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Growth response of human colorectal tumour cell lines
to treatment with afatinib (BIBW2992), an irreversible
erbB family blocker, and its association with
expression of HER family members
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Abstract. Despite the approval of the anti-epidermal growth
factor receptor (EGFR) monoclonal antibodies (mAbs), cetu-
ximab and panitumumab, for the treatment of colorectal cancer
patients, there is currently no reliable predictive marker for
response to therapy. In addition, the duration of response is
often limited. Therefore, this study aimed to investigate the
effect of afatinib, an irreversible erbB family blocker, as a
single agent or in combination with cytotoxic drugs (5-fluor-
ouracil, irinotecan and oxaliplatin) or mAb ICR62 on the
proliferation of a panel of human colorectal tumour cell lines
and the association between the expression levels of the EGFR
family members and response to treatment. Of the cells
examined, EGFR-overexpressing DiFi cells were the most
sensitive to treatment with both afatinib (IC;,=45 nM) and
ICR62 (IC5,=4.33 nM). Afatinib also inhibited the growth of
other tumour cell lines with IC, values which ranged from
0.33 uM (CCL-221) to 1.62 uM (HCT-116). A significant asso-
ciation was found between the co-expression of EGFR, human
epidermal growth factor receptor (HER)-2 and HER-3 and
response to treatment with afatinib (R=0.915, P=0.021). Treat-
ment with afatinib and cytotoxic drugs was accompanied by
an increase in the proportion of these cells in the sub-G0/G1
and in the S and G2/M phase of the cell cycle, respectively.
We conclude that afatinib as monotherapy or in combination
with other drugs shows activity in colorectal tumour cells and
that determination of the co-expression of HER family members
should be conducted in clinical trials using drugs targeting
erbB signaling. This approach could lead to the identification
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of a specific subpopulation of cancer patients more likely to
benefit from erbB-directed therapy.

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
type of cancer (1,230,000) and the fourth leading cause of
cancer death (608,000) worldwide (1). Despite major advances
in our understanding of CRC biology and improvements in
CRC screening, diagnosis and treatment, the majority of CRC
patients are diagnosed with locally advanced or metastatic
disease and have a poor outcome and die of their disease (2,3).
A major challenge is the identification of biological marker(s)
which are important in predicting the progression of CRC. A
further challenge is the development of novel and more specific
therapeutic strategies for the treatment of this disease. The
development of such markers could aid in the selection of a
more specific subpopulation of CRC patients who would be
more likely to benefit from such therapies and could also
reduce unnecessary treatments and high healthcare costs (2).
In the past thirty years, the aberrant expression of members
of the type-I growth factor receptor subfamily has been
reported in a wide range of human epithelial malignancies
and, in some studies, these were associated with a poor prog-
nosis and resistance to conventional forms of therapies (4-7).
The epidermal growth factor receptor (EGFR) is the prototype
of the type-I growth factor receptor subfamily, which includes
three additional known members: Human epidermal growth
factor receptor (HER)-2 (Neu, c-erbB-2), HER-3 (c-erbB-3)
and HER-4 (c-erbB-4). The binding of ligands to the external
domain of EGFR leads to the formation of homo- or hetero-
dimers with members of this family. Transphosphorylation of
several tyrosine residues in the intracellular domain of these
receptors leads to the activation of multiple downstream
signaling pathways, including the ras/raf/ MAPK, JAK-STAT
and the PI-3/Akt pathways (8,9). The biological consequences
of aberrant erbB receptor family activation in human malig-
nancies include: Increased cell proliferation, reduced apoptosis,
increased angiogenesis, increased motility, invasion and
metastasis which are the hallmarks of human cancers (9,10).
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These observations have led to the strategic development and
approval of several erbB receptor targeting drugs, including
the anti-EGFR monoclonal antibodies (mAbs), cetuximab and
panitumumab, the anti-HER-2 mAb, Herceptin, the small
molecule EGFR tyrosine kinase inhibitors (TKIs), gefitinib
and erlotinib, as well as lapatinib, which is a dual reversible
EGFR and HER-2 TKI, for the treatment of cancer patients
(11-15). Of the EGFR inhibitors, cetuximab and panitumumab
have been approved for the treatment of patients with metastatic
CRC. However, while these agents in combination with standard
chemotherapy improve the survival of CRC cancer patients,
the duration of response is often limited. In addition, no clear
association has been reported between the expression of EGFR
in CRC and response to the EGFR inhibitors (9). In some
studies, the expression of other growth factor receptors (e.g.,
HER-2, HER-3 and IGF-IR), EGFR gene amplification, the
presence of somatic EGFR mutations in exons 18 to 21,
mutations of KRAS or PTEN, and the amplification of MET
or the expression of autocrine growth factors (e.g., TGFa,
amphiregulin) have been suggested as indicators of response
or resistance to therapy with the EGFR inhibitors (9,10,16-19).

