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ABSTRACT

BACKGROUND: Breast cancer is the most common cancer in women worldwide and 2nd
common cancer after cervix in India. Presence of p53 gene alteration like loss of function p53
mutants correlate with poor prognosis and tend to be more frequent in high grade, large size,
node positive, and in estrogen-progesterone receptor negative (ER-, PR-) tumors, suggesting that
mutant p53 may become increasingly critical for breast cancer progression.

Aims: To determine the frequency of expression of p53 immunostaining (IHC) in breast
carcinomas and to correlate its relationship with tumor size, histological grade, lymph node
status and with hormonal receptors status wherever possible.

MATERIALS AND METHODS: Sixty-five breast carcinoma cases were studied for various
clinicopathological parameters like tumor size, histological type, grade, axillary lymph node
status, lympho vascular invasion, in situ component, Nipple areola complex, deep resected margin
involvement, Nottingham Prognostic Index (NPIG) and subjected to p53 immunostaining. 37
out of 65 cases were studied for ER, PR, Human Epidermal Growth Factor Receptor 2 (HER2/
neu) antibodies. p53 expression was correlated with known prognostic factors. Furthermore,
autopsy studies can be used as supplement to know the disease reservoir.

REesuLTs: p53 positivity was found in 72.3% of breast carcinomas with significant association
between p53 expression with histological grade (p-value = 0.013) and Nottingham Prognostic
Index Groups (NPIG) (p-value = 0.011). No significant correlation was seen between p53
expression and tumor size, lymph node status, hormonal receptor (ER, PR) status and HER2/neu
expression.

Concrusion: Our study revealed that the higher the tumor grade, the higher the p53 expression

and its association with NPIG. Thus, p53 can be considered as a prognostic marker and useful

for management.
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INTRODUCTION

reast cancer is the most common cancer in

women and accounts for 29% of all cancers
diagnosed each year worldwide accounting for 19%
of the total cancer burden. The development of
distant metastasis is the primary cause of death in
breast cancer patients. The involvement of axillary
lymph nodes, larger size of the tumor, hormone
receptor negativity, presence of the mutation of p53
and vascular invasion determine poor prognosis
and treatment options upon initial diagnosis.!

Predisposition to develop carcinoma breast
depends upon several etiological factors like age
at menarche, parity, age at menopause, family
history, diet, alcohol consumption, socioeconomic
status, history of radiation exposure and use of oral
contraceptive pills. Recently cigarette smoking also
has been identified as a risk factor.?

Like other tumors, it is a disease with a
complex, heterogeneous genetic and biochemical
background. No single genomic or metabolic
condition can be regarded as decisive for its
formation and progression. However, a few key
players can be pointed out and among them is the
TP53 tumour suppressor gene, commonly mutated
in breast cancer.! It leads to an accumulation of
non-functioning p53 protein in the cell nuclei,
which can be detected by immunohistochemical
techniques.?

Numerous studies show that in breast cancer,
the presence of p53 gene alteration like loss-of-
function p53 mutants correlate with poor prognosis
and tend to be more frequent in high-grade, large
size, node positive, and in estrogen-progesterone
receptor negative (ER-, PR-) tumors, suggesting that
mutant p53 may become increasingly critical for
breast cancer progression.*

MATERIALS AND METHODS

It was a cross-sectional study of 2 years
(September 2016 to August 2018) undertaken in the
Department of Pathology, JSS Medical College and
Hospital, JSSAHER, Mysore. All breast carcinomas
diagnosed on lumpectomies and mastectomies were
included whereas non-epithelial malignant tumors
and post chemotherapy cases were excluded from
the study. Furthermore, autopsy studies can be used
as supplement to know the disease reservoir.

Method of collection of data

All mastectomy specimens of invasive breast

carcinoma - NST (IBC - NST) were studied noting
the clinical details. After formalin fixation, paraffin
embedding and staining with haematoxylin and
eosin (H&E), histopathological features were
studied. Histopathological grade was assessed
using Bloom and Richardson method, modified by
Elston and Ellis. Tumor, Node, Metastasis staging
(TNM staging) according to AJCC classification
8th edition was used for pathological staging.
Immunohistochemistry (IHC) for p53 was
performed on all 65 cases on paraffin embedded
wax sections.

