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ABSTRACT

Colorectal tumour location is important in
determining therapeutic strategies because the
location of the tumour will affect the
histological and molecular characteristics of the
cancer.  Phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA) is a
gene known to be associated with colorectal
cancer location. The prevalence of PIK3CA
mutations in colorectal cancer (CRC) ranges
from 10-20%. Although the prevalence is small,
this gene has a potential as a predictive and
prognostic biomarker in the management of
CRC. 80% of PIK3CA mutations occur in exon
9 (codon 542 and 545) and exon 20 (codon
1047). This study aimed to determine the
prevalence of PIK3CA gene mutations based on
tumour location among colorectal cancer
patients in Bali, especially in Prof. dr. | G.N.G.
Ngoerah Hospital, Denpasar, Bali. DNA was
isolated from formalin-fixed-paraffin embedded
(FFPE) blocks of colorectal cancer samples
which were stored in the Department of
Pathology of Prof. dr. I G.N.G. Ngoerah
Hospital. Mutation was detected using
polymerase chain reaction (PCR) and direct
sequencing. Data on age, gender, and tumour
location were recorded from patient medical
records.

Our findings on 31 colorectal cancer samples
showed 26 samples (96.3%) were found with
heterozygous mutation in exon 9 with AC
genotype, but no mutation was found on exon
20. Based on tumor location, among 26 samples
with mutation, 16 samples (61.5%) were left
colorectal cancer and 10 samples (38.5%) were

right colorectal cancer. Further studies are
needed to identify the association of this
mutation with colorectal cancer location and the
other clinicopathological aspects of CRC.

Keywords: Colorectal cancer, PIK3CA gene
mutation, PIK3CA exon 9, PIK3CA exon 20,
colorectal cancer location, left-sided colorectal
cancer, right-sided colorectal cancer

INTRODUCTION

Aging is a biological process in every living
organism characterized by declining in body
function at the molecular, cellular, or tissue
level, resulting in the occurrence of various
degenerative diseases such as cancer that
can interfere the quality of life ). Colorectal
cancer is one of the cancers whose
incidence increases by age . This cancer is
still one of the highest causes of death in the
world @. One of the aetiologies of
colorectal cancer is gene mutation. The
presence of mutations in certain genes can
cause the onset of colorectal cancer ©).
These mutations can occur in oncogenes,
tumour suppressor genes or genes that
regulate DNA repair mechanisms ©). One
gene that is often mutated in colorectal
cancer is Phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA). The PIK3CA gene plays
an important role in Akt activation and the
regulation of various vital cellular activities,
such as proliferation, protein metabolism

International Journal of Research and Review (ijrrjournal.com) 9
Volume 10; Issue: 12; December 2023


http://www.ijrrjournal.com/

Nyoman Rama Aditya Kurniawan et.al. Prevalence of PIK3CA mutation based on tumour locations among

colorectal cancer patients in Bali

and synthesis, angiogenesis, apoptosis, and
autophagy . PIK3CA mutations activate
the pll0o enzyme, the main catalytic
subunit of PI3K, and over-stimulate Akt
signalling, which in turn triggers cancer cell
proliferation and migration ®). There are
two mutation hotspots in the PIK3CA gene,
namely exon 9, codons E542K and E545K
in the helical domain and exon 20, codon
H1047R in the kinase domain ®). Mutations
in these two domains indicate an increase in
enzymatic function and trigger oncogenic
transformation 7). Several studies have
shown an association of PIK3CA gene
mutations with colorectal cancer sites.
Based on its anatomical location, colorectal
cancer is divided into left sided colorectal
cancer (LCRC) and right sided colorectal
cancer (RCRC) ®. Knowing the tumour
location in CRC is important because it is a
crucial  factor in  determining  its
progressivity, management and prognosis
©), Several studies abroad have shown a
positive association between PIK3CA gene
mutations and colorectal cancer location.
However, data on prevalence of PIK3CA
mutation in colorectal cancer in Bali are
limited. Therefore, through this study we
sought data on the prevalence of PIK3CA
mutations in colorectal cancer especially
colorectal cancer sites.

LITERATURE REVIEW

Cancer is a complex disease characterised
by mutations in genes that control various
hallmarks of the disease, including escape
from programmed cell death, promotion of
genome instability and mutation, and
proliferative signalling ®. Aging is well
known as a major risk factor for cancer. One
type of cancer whose incidence increases by
age is colorectal cancer @. One of the
characteristics of aging is hyperplasia, the
most serious type of which are cancerous @.
Dysfunctional epigenetic aging of the
normal colon has been associated with an
increased risk of colorectal cancer @),
Colorectal cancer is a complex and
multifaceted disease involving genetic and
environmental factors ©,

