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ABSTRACT

Colorectal cancer (CRC) associated with KRAS mutations relevance to
clinical outcome of progression especially for codon mutation remain
unclear, clinically. Thus this study aimed to detect KRAS mutations on
specific codon-12 and codon-13. DNA extraction was performed from 40
formalin-fixed paraffin-embedded (FFPE) tissues. The KRAS codon-12 and
codon-13 mutations were detected by quantitative multiplex real-time
PCR consisting of seven primers of G12A, G12D, G12R, G12C, G12S, G12V,
and G13D, specifically. Our results showed mutation of codon-12 at 37.5%
(15/40 cases), especially for 86.7% (13/15 cases) were found G12D, G12V
and G12R mutation for 40%, 40% and 6.67%, respectively. On the other
hand, the codon-13 mutation found only G13D at 20% (3/15 cases). The
present findings showed a statistically significant difference between KRAS
mutations with lymph node metastases (p-value = 0.004), and mucosal
lymphoma with other tumor types (p-value = 0.016). We noticed that KRAS
mutations are associated with codon-12 and codon-13 and relevanced to
prognostic outcomes of CRC patients on lymph node metastases as well as
histological types. However, increased samples, novel prognostic biomarkers
and more specific clinical information could be further explored to the clinical
molecular biomarkers for monitoring and treatments.
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Introduction

Nearly 2 million cases of colorectal cancer
(CRC) were diagnosed in 2020, making it the third
most prevalent cancer form globally. Approximately
1 million people die from it each year, making it
the second most frequent cause of cancer death
including Thailand™. Over 10,000 new CRC cases
occur annually, and about 40% are rectal cancer.
The International Agency for Research on Cancer
(IARC) estimates that the global burden of
colorectal cancer will increase by 56% between
2020 and 2040, to more than 3 million new cases
per year. For several reasons, CRC continues to be
a significant healthcare burden in Thailand. It is
the only malignancy with an increased incidence
in both sexes in Thailand. Due to the lack of CRC
screening and public awareness, non-metastatic
cancer accounts only for 60%-70% of overall cases.
The demand for general or colorectal surgeons
outmatches the supply at a ratio of 1 general
surgeon to 35,000 individuals. There are about 70
board-certified colorectal surgeons serving
Thailand’s population of nearly 70 million. As
a result, more than 25% of cancer patients wait
more than a month before surgery?. Although
surgery is the main treatment modality for early
CRC, adjuvant treatment is usually given to
patients with advanced disease. Therapies
with epidermal growth factor receptor (EGFR)
inhibitors have been shown to be effective
treatments in a subset of patients with metastatic
colorectal cancer. Two anti-EGFR biologics,
cetuximab and panitumumab, have been approved
by the Food and Drug Administration for the
treatment of refractory metastatic colorectal
cancer.

The oncogene family RAS consists of three
members (KRAS, HRAS and NRAS) that play
important roles in human cancers. All RAS genes
encode 21-kDa monomeric GTPases that relay
extracellular signals to intracellular signal
transduction cascades. The on/off state of rat
sarcoma proteins (RAS) is determined by nucleotide
binding®, with the GTP-bound form exhibiting
active signaling conformation. Missense mutations
in RAS proteins alter the homeostatic balance of
GDP and GTP binding toward the active state by
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either reducing GTP hydrolysis or increasing GTP
loading rate®. Approximately, 40% of metastatic
colorectal cancers (MCRC) have KRAS mutations,
typically in exon 2 and codons 12 (nearly 80% of
all KRAS mutations) and 13, and less frequently in
exon 3 (codons 59 and 61) and 4 (codons 117 and
146). For decades, the different KRAS mutations
were considered equivalent in terms of lack of
anti-EGFR response and a negative prognostic
factor®. It is known that most mutations in RAS
are missense mutations in three hotspot residues,
G12, G13, and Q61. The order of frequency of
G12is G12D, G12V, G12C, G12A, G12S, and G12R,
with the G12C mutation most common in lung
cancer and the G12D most common in PDAC®). In
fact, KRAS G12D (KRAS G12D) is one of the most
important therapeutic targets in tumors. Up to
40% of patients with KRAS wild-type CRC show at
least a partial response to anti-EGFR therapy, an
improvement over the 10% prior to KRAS mutation
stratification. Whereas patients with KRAS mutated
tumors do not benefit from anti-EGFR therapy.
Thus, the advantage of determining KRAS mutation
status is to identify those who will not respond to
EGFR monoclonal antibody therapy®. Therefore,
detection of KRAS mutation on the specific
codon is an essential investigation for the further
molecular biomarker’s association, clinically.

