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ABSTRACT

PIK3CA is one among the several mutated genes in cancer, including head and neck squamous cell carcinoma
(HNSCC). H1047R is a hotspot somatic mutation in PIK3CA that occurs most frequently in several forms of
cancers. Distribution of PIK3CA H1047R mutation in Indian HNSCC patients was screened and its effect on
disease progression and response to treatment was analysed in this study. Genomic DNA was extracted from
tumour biopsies of HNSCC patients (n = 48) and polymerase chain reaction coupled restriction fragment length
polymorphism (PCR-RFLP) technique was used to screen for the mutation. Overall survival (OS) and Progression-
free survival (PFS) of the patients were calculated in order to study effect of this mutation on survival and
response to treatment respectively. Results showed that irrespective of patients’ criteria, twenty-five patients (52
%) carried a heterozygous form of mutation (His/Arg) and the rest (48 %) were wild type (His/His). The mean
OS of the cohort with the mutation was 20.451 months (SE + 1.710 months) while 26.31 months (SE + 2.431)
was in wild type population. PFS of the patients with the mutation was 18.612 months (SE + 2.072), and for the
wild type population, it was 26.31 months (SE + 2.431). These observations suggest that Indian HNSCC patients

with PIK3CA H1047R mutation have poor prognosis.

1. Introduction

Cancer is a major disease burden all over the world which has been
increasing alarmingly in recent times; attributed to changes in lifestyles.
Every year, millions of patients are reported to be diagnosed with cancer
and more than half of them die. Global Cancer Observatory (GLOBO-
CAN) reported an estimate of 19.3 million cancer incidents worldwide in
the year 2020 (Sung et al., 2021). In mouth, squamous cells are present
in inner surface of the mouth, pharynx, larynx, etc. in head and neck
region, these cells maintain the surface moist. Cancer that affect squa-
mous cells present in the mucosal are collectively called as Head and
Neck Squamous Cell Carcinoma (HNSCC). Worldwide, HNSCC stands in
top sixth position in the list of most frequently occurring cancer (Zhou
et al., 2016). In India, it stands second of all kinds of cancers reported. It
is estimated that every year 6 lakh HNSCC cases are reported annually
out of which 3.5 lakh die (Higginson et al., 1993; Sathishkumar et al.,
2022).

The cause of HNSCC varies depending upon regions and countries.
Approximately 70-80 % of HNSCC cases can be correlated directly to

tobacco and alcohol abuse (Jethwa & Khariwala, 2017). Besides, alcohol
and tobacco usage, human papillomavirus (HPV) infection also causes
HNSCC, especially in population where disoriented sexual habit is
practiced (Johnson et al., 2020). Indian HNSCC patients are mostly of
HPV negative cluster caused mainly due to tobacco usage (Murthy et al.,
2017). The Cancer Genome Atlas (TCGA) reports that several genes are
mutated in HNSCC; both in tumour suppressor genes as well as in on-
cogenes (G. Zhou et al., 2016).

PI3K is a heterodimeric protein comprising a catalytic p110 subunit
complexed with a regulatory p85 subunit. This is a kinase, bound to
inner surface of plasma membrane which mediates signalling associated
with physiological events such as proliferation, differentiation, cell
mobility and survival (Lui et al., 2013). Both the catalytic subunit and
regulatory subunits with gain of function are reported in cancer. Hyper
activation of signalling pathway involving PI3K is related to neoplastic
transformation and tumour progression (Lui et al., 2013; Qiu et al.,
2006). It is reported that the PI3K pathway is deregulated in several
cancers including HNSCC (Samuels & Waldman, 2010).

