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Abstract

Background: Pakistan has a high incidence of breast cancer in Asia, where annually 16,232 deaths are reported. There
are many exogenous and endogenous risk factors that affect the tumor suppressor genes and oncogenes. The p53 gene is
a tumor suppressor gene and it has a role to protect the whole genome from external and internal stresses, which causes
damages to the genome.

Objective: The aim of the current study was to investigate the p53 gene expression by using the real-time PCR technique
in different grades of breast cancer as compared to the normal tissue.

Methods: Fresh Modified Radical Mastectomy (MRM) samples (gradel-grade3) were collected from different hospitals of
the Lahore. The project was approved by an ethical review committee of Jinnah Hospital, Lahore. And before sampling an
informed consent was obtained from patients and clinicians. RNA from fresh biopsies was extracted by Qiagen extraction
kit and cDNA was formed. Real time PCR performed by using SYBR green master mix (ABI) and the data was evaluated by
using Livak method. Statistical analysis was done by using Microsoft Excel.

Results: There was an abnormal gene expression of p53 in all grades of the breast tumors. Non-significant (p>0.05) differ-
ence of down and up regulation of p53 in different grades of breast tumor was found. However, as a whole up-regulation
was more than down-regulation with significant difference (p<0.0011).

Conclusion: The abnormal expression of p53 shows that there are some genetic and epigenetic factors which are the primal
cause of an abnormal gene expression. It is recommended that perform next generation sequencing (NGS) of the gene to
find out the mutations causing the abnormal behavior of p53 gene.
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Broadly, it is divided into three major types non-inva-
sive, invasive and others that are responsible for 1-4%
of breast cancer include Paget’s disease of the nipple®.

It is classified into three major grades included: Grade
I which is well differentiated, Grade 1I is differentiated
intermediary and Grade III which is poorly differentiat-
ed. According to the number of affected lymph nodes
it is classified into Grade I with no lymph nodes affec-
tion, Grade II in which one to three lymph nodes are
affected and when 24 lymph nodes it is the Grade IIT°.
Every year, one million women reported to diagnose
with breast cancet®. Around the globe, it is the second
leading cause of mortality among women aged 45-55
years® and more than 1,000,000 breast cancer cases in
females are reported annually’. Its incidence varies as it
is being highest in North America and Western Europe,
while it is lowest in Asia and Aftrica®. Early detection
by using screening mammography and multimodality
treatment has abridged the mortality due to this disease
in western countries but in developing countries, it is
still continuing to have a high prevalence’. In Pakistan,
the ratio of developing breast cancer is rising at an
alarming rate and it is 38.5% of other types of cancer®.

During 1995-1997, the incidence of breast cancer has
reported 33.1% in the population of Karachi south
district’. Breast carcinogenesis involves several genetic
and environmental factors. However, as compared to
the racial and genetic factors the environmental factors
are more readily controlled’. The other risk factors
are: diet, especially which is rich in fat, smoking, fami-
ly history of breast cancer, depression and stress’. The
appearance of lumps, compactness of dimple, redness,
and soreness are the most common symptoms which
are associated with the onset of breast cancer*. Genet-
ic predisposition caused by a mutation in autosomal
dominant genes is responsible for 5-10% of all breast
malignancies. The genetic variation which is involved
in the development of breast tumors is of two broad
types; one is loss of function mutation in tumor sup-
pressor gene which leads towards the uncontrolled cell
growth and division, disturbance of the checkpoints of
cell cycle and DNA mechanism of repair failure, while
the second is in the proto-oncogene gain of function
mutation. Before the age of 70 years, there is a 70% risk
of breast cancer development in women’s with inherit-
ed loss of function mutation'. There are several genes
in which the mutations can affect the body different-
ly and thus lead to the development of various types
of breast cancer. The genes which are mainly involved
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in breast cancer includes BRCA1 and BRCA2 which
cause 90% of breast cancer while other are HER2,
PIK3, and deregulation of expression of three genes
MDM?2, RB and TPK53 can play a significant role in
therapeutic vibes of breast cancer®. A multifunctional
tetrameric transcription factor which is known as the
tumor suppressor gene TP53 is the maintaining of ge-
nome stability is the major functions of wild-type p5
which plays a crucial role in the senescence, control of
cell cycle progression, DNA repair and apoptosis''. The
first tumor suppressor gene is the p53 that is described
in 1979 and initially, it is believed to be an oncogene'”.
Human p53 is 20kb gene located on 17p13.1 it is a
nuclear phosphoprotein of molecular weight 53 kDa,
which consists upon 10 introns and 11 exons with more
than 200 single nucleotide polymorphisms (SNPs) been
identified in both non-coding and coding regions and
the common polymorphisms in this gene showed asso-

