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Introduction

TP53 is a tumor suppressor gene which protects the genome
frommutations and prevents proliferation of mutated cell in
the organism by inducing apoptosis in themutated cell there
by preventing cancer.1 Mutations in the TP53 gene are
implicated in etiopathogenesis ofmany cancers.2 TP53muta-
tions were widely seen in different type of cancers such as
brain, breast, colon, lungs, ovaries, esophagus,3 and head and
neck squamous cell carcinoma (HNSCC).1

Polymerase chain reaction-linked restriction fragment
length polymorphism (PCR-RFLP) is a rapid and cost-effective
method for screening mutations/variants of a gene. This
technique was used to screen for two different hotspot muta-
tions in the TP53 gene of head and neck cancer (HNC) patients.

Among the different cancers, HNSCC is the sixth most
common cancer reported in the world. Each year, almost 6
lakh cases of HNSCC are reported, out of which 3.5 lakh
patients are reported to die.4 The anatomical occurrences of
HNSCC include sites in the head and neck region such as the
larynx, oral cavity, pharynx, nose/paranasal sinuses, oro-
pharynx, etc.1

The cause of HNSCC is mainly due to cultural or habitual
related risk factors.

Smoking, alcohol consumption, betel nut chewing, human
papillomavirus infections due to unnatural sexual practices,
etc. are the risk factors associated with HNSCC. Other minor
causes include exposure to carcinogens, irradiations, diet,
genetic disposition, and immunodeficiency.1
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Abstract Introduction Mutations in tumor suppressor gene TP53 are considered as one of the
main causes for different types of cancer. Head and neck squamous cell carcinoma
(HNSCC) is one of the common cancers found in India. Among the several mutations
reported in the TP53 gene, R175H and R249S are linked to cause of several cancers.
This work was carried out to study the prevalence of R175H and R249S mutations in
HNSCC patients of Indian origin.
Method Tumor samples were collected from 50 HNSCC patients and good quality
genomic deoxyribonucleic acid (DNA) were obtained from 41 samples. Using this
genomic DNA, polymerase chain reaction-linked restriction fragment length polymor-
phism technique was used to screen both the mutations in the TP53 gene of the
patients.
Result The results revealed that out of the 41 samples analyzed, all the samples were
negative for the mutations both in homozygous and heterozygous condition. This
experiment was repeated three times, and the representative image is shown.
Conclusion This study suggests that mutations in codon 175 (R175H) and 249
(R249S) are rare in HNSCC patients of Indian origin.
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Since TP53 mutations are considered to be one of the
major causes of cancer, and it has been reported that in
HNSCC, incidences ofmutation inTP53 ranges from30 to 70%
1, in this study, we investigated the prevalence codon 175
mutation present in exon 55 and codon 249mutation present
in exon 7 of the TP53 gene of Indian HNSCC patients.6

p53 protein consists of (1) N-terminal transcriptional
activation domain, (2) central deoxyribonucleic acid (DNA)
binding domain, (3) tetramerization domain, and (4) C-
terminal regulatory domain.2 Some of the mutations like
frameshift, nonsense, and missense mutations are reported
in different types of cancers; it has been observed that 90% of
thesemutations occur in the DNA binding domain of TP53, of
which majority are missense mutations.7 Among the mis-
sense mutations, R175, V157, Y220, G245, R248, R249, R273,
and R282 are considered as hotspot mutations.8

In HNSCC, most of the TP53 mutations are reported in
“hotspots” located between the exons 5 to 8.9 In HNSCC,
R273, R248, G245, R175, R282, and H1791 are some of the
reported mutations in TP53 and the distribution tends to
vary depending on geographical locations and ethnicity.

