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Abstract

ackground: Breast cancer is a multifactorial disease that is influenced by many genes-

environment and gene-gene interactions. It emerges due to the perturbations in the tumor

suppressor genes. One of these genes is TP53. The TP53 gene plays a crucial role in regulating
normal cell proliferation. However, this gene is commonly mutated in different human cancers.

Methods: In the current study, we determined the role of TP53 mutation in breast cancer in the
Punjabi ethnic group/patients of Pakistan. This study was undertaken to determine mutation in the
hotspot region of TP53 in breast cancer patients. A total of 30 modified radical mastectomies (MRM)
tissue biopsies were collected from different hospitals located in Lahore city of Pakistan.
Histopathological analysis was performed to determine the cancer type, stage and grade followed by
DNA extraction and sequencing to evaluate mutation in the hotspot region of TP53 gene. Sequencing
data was visualized with Bio-edit 7.2.5 and chromas.

Results: According to the Nottingham scoring system 70% patients have grade 3 tumors, followed by
grade 2 (23%), grade 4 (6%) and grade-1 (3%). Sanger sequencing analysis of exon 5-9 of TP53 show
no mutation. However, many noise mutations were there, which are discussed in detail. This study
also shed light that how a genetic analyzer’s results can be correctly analyzed and to avoid false
reporting of any mutation which could be a disaster for mis diagnosis of disease. Besides this, a new
recipe with very low volume for sequencing PCR ingredients was introduced which could reduce the
cost of sequencing.

Conclusion: The present study suggests that there might be no correlation between TP53 exon 5-9
mutation and breast cancer in the Punjabi ethnic group of Pakistan. However, more studies are
required to investigate mutation in the other exons of TP53 gene in large patients’ cohort.
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Introduction

Globally, breast cancer is the second most common each
year, affecting 2.1 million women [1]. In the Asian
region, the mortality rate is 44%. In the year 2018,
approximately 46.3% of breast cancer cases reported in
both genders [2]. However, the risk rate in men is about
1in 1000 [3].

In the developed countries only 89% of females survive
for five years after cancer detection [4] however, the
survival rate is very low in underdeveloped countries
due to lack of advanced health facilities and late-stage
diagnosis. Breast tumors can be classified into different
types and grades on the basis of tumor site and size.
According to the American Cancer Society, the most
common breast cancer is Ductal Carcinoma in Situ
(DCIS), Invasive Ductal Carcinomas (IDC), Invasive
Lobular Carcinomas (ILC), and Inflammatory Breast
Carcinoma (IBC). Similarly, there are different grades of
breast cancer depending on the tumor size. Commonly
tumor is graded from 1 to 4. This depends on the cells
that how quickly divide. The cell division is mainly
controlled by TP53 gene. The TP53 gene is one of the
most investigated and frequently mutated gene in
human carcinoma [5]. Mutations mostly occurs in the
hotpot regions. These regions located in the in codon
175, 245, 248, 273 and 282 of TP53. Mutation in these
codons impaired the binding which leads to disruption
in normal cellular processes [6].

The present study was designed to check alteration in
the exon 5-9 of TP53 gene in breast cancer patients in
the Punjabi ethnic group which are the largest ethnic
group in Pakistan. This study shed light on the role of
exon5-9 of TP53 in breast cancers.

Methods

A total of thirty MRM specimens were taken in two
separate vials of 10% formalin and RNA later. Samples
collected for the histological purpose were kept at room
temperature to preserve the tumor cell morphology,
while the other samples were stored at -800C.
Histological analysis was performed in Fatima memorial
hospital Lahore using the established H & E staining
protocol [7]. The ethical protocols were strictly followed.
The ethical review board approved the study.

DNA Extraction

The Tiangen DNA extraction kit was used for the
isolation of DNA from specimens. DNA purity and
quantification were measured by Nano-Drop 1000 USA.
Primers for exons five and six were designed using snap
gene 3.3.3 software while for exon 7-9 already reported
primers were used [8]. The primers were designed to
bind 50 bp away from the coding region. All the
sequences of primers are given in table 1.