Procedure for p53 IHC Staining

Paraffin blocks best representing the tumor in
each case were selected after reviewing the H&E
slides. Three to four pm thick sections were taken
on Poly-L-Lysine coated slides and air dried. The
slides were baked at 60°C for one hour in hot air
oven. Slides were deparaffinised and rehydrated.
Retrieval solution (Tris buffer for antigen retrieval)
was brought to boil in the pressure cooker. Slides
were placed in metal staining racks and lowered
into pressure cooker ensuring that the slides were
completely immersed in the retrieval solution.
When the pressure cooker reached operating
temperature and pressure, it was timed for up to
two to three whistles. The pressure cooker was
removed from the heat source and the slides
were allowed to cool for 30 minutes in the same
solution. The slides were washed with wash buffer
for one minute. Peroxide block was applied for
ten minutes and washed with wash buffer for one
minute. The sections were incubated with primary
antibody (DAKO, FLEX Monoclonal Mouse Anti-
Human p53 Protein Clone DO-7 Ready to Use,
Code 1S616) for 20 minutes and washed twice
with wash buffer. The sections were then incubated
with LABELLED POLYMER - HRP [Horse radish
peroxidase] (DakoEn Vision + Dual Link System -
HRP, DAB+ [3,3’ Diaminobenzidine], Code K4065)
for 20 minutes and washed thrice with wash buffer.
The bound antibody was visualized using a DAB-
chromogen substrate which was prepared by
adding 50ul of DAB Chromogen (DakoEn Vision +
Dual Link System - HRP, DAB+, Code K4065) to
one ml of DAB buffer (DakoEn Vision + Dual Link
System - HRP, DAB+, Code K4065). The sections
were washed with wash buffer and counterstained
with haematoxylin and again rinsed in water for
five minutes. Sections from colorectal carcinoma
were taken as positive control.
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Method of reporting IHC

Brown granular nuclear reactivity was taken as
positive. Staining characteristics of the tumors
were agreed upon by two people involved in the
study. Results of the immunohistochemical and
histological analysis were recorded. The entire
section was screened to determine the region
with the maximum proportion of stained nuclei.
p53 over expression was recorded as intensity of
staining and score based on the percentage of the
cells staining positively. First, percentages of the
total number of tumor cells are assigned to one of
six categories:

Scores

0 for < 5%, 1 for 5-30%, 2 for 30-50%, 3 for 50-
70%, 4 for 70-90%, 5 for > 90%.

Second, the intensity of p53 immunostaining is
scored as follows:

Staining Intensity
1+ for week, 2+ for moderate, 3+ for intense.

Then the scores of percentages and staining
intensity are multiplied to produce a weighted
score for each tumor, as a score of < 8 designated as
low expression and >8 as high expression.

The immunohistochemical staining technique
using a modification of the avidin-biotin method
was used for estrogen receptors, progesterone
receptors and HER-2/neu and staining was

performed with primary antibodies against ER,
PR and HER-2/neu (A0485, Dako Corp., diluted
1:1,600). Scoring for ER, PR and HER-2/neu was
done by All Red Method.

Fig. 1c: Invasive breast carcinoma of No Special Type, Grade 3: Areas of
necrosis with tumour cells showing marked pleomorphism and atypical
mitosis (H&E, x200)

STATISTICAL ANALYSIS

The statistical analysis was performed using
statistical package for social sciences (SPSS) version
22. Percentages was used for categorical data and
charts were generated using Microsoft excel 2007.
The Association between p53 immunostaining and
clinicopathological features including tumor size,
nodal status, tumor grade, Estrogen/Progesterone
receptors and HER-2/neu status were evaluated
using the chi-square test. p-value <0.05 was
considered statistically significant.

RESULTS

The age group of patients ranged from thirty
years to seventy-five years, with mean age of fifty
years. Maximum number of patients (24/65)
were in sixth decade of life accounting for 36.9%
of total cases. Right side breast was most affected
with thirty-seven cases (56.92%) of tumor in the
right breast and in twenty cases (43.07%) in the left
breast [Fig./Table 1a & 1b].