The PIK3CA gene is one of the genes that is
often mutated in colorectal cancer cases ©.
Mutations in the PIK3CA gene occur in 10-
20% of colorectal cancer cases where 80%
of mutations occur in exons 9 and 20 (9),
Phosphatidylinositol-4,5-bisphosphate  3-
kinase catalytic subunit alpha (PIK3CA) is a
34 kb gene located on chromosome 3926.3
consisting of 20 exons encoding 1068 amino
acids producing a protein size of 124 kDa
(1), PIK3CA (phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit
alpha) encodes the p110a subunit of class
IA PI3K catalysis, an important component
of the lipid kinase, phosphatidylinositol 3-
kinase (PI3K) ©). Class | phospatidyl-
inositol 3-kinase is a heterodimeric complex
consisting of a 110 kDa catalysis subunit
(p110), an 85 kDa regulatory subunit and an
accessory subunit. Class | phospatidyl-
inositol 3-kinase is further subdivided into
two sub classes, class IA and IB; class 1A
PI3K consists of catalysis sub units p110a,
pl10B and pl106 encoded by PIK3CA,
PIK3CB, PIK3CD respectively ®),

The p110a subunit consists of five domains:
an adaptor-binding domain (ABD) that
provides an interaction site with regulatory
subunits, a RAS-

binding domain (RBD) that plays a role in
the activation of PI3K through the Ras
pathway, protein kinase C homolog-2 (C2)
that functions as the domain that has an
affinity for lipid membranes in forming
bonds, a helical domain bridging the ‘gap’ in
the structure and a kinase domain ),
Generally, regulatory subunits contain
several modular  protein interaction
domains: a Src-homology 3 (SH3) domain,
two SH2 domains and an inter-SH2 domain
(ISH2). The ISH2 domain binds to p110 and
suppresses catalysis activity -

E542K oy
E545K . HIWR

P85 BAS . Helical Kinase
binding bmnding

Figure 1. PIK3CA gene (p110a PI3K catalytic subunit) and its
functional domain
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Once activated through interaction with
RTKs or GPCRs, the regulatory subunit will
inhibit the catalytic subunit. Class 1A PI3Ks
facilitate the production of
phosphatidylinositol  3-phosphate  which
ultimately leads to the activation of Akt and
the regulation of various vital cellular
activities, such as proliferation, protein
metabolism and synthesis, angiogenesis,
apoptosis, and autophagy ®. Phospatidyl-
inositol 3-kinase plays a role in the
regulation of various important cellular
activities through the production of PIP3.
When PI3K is activated by upstream signals
such as RTK, it facilitates PIP3 production
through phosphorylation of PIP2 and the
phosphatase and tensin homologue deleted
on chromosome 10 (PTEN) antagonizes
PI3K activity through dephosphorylation of
PIP3 to PIP2, making it a potent
upstream/downstream regulator of PI3K
activity. Accumulated PIP3 production is
localized at the plasma membrane and

recruits phosphatidylinositol-dependent
kinase (PDK) and PKB (or Akt).
Phosphatidylinositol-dependent Kinase

activates Akt and triggers the regulation of
various important cellular activities such as
cell proliferation, metabolism, protein
synthesis, angiogenesis, apoptosis and
autophagy. In the process of autophagy, it
has been previously known that PIP3
produced by class | PI3K inhibits autophagy
while PIP3 produced by class Il PI3K
triggers autophagy. Mechanisms that often
trigger the appearance of disturbances in
PI3K signaling are genetic or epigenetic
changes in the PTEN gene, upregulated
activation of constitutive upstream PI3K (2),
Mutations in PIK3CA will cause PI3K to
lose its upstream signaling ability on growth
factors and result in uncontrolled production
of PIP3. PTEN inhibition is not enough to
overcome the excessive production of PIP3,
thus its ability to be a downstream regulator
becomes inefficient. Uncontrolled
phosphatidylinositol  (3,4,5)-trisphosphate
will trigger uncontrolled Akt activation
resulting in disease progression and

proliferation and disruption of the cancer
cell cycle @,

Cell membrane

Proliferation Apoptosis
Metabolism Autophagy
Protein Synthesis
Angiogenesis

Figure 2. class 1A phosphatidylinositol 3-kinase (P13K)
signaling and downstream effects.

Colorectal Cancer Location

Tumor location is a crucial factor in
determining tumor progressivity,
management and prognosis (3). Based on its
anatomical location, colorectal cancer is
divided into two namely left sided colorectal
cancer (LCRC) and right sided colorectal
cancer (RCRC) (4. Right-sided colorectal
cancer originates from the ascending colon,
cecum and transverse colon, while left-sided
colorectal cancer originates from the
descending colon, splenic flexure, sigmoid
colon and rectum @%, The histologic
features of RCLC are different from LCRC.
The morphology of RCRC tends to be
flatter, sessile serrated adenoma or
mucinous adenocarcinoma. Whereas LCRC
is more often tubular, villous, and typical
adenocarcinoma. Because LCRC has a
polypoid morphology, left-sided tumors are
more easily detected by colonoscopy at an
early stage, whereas right-sided tumors tend
to be more difficult to detect at an early
stage due to their flat shape (4. Patients
with RCRC tend to have larger tumour size,
more advanced stage and  poorer
differentiation 1%, LCRC is more common
in males and young age, while RCRC is
more common in females and the elderly. In
terms of metastatic ability, LCRC often
spreads to the liver and lungs, while RCRC
often spreads to the peritoneal (peritoneal
carcinomatosis), this form has a worse
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prognosis. Besides the differences, location,
characteristics, histology, the left and right
tumours also have different molecular
pathways. Patients with RCRC tend to have
microsatellite  instability-high  (MSI-H)
tumours while patients with LCRC more
often have chromosomal instability-high
(CIN-high) tumours 4. This difference in
side also affects the determination of
therapy predicting cancer response to the
therapy given 7). Right colorectal cancer
responds well to immunotherapy while left
colorectal cancer responds well to standard
chemotherapy including adjuvant
chemotherapy 4