PIK3CA gene which encodes p110 subunit of PI3K is one of the
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oncogenes that is found to be increasingly mutated in HNSCC (Qiu et al.,
2006). The most common activation mutations of PIK3CA are E542K,
E545K and H1047R. These mutant forms of the PIK3CA gene are re-
ported in various cancers like colorectal (Li et al., 2016a), breast
(Reinhardt et al., 2022), ovarian (Campbell et al., 2004), and lungs
(Scheffler et al., 2014). H1047R is a strong driver in the development of
tumours when compared to E542K, and E545K mutants (Janku et al.,
2013). H1047R somatic mutation is caused due to single nucleotide
change of 3140 A > G in exon 20 of the PIK3CA gene. H1047R results in
increased phosphorylation of AKT and ERK 1/2 resulting in growth
factor-independent cell survival (Guo et al., 2020). It is also reported
that H1047R mutation is found mostly in HPV-negative HNSCC patients
(Cochicho et al., 2022).

Considering the important role of the H1047R variant of the PIK3CA
gene in cancer in general and particularly in HNSCC, the current study
was performed to screen tumour cells of HNSCC patients from India for
the mutation and study effect of this mutation on their survival rate and
response to treatment.

2. Materials and Method
2.1. Patients and samples

Forty-eight tumour samples were collected (n = 48) from 42 male
and 6 female patients with HNSCC, who were surgically treated at
Chennai Apollo Hospital, India. The tumour samples were snap-frozen as
soon as they were surgically removed and delivered to the laboratory.
All information related to the patients’ treatment protocol, recurrence of
tumor and number of survival days were recorded (Table 1). Patients
were staged following the standard TNM staging system. Specimens
were majorly from the oral cavity and oropharynx with major sub-sites,
tongue and buccal mucosa and histopathologically of mostly squamous
cell carcinoma type followed by adenocarcinoma. Patients with HNSCC
had records with/without tobacco usage for duration < 5 to > 10 years.
All patients were of Indian origin and attended hospital from different
states of India.

2.2. Ethical committee

This current study was approved by the Institute’s human ethical
committee (IEC/IRB No: IECH/2013/Dec18-006). All procedures per-
formed in studies involving human participants were as per the ethical
standards of the Institutional and/or National Research Committee and
with the 1964 Helsinki Declaration and its later amendments or com-
parable ethical standards.

2.3. Inclusion and exclusion criteria

The criteria for inclusion observed for this study were as follows: i)
patients with HNC of non-nasopharyngeal origin such as cancers of the
laryngeal, oropharyngeal and oral cavity; ii) patient’s biopsy with
squamous cell cancer; iii) patients who are undertaking surgery or
radical radiation therapy (accompanying chemoradiation therapy); iv)
patients from stages I-IV A with potentially curable disease; and v) Pa-
tient who consented to this study and also its follow-up.

The conditions for exclusion for this study were observed as follows:
i) patients diagnosed with nasopharyngeal or thyroid cancer; ii) patients
carrying metastatic diseases in any visceral organs like liver, lungs or
bones; iii) patients having a prior history of disease or have previously
undergone radiation or chemotherapy; iv) Patients with expected sur-
vival less than six months and having poor performance status (KPS <
70); and iv) Patients carrying Li Fraumeni syndrome. Also, there was no
age cut-off.
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Table 1

Patient Data Table.
All Patients Criteria Totaln = 48  H1047R mutation  Wild Type