Fig. 1a: Gross picture of modified radical mastectomy specimen showing
nipple retraction

Fig. 1b: Cut section of modified radical mastectomy specimen showing
a grey white infiltrating tumour
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/ o () IR
Fig. 1d: Invasive breast carcinoma of No Special Type, Grade 2:

Tumour cells showing mild to moderate pleomorphism with areas of
desmoplasia (HSE, x200)

/8 BPADRTREA]
Fig. 1f: Invasive papillary carcinoma: Tumour cells arranged in papillary
pattern with central fibrovascular core (HSE, x100)
Histopathological diagnoses included fifty-seven
cases (87.69%) of invasive breast carcinoma No
Special Type (IBC - NST) [Fig./ Table 1c & 1d],
three cases of invasive lobular carcinoma [Fig./
Table 1e], two cases of invasive papillary carcinoma
[Fig./ Table 1f] and one case each of mixed ductal
and lobular carcinoma.

e N

Fig. 2c: Mucinous carcinoma: Tumour cells arranged in clusters in a pool
of abundant mucin (HSE, x200)

Fig. 1e: Invasive lobular carcinoma with typical Indian file arrangement
of tumour cells (HSE, x100)

e N

Sv

<87
- “

>

‘ " .‘.‘ 0 ‘.' )
\ LV ey 7 s vy
» ' "
1 e ;
SERY: e g; tp-f
".’:}‘a;% W 9

- ..
<k )
ool o ,':; -,!* 3 & S
o st . ~ . ¥ LT
e \,. :"}.‘“'-. 2;""‘”(ﬁb:’.' i ® 'J n:’

Fig. 2a: Mixed ductal and lobular carcinoma (HSE, x100)
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Fig. 2b: Metaplastic carcinoma: Tumour cells arranged in nests with
focal area of squamous differentiation (HGE, x400)
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[Fig./Table 2a], metaplastic carcinoma [Fig./
Table 2b], and mucinous carcinoma [Fig./ Table 2c].

Histopathological prognostic markers

Histologic grade was assessed in all cases of IBC
- NST and metaplastic carcinoma using Elston and
Ellis modification of the Bloom-Richardson grading
system. Maximum number of cases were found to
be of grade 3 accounting for 55.2% cases followed
by grade 2 (44.8%). There was no case of grade 1
tumor.

The size of tumors ranged from two cm to twelve
cm in greatest dimension with a mean size of 4.2
cm. The tumors were divided into four categories
based on tumor size using TNM system of staging.
Maximum number of cases were of pI'2 category
accounting for 67.7%.

Out of all, in four cases axillary lymph nodes
could not be assessed. From rest, axillary lymph
node involvement was seen in forty cases. Twenty
cases showed metastasis in 1-3 lymph nodes (pN1),

TP i — . '

Fig. 2e: ER Positive: Tumour cells showing nuclear positivity with
estrogen receptor immunostain (IHC, x200)

Fig. 2f: ER Negative: Tumour cells showing no staining with estrogen
receptor immunostain (IHC, x200)

7 cases showed metastases in 4-9 lymph nodes
(pN2) and 13 cases showed metastases in >10
lymph nodes (pN3) [Fig./ Table 2d].

Twenty-nine cases showed in situ component,
2 cases showed involvement of nipple and areola
and 7 cases showed involvement of deep resected
margin. ER and PR status were analysed only in 37
cases. 73% of cases (27 cases) were positive for ER
[Fig./Table 2e & 2f] and 70% of cases (26 cases)
were positive for PR [Fig./ Table 3a & 3b].

HER2/neu status was analysed only in 37 cases.
32.4% of cases (12 cases) were positive for HER2/
neu with a score of 3. Twenty-five cases were

I e A . . J % . LL" -.. ’ -
Fig. 3a: PR positive: Tumour cells showing nuclear positivity with
progesterone receptor immunostain (IHC, x200)
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Fig. 3b: PR negative: Tumour cells showing no staining with
progesterone receptor immunostain (IHC, x200)

Fig. 3¢: HER2/neu Score 3: Tumour cells showing strong membrane
positivity with HER2/neu receptor immunostain (IHC, x200)
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Fig. 3d: HER2/neu Score 3: Tumour cells showing moderate staining of
>10% of cells with HER2/neu receptor immunostain (IHC, x200)

negative (12 had a score of O and 4 had a score of 1)
and 9 cases were inconclusive (score 2) [Fig./ Table
3¢, 3d &3e]