Exon Primer Sequence Product
Size

Exon, 5 Forward Primer CTAGTGGGTTGCAGGAGGTG 417 bp
Reverse Primer CTTCCACTCGGATAAGATGCTGAG

Exon, 6 Forward Primer CAGATAGCGATGGTGAGCAGC 324 bp
Reverse Primer ATGGGGTTATAGGGAGGTCAAATAAG

Exon, 7 Forward Primer CTGCTTGCCACAGGTCTC 283 bp
Reverse Primer TGGATGGGTAGTAGTATGGAAG

Exon, 8- Forward Primer GTTGGGAGTAGATGGAGCCT 455 bp

9 Reverse Primer GGCATTTTGAGTGTTAGACTG

Table 1: Primer used for amplification of exons 5-9 of TP53 gene

Conventional PCR

Gradient and single PCR were performed to optimize the
PCR condition for the newly synthesized primers and
amplified each exon separately. For gradient PCR the
annealing temperature were ranged between 50-60C.
For individual exon amplification, different annealing
temperatures were set. The cyclic condition of the
gradient PCR reaction was one cycle at 95 °C for 3
minutes, 35 cycles at 95 °C for 30 second, 50-60 °C for
45 seconds, 72 °C for 45 seconds and one cycle at 72 °C
for 5 minutes. After optimization of annealing
temperature, each exon was amplified with a specific
annealing temperature. The optimum annealing
temperature of exon 5 and exon 7 was 56C, 59C for the
sixth exon and 54C for eighth and ninth exons. All other
cyclic conditions were same. The PCR master mix
Thermo scientific 2X (lot No 00097068) was used. The
PCR cycle conditions, and quantity of each chemical are
given in Table 2.

Components Volume/Reaction
Master Mix 2X Thermo Scientific 10 uL.
Forward Primer (10pM) 01 uL
Reverse Primer (10 pM) 01 pL
Template DNA 02 pL
Nuclease free water 06 pL
Total 20 pL

Table 2: Composition of 20 pL PCR Master Mixture for
Amplification of Exon 5-9.

Gel Electrophoresis

PCR amplified exons were examined on 1.4% w/v Sea
Kem LE agarose gel (Lonza, Rockland, ME, USA). The gel
was prepared in 0.5X Tris-Borate-EDTA buffer. 2 ul of
PCR products were loaded on the gel. The gel was
observed by using the Bio-Rad Gel Doc (BIO-RAD,
Hercules, CA, USA). The rest of the PCR products were
purified and proceed for sequencing PCR.

Sequencing PCR

The sequencing PCR was performed in 5 pl reaction
volume. 5X Sequencing buffer (Life Technologies,
Carlsbad, CA, USA) was used. The reaction was
performed with either forward or reverse primer and the
DNA concentration was 5-10ng and the recipe of the
sequencing reaction are given in the Table 3 and 4. The
sequencing PCR consisted of the following cyclic
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conditions: one cycle at 96°C for 3 minutes, 30 cycles at
96°C for 30 seconds, 50°C for 15 seconds, 60°C for 4
minutes and one cycle of 60°C for 4 minutes.

Components Volume/reaction
5X Sequencing buffer 0.5 pL.
Big Dye Terminator reaction mix v.1.1 01 pL
Primer, fwd./rev (10 uM) 0.5 uL.
PCR Product template (purified) 01 pL
Water, molecular biology grade 02 pL
Total 05 pL

Table 3: Sequencing PCR Mix for Exon 5, 8 and 9.

Capillary Electrophoresis

After sequencing PCR, the amplicons were purified
before capillary electrophoresis. For this purpose, 2 uL
of 3 mM sodium acetate and 2 pL of 125 mM EDTA and
25uL absolute ethanol were added in each well of the 96
well plate. The plate was vortexed, incubated for 30
minutes at room temperature and then centrifuged at
3000 rpm for 25 minutes at 4°C. Finally, 70% ethanol, 50
pL added and at 4°C centrifuged for fifteen minutes at
3000 rpm. Then the product was air-dried. Thirteen
microliters (13 pl) formamide was added and heat
shocked for 5 minutes at 97°C. The plate analyzed ABI
3730 genetic analyzer (GA). Sequencing data were
analyzed with Bio-edit 7.2.5 and Chromas 2.62.

Components Volume/reaction
5X Sequencing buffer 0.7 uL.

Big Dye Terminator reaction mix v.1.1 0.7 pL

Primer, fwd./rev (10 pM) 0.5 pL.

PCR Product template (purified) 01 pL

Water, molecular biology grade 2.10 pL

Total 05 pL

Table 4: Sequencing PCR Mix for Exon 6 and 7.