Materials and methods

Patients and tumor samples

A total of 40 CRC patients from the lower
part of the north-eastern Thai population were
collected from January 2019 to June 2020. They
were assembled with the approval from the
hospital ethics committee (EC003/2021). The
clinical information, pathological diagnosis, and
formalin-fixed paraffin-embedded (FFPE) tissue
samples were collected from the CRC patient’s
registration.

DNA extraction

Genomic DNA was isolated from ti
ssue samples using the PureLink® Genomic DNA
kits following the manufacturers’ instructions.
All FFPE tissue sections were evaluated for tumor
cell content more than 20% using hematoxylin and
eosin (H&E) staining by pathologists. A total of 5-8
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sections were taken from each sample followed by
a thickness of each section was 10 ym. The FFPE
tissue sections were placed into a 1.5 microcentrifuge
tube and deparaffinized with xylene. Each sample
was incubated with proteinase K at 56°C overnight
until completed digestion. The lysate was
subsequently incubated at 80°C for 4 hours
to reverse formaldehyde crosslinks. DNA was
precipitated with ethanol, fixed on the membrane
by centrifugation, washed and eluted by using the
elution buffer solution. The DNA concentration and
purity were determined by spectrophotometer
(Thermo Fisher Scientific) at 230, 260 and 280 nm
using Nanodrop 2000, subsequently.

Detections of KRAS mutations

The KRAS gene mutations were detected
using Therascreen RGQ PCR KRAS Kit (Qiagen,
Manchester, UK). KRAS mutations in codons-12
and codon-13 were identified using a principle
of multiplex real-time PCR that combines an
amplification refractory mutation system.
Scorpion fluorescent primers and probes system
were used as directed by the manufacturer 12 GCT
(Ala), 12 GAT (Asp), 12 CGT (Arg), 12 TGT (Cys),
12 AGT (Ser), 12 GTT (Val) and 13 GAC (Asp). The
seven primer-specific reactions with one control
reaction were produced in each sample. DNA
template was used at concentration of 20-25
ng. The PCR profile consisted of an initial hold
phase at 95 °C for 4 min, followed by 40 cycles of
two-step amplification with denaturation at 95 °C
for 30 s and annealing at 60 °C for 1 min. The DNA
samples with Ct-value between 23.5 and 29.5 were
considered valid and suitable for subsequent KRAS
analysis. The PCR reaction and data analysis were
performed on the QMDx System (Qiagen, Hilden,
Germany) and Rotor-Gene Q Software, version
2.3.1.49 (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions.

Statistical analysis

All statistical analysis was calculated
in SPSS v.25 (IBM Corp., Armonk, NY, USA).
The relationships between clinicopathological
variables and the presence of KRAS mutation were
determined using Chi-square test. The significance
difference was considered at p-value less than
0.05, statistically.

Results

Determine KRAS mutation detection by
multiplex real-time PCR

The results showed 37.5% (15/40 cases) with
KRAS mutations including of 86.7% (13/15 cases)
with codon-12 mutations (p.G12D, p.G12V, and
p.G12R was 40%, 40%, and 6.67%, respectively),
and 20% (3/15) with codon 13 mutations (p.G13D
was 5.08%). The most common mutation in codon
12 was glycine to aspartate (GGT to GAT) and
glycine to valine (GGT to GTT), which was
detected in 6 of 15 cases (40%), whereas the
other mutation observed in codon 12 mutations
resulting in a replacement of glycine by arginine
(GGT to CGT; 1 case, 6.677%). On the other side,
the most common mutation in codon 13 was
glycine to aspartate (GGC to GAC) which occurred
in 3 of 15 cases (20%), whereas the other mutation
was glycine to cysteine (GGC to TGC).