n=25 n=23

<45 years 21 (43.75 %) 10 (40 %) 11 (47.82 %)
>45 years 27 (56.25 %) 15 (60 %) 12 (52.18 %)
Gender
Male 42 (87.5 %) 22 (88 %) 20 (87 %)
Female 6 (12.5 %) 3(12%) 3(13 %)
Diagnosis
Oral cavity 33 (68.75 %) 15 (60 %) 18 (78.27 %)
Oropharynx 5 (10.42 %) 3(12%) 2 (8.69 %)
Hypopharynx 4 (8.34 %) 2 (8 %) 2 (8.69 %)
Larynx 2 (4.16 %) 1(4 %) 1 (4.35 %)
Maxilla 1 (2.08 %) 104 %) 0
Others 3 (6.25 %) 3(12%) 0
Sub-site
Tongue 12 (25 %) 8 (32 %) 4 (17.38 %)
Buccal mucosa 15 (31.25 %) 9 (36 %) 6 (26.09 %)
Gingivo-buccal sulcus 6 (12.5 %) 3 (12 %) 3(13.05 %)
Hard palate 2 (4.16 %) 1(4 %) 1 (4.35 %)
Base of tongue 3 (6.25 %) 1(4 %) 2 (8.69 %)
Pyriform fossa 3 (6.25 %) 1(4%) 2(8.69 %)
Tonsil 1 (2.09 %) 1(4 %) 0
Vocal cord 1 (2.09 %) 0 (0 %) 1 (4.35 %)
Maxilla 2 (4.16 %) 1(4%) 1 (4.35 %)
Others 3(6.25 %) 0 (0 %) 3 (13.05 %)
Stage
Stage I 12 (25 %) 5 (20 %) 7 (30.44 %)
Stage II 4 (8.34 %) 1(4 %) 3 (13.05 %)
Stage 111 10 (20.84 %) 5 (20 %) 5 (21.73 %)
Stage Iva 15 (31.25 %) 8 (32 %) 7 (30.43 %)
Stage IVb 5 (10.41 %) 4 (16 %) 1 (4.35 %)
Stage IVc 2 (4.16 %) 2 (8 %) 0
Histopathology Report
Squamous Cell Carcinoma 44 (91.66 %) 23 (92 %) 21 (91.31 %)
Adeno Carcinoma 4 (8.34 %) 2 (8 %) 2 (8.69 %)
Others 0 0 0
Grade
Grade I 15 (31.25 %) 10 (40 %) 5 (21.72 %)
Grade 11 21 (43.75 %) 12 (48 %) 9 (39.14 %)
Grade III 12 (25 %) 3(12%) 9 (39.14 %)
Symptoms
Ulcer 36 (75 %) 17 (68 %) 19 (82.61 %)
Bleeding 3 (6.25 %) 2 (8 %) 1 (4.35 %)
Cheek swelling 3 (6.25 %) 2 (8 %) 1 (4.35 %)
Swallowing difficulty 3 (6.25 %) 3(12%) 0
Voice change 2 (4.17 %) 0 2 (8.69 %)
Foreign body sensation 1 (2.08 %) 1(4%) 0
Symptom duration
<3 months 15 (31.25 %) 10 (40 %) 5 (21.74 %)
3-6 months 22 (45.83 %) 9 (36 %) 13 (56.52 %)
>6 months 11 (22.92 %) 6 (24 %) 5 (21.74 %)
Tobacco Usage
Yes 33 (68.75 %) 17 (68 %) 16 (69.57 %)
No 15 (31.25 %) 8 (32 %) 7 (30.43 %)
Tobacco usage duration
No tobacco usage 14 (29.16 %) 8 (32 %) 6 (26.09 %)
<5 yrs 10 (20.84 %) 5 (20 %) 5 (21.74 %)
5-10 yrs 19 (39.58 %) 12 (48 %) 7 (30.43 %)
>10 yrs 5 (10.42 %) 0 5 (21.74 %)
Treatment
Radical Surgery only 10 (20.83 %) 9 (36 %) 1 (4.35 %)
Surgery + Post-OP RT 37 (77.09 %) 15 (60 %) 22 (95.65 %)
Radical RT 1 (2.08 %) 1(4%) 0

2.4. DNA extraction

DNA was extracted from the 48 tumour samples by the High Salt
Method (Gauthaman & Moorthy, 2020). In brief, the tumour tissue
sample were digested in a microfuge tube containing 1 ml of TNES buffer
with proteinase-k, for overnight at 45° C. The genomic DNA was ethanol
precipitated in presence of NaCl. The DNA was pelleted by centrifuga-
tion and washed with 70 % ethanol. After ethanol wash, the DNA pellet
was air dried and suspended in sterile distilled water. The quality and
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quantity of the DNA was tested using spectrophotometer and Agarose
gel electrophoresis.