Results

Most of the patients were at advanced cancer stage
According to the histopathological analysis most of the
patient’s samples were diagnosed with advanced cancer
stage. The cancer grading was done according to the
Nottingham grading system. According to this system,
the cancer is graded on basis of three main
characteristics, 1i.e., tubule formation, nuclear
pleomorphism and mitotic activity. Each of these
characteristics is scored from 1 to 3. The initial stage of
cancer, which is close to normal cell morphology is
scored as 1 while the cancer cells that possess extremely
abnormal are scored as 3. In our study, most of the
patient sample showed the highest level of tubule
formation and nuclear pleomorphism while mild to
moderate level of mitosis. Tubule formation and nuclear
pleomorphism have scored 3 while mitosis was scored 1
and 2 respectively. In figure 1A, the cancer was grade 3.
The cancerous cells showed poor differentiation. The
tubule formation and nuclear pleomorphism were
scored 3 as the worst while the mitosis scored 2 as a
moderate level of cell division (fig. 1A). Furthermore,

the infiltration of immune cells was also higher in grade
3 cancer patients which showed a high level of
inflammation (Fig. 1B).

The high number of immune cells at the infected site
correct the cancer stage. In the current study, most of
the patient’s sample showed scores 3+3+2 respectively.
According to the Nottingham grading system, the higher
percentage (70%) of the patients had grade -3 followed
bygrade2 (23.33%), grade 4 (6.66%) and only 3.3% of
patient had grade 1 tumor (Fig. 1C). All these data
suggest that most of the patients diagnosed when the
cancer cells grow into an advance stage. This is due to
lack of awareness, social problem and late-stage
diagnosis.

Figure 1: Cancer grading and grading prevalence. A: Tumor
cells with poor differentiation, high tubule formation, nuclear
pleomorphism and mitosis. The show highly dividing cells. B:
Infiltration of immune cell toward cancer site. C: Percentage of
cancer grading, highest percentage was grade-3, flowed by grade-
2, grade-4 and grade-1.

Exon 5-9 mutation has no link with breast cancer in
Punjabi ethnicity

After histopathological confirmation of cancer, we
checked whether there is any correlation between a
mutation in exon 5-9 of TP53 and breast cancer in the
patients of Punjabi ethnicity. For this purpose, we
extracted DNA from the tissue biopsy which was
reconfirmed by histological analysis (fig. 1). Exons 5-9
of the TP53 gene were amplified using different
annealing temperatures. The amplicon size of each
primer pairs was confirmed through gel electrophoresis.
All the primers bind 30 to 50 bp upstream and
downstream of each exon. To amplify all the exons, we
performed gradient PCR for all primers and noted the
best annealing temperature. The size of each exon was
confirmed according to the expected product size (fig.
2A). After gradient PCR each exon amplified separately
for further downstream analysis. The primers used to
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amplify 417 bp of exon 5 (Fig 2B) 324 bp of exon- 6 (Fig.
2C), 283 bp of exon-7 (Fig. 2D) and 455 bp of exon 8-9
(Fig. 2E). Exons 8 and 9 were amplified with single
primer pair because both exons are small and close to
each other. After successful amplification and
confirmation of exon through gel electrophoresis. We
sequenced all the exons with a single primer either
forward or reverse. Sequencing data were analyzed
through bio edit and chromas. The electropherogram of
all the sequences was inspected thoroughly. Samples
showed too much noise and overlapping
electropherogram were re-sequenced either forward or
reverse primer. The sequence was blasted using the
NCBI blast tool for aligning to reference gene sequence.
We found many mismatches in the aligned sequence.
However, when we read and analyzed the
electropherogram of the sequence. We suspected that
the mismatch might be due to misread by a genetic
analyzer. Therefore, either we sequenced the sample
reverse primer or compare the electropherogram peak
with corresponding nucleotide reads.

A B

LABCDEEGELRD

9 PR eT  u

Figure 2: Gel electrophoresis of exon 5-9 of TP-53. A; gradient
PCR product on 1.5% agarose gel. B; exon 5 of TP-53 gene having
417 bp. C; exon-6 having 324 bp. D; exon 7 with 283 bp. E; exon 8-
9 of TP-53 gene having 455 bp.

Analysis of Mismatches

The analysis of the peak of that sequence was done by
using the BioEdit software which revealed the presence
of mismatches. The software showed any mismatch in
nucleotides, but when we analyzed carefully either the
sequence or the peaks of electropherograms, indeed it

was miss reading of the genetic analyzer but not a
mutation in the exons (fig. 3).

