
atg act gaa tat aaa ctt gtg gta gtt gga gct GGTGGC gta ggc aag agt

M T E Y K L V V V G A G G V G K S

ata cag cta att cag aat cat ttt gtg gac gaa tat gat cca aca ata gag

I Q L I Q N H F V D E Y D P T I E

agg aag caa gta gta att gat gga gaa acc tgt ctc ttg gat att ctc gac a

R K Q V V I D G E T C L L D I L D

CAA gag gag tac agt gca atg agg gac cag tac atg agg act ggg gag ggc

Q E E Y S A M R D Q Y M R T G E G

gta ttt gcc ata aat aat act aaa tca ttt gaa gat att cac cat tat aga g

V F A I N N K S F E D I H H Y R E

aaa aga gtt aag gac tct gaa gat gta cct atg gtc cta gta gga aat aaa

K R V K D S E D V P M V L V G N K

cct tct aga aca gta gac aca aaa cag gct cag gac tta gca aga agt tat g

P S R T V D T K Q A Q D L A R S Y

ttt att gaa aca tca gca aag aca aga cag ggt gtt gat gat gcc ttc tat a

F I E T S A K T R Q G V D D A F Y

cga gaa att cga aaa cat aaa gaa aag atg agc aaa gat ggt aaa aag aag a

R E I R K H K E K M S K D G K K K

tca aag aca aag tgt gta att atg taa

S K T K C V I M *

KRAS 
mutation status

A Biomarker to establish 
the clinical outcome in 

Metastatic Colorectal
Cancer

APRIL 2009

Focus on...

Sample preparation

PRE-ANALYTICAL REQUIREMENT
Molecular biology for KRAS status is available on:

Paraffin embedded tumoral tissue 
Formalin - not Bouin 
Tumor sample is returned after analysis

or

Unstained slides (10-20 μm thick) 
Paraffin embedded (or cryo) mass tumor : 
5 unstained slides
Paraffin embedded (or cryo) biopsy : 10 unstained
slides

Histology report is mandatory.

TAT: 10 days
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DIRECT SEQUENCING PYROSEQUENCING DHPLC HRM
High Resolution Melting Real time PCR LCD array

SENSITIVITY
(MT/WT, %)

15-20 % 5 % 2-5 % 2-5 % 1-2 % <1 %

A
D

VA
N

TA
G

ES

Detects all genetic
variations in the
sequenced amplicons

Sensitive

Detects only specific
mutations tested

Sensitive

Detects all genetic variations in
the amplicon tested

Sensitive

Detects all genetic
variations in the
amplicon tested

Sensitive

Rapid TAT (1 week)

Detects only specific
mutations tested

Sensitive

Rapid TAT (1 week)

Doesn't require any technical background

Only 1 PCR to identify all the mutations tested

Presence of Wild Type suppressor sequence
(WSC) to enhance sensitivity of the mutation
detection

Detects only specific mutations tested

D
IS

A
D

VA
N

TA
G

ES Lack of sensitivity

Technical background
required 

Extended TAT 
(4 days to 2 weeks)

Technical background
required

Extended TAT (4 days
to 2 weeks)

High technical background
required

Sequencing confirmation requi-
red

Extended TAT (4 days to 2 weeks)

High technical back-
ground required

Sequencing confir-
mation required

Extended TAT 
(4 days to 2 weeks)

Not convenient: detects
only a single specific
mutation per reaction

Expensive (2 primers
and 2 probes for each
specific mutation in
each PCR reaction)
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Clinical use

Colorectal cancer (CRC) is the second most commonly
diagnosed cancer. CRC represents the second most com-
mon cause of deaths world wide. Approximately 30 % of
patients with CRC have metastatic disease at the time of
diagnosis (mCRC).
KRAS mutations screening is performed in cases of
metastatic colorectal cancer (mCRC) for therapeutic decision.
Several studies showed the presence of a hotspot muta-
tional site in codons 12, 13 , 61 and 63 in KRAS oncogene.
KRAS mutation status allows for the identification of
patients who might benefice from anti-EGFR therapies
and avoid a costly and potentially toxic administration of
this treatment in non responsive patients.