2.5. PCR-RFLP

The 126 bp region of PIK3CA gene including the H1047R mutation
site was PCR amplified using specific primers (Li et al., 2016b). The PCR
was performed in a 50 pl reaction mixture consisting of 10x buffer (5 pl),
2 ul of each primer, 2 pl of dNTPs mixture (2.5 mM), 0.35 pl of Taq
polymerase (1U), template DNA (100 ng) — 1 pl, 0.5 pl of DMSO, and
37.15 pl of Hp0. The PCR conditions used in the Eppendorf thermal
cycler (Eppendorf) were as follows: Initial denaturation at 94 °C for 5
min, followed by 35 cycles of denaturation at 94 °C for 45 s, annealing at
60 °C for 45 s, extension at 72 °C for 45 s and a single time final
extension for 5 min at 72 °C.

The primer sequences used are as follows (Li et al., 2016b): Exon 20
forward primer 5- GGAGTATTTCATGAAACAAATGAATGATGCG-3,
and reverse primer: 5- GAGCTTTCATTTTCTCAGTTATCTT-3". In the
forward primer, a mismatched nucleotide was introduced (indicated by
underline, G). This mismatch nucleotide introduces a new recognition
site for the restriction enzyme Fspl (TGCGCA). The PCR products were
separated on 10 % polyacrylamide gel (PAGE) and viewed under UV
light and documented in gel documentation system (Axygen).

To screen for PIK3CA H1047R mutation, the PCR products restriction
digested with Fspl enzyme (Thermo Fisher Scientific — 400 units). Due to
the presence of the mismatched nucleotide (G) in the forward primer,
PCR product (126 bp) on digestion produced 2 (96 bp and 30 bp — wild
type) and/ or 3 (126 bp, 96 bp and 30 bp - heterozygous allele) prod-
ucts. The bands were resolved in 12 % polyacrylamide gel, observed
under UV light and documented.

2.6. Sequencing

To collaborate the PCR-RFLP data sanger sequencing was performed
on respective heterozygous and wild type samples. The anti- sense stand
(i.e, the reverse primer) was used for sequencing. Sequencing data was
outsourced.

2.7. Statistical analysis

Patients’ data was collected and analyzed using SPSS 20 statistical
software. Kaplan-Meier survival analysis was used to calculate the
overall survival (OS) and progression-free survival (PFS) rate of the
patients.

3. Results

Forty-eight HNSCC patients were distributed between 42 males and
6 females (87.5 % versus 12.5 %) with primary tumours located in the
oral cavity (n = 33, 68.75 %), followed by oropharynx (n =5, 10.42 %)
and hypopharynx (n = 4, 8.34 %) respectively. Among major sub-sites,
tongue (n = 12, 25 %), buccal mucosa (n = 15, 31.25 %) and gingiva-
buccal sulcus (n = 6, 12.5 %) were there followed by base of the
tongue, maxilla and other sub-sites. Collected samples represented all
stages of HNSCC with the highest occurrence of stage IVa (31 %), fol-
lowed by stage III (20.84 %), grade II (43.75 %) and grade I (31.25 %).
Patients reported symptoms with the highest incidence of ulcer (n = 36,
75 %), followed by bleeding, cheek swelling (6.25 %), swallowing dif-
ficulties, voice change and foreign body sensation. The recorded dura-
tion of symptoms was less than 3 months to more than six months.
Among them, 33 patients were tobacco users (68.75 %) and 15 did not
(Table 1).