Query 12245 CGTCTTCCAGTTGCTTTATCTGTTCACTTGTGCCCTGACTTTCAACTCTGTCTCCTTCCT 12304
lIIIIIIIlIIIIII|IIIIIIIIIIIIIIII|IIIIIIIIIIII|II|IIIIIIIIIII

Ssbjct 24 TCTTCCAGTTGCTTTATCTGTTCACTTGTGCCCTGACTTTCAACTCTGTCTCCTTCCT 81

Query 12305 CTTCCTACAGTACTCCCCTGCCCTE TTTTGCCAACTGGCCAAGAC
LLERRRRRRRennnnnnnneel IIIIIIIIIIIIIIIIIIII|||IIIIIIIIIII

Sbjct 82 CTTCCTACAGTACTCCCCTGCCCTC-ACAAGATGTTTTGCCAACTGGCCAAGACCTGCCC 140

Query 12365 TGTGCAGCTGTGGGTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCAT 12424
DLERRR R R e e nnnnnnnnnnl

Sbjct 141 TGTGCAGCTGTGGGTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCAT 200

Query 12425 CTACAAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTG 12484
lIIIIIllllIIIIIIIIIIIIIIIIIIIII||IIIIIIIIIIIIIlIlIlIIIIIIIII

Sbjct 201 TGTGAGGCGC TGCCCCCACCATGAGCGCTG 260

Query 12485 CTCAGATAGCGATGGTGAGCAGCTGGGGC TGGAGAGACGACAGGGCTGGTTGCCCAGGGT 12544
IIIIIIllIIIII|IIIlIIIIII||II|I|I|IIIIIIIIII|III||IIIIIIIlIII

Sbjct 261 CTCAGATAGCGATGGTGAGCAGC TGGGGC TGGAGAGACGACAGGGC TGGTTGCCCAGGGT 320

Query 12545 CCCCAGGCCTCTGATTCCTCACTGATTGCTCTTAGGTCTGGCCCCTCCTCAGCATCTTAT 12604
NNy

sbjet 321 CCCCAGGCCTCTGATTCCTCACTGATTGCTCTTAGGTCTGGCCCCTCCTCAGCATCTTAT 380

Query 12605 CCGAGTGGAAG 12615

LELreernen

<

Sbjct 381 CGAGTGGAAG 391

90 100 110 120 130
TTCCTACAGTACTCCCCTGCCCTCA CAAGATGTTTT GCCAACTGGC CAAGA(

[Query 12486 TCAGATAGCG) AGC TGGGGC TGGAGAGACGACAGGGC TGGT TGCCCAGGGTC | 12545
|||||||||||||| IIIIIIIIIHIIIlIIIIIHIIIIIIHIIIIIIIIIIIIIII
sbjce 1 GG GGGCTY 59

Query 12548 cccaceECTCTGATTCCTC AGCATCTTATC  1260%
|||||||||||||||||n|||||||||||||l|||||||l||1|||n|||||||||||

sbjct 60 TTC TTAGGTCTGGCCCCTCCTCAGCATCTTATE 119

Query 12606 CGAGTGGAAGGAAAT GGAGT, 12665
||||||||||||||||||||||||||||||| innnmnHtnnit

sbice 120 TTTGCGTGTGGAGTAT TTGGATGACAGAAACAC TTTTCGACATAGT 179

Query 12666 GTGGTGGTGCCCTATGAGCCGC Tcr CAACTGGGGT GAGG 12725
EEEEIS RN RENNNYYNY] FESNY) ||||||1|||n||1|||||||

sbjce 180 GTGGTGGTGCCCTATGAGCCGCC TCT GOGGT: GAGG 239

Query 12726 GGTTAAGGGTGGTTGTCAGTGGCCCTCCAGGTGAGCAGTAGGGGGGET 12773
||||||||||||||||||||||||||||||||||||||||||| 1l
sbjcr 240 TAAGGG A T 2sme

20 30 40 50 60
IT GG GAGCAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGCCCAGGGTCCCC A

Tdentition Gaws
A18/415(10000) 0/a15(0%)

) Tint
G REHENE 3 23

Flgure 3: Mutatlonal analy51s of exon 5 9 of TP- 53 gene. A;
sequence alignment of exon 5. B; electrogram analysis of exon 5.
C; re-sequencing of exon 5 to confirm the deletion. D; sequence
alignment of exon 6. E; electrogram of exon 6. F & G; sequence
alignment of exon 7 and 8-9 respectively.