Codon 175 and 249 are hotspot sites for mutation in the
TP53 gene, the codons are present in the DNA sequences that
encode DNA binding domain of the protein, though these
amino acids are not in direct contact with DNA, but these
mutations alter the architecture of DNA binding domain and
also affect the composition of interacting proteins which
make the variant TP53 protein oncogenic.1

Transition from G>A in codon 175 leads to the substi-
tution of histidine to arginine (R175H) and this mutation is
the most prevalent in the TP53 gene among other muta-
tions, found in several cancers and causes impairment of
the protein’s biological and biochemical functions.5 R175
mutation is also associated with chemoresistance of cancer
cells.5 Transition from G>T in codon 249 leads to the
substitution of arginine to serine (R249S), this is also
another common and frequent mutations in the TP53
gene found in cancer, especially in certain regions of China
and South Africa. 10 R249S mutation is known to induce
transition of G0 to G1 or M to G1 during cell cycle.6 It is also
observed that this mutation occurs largely in hepatocellular
carcinoma that too in particular is associated with aflatoxin
toxicity .11

In the present study, PCR-RFLP was used to examine
mutations in codon R175H and R249S in the TP53 gene of
Indian HNSCC patients.

Materials and Methods

Patients and Specimens
All the tumor samples were excised surgically from HNC
patients and transported to the lab under frozen conditions.
All the patient data were followed up, and an informed
consent was obtained from all individuals who participated
in the study. The institute’s human ethical committee ap-
proved the study (IEC/IRB No: IECH/2013/Dec18-006).
Patients from different states of India, such as Tamil Nadu,
Pondicherry, West Bengal, Manipur, and Andhra Pradesh,

were included in the study and the study was carried out in
accordance with the ethical standards laid down by 1964
Declaration of Helsinki and its later amendments.

DNA Extraction
The tumor tissues were processed by grinding the fresh
samples using mortar and pestle in the presence of liquid
nitrogen. The tissues were digested in individual tubes
containing 1mL of buffer (6M NaCl, 100mM ethylenedia-
minetetraacetic acid, 10mM Tris, 0.6% sodium dodecyl sul-
fate) and proteinase K (20mg/mL) overnight at 45°C. After
digestion, 227 μL of 6M NaCl was added to precipitate the
DNA. The insoluble components were pelleted down by
centrifuging the tubes at 12,000 revolutions per minute
(rpm) for 10minutes. The pellet was discarded and superna-
tant was transferred into a fresh microfuge tube. The geno-
mic DNA was precipitated by adding equal volume of 100%
ethanol and the precipitated DNAwas pelleted by centrifug-
ing tubes at 12,000 rpm for 10minutes. The supernatant was
discarded and DNA pellet was washed with 70% ethanol and
air-dried. The DNA was suspended in 40 to 100 μL of sterile
distilled water. The DNA quantity was measured using the
NanoDrop instrument (Thermo Fisher Scientific) and the
quality of the DNAwas tested on agarose gel electrophoresis
and visualized under ultraviolet (UV) light in a gel documen-
tation system (Axygen). Control sample testing was not done
as we only tested genotyping of genomic DNA isolated from
tumor samples.

PCR-RFLP

Using specific set of primers, a 214-base pair (bp) PCR
product (for codon 175) and 236-bp PCR product (for codon
249) was PCR amplified using each patient’s genomic DNA as
template. The primer sequence and PCR conditions used for
both the codons are as follows:

Codon 175 forward primer was CACTTGTGCCCTGACTTT-
CAAC and reverse primer was GCGCTCATGGTGGGGG. The
annealing temperature used was 60.1°C. Codon 249 forward
primer sequence was CTTGCCACAGGTCTCCCCAA and re-
verse primer used was AGGGGTCAGCGGCAAGCAGA. The
annealing temperature for PCR was 65.1°C. A 50-μL of PCR
reaction mixture was made consisting of 5 μL of 10� buffer,
2 μL each primers of 100 μM concentration, 2 μL of deoxy-
nucleotide triphosphate (dNTP) (2.5mM each dNTP), 0.35 μL
of Taq polymerase (3 units/μl) (Genei, India), 0.5 μL of
dimethyl sulfoxide, 1 μL of DNA sample (50 ng/μL), and
37.15 μL of sterile water. After PCR, all the PCR products
were separated on a 2.5% agarose gel, and the DNA bands
were visualized under the UV light and documented using a
gel documentation system (Axygen). For screening of R175H
mutation, the 214-bp PCR products were digested with HhaI
restriction enzyme (Thermo Fisher Scientific), and for
screening of R249S mutation, the 236-bp PCR products
were digestedwith HaeIII restriction enzyme (Thermo Fisher
Scientific). The restriction-digested PCR products were sep-
arated on a 5% gel (for R249S) or 10% polyacrylamide gel
electrophoresis (PAGE) gel (for R175H) and the banding
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patterns of each sample were visualized and documented.
This PCR-RFLP method was standardized.