NPI was calculated by {size (cm) x 0.2} + {lymph
node stage (1 - 3)} + {grade (1 - 3)}. Patients were
categorised into 3 groups. Maximum number of
cases were in moderate group (50%)

p53 Expression in breast carcinomas

p53 expression was found in nuclei of tumor
cells and the percentage of tumor cells showing p53
positivity and intensity of p53 positivity varied
between tumors. The expression was assessed and
evaluated by applying scoring system used by Jin-
Woo et al’ All the cases were evaluated by applying

Fig. 3e: HER/neu Score 0: Tumour cells showing no staining with HER2/
neu receptor immunostain (IHC, x200)

this scoring system. 72.3% of cases (47 cases)
showed p53 positivity and 27.7% of cases (18 cases)
were negative for p53. Out of 47 positive cases,
maximum number of cases (15 cases) were with
score 1 (5-30% tumor cells showing positivity) and
minimum (5 cases) were with score 5 (>90% tumor
cells showing positivity). Intense staining (intensity
score of 3+) was noted in 26 cases (55.3% cases) and
weak staining (intensity score of 1+) was noted in
10 cases (21.3%) whereas 25 cases (53.2% of cases)
showed high expression (weighted score >8) and
22 cases (46.8% of cases) showed low expression
(weighted score <8) of p53. So, 38.5% of cases
showed p53 high expression while 33.8% of cases
were with low expression. p53 was not expressed in
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Fig. 4a: p53 nuclear positivity with high expression in carcinoma colon Fig. 4b: p53 nuclear positivity with high expression (weighted score 5x3
(control) (IHC, x200) =15) (IHC, x100)

Fig. 4c: p53 positivity with high expression (weighted score 5x3 = 15) Fig. 4d: p53 positivity with high expression (weighted score 4x3 = 12)
(IHC, x200) (IHC, x200)

BRGNS

- e 3 .
'J '“I"
) ’;n' ‘ {"ju ‘1“ _.‘.

-

Fig. 4e: p53 positivity with high expression (weighted score 3x3=9) (IHC, Fig. 4f: p53 positivity with low expression (weighted score 2x3 = 6) (IHC,
x40) X40)
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Fig. 5a: p53 positivity with low expression (weighted score 2x2 = 4) (IHC,

x200)

X40)

Fig. 5¢: p53 positivity with low expression (weighted score 1x1=1) (IHC,
X100)

Table 1: Correlation of p53 expression with known histopathological prognostic factors

Fig. 5d: p53 immunostaining negative (IHC, x40)

p53
. " No. of Patients .
Histopathological Parameters %) High Expression  Low Expression Negative P - value Significance
No. (%) No. (%) Expression No. (%)
Tumour size T 7(108) 1(143) 4(511) 2(28.6)
T 44 (671) 19 (432) 13(295) 12(213)
0.601 Not significant
i3 11 (16.9) 3 (213) 4(36.4) 4(364)
T4 3 (46) 2(667) 1(333) 0
Tumour grade 2 26 (448) 5(192) 11(423) 10(385)
0.013 Significant
3 32 (55.2) 18 (56.3) 9(28.1) 5(15.6)
Lymph node status NO 21 (3443) 4(19.05) 10 (47.62) 7(3333)
N1 20 (3279) 10(50) 3(15) 7(35)
0.175 Not significant
N2 7 (m47) 3(42.86) 3(42.86) 1(14.28)
N3 13 (2131) 5(38.46) 6 (46.15) 2(15.38)
Table to cont...

