulting in missense mutations [8, 17]. Missense
mutations are most commonly found in exons 5-8
(81%) [10]. P53 mutations have been associated with
poor clinical and pathological features in various
human cancers, including breast cancer [11, 18].
However, the implementation of genetic testing in
routine laboratory practice is challenging due to the
complexity, cost, and specific infrastructure
requirements. Consequently, the potential of p53
immunohistochemistry in detecting p53 mutations,
and its subsequent application in predicting prognosis
and clinical-pathological characteristics, has become
a subject of interest.

Despite the utilization of a broad spectrum of
threshold values for p53 staining patterns (1-90%)
[19-23], Kobel ef al. [12] have standardized them for
ovarian high grade serous carcinoma, delineating
overexpression, null, and cytoplasmic staining patterns
as being associated with p53 mutations. While an 80%
threshold is conventionally employed for expression
analysis, a recent study has proposed the use of this
threshold for cytoplasmic staining as well [24]. While
the majority of cases exhibiting p53 mutations are
characterized by overexpression, cytoplasmic staining
has been documented in 2—3% of cases in studies
conducted on various tumors [13, 25]. In the present
study, 74.4% of cases exhibiting abnormal p53
staining were found to be overexpressing, while
cytoplasmic staining was observed in a mere 4.4% of
cases. The null pattern was observed in 22% of cases.
In studies comparing p53 mutations with
immunohistochemical expression, the overexpression
pattern has frequently been associated with missense
mutations, while the null pattern has been associated
with truncating mutations that involves frameshift,
nonsense, and splice-site mutations. The results of this
study demonstrate that the functional consequences of
p53 mutations can be reflected at the
immunohistochemical level [13]. As is well
documented in the relevant literature, mutant p53
proteins resulting from missense mutations
accumulate in the nucleus, creating an overexpression
pattern, whereas truncating mutations prevent the
synthesis of functional protein, resulting in a null
pattern [26]. Despite the clarity of these patterns,
certain cases of over-expression, typically exceeding
50% but falling short of the 80% threshold, have been

described as equivocal in some studies. Genetic
studies have indicated that the majority of these cases
are characterized by missense mutations, and this
discrepancy can be explained by the degradation of
mutant p53 due to poor or insufficient stabilization
[11, 12]. It has also been reported that the fact that the
regions bound by mutant p53 differ from those bound
by immunohistochemistry may contribute to this result
[11, 12, 24, 27]. In the present study, 12 cases were
deemed to be equivocal. The majority of these cases
were ER- and PR-negative, the majority exhibited a
high histological grade, none were Luminal A cases,
and the average tumor size was similar to that of cases
showing abnormal staining. These findings support the
hypothesis that cases exhibiting equivocal staining
demonstrate biological behaviour similar to those
showing abnormal staining.

In the present study, the abnormal staining pattern
was found to be significantly associated with high
Nottingham grade, negative ER and PR results, HER2
positivity, and higher Ki-67. An examination of the
relationship between molecular subtypes and p53
revealed that abnormal p53 staining was more
prevalent, particularly in the HER2-enriched and
triple-negative subtypes. In the extant literature, p53
mutations have been reported as being common in the
triple-negative subtype [7, 9, 10]. It has been reported
that 80% of triple-negative cancers, 10% of Luminal
A cases, 70% of Luminal B cases, and 70% of HER2-
enriched cases exhibit p53 mutations. In the course of
the present study, an investigation was conducted into
the association between abnormal p53 expression
subpatterns and the triple-negative subtype, in
comparison to other staining patterns. The null pattern
was found to be more frequently associated with the
triple-negative subtype than other staining patterns. It
has been established through previous studies that the
null pattern is associated with high Nottingham grade
and the triple-negative subtype. This suggests that this
staining pattern may indicate a more unfavourable
biology compared to overexpression from a prognostic
perspective [11]. Another study demonstrated that the
null pattern is associated with PR negativity; in our
study as well, the null pattern showed a higher
association with ER and PgR negativity compared to
other abnormal staining patterns.

In our study, when abnormal p53 staining was
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compared to wild-type staining, it was found to be
significantly associated with larger tumor size, axillary
lymph node metastasis at diagnosis, and distant
metastasis, and studies in the literature have also
reported that mutant p53 staining in tru-cut biopsies
can predict lymph node and distant metastasis [10, 11,
18]. When examining the subtypes of abnormal
staining patterns, it has been reported that the null
staining pattern may be associated with a poorer
prognosis compared to cases showing overexpression
and is more frequently associated with BRCA
mutations [11, 28].

From a clinical perspective, it has been reported
that p53 mutations are associated with treatment
resistance in Luminal cancers [17, 29]. Consequently,
it is hypothesized that the presence of an abnormal p53
staining pattern in biopsies conducted at the time of
diagnosis may serve as a prognostic indicator for
treatment response. In the context of Luminal A
cancers, the presence of p53 mutations has been
demonstrated to be associated with a poor prognosis
and a tendency towards treatment resistance.
Furthermore, the high prevalence of p53 mutations in
various human cancer types has led to the suggestion
that it could serve as a therapeutic target [30]. For
triple-negative breast cancer, the limited availability
of targeted treatment options and the poor prognosis
increase the significance of p53 as a potential
biomarker and therapeutic target in this group [9, 10,
31]. Studies demonstrate that p53 is almost always as
mutated in metastatic foci of triple-negative breast
cancer, because of that establishing p53 as a promising
therapeutic target for further investigation [31].

Strengths and Limitations

The study's most significant strength is its
extensive sample size, which encompassed 345 cases,
including a sufficient number of cases from each
molecular subtype. Additionally, it employed a
standardized methodology, which enhances the study's
internal validity. The retrospective and single-centre
study design may limit the generalizability of the
findings. P53 immunohistochemical staining patterns
were utilized as an indirect marker for TP53 mutation
status, with molecular validation (e.g. sequence
analysis) not being performed. Despite the evaluation
of staining patterns by two pathologists, the possibility
of interobserver variability remains unresolved.

CONCLUSION

In conclusion, pS3 immunohistochemical expression
patterns provide significant insights into tumor
biology in breast cancer. The correlation of expression
levels with specific mutation types and aggressive
clinicopathological features lends further support to
the value of p53 as a prognostic and potentially
predictive biomarker. Nevertheless, the
standardization of evaluation criteria, in conjunction
with the interpretation of immunohistochemistry
alongside molecular analyses, will render the clinical
use of p53 more reliable.
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