Primary and Secondary Outcome

The primary outcome was the detection of mutation in the
TP53 gene in the codon 175 and 249. Secondary outcomewas
to correlate the mutational status to HNC patient’s disease
progression and response to treatment.

Exclusion and Inclusion Criteria

Inclusion criteria of the patients for the study include:

● Patients with nonnasopharyngeal HNC such as cancers
of the oral cavity, oropharyngeal and laryngeal origin.

● Patients with biopsy-proven squamous cell cancer and
undergoing radical intent treatment with either sur-
gery or radical radiation therapy (concomitant chemo-
radiation therapy).

● Patients with potentially curable diseases from stage I
to IVA.

● Patients who consent to be a part of the study as well as
follow-up.

Exclusion criteria of the patients for the study include:

● Patients with thyroid or nasopharyngeal cancer.
● Patients with metastatic disease in any visceral organ

(lung, liver, and bone).
● Patients withhistoryofpreviousmalignanciesorpreviously

treated with radiation or chemotherapy.

● Patients with poor performance status (Karnofsky
Performance Scale<70) and expected survival less
than 6 months.

● There was no age cutoff. The Li–Fraumeni syndrome
was not included.

Statistical Analysis

All the samples were analyzed at least three times and the
images represent the best presentable image. Since there
were no mutations detected, overall survival and progres-
sion-free survival were not calculated.

Ethics Committee

The institute’s human ethical committee approved the study
(IEC/IRB No:

IECH/2013/Dec18-006). All the patients were Indians
hailing from different parts of the country such as Tamil
Nadu, West Bengal, Andhra Pradesh, Manipur, and Pondi-
cherry. All procedures performed in studies involving human
participantswere in accordancewith the ethical standards of
the institutional and/or national research committee and
with the 1964Helsinki Declaration and its later amendments
or comparable ethical standards.

Results

Screening of R175H Mutation
At codon 175CGC (R) ismutated to CAC (H), this change in the
mutation is recognized by the restriction enzyme HhaI
(recognition sequence: GCGC). The 214-bp PCR product

Fig. 1 Screening of Tp53 gene R175H. Polymerase chain reaction (PCR) product from genomic deoxyribonucleic acid (DNA) was digested with
HhaI enzyme and separated in 10% polyacrylamide gel electrophoresis (PAGE). All samples show only 146 and 49 base pair (bp) bands (18 and
1 bp too small to be visualized). A 50-bp ladder is used as reference.
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consists of three restriction sites for HhaI, digestion of the
PCR product with enzyme creates four fragments (146, 49,
18, and 1 bp). Presence of R175Hmutation in the PCRproduct
abolishes a restriction site leading to the production of three
fragments instead of four (146, 67, and 1bp) which can be
detected on 10% PAGE. As can be seen in ►Fig. 1, out of 41
samples screened, all the samples produced 146, 49, 18, and
1bp product, out of which we are able to see 146 and 49 bp
product on the gel and the other products (18 and 1bp
products) are too small to see them on gel.12

Screening of R249S Mutation
At codon 249 AGG (R) is mutated to AGT (S), this change in
base sequence is recognized by the HaeIII enzyme (recogni-
tion sequence: GGCC). The 236-bp PCR product consists of
four restriction sites for HaeIII, digestion of the PCR product

with enzyme creates five fragments (91, 66, 37, 30, and
12 bp). The wild-type PCR product is cut into 91, 66, 37,
30, and 12 bp. In R249S mutation, one recognition site is
abolished (AGG to AGT) resulting in the production of four
fragments of sizes 157, 37, 30, and 12 bp. As seen in►Fig. 2 in
all the samples, only 91 and 66 bp products are seen on 5%
agarose gel (37, 30, and 12 are not clearly visible due to their
lower size), and none of the samples produced 157bp
product, suggesting that all the samples are wild-type with-
out either heterozygous or homozygous mutation.6