PIK3CA mutations in colorectal cancer

Missense mutations are the most common
type of mutation in colorectal cancer.
Mutations are often found in two different
domains of pll10a, namely the helical
domain at positions E542K and E545K
where the amino acid glutamate changes to
lysine and in the kinase domain at position
H1047R where the amino acid histidine
changes to arginine 12 Gymnopoulus et al
(2007) reported fifteen rare mutation
variants of pl10a that have the ability to
induce oncogenic transformation, including;
R38H, K111N, N345K, C420R, P539R,
E545A, E545G, Q564K, Q546P, H710P,
T1025S, M10431, M1043V, H1047L, and
H1047Y (8, Mutations in either domain
were shown to enhance enzymatic function
through activation of the Akt pathway and
trigger oncogenic transformation both in
vitro and in vivo (). Mutation of the helical
domain will reduce the inhibitory effect of
p85 on pl10a. One of the most common
mutation hotspots is E545K which results in
amino acid substitutions of opposite charge,
thought to cause disruption of interactions
between catalytic and regulatory proteins
resulting in loss of regulatory and
constitutive functions to PIK3CA activity
which can trigger oncogenesis (19,
Mutations in the helical domain do not rely
on binding to p85 but require RAS-
Guanosine triphosphate (GTP) interactions.
Kinase domain mutations will increase the

interaction of pl10a on lipid membranes
(20), Mutations in the kinase domain can be
activated without requiring RAS-GTP
binding but are strongly influenced by p85
interactions 1. Liao et al have a hypothesis
that mutations in exon 9 or 20 affect tumour
properties and the presence of mutations in
both exons causes tumours to be more
aggressive than PIK3CA wild type cancer or
single mutations in either exon 9 or exon 20
(™, Somatic PIK3CA mutations that occur in
the helical domain of exon 9 and the kinase
domain of exon 20 are known as important
biomarkers in the assessment of patient
survival and response to chemotherapeutic
agents @, According to the results of a
meta-analysis study conducted by Juan Jin
et al in 2019, it shows that in general
PIK3CA mutations have an association with
proximal tumour location, mucinous
differentiation, KRAS mutations and MSI
), Patients with cancer located in the
proximal area of the colon tend to have
larger, poorly differentiated and advanced
tumours. Many studies have shown that the
prognosis of RCRC is worse than LCRC (4,

MATERIALS & METHODS

Total sample used in this study were 31
Formalin-Fixed Paraffin-Embedded (FFPE)
of colorectal cancer patient’s specimen from
Prof. dr. I G.N.G. Ngoerah Hospital. Those
samples were stored in Department of
Pathology, Prof. dr. I G.N.G. Ngoerah
Hospital.

Data collection included demographic data
and clinical parameters. Demographic data
were age and gender. The clinical parameter
used was colorectal cancer location. There
are two classifications of colorectal cancer:
right-sided colorectal cancer (RCRC) and
left-sided colorectal cancer (LCRC). RCRC
tumours arising from ascending colon,
cecum and transverse colon. LCRC tumour
arising from descending colon, splenic
flexure, sigmoid colon and rectum. This
study was approved by ethics committee of
Faculty of Medicine Udayana University
(EC no 1226/UN14.2.2.VII. 14/LT/ 2023).
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DNA extraction from FFPE samples

DNA was extracted using Black Prep FFPE
DNA Kit (Analytic Jena GmbH, Germany).
FFPE samples were lysed with 400uL of
MA solution and 40 pL of Proteinase K.
DNA was incubated for one hour at 65°C
until completely lysed. Samples were
incubated again at 90°C for one hour in a
thermal mixer and then centrifuged at 1,000
rpm. Samples were incubated for 5 minutes
at room temperature, followed by
centrifugation at maximum speed for 2
minutes. The supernatant was transferred
into a 1.5 mL microcentrifuge tube and 400
ML absolute ethanol 99% was added. The
samples were transferred into a spin filter
and then centrifuged at 12,000 rpm for 1
minute. The sequential washing steps used
500 pL of Washing Solution C and 650 pL
of 99% absolute ethanol and then
centrifuged at 12,000 rpm for 1 minute.
Next, DNA was eluted in 100 pL elution
buffer then centrifuged at 12,000 rpm for 1
minute. The concentration of isolated DNA
was measured using SimpliNano (Bio
chrom).