Similarly, when we aligned exon-5 sequence with
reference sequence (NC_000017). In the alignment at
position 12330 revealed a deletion of adenine (Fig 3A).
Further through the software analysis, it shows a wide
adenine peak (fig 3B). We suspected that this might be
due to misreading of the sequence. When we repeated
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the same sample with reverse primers and shows two
adjacent adenines with sharp peaks (fig. 3C) at the same
place and there was deletion. Overall, this figure
suggests that machine mixed the sequence and read as
single nucleotide. In similar context another exon-6
sequence showed a deletion of thymine at position
12500 bp when aligned with reference sequence (fig.
3D). Again, when we checked the electropherogram of
the same sequence in Bio edit software. The peak of the
thymidine was present, but the software couldn’t read
the nucleotide sequence (Fig. 3E), which indicate the
error of genetic analyzer. The same sequence was
reconfirmed with both forward and reverse primers.
Contrary to exon-5 and exon-6 misreading, the other
exons show 100% similarity with a reference sequence
(fig. 3F & 3G). All these results suggest that there might
be no correlation between mutation in exon 5-9 of TP53
and breast cancer in Punjabi ethnic group of Pakistan.
However, more studies are required to investigate
mutation in TP53 gene in large patient cohort. Apart
from this, reporting any mutation we should pay great
attention and re-confirm with different tools otherwise
fall mutation could be disaster for miss diagnosis of the
disease.

Discussion

The p53 is the tumor suppressor gene located at 17p13
of chromosome 17. Its size is approximately 20 kilobase
[9]. It is composed of three hundred and ninety-three
amino acids and contains 11 exons [10]. The deletion or
dislocation in this gene region most commonly
associated with breast cancers [11]- The homozygous
deletion occurs in less percentage as compared to the
heterozygous loss at the gene location [12, 13]. It
provides presumptive evidence of the TP53 gene
involvement in causing breast cancer but does not
exclude other cancer suppressor genes [14] as the p53
gene is not mutated in all sporadic cancers [15]. There is
various evidence that suggests that exon 5-9 have many
missense mutations in it [16]. Many studies prove that it
has some variations among different ethnic groups. A
study reported that the pattern of mutation in Japanese
women is different as compared to their American and
European counterparts [17]. Base on such evidence we
proposed the current study to investigate the role of
mutation in exon-5 to exon-9 of TP53 gene in breast
cancer patients. The result could increase our
understanding of breast cancer in South Asia especially
in Pakistan.

In the present study, we couldn’t found a significant
relation between exon 5-9 mutation and breast cancer
patients. Our results are closely related to the finding of
Rashid et al. They studied sporadic and familial breast

cancer. They found only one patient out of 67, who had
germ line mutation in TP53 [18].

Similarly, Roy and colleagues report the same results
from West Bengal, India [19]. Their results are consistent
with our finding. They studied mutation in exon 5-7 in
the Indian population. They couldn’t find any
significant mutation in exon 5-7 in breast cancer
patients. They emphases that it could be different in
different ethnic groups [20]. Another study by Miller et
al suggested that high genomic variability among
different ethnic group make them prone to breast
cancer. According to their finding that the Vietnamese
and Korean population have a low risk of breast cancer
as compared to the black American and white non-
Hispanic population [21]. Overall, this suggests that
breast cancer couldn’t be limited to some cancer specific
genes, but the etiology is quite diverse and could be
different in different ethnic groups.

Very recently, Bataillon et al., conducted a study to
investigate the role of TP53 mutation and breast cancer.
They did the sequencing of 50 different genes in 10 out
of 13 low-grade breast carcinomas. Interestingly they
couldn’t find any single mutation in TP53 gene [22]. In
contrast, a similar study conducted by Akhter et al, in the
Bangladeshi cohort. They performed a targeted
sequencing screen of the novel mutations in the genes
of breast cancer patients. They screened the two exonic
regions of TP53 gene. They found one frame shift
insertion in exon-5 and another missense mutation in
exon-7. This result suggests that mutation might be
specific to ethnicity because they found two mutations
large homogenous population [23]. Taking all the results
together we couldn’t rollout the importance of TP53 in
breast cancer, however, the mutation pattern could be
different in different ethnic groups.

In the present study, we couldn’t find a single
mutation in exons 5-9 of the TP53 gene in breast cancer
patients of Punjabi ethnicity of Pakistan. The exons 5-9
might have no role in breast cancer progression of the
Punjabi ethnic group. There is a need to study a large
cohort, including familial cancers and sporadic breast
cancer patients.
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