We have previously investigated the growth response of a
panel of human colorectal tumour cell lines to treatment with
our anti-EGFR mAb, ICR62, used alone and in combination
with the reversible EGFR TKI, gefitinib (20). We found that,
with the exception of the EGFR overexpressing cell line, DiFi,
which was highly sensitive to treatment with both ICR62 and
gefitinib, treatment with a combination of ICR62 and gefitinib
did not enhance the growth inhibitory effect of the single
agent in DiFi cells nor did it sensitize colorectal tumour cells
that were insensitive to treatment with the single agent (20). The
aim of this study was to evaluate the sensitivity of these colo-
rectal tumour cell lines to treatment with afatinib (BIBW2992),
an irreversible erbB family blocker (21-28) currently used in
phase III clinical trials, and various cytotoxic drugs. Unlike
gefitinib, afatinib is an anilinoquinazoline designed to covalently
bind to erbB receptors and irreversibly inhibit their enzymatic
activity. While afatinib has shown anti-proliferative activity in
many cell lines and in vivo anti-tumour activity in preclinical
lung cancer models containing various forms of EGFR muta-
tions, including T790M point mutations (23), to our knowledge,
this is the first study systematically investigating the response
of human colorectal tumour cell lines to treatment with afatinib
and/or cytotoxic drugs. The relationship between the expression
of EGFR family members and growth inhibition by these
agents and their effects on cell cycle distribution were also
investigated.

Materials and methods

Tumour cell lines. The human colorectal tumour cell lines,
CCL-221 (Dukes' C), CCL-225 (Dukes' C), CCL-228 (Dukes' B),
CCL-244 (tumour stage unknown) and CCL-235 (Dukes' D),
were purchased from the American Type Culture Collection
(Manassas, VA, USA) and HCT-116 (tumour stage unknown)
from the European Collection of Cell Culture (Porton Down,
UK). Other human colorectal tumour cell lines used in this
study included our two newly established cell lines, Colo-2
(Dukes' A) and Colo-13 (Dukes' C), and the EGFR over-
expressing cell line, DiFi, which was established from a patient
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with familial adenomatous polyposis (FAP) and was kindly
provided by Dr Z. Fan (MD-Anderson Cancer Centre) (20).
All the cell lines were routinely cultured in Dulbecco's modi-
fied Eagle's medium (DMEM) (Sigma, UK) supplemented
with 10% foetal bovine serum (FBS) (PAA Laboratories, UK)
and the antibiotics, penicillin, streptomycin and neomycin,
were maintained at 37°C in a humidified atmosphere with 5%
CO,.

Antibodies, EGFR inhibitors and other reagents. The rat
monoclonal antibody, ICR62 (IgG,,), was raised against the
external domain of the EGFR on the breast carcinoma cell
line (MDA-MB468) (29). The mouse monoclonal antibodies,
HMS50.67A and HM43.16B, were raised against the external
domain of the HER-2 and EGFR, respectively (30). The mouse
monoclonal antibodies, MAB3481 (anti-HER-3) and MABI11311
(anti-HER-4), were purchased from R&D Systems (Oxford,
UK). The secondary antibody used in this study was FITC-
conjugated rabbit anti-mouse IgG (Abd Serotech, UK). The
irreversible EGFR/HER-2 TKI, afatinib, was kindly provided
by Boehringer Ingleheim (Austria). The cytotoxic drugs,
5-fluorouracil (5-FU), irinotecan and oxaliplatin, were purchased
from Sigma-Aldrich (Dorset, UK).