Identification of PIK3CA Mutation
PIK3CA gene exon 9 was amplified using:

forward primer 5'-
TGGTTCTTTCCTGTCTCTGAAA -3' and
reverse primer 5'-

TCTCCATTTTAGCACTTACCTGT-3'.
Exon 20 was amplified using: forward

primer 5'- -
GATGCTTGGCTCTGGAATGC -3' and
reverse primer 5'-

TGCACAATCCATGAACAGCAT -3
Primers were designed using Primer3
software, PIK3CA Genbank data (Gene ID
NM_006218). Amplification was run in a
total volume of 10uL, containing 5 pL
master mix, 0,2-0,3 pL for each forward and

seconds and elongation at 72°C for 5
minutes. The length of amplicon for exon 9
PIK3CA was 322 bp and for exon 20 was
305 bp. PCR product was applied into 0,8%
gel dissolved in 1x TBE buffer. Direct
sequencing was performed to identify
PIK3CA mutation in exon 9 and 20. PCR
products were sent to Genetika Science
Laboratory, Jakarta. Basic Local Alignment
Search Tool (BLAST) was performed to
analyzed the base sequence conformity of
the sequencing results. The type of mutation
was identified by electropherogram using
Chromas software.

STATISTICAL ANALYSIS

Descriptive statistics to determine the
prevalence of PIK3CA gene mutations in
the study sample. Results were presented
with frequency tables

RESULT

Table 1. Characteristic of samples based on age, gender and
tumour location

Characteristic Mean | N=31
n (%)

Age 67,42

<50 2(6,5)

>50 29 (93,5)
Gender

Men 13(41,9)

Women 18 (58,1)
Tumour location

RCRC 13 (41,9)

LCRC 18 (58,1)

Thirteen (41,9) patients were male and 18
(58,1%) were female and most of them (29
out of 31 or 93,5%) were more than 50
years old. Based on colorectal cancer
location, we identified 18 (58,1%) samples
classified as left colorectal cancer (LCRC)
and 13 (41,9%) were identified as right
colorectal cancer (RCRC).

Table 2 Characteristics of samples based on PIK3CA mutation

reverse primer of PIK3CA gene, 0-1,6 pL E”X‘;tﬁ?f” Sfatis | N (%)
ddH20 and 3-4,6 pL of 10 ng/puL DNA. Mutant 26 (96,3)
PCR program was performed at 95°C for 5 —idtype LE0
minutes, followed by 40 cycles of Mutant 0(0)
denaturation at 95°C for 15 seconds, Wildtype 27(100)
annealing at a temperature range of 48-54°C
for 60 seconds and extension at 72°C for 30
International Journal of Research and Review (ijrrjournal.com) 13
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Twenty six out of 27 samples (96,3%)
identified as mutant PIK3CA. One sample
in exon 9 was identified as wild type. No
mutation were found in exon 20, all samples
are identified as wildtype.

Table 3 Characteristic of mutant samples based on tumour
location

Tumour Location | N (%)
RCRC 10 (38,5)
LCRC 16 (61,5)

Based on the colorectal cancer location, 16
out of 26 (61,5%) are sample classified as
LCRC while the remaining 10 samples
classified as RCRC.

DNA fragments were analyzed by gel
electrophoresis (figure 3).

Figure 3 PCR product of PIK3CA gene on 0,8% agarose gel.
(A) The size of PCR product of exon 9 is 322 bp and (B) exon
20 is 305 bp PIK3CA gene on 0,8% agarose gel

Furthermore, PCR products were sent to PT
Genetika Science for sequencing. After the
sequencing results came out, it was
continued with the DNA base matching
process to ensure the suitability of the
sequencing sequence with the PIK3CA exon
9 and 20 genes. The sequence matching
process was carried out using the basic local
alignment search tool (BLAST) online
through  the  National Centre  for

Biotechnology Information (NCBI) website
access (figure 4).

3611 CATAGGA

Shict 361 A CCA 3639
Figure 4 BLAST alignment result of PIK3CA gene (A) exon 9
codon 542,545; (B) exon 20 codon 1047

To identify the type of mutation, the
electropherogram was examined with
Chromas software (figure 5). In this
software, the red graph shows thymine
nucleotides (T), green is adenine (A), black
is guanine (G), blue is cytosine (C). From
the results of electropherogram analysis,
there is a double peak graph in 26 samples
of exon 9 codon 545 which indicates a
heterozygous mutation with AC genotype
where there is a substitution in the amino
acid glutamate to alanine (E->A). One
sample of exon 9 codon 545 was wildtype.
No mutations were found in exon 9 codon
542 or exon 20.

c = 1047

Figure 5 Electropherogram results of (A) heterozygous
mutation AC genotype of exon 9 codon 545 of PIK3CA gene;
(B) wildtype of exon 9 codon 542 and 545; (C) wildtype of exon
20 codon 1047
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DISCUSSION

Based on the results of the study, 29/31
samples (93.5%) were over 50 years old and
the remaining 2 samples (6.5%) were under
50 years old. This finding is in line with the
research of Alzahrani et al (2021) which
states that 90% of colorectal cancer cases
occur at the age of >50 years 2. Even
according to Day & Velayos (2015), the risk
of colorectal cancer doubles in the age range
of 40 to 80 years %3, The same thing was
also found in Gunasekaran's research (2019)
where out of 121 samples, 94 samples were
over 50 vyears old @) The major
manifestation of aging is the gradual loss of
function or degeneration at the molecular,
cellular, tissue and body levels. Aging is an
essential risk factor for cancer. Hyperplasia
is one of the characteristics of aging which
can lead to malignancy @W. The
accumulation of cellular damage due to
molecular, cellular and tissue degeneration
with aging and exposure to carcinogens can
trigger cell transformation, increasing the
risk of malignancies such as colorectal
cancer @,