ciation with increased risk which is reported by many
published studies'".

The use of real-time PCR in clinical testing plays a cru-
cial role as it can provide the information related to small
alterations such as point mutation, gene expression, and
gene loss or amplification and it also plays a useful job
in the analysis of cancer markers'. It is a high-through-
put technology, which is used for sensitive detection
and accurate quantitation of the gene expression lev-
els'. The mutant p53 results in genetically unstable cells
as it is no longer able to control cell proliferation and
resulting in inefficient DNA repair which may lead to
the neoplasia due to genomic damage persistence'”. In
invasive breast cancer, molecular genetic profile of al-
terations in p53 is well characterized in contrast to duct-
al carcinoma in situ. As compared to molecular biology
screening techniques immunohistochemical analysis of
p53 expression is mostly done in ductal carcinoma in
situ. Molecular biology screening techniques are used
in a very few studies and of these the only three stud-
ies conducted for p53 sequence alterations in the ductal
carcinoma in situ cohorts by using constant density gel
electrophoresis (CDGE) or single-strand conforma-
tional polymorphism (SSCP) which then confirmed by
using DNA sequence analysis of all potential SSCP/
CDGE altered mobility patterns'®. In the carcinogen-
esis process of breast, the important role of p53 alter-
ations is reported in several studies. It is documented
that mutations in p53 is around zero in low-grade ductal
carcinoma in situ (DCIS) to 30-40% in high grade®. To
the best of our knowledge, there is a lack of data on
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p53 gene expression in breast cancer by using real-time
PCR, thus the purpose of the present study was to in-
vestigate the p53 gene expression in different grades of
breast cancer as compared to the normal tissue by using
the real-time PCR technique.

Materials and methods

Sample collection

Thirty (30) fresh Modified Radical Mastectomy samples
were collected from different hospitals of Lahore, Pun-
jab. Each sample was collected in two tubes, one tube
having RN Alater or Ethanol and the other tube having
10% formalin. All samples were stored at -20°C before
RNA extraction. This project was funded by the Higher
education commission (HEC), Pakistan and ethical ap-
proval was taken from the Jinnah Hospital, Lahore and
ethical consent was taken from patients.

Histopathological analysis of breast tumor tissues
The tissues present in 10% formalin were sent to histo-
pathological labs of Fatima Memorial Hospital, L.ahore
for haematoxylin and eosin staining,

Gene expression of p53 gene by Real Time PCR
RNA was extracted by Qiagen extraction kit and con-
centration was measured by qubit® 3.0 fluorimeter (in
vitrogen) was used along with qubit® RNA assay kit
(Lot # 1007800).

Complementary DNA (cDNA) synthesis

RNA concentrations of all samples were equalized
(100ng/uL). Complementary DNA (cDNA) was syn-
thesized from each RNA sample by using the enzynom-
ics DNA Synthesis kit (MB125).

The reagents and techniques are described in Table 1
and the cycling conditions are shown in Figure 1.

Table 1. Reagents and techniques for the complementary DNA synthesis

1+ Step 2 Step
Reagents Volumes Reagents Volumes
RNA 2ul (100ng/uL) 10X RT Buffer 2ul
Oligo-Dt 1L Reverse IuL
Transcriptase
Random Hexamers  1pL dNTPs 2uL
RNase Inhibitor 0.5uL
70°C. for 10 Minutes DEPC water 10.5uL
Total 20uL
»or 73
1imha
108
are
(Tr]

Figure 1. Complementary DNA (cDNA) incubation temperature and timings on

rotorgene Q
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Primer designing the 100-150bp for gene expression studies of p53 gene
Primers were designed by primer 3 software covering (Table 2).