Flow cytometry. The cell surface expression of growth factor
receptors was determined using FACS analysis. Approximately
1x10° tumour cells in 1 ml of DMEM/2% FBS were incubated
with primary mouse antibodies or control medium or for 1 h
by rotation at 4°C. Tumour cells were washed three times by
centrifugation for 5 min at 1,000 rpm and resuspension in
DMEM/2% FBS, prior to incubation with FITC-conjugated
goat anti-mouse IgG secondary antibody. Following rotation
for 1 h at 4°C, tumour cells were washed three more times and
the final cell pellet was resuspended in FACSFlow buffer
(Becton-Dickinson Ltd., UK). A minimum of 10,000 events
were recorded by excitation with an argon laser at 488 nm,
and analysed using the FL-1 detector (FITC detector; 525 nm)
of a BD FACScalibur flow cytometer (Becton-Dickinson)
using CellQuest Pro software.

Growth response studies. Tumour cells were seeded at a density
of 5x10° cells/well in 100 ul growth medium supplemented
with 2% FBS in a 96-well plate. After 4-h incubation at 37°C
(in a humidified atmosphere, in 5% CO,) 100 pl aliquots of
doubling dilutions of the single agents or in combination were
added to triplicate wells. Cells were incubated at 37°C until
the cells in the wells containing only control medium were
near confluent. Tumour cells were then fixed with 10%
trichloroacetic acid (TCA) for 1 h, washed with tap water, air
dried and stained with 0.04% SRB in 1% acetic acid for a
further 1 h. Subsequently, the cells were washed with 1%
acetic acid, air dried and SRB stain was solubilised with
10 mM Tris-base (100 pl per well) and the absorbance of each
well was measured at 565 nm using an Epoch plate reader
(Thermo Fisher, UK). The initial number of cells (prior to
treatment) was determined by setting up a control plate which
was processed under the same conditions after 4-h incubation
at 37°C without the inhibitors. The effect of afatinib in
combination with other inhibitors was assessed using the
combination index (CI) as described in the CalcuSyn software
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Figure 1. The cell surface expression of EGFR family members measured by FACS analysis in colorectal tumour cell lines. Approximately 1x10° tumour cells
were incubated for 1 h at 4°C with control medium or primary antibodies. Tumour cells were incubated with FITC-conjugated secondary antibody and 10,000
events were recorded and analysed for growth factor receptor expression as described in Materials and methods. Columns represent mean fluorescence intensity

and bars the means + SD.

manual. Data were analysed using Gen5 (Biotek, UK) and
Calcusyn software (Biosoft, UK).

Statistical analysis. The relationship between the EGF family
receptor expression and response to treatment was assessed
using linear regression, and the one-way analysis of variance
(ANOVA) test. A value of P<0.05 was considered to be statis-
tically significant.

Cell cycle distribution analysis. Approximately 2.5x10°
tumour cells were seeded into 25 cm? culture flasks containing
10 ml of DMEM/2% FBS plus afatinib, cytotoxic drugs or
control medium. Following a 5-day incubation at 37°C (5%
CO,), the supernatants were collected and the adherent cells
were trypsinised and pooled together with the cell supernatant.
The cells were then washed three times in cold PBS and the
final resulting pellet was resuspended in 200 ul of cold PBS
and permeablised in 1 ml of cold 70% ethanol (in PBS).
Following an overnight incubation at 4°C, the tumour cells
were then washed once in PBS and incubated with 0.5 ml of
propidium iodide (PI)/RNase buffer (Becton-Dickinson) for
30 min at room temperature in the dark. The PI-stained
tumour cells were then excited at 488 nm and analysed using
the FL-3 detector of a BD FACScalibur flow cytometer
(Becton-Dickinson) and CellQuest Pro software.

Results

Expression of cell surface EGFR family members in human
colorectal tumour cell lines. The cell surface expression of
EGFR family members (EGFR/HER-1, HER-2/neu, HER-3
and HER-4) was detected by FACS analysis in reference to
the control cell lines (Fig. 1). FACS analysis showed that the
mean fluorescence intensities (MFIs) for EGFR expression
ranged from 4.5 (CCL-244) to 513 (DiFi) and for HER-2

expression ranged from 17 (HCT-116) to 64 (CCL-221). All
colorectal tumour cell lines were found to be HER-4-negative
while expressing low levels of HER-3 with MFI values ranging
from 9 (HCT-116) to 25 (CCL-225) (Fig. 1).