INDIAN JOURNAL OF FORENSIC MEDICINE AND PATHOLOGY. VOLUME 16, NUMBER 4, OCTOBER - DECEMBER 2023



Aninditha Saha, Sapna Patel M. C., Harish Srikantegowda. A study of p53 immunostaining in breast carcinomas: Correlation 975
with histopathological prognostic factors

NPIG Good 10(17.9) 0(0)
Moderate 28 (50) 13 (46.4)
Poor 18 (321) 8 (44.44)
ER Status Negative 10 (27) 5(50)
Positive 21(13) 10(37)
PR Status Negative 11(29.73) 5 (455)
Positive 26 (703) 10 (385)
HER2/Neu Status 0 12 (324) 6 (50)
1 4(10.8) 0
2 9(243) 3(333)
3 12 (324) 6(50)

3(30) 7(70)
10 (357) 5(179) 0.0m Significant
7(389) 3(16.7)
3(30) 2(20)
0.809 Not significant
9(333) 8 (29.6)
4(364) 2(182)
0.812 Not significant
8(308) 8(30.8)
2(16) 4(333)
3(75) 1(25)
0.435 Not significant
3(333) 3(333)
4(333) 2(16.7)

the remaining 27.7% of cases. [Fig./ Table 4a, 4b,
4c,4d, 4e, 4f, 5a, 5b, 5¢, 5d]

Correlation of p53 expression with prognostic
Sactors

Significant correlation of p53 expression
was found with tumor grade and Nottingham
Prognostic Index Groups with p-value of 0.013 and

0.011 respectively.

DISCUSSION

Breast carcinoma is one of the most common
malignancies and the leading cause of cancer
death in women. Early and correct diagnosis is the
most important factor for treatment outcome of
the patient. There are various known prognostic
factors for breast carcinoma like tumor size,
histopathological grade and lymph node status.®
Now-a-days these known prognostic factors are
supplemented with measurements of steroid
hormone receptors, proliferation index, tumor
suppressor genes, oncogenes and oncoproteins for
predicting outcome of the disease and decision
making for optimal treatment. Recent attention
has been directed at molecular classification and
molecular and genetic testing are found to have
greater prognostic and predictive value but still
they are expensive and not yet widely available.®

The p53 mutation remains the most common
genetic change identified in human neoplasia.
The p53 gene encodes for 53 kDa nuclear
phosphoprotein, which has been implicated in
controlling cell cycle regulation, differentiation,
DNA repair and apoptosis. Unlike normal p53,
non-functional mutated p53 accumulates in the
nucleus of tumor cells and can be detected by

IHC. According to many studies, p53 mutation is
associated with greater degree of progression of
tumor, high proliferation rate, more aggressive
disease, greater probability of micro metastases
and worse overall survival in breast carcinoma.”
Careful studies with micro dissected tumor material
have shown that p53 mutation may occur in ductal
carcinoma in situ (DCIS) before the development
of invasive cancer and the frequency increases
from around zero in low grade DCIS to 30 - 40%
in high grade DCIS.'** These results emphasize
the important role of p53 alterations early in the
carcinogenesis of breast.

In this study total 65 cases of breast carcinomas
were studied for expression of p53 and out of
65, 37 cases were studied also for expression of
hormonal receptors like ER and PR and for HER2/
neu. p53 expression was correlated with known
histopathological prognostic factors. There was
significant correlation between p53 expression
with histological grade and NPIG but not with
tumor size, lymph node status, hormone receptors
status or HER2/neu status.

p53 Expression

p53 IHC positivity was identified by distinct
brown colour nuclear staining due to oxidised DAB.
The result of IHC was quantified as scores.’® As
there is no specific scoring system for evaluation
of p53 expression, different scoring systems
were used by different studies. The present study
followed the scoring system used by Ryu er al®
Which showed p53 positivity in 72.3% of cases.
This is like studies done by Patnayak ez al.'” (69.2%),
Sekar et al.® (71.67%) and Gupta et al.’® (88.9%) but
according to many other researchers the frequency
of positivity of p53 is comparatively less. These
variations can be explained by the effect of genetic
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and environmental factors in the study population,
the type of tissue used for the study (formalin fixed,
frozen, stored etc.), the type of antibody used and
interpretation of results.?®

Correlation of p53 expression with histological
prognostic factors

Tumor size is an independent prognostic factor
in breast carcinoma and survival rate decreases
with increasing size of the tumor.??> Hence the p53
expression was correlated with the size of tumor
in the present study. The tumor size ranged from
2 cm to 12 cm with maximum number of tumors
between (T2) 2 - 5 cm in size. This can be explained
as most of the breast carcinomas are relatively
painless, they usually get ignored by the patients
till they reach a significant palpable size.!® There
was no significant correlation between tumor size
and p53 expression in this study (p-value = 0.601)
which was comparable to the findings of Gupta et
al.?® Al - Joudi et al.?° and Sheipour et al.?® and Lebe
et al.**