3.1. Screening of H1047R mutation

PIK3CA- 126 bp gene fragment flanking the mutation site was PCR

Saudi Journal of Biological Sciences 31 (2024) 104029

amplified from genomic DNA isolated from 48 patient samples. The
H1047R mutation of PIK3CA in exon 20 converts CAT to CGT, which
converts the amino acid histidine to arginine. The forward primer used
for PCR contains one mismatched nucleotide, which creates a new
recognition site for the restriction enzyme Fspl (TGCGCA) in the PCR
product. If the product is obtained from a wild type allele, on digestion
with the enzyme produces 96 bp and 30 bp products. As the H1047R
mutation abolishes the restriction site, the 126 bp PCR product is not
digested by the Fspl enzyme. Therefore, all three bands of 126 bp, 96 bp
and 30 bp were observed in heterozygous mutation. Using this strategy,
we screened 48 HNSCC patients for the mutation and found that 25
patients in the cohort carried a heterozygous form of mutation (i.e. His/
Arg) remaining 23 were wild type (i.e. His/His) and none were with
homozygous mutation (Fig. 1).

Twenty-five HNSCC patients (52.1 %) with H1047R mutation
observed in different diagnosed sites and sub-sites, stages, grades and
symptoms showed no significant differences from 23 patients (47.9 %)
without PIK3CA mutation (Table 1). The observed results from RFLP
analysis could be considered as a good and affordable tool to differen-
tiate between mutated and wild type populations of clinico-
pathologically diagnosed HNSCC patients.

3.2. Sequencing Analysis

The PCR-RFLP data was verified by randomly selecting samples and
sequencing the PCR products. Sample data of sequencing results of both
wild type and heterozygous mutation are given below. In sense strand
CAT (WT) is changed to CGT (Mutation), similarly in anti-sense strand,
(ATG to ACG). Sanger’s sequencing results for WT (Fig. 2a) and het-
erozygous mutation (ATG to AT/CG) (Fig. 2b) are shown below as
predicted by PCR-RFLP.

3.3. Statistical Analysis

The overall survival and progression free survival were calculated by
using Kaplan-Meier survival curve analysis. Our analysis shows that the
mean overall survival of patients with heterozygous mutation H1047R
was 20.451 months (SE + 1.710 months), whereas wild type patients
had an overall survival rate of 26.31 months (SE + 2.431) (Fig. 3).
Similarly, the overall median survival for the wild type was —30.6
months; whereas for heterozygous patients it was — 19 months. The
mean progression-free survival for the population with the heterozygous
mutation was 18.612 months (SE + 2.072) whereas for the wild type
patients, the mean progression-free survival was 26.31 months (SE +
2.431) (Fig. 4). The median progression-free survival for the wild type
was — 30 months, and for the heterozygous type was — 17.8 months. The
P value was not statistically significant due to less number of events (OS:
p-value- 0.727; PFS: p-value- 0.150).

4. Discussion

Cancer occurs either due to activation mutations in proto-oncogenes
that turn them into oncogenes or inactivating mutations in tumour
suppressor genes (G. Zhou et al., 2016). Cancer cells are also known to
possess somatic oncogenic mutations that give them an added advantage
for an increased rate of proliferation. H1047R mutation in catalytic
subunit p110a, substitutes histidine with arginine, leading to confor-
mational changes in the protein complex (Lui et al., 2013). It is well
established in several cancers that H1047R is an oncogenic mutation.