Table 2. p53 and P actin (housekeeping gene) gene primers for Real Time PCR

Name  Forward Primer Reverse Primer Number

Of bases

Beta-  ACTCCTATGTGGGCAACGAG AGGTGTGGTGCCAGATCTTC 40
Actinl-
Human

p53-1-  CCCCTCCATCCTTTCTTCTC ~ ATGAGCCAGATCAGGGACTG 40

Human
Real-Time PCR amplification p53 gene was the target gene. The reaction was per-
For real time PCR SYBR green master mixture was formed in triplicates. The rotorgene real time PCR ma-
used (Thermo scientific USA). chine was used. The reagents and recipe is given below

The beta actin gene was used as a reference gene while in Table 3 and Figure 2.

Table 3. Reagents and recipe for the PCR Reaction

Reagents Volume per 25ul reaction

SYBR Green 12.5ul

Forward Primer Iul

Reverse Primer jmi

Water 8.5ul

Template (cDNA) 2ul

I
! |
! |
! |
95°C | 95°C |

50°C 0min | 155 »_ 60°C |
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abe I I
! |
I 40X I
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Figure 2. PCR cycling condition for Real-Time PCR of p53 gene
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Gene expression folds change calculation

For expression data, the target gene p53 Ct was normal-
ized with the 3-actin Ct. The mean of Ct values of p53
gene and mean of Ct values of beta-actin gene were
compared. The calculation was based on AACt or Livak
method (Livak and Schmittgen, 2001). The formulas
of livak method were added in the excel sheet and fold
change values of all tumor samples were calculated as
compared to reference gene and also as compared to
normal adjacent breast sample.

Statistical analysis

Microsoft Excel was used for statistical analysis. T-test
was used for the statistical analysis by the using excel
chart and 95% Confidence Interval and 5% error was
in built in the formula.

Results
Socio-demographic data of the samples
We collected the demographic data of patients, like age,

sex, cast, area, income, marital status, cousin marriages
or not, we did not find any co-relation with these pa-
rameters and grading system or grading and abnormal
P53 gene expression.

Histopathological analysis

According to the histopathological reports obtained
from Fatima Memorial Hospital, 7 samples were of
grade I, 10 of grade I and 13 of grade III. In our study
there was not any grade 4 samples (Figure 3).

A- Sample No 19 grade I1I tumor under 10X

B-  Sample No 20 grade III tumor under 10X

C- Sample No 22 grade III tumor under 10X

D-  Sample No 23 grade III tumor under 10X

E-  Sample No 13 grade II tumor under 10X

F- Sample No 17 grade II tumor under 10X

The grading was made by TNM grading system i.e.
based on tumor, node involvement and metastatic
spread, and representative reports on these tumor sam-
ples are shown in Figure 3.
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Figure 3: Representative pictures of some breast cancer sample
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The Nottingham histologic score is simply a scoring
system to assess the grade of breast cancers. It is a to-
tal score based on 3 different sub-scores. The 3 sub
scores were assigned based on 3 components of how
the breast cancer cells look under a microscope. Each
of the 3 features was assigned sub-score of 1, 2, or 3.
1 represent best, 2 represent moderate and 3 shows
worst. Once the 3 sub-scores were added, a Notting-
ham score was obtained. The minimum score possible
is 3 (1+1+1) and the maximum possible is 9 (3+3+3).
The 3 components of Nottingham grading system are

tubule formation, nuclear polymorphism and mitosis
rate. If the tubule formation is more than 75%, it scores
1, 10-75% scores 2 and less than 10% scores 3. The
nuclear grade is score on the basis of similarity of the
nucleus morphology of the cancer cells to normal cells.
Most similar nucleus of the cancer cells to normal cell
nucleus is score 1 and the most different one is score 3.
The mitosis rate of the cells is also scored on the basis
that how much rapidly the cells grow. Slow cell division
is score 1 and rapid cell division is score 3. The mitosis
rate of the tumor cell is count under 10 high power

field (hpf) microscope.