Discussion

Genetic alterations in specific signaling pathways, including
those of the TP53 gene, play an important role in cancer
progression. Analysis of these changes in cancer patients

Fig. 2 Screening of Tp53 gene R249S. Polymerase chain reaction (PCR) product from genomic deoxyribonucleic acid (DNA) was digested with
HaeIII enzyme and separated in 5% agarose gel. All samples show only 91 and 66 base pair (bp) bands (37, 30, and 12 bp too small to be
visualized). A 50-bp ladder was used as reference.
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helps us to correlate the role of mutations to cause, response
to treatment, severity of the disease, and designing treat-
ment protocols. Our laboratory has been interested in the
identification of mutations in various genes of HNSCC
patients of Indian origin.13–16 Since the TP53 gene is one of
the most commonly mutated genes in cancer, this study was
directed to screen for commonly occurring mutations in the
HNSCC patients of Indian origin. In relation to this, our
previous study revealed that one of the common mutations
in the TP53 gene, R248W, is rare in these patients. In order to
further identify other commonmutations in the TP53 gene in
this cohort, we have examined for two other hotspot muta-
tions R175H and R249S in this gene.

PCR-RFLP is one of thewidely used and reliable techniques
to screen for mutations in genomic DNA; using this tech-
nique, screening of 41 HNSCC patients for TP53 R175H and
R249Smutations did not reveal any suchmutations, suggest-
ing that these mutations are rare in these patients. Other
studies done around the world involving the screening of
HNSCC patients for TP53 R175 and R249S also suggested that
these mutations were absent or rare. For example, studies
done in countries like the United Kingdom,10 Sweden,17 and
the United States18 showed these two mutation were absent
among their population. Whereas screening of these two
mutations in Asian countries like Iran (R249S, 8.3%)19 and
Taiwan (R175H, 2.0%)20 also shows thesemutations have low
prevalence among HNSCC patients.

Two studies in Indian population cohort show that these
two mutations are almost absent in their study sample. One
study done by Vora et al9 showed 0% of these two mutations
(n¼49). Another study done by Saranath et al21 showed
R175H mutation in 2.4% and no R249S mutation in their
samples (n¼83).

The genome makeup and hence the distribution of muta-
tions also depends upon the geographical location as well as
ethnicity.

Taking altogether, it is evident that mutations at these
two codons of TP53 are not regular and thus may not be
considered for prognosis in HNSCC patients.

As it is generally accepted that cancers are caused due to
activating mutations in oncogenes and inactivating muta-
tions in tumor suppressor genes, with respect to the
cohort of HNSCC patients included in this study, our
previous observations suggest that more than 90% of
patients either carried homozygous or heterozygous acti-
vating mutations in B-Raf and Ras G12A, suggesting that
activating mutations in oncogenes could be a molecular
mechanism behind the cause of HNSCC.13,16 More studies
are progressing in our lab to further get an insight into the
cause of HNSCC.

Though PCR-RFLP provides rapid and easy way to screen
for gene variants/mutations, this technique focuses only in
the restriction enzyme recognition sequences. While using
Sanger’s method of DNA sequencing would have provided
more information about other mutations in the TP53 gene
of the patients, use of next-generation DNA sequencing
technique would have provided global mutations in the
whole genome of the patients. Also, we could not check this

mutation in heavily pretreated or progressive HNSCC as the
sampling of this study was completed and more than 70% of
patients in the cohort are dead. Hence, it was not possible to
check further.

Conclusion

In order to understand the contribution of R175 and R249
TP53 mutations in Indian HNC patients, prevalence of these
mutations in the cohort was screened by PCR-RFLP, the
results reveal that these mutations are rare in these patients
and they may not have any role in the cause of cancer.
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