Wild-type KRAS status :
Responsive to anti-EGFR therapies

Mutated KRAS :
Non responsive to anti-EGFR therapies

Scientific background

Somatic mutations in the RAS oncogene familly (HRAS, KRAS
and NRAS) are observed in a variety of various malignancies,
including colorectal cancer (33~53 %), pancreatic cancer
(~80 %), lung adenocarcinoma (~30 %), ovarian and endome-
trial cancer, gall bladder cancer, bile duct cancer (~45 %),
thyroid cancer (~55 %) and hematological malignancies.
The KRAS gene is located on chromosome 12 and encodes
for a G protein involved in colorectal carcinogenesis. The
KRAS protein plays a central role in tumor development,
regulating downstream proteins involved in proliferation,
survival, metastasis and angiogenesis via the EGFR
signalling pathway.
The KRAS protein regulates PI3K/AKT and RAS/MEK/ERK
signalling pathways located downstream of many growth
factor receptors, including EGFR. When bound to it’s
ligand, EGFR stimulates tyrosine kinase activity leading to
activation of KRAS and signalling pathways.
Genetic alterations of the intracellular effectors involved
in EGFR-related signalling pathways may have an effect
on response to this targeted therapy. The presence of an
activating mutation in codons 12 and 13, the KRAS protein
is permanently turned on, even without being triggered by
EGFR mediated signalling and the therapies targeting
EGFR are ineffective.

Specific target-directed therapies

3 monoclonal antibodies have been approved for colorectal
cancer therapy including monoclonal antibodies against
epidermal growth factor receptor (EGFR) and vascular
endothelial growth facter (VEGF).
The new therapies targeting EGFR are cetuximab (Erbitux®;
Merck Serono) and panitumumab (Vectibix®; Amgen). The
action of cetuximab or panitumumab is the blockage of
ligand binding receptor and thereby causing the inhibition
of ligand mediated pathway.
The European Commission has granted a market authori-
zation for cetuximab and panitumumab for the treatment
of patients whose tumors harbor normal, non-mutated
(wild type; WT) KRAS gene.

KRAS mutations in exon 2

Additional advances in bio marker use
for direct target therapies

BRAF and PI3K mutations are being explored and seem to
give promising data for a more accurate therapeutic
approach.

DNA Extraction

DNA Quantification 

PCR Mix preparation

PCR

DHPLC : Denaturing High Performance
Liquid Chromatography

Normal Patients Screening

DHPLC

Homoduplex

Sequencing LCD array KIT

Heteroduplex

MacrodissectionHES coloration
Tumor localization

p.G12V; c.35G > T 21,7 - 28,1 %
p.G12A; c.35G > C 6,4 - 8,2 %
p.G12D; c.35G > A 35,7 - 38 %
p.G12S; c.34G > A 7,6 - 9,9 %
p.G12C; c.34G > T 5,3 - 7,6 %
p.G12R; c.34G > C 1,2 - 1,6 %
p.G13D; c.38G > A 11,7 - 15,8 %
p.G13C; c.37G > A 0,6 %

Others (codon 61 and 63)

Codon 12
80 %

Codon 13
15 %

Kras mutations Distribution in metastatic 
colorectal cancer

< 5 %

Wild type sequence control: 
a. WT codon 12; 3’end
b. WT codon 12-13
c. WT codon 13; 5’end

Codon 12 mutations
c.35G>A (p.G12D)

Codon 13 mutations
Hybridization internal
control

Ex: Detection of c.35G>A (p.G12D) in codon 12 of KRAS gene

a b c

No mutation detected Mutation identification

Codon 
12

Codon 
13

c.35G>A

T
Cetuximab

Panitumumab
Ligand (EGF, TGFα)

Autophosphorylation

Activation of signal-tansduction
cascades

EGFR

TK TK TK TKP P

KRAS

Apoptosis
Invasion and
metastasis Anglogenesis

Cell
proliferation

BRAF?
PI3K?

HOW TO MANAGE KRAS MUTATION SCREENING? 
BIOMNIS’ STRATEGY


