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The S492R EGFR ectodomain mutation is never
detected in KRAS wild-type colorectal carcinoma
before exposure to EGFR monoclonal antibodies
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The activity of the epidermal growth factor receptor (EGFR) antibodies cetuximab and panitumumab in metastatic
colorectal carcinoma (mCRC) is significantly limited by molecular mechanisms leading to intrinsic or acquired resistance.
The S492R mutation of the EGFR, which is caused by either the 1476C>A or the 1474A>C substitution, interferes with
binding to cetuximab but not to panitumumab, and has been detected in mCRC with acquired resistance to cetuximab.
Since mechanisms of acquired and intrinsic resistance to EGFR monoclonal antibodies in CRC significantly overlap, we
evaluated the frequency of the S492R mutation in a series of KRAS-exon 2 wild-type CRC patients. Genomic DNA was
extracted from formalin fixed paraffin embedded (FFPE) tissues that were obtained from 505 systemic therapy-naive CRC
patients. A PCR/sequencing method for the detection of the S492R mutation was developed, by using as positive control
a plasmid in which the 1474A>C mutation was generated by site directed mutagenesis. The lowest level of detection of
this assay was approximately 10% mutant DNA in a background of wild-type DNA. PCR sequencing analysis revealed no
S492R mutations in any of the analyzed 505 CRC specimens. Our findings suggest that the S492R mutation is not involved
in primary resistance to cetuximab in CRC. Therefore, patients with mCRC should not be routinely screened for this muta-

tion prior therapy with cetuximab.

Introduction

The epidermal growth factor receptor (EGFR) is expressed
in a majority of colorectal carcinomas (CRC), and the EGFR
antibodies cetuximab and panitumumab have been approved for
treatment of metastatic CRC (mCRC)."?> However, the activ-
ity of EGFR antibodies is significantly limited by molecular
mechanisms leading to intrinsic or acquired resistance to these
agents.>

Intrinsic resistance to EGFR monoclonal antibodies in CRC
is due to constitutive activation of signaling pathways leading
to EGFR-independent cell growth. Indeed, mutations in the
KRAS or NRAS genes have been associated with resistance to
both cetuximab and panitumumab in different studies. These
drugs have been approved for patients that do not carry exon
2 KRAS mutations, although the use of panitumumab has
been recently restricted only to KRAS/NRAS exons 2, 3, and
4 wild-type patients.”>” The role of BRAF mutations is more
controversial, since some studies have demonstrated a prognostic
rather than a predictive value of these molecular alterations.>*%?
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However, there is common agreement on the fact that BRAF
mutant patients do not respond to currently available therapies
and should undergo more intensive treatments. Molecular altera-
tions in other signaling proteins, such as PI3K and PTEN, have
also been hypothesized to play a role in regulating sensitivity to
anti-EGFR agents.>>10-12

Some recent studies have shed light on the mechanisms of
acquired resistance to EGFR monoclonal antibodies in CRC.
Amplification of ErbB-2 and/or increased serum levels of the
ErbB-2 ligand heregulin, as well as MET amplification, have been
reported to be associated with acquired resistance to cetuximab
and panitumumab in mCRC."*"" Interestingly, KRAS mutations
have also been detected, at the time of tumor progression, in
tumors from KRAS-wild-type patients that initially responded
to EGFR monoclonal antibodies.'>”” Conversely, ErbB-2 gene
amplification has been detected in approximately 3% KRAS
wild-type mCRC prior to exposure to EGFR monoclonal anti-
bodies and is associated with reduced response to these agents."
These findings imply that mechanisms of acquired and intrinsic
resistance might significantly overlap.
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Figure 1. Sensitivity of PCR sequencing: plasmid DNA carrying the
c.1474A>C EGFR point mutation was mixed with plasmid wild-type DNA
in dilutions of 50%, 20%, 10%, and 5%. Reverse sequencing chromato-
grams are shown.

All the mechanisms of resistance to EGFR monoclonal
antibodies in CRC described up to now affect sensitivity to
both cetuximab and panitumumab with one exception. A
recent study reported that cell lines with acquired resistance
to cetuximab showed a mutation of the extracellular domain
of the EGFR, 1476C>A, leading to a substitution of serine to
arginine at amino acid 492 (S492R)."® This mutation inter-
feres with binding to cetuximab but not to panitumumab.
Indeed, cell lines with the EGFR S492R mutation showed sen-
sitivity to panitumumab but not to cetuximab. Importantly,
a S492R mutation was detected in two patients with mCRC
and acquired resistance to cetuximab. One patient carried the
1476C>A substitution, the other a 1474A>C mutation causing
the same amino acid substitution. Mutations in this codon were
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not detected in a small cohort (n.156) of tumors from therapy-
naive subjects with mCRC. However, the frequency of this
mutation has not been investigated up to now in an adequate
cohort of patients.