In breast cancer, the H1047R mutation of PIK3CA was reported to
induce multi-lineage and multi-potency in the mammary tumour, also
compared to other hotspot mutations of PIK3CA, H1047R occurs mostly
in breast cancer (Reinhardt et al., 2022; J. Zhou et al., 2022). In colon
cancer, this mutation is reported to cause the development of mucinous
adenocarcinomas and hyperplasia (Yueh et al., 2016). Based on these
lines of evidence, we have screened for PIK3CA H1047R mutations in
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Fig. 1. RFLP analysis of PCR products (126 bp) obtained from 48 HNSCC patients. The FsplI digestion of PCR product from patients with wild-type PIK3CA yielded
two bands of 96 bp and 30 bp, while from heterozygous mutation of PIK3CA yielded 3 bands (intact 126 bp, 96 bp and 30 bp). Lanes 1-48 represent RFLP of 48
samples where Lane (4, 8, 11, 12, 13, 14, 15, 16, 21, 22, 25, 26, 27, 30, 31, 32, 33, 35, 36, 45, 46, 47, 48) represents wild type and Lanes (1, 2, 3, 5, 6, 9, 10, 17, 19,
20, 23, 22, 24, 28, 29, 30, 34, 37, 38, 39, 40, 41, 42, 43, 44) represents the heterozygous mutation. A 50 bp marker was used in 12 % PAGE.
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Fig. 2a. Wild type samples seen in patient sample 4, 13,14. Blue is C, red is T, black is G, and green is A.
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Fig. 2b. Heterozygous mutation observed in the patient samples 20,23,34. The C allele (represented by blue) is interposed with the T allele (represented by red) as

seen in the figures showing the mutation.

our cohort.

Studies carried out in other cohorts of HNSCC patients have reported
a low frequency of homozygous H1047R mutation in the PIK3CA gene.
In Poland, 8 % of the patients carried the mutation (Borkowska et al.,

2021), 3 % in Portugal (Cochicho et al., 2022), 2 % in the USA (Feldman
et al., 2016) and 0.8 % in Japan (Suda et al., 2012). In this study, we
used the PCR-RFLP technique, an affordable, advantageous and reliable
tool with easy operation and suitability in regular laboratory. To our
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Fig. 4. Kaplan-Meier curve for progression-free survival analysis of 48 HNSCC patients.

understanding, this is the only study in India on H1047R mutation in
HNSCC patients. In our cohort, 52 % of the patients possessed the
H1047R heterozygous mutation. The huge difference in the percentage
of mutations in the cohort could be attributed to the type of cancer, the
stage at which the patients were enrolled in the study and the lifestyle of
the patients.

Though we did not find any homozygous mutation in the cohort,
being an oncogene, a heterozygous mutation is sufficient to cause a
cancerous effect on the cell which is reflected in the survival curve
analysis. Overall survival (OS) which reflects the number of survival

days was less in the patients with H1047R mutation compared to the
patients with wild type allele; 20.45 months vs 26.31 months.
Progression-free survival, which measures the patient’s response to
treatment was also poor in patients with H1047R mutation compared to
wild type allele; 18.61 months vs 26.3 months. These observations
suggest that HNSCC patients with H1047R have a poor prognosis.
Identifying and correlating specific mutations in patients to the
prognosis of cancer helps to understand their role in cancer progression,
as well as this type of study promotes in personalizing treatment pro-
tocols to treat individual patients. In this connection, it is important to
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note that in clinical trials, those patients having tumours with H1047R
mutation responded to PI3K inhibitors (Janku et al., 2013; Hector &
Guddati, 2020). Studies have also shown that patients with H1047R
mutation responded more to PI3K/AKT/mTOR inhibitors compared to
other PI3K mutations (Janku et al., 2013; Shi et al., 2023).

Prior studies from our laboratory have indicated that Indian HNSCC
patients have a high incidence of oncogenic mutations such as Ras G12A
(Gauthaman & Moorthy, 2021) and B-Raf V600E (Gauthaman &
Moorthy, 2018). More advanced techniques such as whole genome
sequencing of each patient in the cohort would give the global muta-
tional status of HNSCC patients and may help to redefine the treatment
strategy for better prognosis of the patients.

5. Conclusion

PIK3CA H1047R is a missense mutation found across various can-
cers, but its highest prevalence occurs in breast cancer. In head and neck
cancer it also plays relatively a major role. The present study focused on
finding hotspot mutation H1047R in the HNSCC population of Indian
origin. As observed, 52 % mutation of heterozygous nature was observed
in our study. No homozygous mutation was observed. By comparing the
OS and PFS values we can conclude that patients who possess even
heterozygous mutation of H1047R in PIK3CA have decreased survival
rates.
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