Histologic grade of breast carcinoma is validated
to be a poor prognostic factor by multiple
independent studies. In the present study grade
3 tumors were more in number in comparison to
grade 2 which was similar to findings of Cass et al.?®
It was found that there was a significant correlation
between histological grade and p53 expression
(p-value - 0.013) in the study. The studies done by
Gupta et al.’® Cass et al.,*® Sirvent et al?” Al-jaudi
et al.*® Prabal et al."® and Singh et al.?® also yielded
similar result.

Axillary lymph node status is an important
prognostic factor in breast carcinoma. The risk of
distant recurrence is directly related to number of
positive lymphnodes.?® Furthermore, the mortality
rate in node positive cases is four to eight times
higher than node negative cases with lymphnode
involvement being a valuable indicator of long
term survival.?”? In the present study there was
no correlation between p53 expression and
lymphnode status which was similar to findings
of Han et al.,’° Al-Jaudi et al.?® Sirvent et al.?” and
Sheikhpour et al.>® However, the studies conducted
by Gupta et al.?® Singh et al.?® and Ivkovic - Kapicl
et al.*! contradicted this. The variation in result can
be explained as in the present study, lumpectomy
specimens were also considered and in 4 cases
lymph nodes could not be assessed. Hence large
number of cases are required to find out the
association between p53 expression and axillary
lymph node status.

Nottingham prognostic index is a numerical
index used for prognostication of breast cancer.
It depends on tumor size, grade of the tumor and
nodal status. In the study, NPI has significant
association with p53 status which is contradicting
the study done by Kurshumilu ez al** and Esin et
al’®

Correlation of p53 expression with FR/PR
status and Her2/neu status

Hormonal receptors have been known to be
very important for therapy and prognosis in breast
cancer.Thereceptor positive patients are considered
to have better prognosis than negative patients
who present lower survival rate and more tumor
relapse.®%3¢ In the present study there was no
correlation between p53 expression and hormonal
receptor status which was comparable with studies
done by Al - Jaudi et al?*® and Sheikhpour ez al.?
However, studies done by Sirvent ez al.?” Han et al.,*°
and Alireza et al.*’ showed significant relationship
between these two. The difference can be due to
small study population.

The breast cancers positive for HER2/neu are
very aggressive in nature and have higher chances
of tumor progression and metastasis.*® There was no
significant correlation between p53 expression and
HER2/neu status in the present study. The similar
result was found by Han et al.,*® Sirvent et al.?” and
Shokouh et al.?® but contradicted by Rasheed ez al.*°
and Patnayak et al.'” The variation in result may be
due to a smaller number of cases taken in the study.

Use of Autopsy Series to know the Disease
Reservoir-How much more Breast Carcinoma
Cases can be Detected?

Autopsy studies may be used to estimate the
prevalence pool of incidental cancer (and pre-
cancerous lesions) among people not known to
have specific cancers during their life. A substantial
reservoir of insitu carcinomas is undetected during
life. How hard we the pathologists look for the
disease and, perhaps, our threshold for making
the diagnosis are potentially important factors in
determining how many cases of insitu lesions will
be diagnosed. The latter has important implications
for what it means to have the disease.

CONCLUSION

Carcinoma breast is considered a major concern
these days since it is contributing to a large part
of mortality and morbidity worldwide. Many
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researches from the last decade have correlated a
significant association between the development of
carcinoma breast and polymorphism of p53, which
is the well-established and most studied tumor
suppressor gene.

The percentage of tumor cells stained with p53,
and the intensity of staining varied among cases in
the study which can be explained on the basis of
genetic variation in the population. The level of
p53 expression increased with increase in grade
of the tumor that is most of the grade 3 tumors
showed positivity with high expression. However,
association was not that evident with tumor size
and axillary lymph node status, hormone receptors
expression or HER2/neu status.

and with longer duration will provide a better idea
about its prognostic significance and usefulness
in treatment. And autopsy studies may be used
as an adjunct to estimate the prevalence pool of
incidental carcinoma cases.
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