Since mechanisms leading to acquired resistance might also
be involved in the intrinsic resistance to EGFR monoclonal anti-
bodies in mCRC, the S492R mutations might represent a poten-
tial mechanism of resistance to cetuximab in patients that have
not been exposed yet to this drug. In this regard, it is impor-
tant to define the frequency of the S492R mutation in untreated
patients, in order to assess whether mCRC patients should be
routinely screened for this molecular alteration. To this end, we
evaluated the frequency of the S492R mutation in a relatively
large series of KRAS-exon 2 wild-type mCRC patients.

Results

We first developed an assay to detect the S492R mutation.
Since two different nucleotide substitutions have been described
to cause this change in mCRC patients, we set up an assay based
on PCR amplification of genomic DNA and direct sequencing
of the PCR product by Sanger sequencing. In order to assess the
sensitivity and specificity of the assay, we generated a positive
control carrying the 1474A>C mutation by site directed muta-
genesis, as described in the methods. Next, the sensitivity of
the test was determined by assaying dilutions of mutant DNA
in wild-type DNA in proportions of 100%, 80%), 50%), 40%,
20%, 10%, and 5%. The DNA mixtures were amplified by
PCR and sequences were analyzed to identify the presence of the
1474A>C mutation. Samples were defined as mutant only when
the mutation was evident in at least two different chromatograms
obtained from two different PCR reactions. The lowest level of
detection was approximately 10% mutant DNA in a background
of wild-type DNA, as found in three independent experiments.
Representative results are shown in Figure 1.

We next analyzed 505 KRAS-exon 2 wild-type formalin
fixed paraffin embedded (FFPE) samples from CRC patients.
The characteristics of the patients from which the tumors were
obtained are described in Table 1. In agreement with current
indications for anti-EGFR therapies in CRC, 88% of the cases
were in stage IV, with 66% of the patients having nodal involve-
ment at the time of the diagnosis.

Tumor specimens were obtained before patients received any
systemic therapy. Primary tumors were available in the majority
of the cases (93%), metastases were analyzed for few patients.
The tumor cell percentage of each specimen was assessed, and
tumor macrodissection was performed for tumor samples con-
taining a tumor cell percentage <50%. The final tumor cell
content was =50% for all samples. All cases were wild-type for
KRAS exon 2 mutations by PCR/sequencing analysis, that was
performed as previously described.” For EGFR S492R muta-
tional analysis, two independent PCR reactions and sequences
in forward and reverse were obtained for each sample. PCR
sequencing analysis revealed no S492R mutation in any of the
analyzed specimens.
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Discussion

The approval of EGFR monoclonal antibodies for mCRC
patients without mutations in the exon 2 of KRAS, has led medi-
cal oncologist to classify CRC in two major subgroups on the basis
of the presence or absence of these mutations. However, KRAS
exon 2-wild-type tumors are an extremely heterogeneous popula-
tion that includes carcinoma with different molecular alterations
and, potentially, different possibility to respond to anti-EGFR
agents. For example, a recent report suggested that patients with
KRAS exon 3 and 4 mutations, as well as those carrying vari-
ants in NRAS exon 2, 3, and 4, do not benefit of panitumumab
treatment.” Although conclusive data are not available yet, pre-
liminary findings suggest that these molecular alterations might
also predict resistance to cetuximab.’ In this respect, assessment
of mechanisms of intrinsic resistance is required in order to bet-
ter select patients that might benefit of treatment with EGFR
monoclonal antibodies.

Interestingly, some molecular alterations seem to be involved
in both intrinsic and acquired resistance to anti-EGFR agents,
such as recently hypothesized for ErbB-2 signaling activation,
through either ErbB-2 gene amplification or increased secretion
of heregulin, or KRAS mutations.”>'*!® Here, we clearly dem-
onstrate that this is not the case for the S492R mutation that
is never detected in CRC prior to exposure to cetuximab. We
must acknowledge that we used a relatively low sensitive tech-
nique to study the expression of this mutation, and therefore low
levels of mutant alleles might not have been detected with our
approach. However, deep sequencing of pre-treatment samples
from tumors showing the S492R mutation at disease progres-
sion, failed to identify this molecular alteration before exposure
to cetuximab, suggesting that this mutation might be acquired
during treatment.'