The results of this study showed that the
prevalence of gender in samples of
colorectal cancer patients at the Prof. dr. |
G.N.G. Ngoerah Hospital was dominated by
women, namely 18 samples (58%) and for
the male sex as many as 13 samples (42%).
This data contradicts Rawla's research
(2019) which shows that men have a 1.5
times higher risk of colorectal cancer than
women @®, In addition, a study in the UK
by White et al (2018) also states that the
overall incidence rate of colorectal cancer is
higher in men than women with the number
of cases at that time being 22,844 and
18,421 cases ®. According to Lin et al
(2013) in the United States, the incidence of
colorectal cancer is higher in men than in
women of the same age. In families with a
history of non-polyposis colorectal cancer,
the risk of developing cancer is much lower
in women (30%) compared to men (74%).
Several  observational  studies  have
suggested that the increase in female
hormones due to pregnancy, the use of

exogenous hormones such as oral
contraceptives and hormone replacement
therapy are associated with a reduced risk of
colorectal cancer in women @7, In addition
to hormonal factors, White et a | (2018) in
their study mentioned several reasons for
men's higher susceptibility to colorectal
cancer such as biological factors and habits,
where men tend to consume a diet high in
red meat, processed meat, consume alcohol
more often and have a higher tendency to
smoke than women, besides that men also
tend to experience visceral fat accumulation
which can increase the risk of colorectal
cancer (28),

Based on the location of colorectal cancer,
the majority of samples were LCRC with 18
out of 31 samples (58%). One of the reasons
behind the higher frequency of LCRC is the
morphology and histology of LCRC which
tends to be polypoid so it is easier to be
detected while RCRC often shows a flatter
shape so it is more difficult to be detected in
the early phase . Similar results were also
mentioned in the study of Nawa et al (2006)
where early-stage polypoid type cancers
were dominantly found in the distal colon
compared to the proximal (distal 59%;
proximal 40%) (p < 0.01) and flat-shaped
cancers were significantly more often found
in the proximal colon (distal 25%; proximal
44%) (p < 0,01) @), Based on gender, the
LCRC sample was dominated by women
with 11 samples (61.1%) and 7 samples
(38.9%) were men, this contradicts the study
conducted by Baran et al (2018) where it
was stated that LCRC was dominated by
men @4, In this study, the majority of
LCRCs were located in the rectum with a
total of 8 samples (44.4%), sigmoid and
recto-sigmoid junction with 4 samples each
(22.2%) and the descending colon with 2
samples (11.2%). Similar findings were also
obtained in a study conducted by
Anthonysamy et al (2020) at the Prof. dr. |
G.N.G. Ngoerah Hospital where out of 275
samples of colorectal cancer patients 170 of

them (61.8%) had tumours in the rectal area
(30),
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In our study, 13 out of 31 samples (42%)
were identified as RCRC with areas
covering the cecum, ascending colon, and
transverse colon including the hepatic
flexure. Based on gender, RCRC samples
were dominated by women with 7 out of 13
samples (53.8%) and 6 other samples were
men (46.2%), this is in line with the study of
Phipps et al (2013) and Baran et al (2018)
which states that the diagnosis of RCRC is
more often found in women 1431, In a study
conducted by Carethers (2018), it was stated
that differences in the embryological origin
of the proximal and distal colon, variations
in the concentration of bile salts and other
compounds, different levels of oxygenation,
and differences in the  microbial
environment in each colonic area play a role
in variations in the distribution of colorectal
cancer, including its relationship with
gender ©2. Based on the results of several
cohort studies, RCRC is more common in
women and old age, while LCRC is more
common in men and young age (%),
According to Mik et al (2017), the
difference in age prevalence may occur
because patients with tumours in the
proximal area of the colon tend to
experience delays in diagnosis due to their
flatter morphology and less distinctive
symptoms in the early stages. The study
found a significant association between
right colon cancer and old age (P=0.0087)
(33), The results of our study are in line with
that study where the mean age of patients
with right colorectal cancer is greater than
the mean age of patients with left colorectal
cancer (66.2+8.81 vyears vs 64.3£11.8
years).