Table 4. Histological Characteristics of Patients

Sample No Grad Necrosis Desm Inflam
Tub Pleo Mito
3 1 Not seen Mild No
19 3
20 3 2 2 Seen Moderate Mild
22 3 3 2 Not seen Mild Mild
23 3 2 2 Not seen Mild No
13 3 2 1 Not seen Mild Mild
17 2 2 1 Not seen Mild Moderate

Gene expression in grade I tumors

Gene Expression of p53 gene in grade-1 tumors was
performed. The Ct values of each breast tumor were
normalized with beta actin gene Ct values. The results
were compared with normal breast sample and the 1
fold change was obtained for normal samples and the

fold change above 1 showed the up-regulation and the
fold change value below 1 was considered down-regu-
lation. Out of 7 patients 5 showed up-regulation and 2
showed down regulations. All samples showed abnor-
mal gene expression as compared to normal samples

(Figure. 4).
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Figure 4. Gene expression of p53 gene in grade-1 tumors
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Gene expression in grade II tumors

Gene Expression of p53 gene in grade-2 tumors was
performed. The Ct values of each breast tumor were
normalized with beta-actin gene’s Ct values. The results
were compared with normal breast samples and the 1

fold change was obtained for normal samples and the
fold change above 1 showed the up-regulation and the
Ct value below 1 was considered down-regulation. Out
of 10 patients 4 showed up-regulation and 6 showed
down regulations. All samples showed abnormal gene
expression as compared to normal samples (Figure 5).
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Figure 5. Gene expression of p53 in grade 11 tumors

Gene expression of p53 gene in grade III tumors

Gene Expression of p53 gene in grade III tumors was
performed. The Ct values of each breast tumor were
normalized with beta-actin gene Ct values. The results
were compared with normal breast sample and the 1

fold change was obtained for normal samples and the
fold change above 1 showed the up-regulation and the
Ct value below 1 was considered down-regulation. Out
of 13 patients 10 showed up-regulation and 3 showed
down regulations. All samples showed abnormal gene
expression as compared to normal samples (Figure 6).
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Figure 6. Gene expression of p53 gene in grade 111 tumors

Opverall out of 30 samples 19 samples showed up reg-
ulation and 11 samples showed down regulation. Both
types of results showed that p53 gene had some abnor-
mal function in breast cancer and it has some. There
was non-significant difference in fold change values
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of grade I, grade II and grade 111, i.e. more than 0.05
(>0.05), while if we see the total number of patients
showing up regulation and down regulation then there
was significant difference and up regulation was more
than down regulation (<0.0011), this is clear in Table 5.
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Table S. Fold change differences among grade I, II and III breast tumors.

UP regulation | Down regulation Grade 1 Grade 2 Grade 3
13 0.22 13 0.7 7
3.9 0.62 39 1.9 0.5

4 0.7 0.22 0.1 1.43
4.9 0.1 4 0.49 1.4
5.9 0.49 4.9 5 1.5
1.9 0.5 0.62 1.2 03
1.2 0.4 5.9 2 2

2 0.8 0.4 1.8

3 0.5 0.8 4

7 03 3 1.2

1.43 0.8 2.7
1.4 0.8
15 35

2 >0.05
1.8 All grades differences

4
1.2
2.7
35

t-test 0.001084601

Discussion

The current study is performed to investigate the ex-
pression profile of the p53 gene by using real-time PCR
in different grades of breast cancer tissues, as previ-
ously no such study is documented. The present study
concludes the abnormal gene expression of p53 in all
grades of the breast tumors. Lukas reported that the
molecular biology screening techniques are less in use
for the determination of p53 expression as compared
to the immunohistochemical analysis which is com-
monly done in ductal carcinoma in situ'’. The pres-
ent research findings showed that p53 is up-regulated
and down-regulated in different grades of breast cancer
and current results are in accordance with the several
published studies which investigated the vital role of
p53 gene in the carcinogenesis process of the breast
tumors. It was reported by a study that around zero mu-
tation was found in p53 in low-grade ductal carcinoma
in situ (DCIS) and 30-40% mutation in high grade®.