Interestingly, one of the cases in which the S492R mutation
was initially discovered showed only 3% of the alleles carrying
this variant.'® Similarly, in KRAS wild-type patients showing an
acquired KRAS mutation at progression after initial response to
EGFR monoclonal antibodies, a low level of KRAS mutant alleles
was shown in the majority of the cases (range 0.48-17.3%)."° A
recent report has indeed suggested that the presence of low levels
of KRAS mutant alleles are associated with a reduced response
rate and progression-free survival in mCRC patients treated
with EGFR-based therapies.?” However, a major bias of this lat-
ter study is that patients that showed resistance to anti-EGFR
agents were also in more advanced lines of therapy as compared
with sensitive patients, and this unbalance might have clearly
affected the results of this study. Actually, the presence of resis-
tance mutations in a small fraction of tumor cells is unlikely to
cause primary resistance, although it may lead to a reduced pro-
gression free survival as demonstrated for treatment with EGFR
tyrosine kinase inhibitors and the T790M resistance mutations
in non-small-cell lung carcinoma (NSCLC).? In this respect, it
is important to underline that the patient with only 3% of alleles
carrying the S492R mutation had also a BRAF mutation that
might have caused the resistance to cetuximab. Therefore, using
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Table 1. Patients’ clinic-pathological characteristics

Characteristics N of patients %
Male 296 59
Gender
Female 209 4
Median 58
Range 21-95
Age at diagnosis
<65 238 47
=65 267 53
Primary tumor 472 93
Tumor site
Metastasis 33 7
G, 22 4
G, 323 64
Grading
G3 121 24
Gx 39 8
111l 63 12
Stage
\% 442 8
T0 17 3
T1 " 2
T status* T2 52 10
T3 320 63
T4 105 22
NO 168 34
N1 178 35
N status*
N2 153 30
N3 6 1

*at diagnosis.

techniques with high sensitivity to detect this mutation should
be performed with extreme caution because it may lead to the
exclusion from the treatment of patients potentially sensitive to
anti-EGFR agents. Finally, the frequency of the S492R mutation
in cetuximab-resistant CRC needs also to be assessed in larger
cohorts of patients. In fact, a recent report failed to identify
this mutation in post-treatment biopsies from 20 patients that
received cetuximab-based therapy.*

In conclusion, our findings suggest that the S492R mutation
is not involved in primary resistance to cetuximab in CRC, and
patients with mCRC should not be routinely screened for this
mutation prior therapy with cetuximab.

Materials and Methods

Samples

FFPE tissues from 505 mCRC patients were obtained from dif-
ferent Italian Surgical Patholgy Departments. Written informed
consent was obtained from all patients prior to testing. The tumor
cell content of each sample was assessed by two pathologists (GB
and FT). All patients were previously screened for KRAS exon 2
mutations by PCR/sequencing as previously described.”
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Site-directed mutagenesis

The EGFR region containing nucleotides 1474-1476 was
amplified by PCR and the obtained amplicons were cloned
into the pCRII-TOPO vector using TOPO TA Cloning Kit
(Invitrogen). Plasmid DNA from positive clones was isolated
using QIAprep spin Miniprep Kit® (Qiagen). The presence and
correct orientation of the insert was confirmed by direct sequenc-
ing. To generate the S492R variant (c.1474A>C point mutation)
into the plasmid DNA template, the QuikChange™ Lightning
Multi Site-Directed Mutagenesis kit (Agilent Technologies) was
used. The presence of the mutation was confirmed by direct
sequencing.

EGEFR sequencing

Genomic DNA was extracted from two 20 pm FFPE sec-
tions using the QIAamp® DNA FFPE Tissue kit (Qiagen) and
the QIAcube apparatus (Qiagen). The genomic region of EGFR

harboring the S492R mutation (c.1474A>C or c.1476C>A,) was
amplified by PCR using the following primers:
EGFR_EX12_FOR: 5-TGTAAAACGA CGGCCAGTGT

GCTATGCAAA TACAATAAAC TGG-3' and EGFR_

EX12_REV: 5-CAGGAAACAG CTATGACCGG

ACCCATTAGA ACCAACTCC-3’

The nucleotides in bold correspond to M13 consensus
sequences, and were used for cycle sequencing with M13 con-
sensus primers.

Sequence analysis was performed on an ABI Prism 3500
Genetic Analyzer (LifeTechnologies). The collected data were
evaluated with the Sequencer 4.8v Analysis Software (GeneCodes
Corporation).
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