Mutation of PIK3CA Gene Exon 9 and 20
Missense mutations are a frequent type of
mutation in the PIK3CA gene. Mutations
often occur in three main hotspots including
the helical domain (E542K, E545K) and
kinase domain (H1047R) @2, In our study,
the PIK3CA gene mutation was examined in
those three hotspots. Our findings found
PIK3CA gene mutation in exon 9 codon
545, 26 samples (96.3%) out of 27 samples

had heterozygous mutations with AC
genotype and one sample (3.7%) was
wildtype. Heterozygous mutations that
occur in exon 9 codon E545A cause
changes in adenine (A) nucleotides to
cytosine (C) resulting in changes in the
amino acid glutamate to alanine. According
to Gymnopoulus et al (2007), the E545A
mutation is included in fifteen rare mutation
variants of pl10a that also have the ability
to induce oncogenic transformation
although the frequency is not as much as
mutations in the three main hotspots (18, A
number of studies have shown that the most
common mutation of the PIK3CA gene in
colorectal cancer is located in the E545K
hotspot 4. A study by Ranjbar (2019) in
Iranian population showed the frequency of
PIK3CA E545K mutation in colorectal
cancer was 10.7%, while in the study of
Ranjbar (2019) Prenen et al only found
PIK3CA E545K mutation in colorectal
cancer at 5.5% and De Roock et al (2010)
found PIK3CA E545K mutation at 9.9% ),
Different results were shown by a study of
colorectal cancer in Shanghai and breast
cancer in Singapore where it was reported
that the highest frequency of PIK3CA
mutations in exon 9 was found in E545A
where there was a change in the amino acid
glutamate to alanine. Similar results were
also found in other continents, a study in
Peruvian women showed the same trend as
in these countries, where PIK3CA E545A
had the highest incidence found in PIK3CA
exon 9 mutations %, This difference in
results may be due to different detection
methods and populations @4,

In this study, based on 27 exon 9 samples,
17 samples (63%) were found to be LCRC
and 10 samples (37%) were RCRC. Similar
results were found in the study of Ranjbar et
al (2019) where out of 187 samples, 137
samples (73.3%) were found to be LCRC
and the remaining 50 samples (26.7%) were
RCRC but in this study there was no
significant association between PIK3CA
exon 9 mutations and cancer location
(p=0.45) @4, Contrary to these studies, a
meta-analysis study by Jin et al (2019)

International Journal of Research and Review (ijrrjournal.com) 16
Volume 10; Issue: 12; December 2023



Nyoman Rama Aditya Kurniawan et.al. Prevalence of PIK3CA mutation based on tumour locations among

colorectal cancer patients in Bali

showed that PIK3CA mutations were
positively seen in 431 (17.7%) of 2442
patients with tumours in the proximal colon,
compared to 421 (10.9%) of 3875 patients
in the distal colon or rectum ©). A positive
association was found between PIK3CA
mutations and proximal tumour location
(OR ¥ 1.79; 95% CI: 1.39-2.29). In a
subgroup analysis, positive associations
were also seen in PIK3CA exon 9 (OR Y4
1.78; 95% CI: 1.18-2.68) and 20 (OR Y4
1.61; 95% CI: 1.05-2.45) mutations ©).
Based on gender, mutations in exon 9 codon
545 were dominated by women with a total
of 15 samples (57.7%) and 11 samples
(42.3%) were men. A similar study
conducted in Iran found 11/65 (55%)
samples were female and 9/102 (45%)
samples were male, but no significant
relationship was found between exon 9
codon 545 mutations and age (p=0.083),
gender (p=0.22) ©4. Similar results were
shown by a meta-analysis study conducted
by Juan Jin et al (2019), 33 studies (14,976
patients) were analyzed to see the
association  between overall PIK3CA
mutations and gender. No association was
found between overall PIK3CA mutations
and male gender (OR % 0.93; 95% CI: 0.84-
1.02); PIK3CA exon 9 and 20 mutations
also showed no association with gender ©.

This study did not find any mutation in exon
20 of the PIK3CA gene. All samples
identified as wildtype. This finding may be
due to several factors such as the relatively
small number of samples, the low mutation
rate of exon 20 so that the possibility of
detecting exon 20 mutations is also small.
The prevalence of PIK3CA gene mutations
in exon 20 tends to be lower than exon 9.
This difference was shown in the study of
Liao et al (2017) where exon 20 mutations
only amounted to 6.2% (73/1170), while
exon 9 mutations reached 9.3% (109/1170)
(™, A study in China by Xinhui Fu (2021)
showed the mutation rate of CRC patients in
exon 9 was around 6.2 (511/5733), while in
exon 20 it was around 4.7% (270/5733) 6),
A previous study by Zhu et al (2012)
showed that PIK3CA gene mutations were

more common in exon 9 @), Based on age,
a study by Fu et al (2021) also found that
mutations in exon 20 were more likely to be
found at the age before 50 years with a p
value of <0.001, while in this study, the
majority of samples were more than 50
years old with an average of 67 years (9,
The results of the Phipps et al (2015) study
showed that the PIK3CA exon 20 gene
mutation was associated with the location of
the tumour in the proximal area which was
more related to genetic factors G1. This
study did not provide genetic-related data
such as hereditary history and race/ethnicity.

CONCLUSION

In conclusion, our result showed that
colorectal cases in Bali, were more common
in females and increased by age. PIK3CA
mutations have been identified in exon 9
codon 545 as heterozygous mutation
E545A. No mutation was found either in
exon 9 codon 542 or exon 20 codon 1047.
Although the sample size used in this study
is relatively small and can not yet be
generalized into a larger population, these
findings contribute as a basic data on
prevalence and characteristic of PIK3CA
mutation in colorectal cancer patients in
Bali where the data of PIK3CA mutation
still limited. Further studies with a sufficient
sample size are needed to obtain conclusive
data of the association between PIK3CA
mutation and colorectal cancer location.