African Health Sciences Vol 20 Issue 3, September, 2020

Shokouh study results showed p53 association in breast
carcinoma subtypes with tumor grade and lymph node
involvement.

The p53 mutation rates were found to be higher in high
grade breast cancer and in younger age groups. While
patients of; infiltrative ductal were 18.35%, carcino-
ma in situ was in 26.5% of the patients and infiltrative
lobular patients were 23.3%'®. Baumbusch et al, have
done a study in 88 patients of breast cancer on mRNA
expression of full-length p53 and its isoform Ap53 by
using quantitative real-time PCR in both p53 mutant
and wild type and to the clinical and biological data,
its mRINA expression was related. The results provides
the significant association with molecular subtypes and
grade of in the upper or lower quartile of tumors with
mRNA expression levels while the levels were signifi-
cantly elevated of both isoforms mRNA levels in tu-
mors with frame or missense mutation as compared to
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splice mutation in which significant levels reduced of
mRNA to those with p53 expressing wild type'’. Sim-
ilarly, another study on breast cancer stages II and III
was investigated in relation with gene expression profil-
ing. The results of this research showed that compared
to the normal breast tissue, the gene expression profil-
ing is deregulated in the clinical stages of II and IIT*.
Another study was conducted on breast cancer patients
on over expression of p53 and its association was relat-
ed to clinical pathological features of the breast cancers.

The results showed a significant correlation with the
higher nuclear grade, larger tumors and disease-posi-
tive lymph nodes *'. A study on the expression of p53
has demonstrated that an increased expression was
significantly associated with increased tumor grade of
invasive breast cancer (p<0.006), lymphocytic infiltra-
tion (p<<0.004) and lymphovascular invasion (p<0.003)
while the p53 in low grade of ductal carcinoma in situ
of all cases was negative, while in 2/3 and all cases of
intermediate grade and high grade it was positive>.
Archer et al determined the expression of p53 in ad-
vanced breast cancers and results have shown that the
out of 92 patient’s p53 were positive in 53 (57.6%) pa-
tients having high stage tumors. In a current study most
of the patients have grade II and III tumors. Similarly,
study by Archer et al showed that grade wise distribu-
tion; 42.4% were of grade II and 54.3% were of grade
111, which is correlated with high-grade tumors positive
for p53 as p = 0.08% as compared to our study which
includes all patient population uniformly. Another study
suggested that p53 plays a crucial role as a tumor sup-
pressor and also supports the results of the current in-
vestigation®. Similatly a study conducted by Sekar also
suggests the over expression of p53 is associated with
high grades of breast cancer **. Saif et al conducted a
study on Hspbl and Tp53 Mutation and Expression
Analysis in Cat Mammary Tumors While exons 3, 4 and
7 of Tp53 have a only single variation at c.105A>A/G,
c.465T>T/C and c.859G>T respectively. The locus
c.1050G>G/A in exon 9 is a homozygous (G) in 2 tu-
mors and heterozygous (G/A) in other 3 samples. Sixty
percent of cancers showed up-regulated trend of Tp53
gene. This study concludes that tumor specific muta-
tions and ectopic expression of Tp53 genes may be
useful in the diagnosis of the mammary lesions >.

The current study was used to investigate the p53 ex-
pression in humans by using real-time PCR in Pakistani
population but for future the sample size should be in-
creased for better understanding.

Conclusion
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It is concluded from the present study that p53 gene
may be correlated as a diagnostic marker of breast can-
cer as the loss of its normal function can leads toward
the breast cancer progression and its over expression
associated with breast cancer however large sample size
is required for better understanding. The abnormal ex-
pression of p53 shows that there are some genetic and
epigenetic factors which are the primal cause of an ab-
normal gene expression. It is recommended that per-
form next generation sequencing (NGS) of the gene to
find out the mutations causing the abnormal behavior
of p53 gene.
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