Correlation between KRAS mutation and
clinicopathological parameters

Our results showed a statistically significant
difference between KRAS mutations and lymph
node metastasis p-value = 0.004. Our results also
found a statistically significant difference between
KRAS mutations with mucinous adenocarcinoma
and other tumor types p-value = 0.016. However,
our findings did not show a significant difference
between KRAS mutations and other pathological
factors such as gender, age, clinical tumor markers,
and degree of differentiation, as shown in table 1.
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Table 1 Correlation between clinicopathological characteristics and KRAS mutation status (missense

type) in 40 patients with CRC patients

KRAS genotypes (n)

Patient’s information n p-value
KRAS Mutation KRAS Wild type

Total CRC patients 40 15 25

Sex
Male 21 9 12 0.462
Female 19 13

Age
< 70 years 13 0.960
>70 years 27 10 17

Primary tumor
Right CRC 9 5 0.654
Left CRC 26 10 16
Rectum 5 1 4

Grade of differentiation
Poor 1 0 0.575
Moderate 13
Well 26 8 17

Metastasis at diagnosis
Lymph node 27 14 13 0.004
Peritoneum 1 1 0
none 12 0 12

Histology
Mucinous 3 1 2 0.016
None 37 14 23

Note: p-value by using chi-square test. KRAS, kirsten rat sarcoma; CRC, colorectal cancer.

Discussion

CRC is the third most common cancer and the
leading cause of cancer-related deaths worldwide ?).
In Thailand, the incidence of CRC has increased in
recent years. In CRC patients, KRAS mutations are
present in 45% of metastatic tumors and in nearly
15-37% of early-stage tumors @9, Recently, KRAS
gene mutation in CRC has been intensively studied
to clarify whether it is the reason for the tumors’
expansive growth. Several researchers have
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reported that the KRAS gene mutation plays an
important role in the protrusive growth of CRC (19,

In previous study from Chinese population
that represent KRAS mutation rate for codon 12
was 72.7%, of which G12D was the highest (47.5%)
followed by G12V (30.6%), and the mutation rate for
codon 13 was 22.0%, of which G13D was reported.
Like our study of KRAS mutations in codon-12 and
codon-13 from the lower part of the north-eastern
Thai population, we notice that a mutation in KRAS
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codon-12 has much greater oncogenic potential
than a mutation in codon-13. The CRC patients
with KRAS codon-12 mutations are commonly
present at G12V and G12D, while mutations in
G12R are much less commonly found. Among
the patients who carry on the KRAS codon-13
mutation, G13D is the most frequently observed
mutation. From previous study of KRAS mutation
detection on FFPE had been evaluated with
a multiplex QPCR assay for the rapid detection
of common KRAS mutations. Similar to our study
that using multiplex real-time PCR has been shown
to be more sensitive and cost effective than
sanger sequencing in paraffin-embedded archival
tissue ("2, It is a sensitive sequencing assay and can
reliably detect mutant alleles at low frequencies
(1% mutated) among wild-type alleles, which is
often the case in solid tumors (12 13),

To date, clinical information and biomarkers
for drug responses are necessary for CRC
managements. Treatments of mCRC with crucial
prognostic biomarkers are one of the improvement
and reduction risk of disease progression. Recently,
Cetuximab and Panitumumab, as the highly
effective antibodies targeting epidermal growth
factor receptor (EGFR), have clinical activity
in the mCRC patients’ treatments(4'%. So, we
suggest that study of the molecular KRAS codon-12
and codon-13 mutations with chemotherapeutic
drugs response for anti-EGFR could be further
explored.

Conclusion

The association between KRAS codon-12 and
codon-13 mutations and prognostic outcome of
CRC patients should be used for the prognostic
biomarkers, clinically. The clinical outcome of
progression in the patients related to lymph
node metastases as well as a mucinous colorectal
adenocarcinoma histology type.

Take home messages

The mCRC patients including of both the
sporadic and hereditary CRC patients with the
specific clinical outcome of progression as well
as the novel molecular biomarkers for diag-
nosis, prognosis, monitoring, and treatments
could be further investigated, clinically.
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