Declaration by Authors

Ethical Approval: Approved
Acknowledgement: None

Source of Funding: None

Conflict of Interest: The authors declare no
conflict of interest.

REFERENCES

1. Yue T, Chen S, Zhu J, Guo S, Huang Z,
Wang P, et al. The aging-related risk
signature in colorectal cancer. Aging
(Albany NY). 2021;13(5):7330-49.

2. Favoriti P, Carbone G, Greco M, Pirozzi F,
Pirozzi REM, Corcione F. Worldwide
burden of colorectal cancer: a review.
Updates Surg. 2016;68(1):7-11.

International Journal of Research and Review (ijrrjournal.com) 17
Volume 10; Issue: 12; December 2023



Nyoman Rama Aditya Kurniawan et.al. Prevalence of PIK3CA mutation based on tumour locations among
colorectal cancer patients in Bali

3. Maérmol I, Sanchez-de-Diego C, Dieste AP, cancers-specificity of molecular
Cerrada E, Yoldi MJR. Colorectal mechanisms  in  tumorigenesis  and
carcinoma: A general overview and future progression. BMC Cancer. 2020;20(1):1-
perspectives in colorectal cancer. Int J Mol 15.

Sci. 2017;18(1). 14. Baran B, Mert Ozupek N, Yerli Tetik N,

4. Lai K, Killingsworth MC, Lee CS. Gene of Acar E, Bekcioglu O, Baskin Y. Difference
the month: PIK3CA. J Clin Pathol. Between Left-Sided and Right-Sided
2015;68(4):253-7. Colorectal Cancer: A Focused Review of

5. Jin J, Shi Y, Zhang S, Yang S. Acta Literature. Gastroenterol Res.
Oncologica  PIK3CA  mutation  and 2018;11(4):264-73.
clinicopathological features of colorectal 15. Chen Y, Li H. Prognostic and Predictive
cancer: a systematic review and Meta- Models for Left- and Right- Colorectal
Analysis PIK3CA mutation and Cancer Patients: A Bioinformatics Analysis
clinicopathological features of colorectal Based on Ferroptosis-Related Genes. Front
cancer: a systematic review and PIK3CA Oncol. 2022;12(February):1-20.
mutation and clinicopathological features of 16. Zhao Z, Wang D-W, Yan N, Pan S, Li Z-W.
colorectal cancer: a systematic review and Superior survival in right-sided versus left-
Meta-Analysis.  Acta  Oncol (Madr) sided colon signet ring cell carcinoma.
[Internet]. 59(1):66—74. Available from: 2020; Available from:
https://www.tandfonline.com/action/journall https://doi.org/10.1038/541598-020-74926-9
nformation?journalCode=ionc20 17. Dekker E, Tanis PJ, Vleugels JLA, Kasi

6. Sinkala M. Mutational landscape of cancer- PM, Wallace MB. Colorectal cancer. Lancet
driver genes across human cancers. Sci Rep [Internet]. 2019;394(10207):1467-80.
[Internet]. 2023;13(1):1-14. Available from: Available from:
https://doi.org/10.1038/s41598-023-39608-2 http://dx.doi.org/10.1016/S0140-

7. Liao X, Morikawa T, Lochhead P. 6736(19)32319-0
RIGHEZ I D pik3Cal DT El  18. Gymnopoulos M, Elsliger MA, Vogt PK.
\ZB84 A 2 — FFFZE. Clin Cancer Res Rare cancer-specific mutations in PIK3CA
[Internet]. 2012;18(8):2257-68. Available show gain of function. Proc Natl Acad Sci
from: U S A. 2007;104(13):5569-74
http://clincancerres.aacrjournals.org/content/ 19 Leontiadou H, Galdadas |, Athanasiou C,
18/8/2257.short Cournia Z. Insights into the mechanism of

8. Wang T, Maden SK, Luebeck GE, Li ClI, the PIK3CA E545K activating mutation
Newcomb PA, Ulrich CM, et al. using. MD  simulations. Sci  Rep.
Dysfunctional epigenetic aging of the 2018;8(1):1-16. _
normal colon and colorectal cancer risk. ~ 20. Arafeh R, Samuels Y. PIK3CA in cancer:
Clin Epigenetics. 2020;12(1):3-11. The past 30 years. Semin Cancer Biol.

9. Lu X, Cao M, Han S, Yang Y, Zhou J. 2019;59(November 2018):36-49.
Colorectal cancer risk genes are functionally ~ 21. Zhao L, Vogt PK. Helical domain and
enriched in regulatory pathways. Sci Rep. kinase domain mutations in p110 _ of
2016;6(April):1-7. phosphatidylinositol 3-kinase induce gain of

10. Cathomas G. PIK3CA in colorectal cancer. function by different mechanisms. 2008;
2014; Available from: www.frontiersin.org 22. Alzahrani SM, Al Doghaither HA, Al-

11. Karakas B, Bachman KE, Park BH. Ghafar AB. General insight into cancer: An
Mutation of the PIK3CA oncogene in overview of /colorectal cancer (review).
human  cancers. Br J  Cancer. Mol Clin Oncol. 2021;15(6).
2006;94(4):455-9. 23. Day LW, Velayos F. Colorectal cancer

12. Liu X, Xu Y, Zhou Q, Chen M, Zhang Y, screening and surveillance in the elderly:
Liang H, et al. PI3K in cancer: Its structure, Updates and controversies. Gut Liver.
activation modes and role in shaping tumor 2015;9(2):143-51.
microenvironment. Futur Oncol. 24. Gunasekaran V, Ekawati NP, Sumadi IWJ.
2018;14(7):665-74. Karakteristik  klinikopatologi  karsinoma

13. Mukund K, Syulyukina N, Ramamoorthy S, kolorektal di RSUP Sanglah, Bali, Indonesia
Subramaniam S. Right and left-sided colon tahun 2013-2017. Intisari Sains Medis.

2019;10(3):552-6.
International Journal of Research and Review (ijrrjournal.com) 18

Volume 10; Issue: 12; December 2023



Nyoman Rama Aditya Kurniawan et.al. Prevalence of PIK3CA mutation based on tumour locations among
colorectal cancer patients in Bali

25.

26.

27.

28.

29.

30.

31.

Rawla P, Sunkara T, Barsouk A.
Epidemiology  of colorectal  cancer:
incidence, mortality, survival, and risk
factors. Available from:
https://doi.org/10.5114/pg.2018.81072

White A, Ironmonger L, Steele RJC,

Ormiston-Smith N, Crawford C, Seims A. A
review of sex-related differences in
colorectal cancer incidence, screening
uptake, routes to diagnosis, cancer stage and
survival in the UK. BMC Cancer.
2018;18(1):1-11.

Lin JH, Zhang SM, Rexrode KM, Manson
JAE, Chan AT, Wu K, et al. Association
between sex hormones and colorectal cancer
risk in men and women. Clin Gastroenterol
Hepatol. 2013;11(4):419-24.

White MC, Holman DM, Boehm JE,
Peipins LA, Grossman M, Henley SJ. Age
and Cancer Risk: A Potentially Modifiable
Relationship.

Nawa T, Kato J, Kawamoto H, Okada H,
Yamamoto H, Kohno H, et al. Differences
between right- and left-sided colon cancer in
patient characteristics, cancer morphology
and histology. J Gastroenterol Hepatol.
2008;23(3):418-23.

Anthonysamy MA, Indrayani Maker LP lin,
Gotra IM, Saputra H. Prevalence of
colorectal carcinoma based on microscopic
type, sex, age and anatomical location in
Sanglah General Hospital. Intisari Sains
Medis. 2020;11(1):272-6.

Phipps Al, Lindor NM, Jenkins MA, Baron
JA, Win AK, Gallinger S, et al. Colon and
rectal cancer survival by tumor location and
microsatellite instability: The colon cancer
family registry. Dis Colon Rectum.
2013;56(8):937-44.

33.

34.

35.

36.

Mik M, Berut M, Dziki L, Trzcinski R,
Dziki A. Right-and left-sided colon cancer-
clinical and pathological differences of the
disease entity in one organ. Arch Med Sci.
2017;13(1):157-62.

Ranjbar R, Mohammadpour S, Esfahani AT,
Namazian S, Yaghob-Taleghani M, Baghaei
K, et al. Prevalence and prognostic role of

PIK3CA E545K mutation in Iranian
colorectal cancer patients. Gastroenterol
Hepatol from Bed to Bench.

2019;12(1):S22-9.

Desriani, Al-Ahwani F. The sensitivity and
efficacy method of PIK3CA exon 9 E545A
as a high diagnostic accuracy in breast
cancer. J Genet Eng Biotechnol [Internet].
2018;16(1):71-6. Available from:
https://doi.org/10.1016/j.jgeb.2017.10.002
Fu X, Lin H, Fan X, Zhu Y, Wang C, Chen
Z, et al. The Spectrum, Tendency and
Predictive Value of PIK3CA Mutation in
Chinese Colorectal Cancer Patients. Article
[Internet]. 2021;11:1. Available from:
www.frontiersin.org

. Zhu, Y.-F., Yu, B.-H., Li, D.-L., Ke, H.-L.,

Guo, X.-Z.,, & Xiao, X.-Y. 2012. PI3K
expression and PIK3CA mutations are
related to colorectal cancer metastases.
World J Gastroenterol, 18(28), 3745-3751.
https://doi.org/10.3748/wjg.v18.i28

How to cite this article: Nyoman Rama Aditya
Kurniawan, Agus Eka Darwinata, Ni Putu
Ekawati, 1 Made Mulyawan, Ni Nyoman Ayu
Dewi. Prevalence of PIK3CA mutation based on

tumour
patients

locations among colorectal cancer
in Bali. International Journal of

32. Carethers JM. Risk factors for colon Research and Review. 2023; 10(12): 9-19. DOI:
location of cancer. Transl Gastroenterol https://doi.org/10.52403/ijrr.20231202
Hepatol. 2018;3(October).
*kkkkk
International Journal of Research and Review (ijrrjournal.com) 19

Volume 10; Issue: 12; December 2023