Growth response of human colorectal tumour cell lines to
treatment with afatinib and/or other inhibitors. Of the 9
colorectal tumour cell lines examined, DiFi was the most
sensitive cell line to treatment with afatinib and complete
inhibition was achieved at concentrations above 198 nM
(IC5,=45 nM) (Fig. 2A, Table I). In contrast, mAb ICR62 and
gefitinib induced complete growth inhibition of DiFi cells at
concentrations above 6.25 (IC5,=4.33 nM) and 400 nM
(IC5,=110 nM), respectively (data not shown). The growth of
CCL-244 and other colorectal tumour cell lines was also
completely inhibited by afatinib but at concentrations above
1.5 and 3.1 uM, respectively with an ICy, which ranged from
318 (CCL-244) to 1.62 uM (HCT-116) (Fig. 2A; Table I). Of
the cytotoxic drugs tested, 5-FU was found to have the lowest
ICy, values for the growth inhibition of CCL-221, CCL-225,
CCL-244, Colo-13 and DiFi cells and oxaliplatin had the
lowest 1Cs, values for the growth inhibition of CCL-235,
Colo-2 and HCT-116 cells (Table I). 5-FU induced complete
growth inhibition of DiFi cells at concentrations above 1.5 yM
(IC5,=200 nM) (Fig. 2B; Table I). Similar to DiFi cells,
Colo-13 was also found to be highly sensitive to treatment with
5-FU (IC5,=390 nM) compared to irinotecan (IC5,=1.93 yM)
and oxaliplatin (IC5,=1.05 uM) (Table I).

Previously, we examined the growth response of a panel of
human colorectal tumour cell lines to treatment with our anti-
EGFR mAb, ICR62, and/or gefitinib, a reversible and selective
EGFR TKI, and found that most colorectal tumour cell lines
were relatively resistant to treatment with both inhibitors (20).
Therefore, we investigated whether the treatment with the
combination of afatinib and ICR62 or other standard therapy
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Figure 2. The effect of doubling dilutions of irreversible small molecule TKI BIBW2992 (A) and cytotoxic agent 5-FU (B) on the growth of human colorectal
tumour cell lines. Tumour cell proliferation was calculated as a percentage of the control cell growth, as described in Materials and methods. Each point

represents the mean of a triplicate value + SD.

Table I. The ICs, values (uM) for cytotoxic drugs and BIBW2992 against a panel of human colorectal tumour cells.

Inhibitors CCL-221  CCL-225 CCL-228 CCL-235 CCL-244  Colo-2 Colo-13 DiFi HCT-116
5-FU 1.62 4.66 5.16 2.35 1.25 4.00 0.39 0.20 2.67
Irinotecan 347 6.13 222 7.38 10.93 491 1.93 0.76 441
Oxaliplatin 7.15 11.93 2.30 0.99 2.54 3.33 1.05 1.59 1.57
BIBW2992 0.33 1.47 1.35 0.71 0.32 1.09 1.08 0.045 1.62
ICR62 n/a n/a n/a n/a n/a n/a n/a 0.004 n/a

n/a, Not available.

would enhance the growth inhibitory effect of the single agent
in a sub-panel of colorectal tumour cell lines established from
patients at different stages of the disease [i.e., Colo-2 (Dukes' A),
CCL-228 (Dukes' B), CCL-221 (Dukes' C) and CCL-235
(Dukes' D)], as well as DiFi cells established from a patient
with FAP. We found that the combination of afatinib with
both ICR62 (CI=0.60; Table II) or 5-FU (CI=0.45; Table II)

was synergistic and increased the growth inhibition of the
EGFR overexpressing DiFi cells, thus differing from previous
observations with the ICR62/gefitinib combination. The
combination of afatinib with 5-FU had a nearly additive effect
on the growth inhibition of CCL-235 cells (CI=0.95). The
same combination was found to have antagonistic effects in
CCL-228, CCL-221 and Colo-2 cells (Table II).
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Table II. CI of BIBW2992 in combination with 5-FU in the
treatment of human colorectal tumour cell lines.

Agents Cell line CI Effect

Colo-2
CCL-228
CCL-221
CCL-235
DiFi
DiFi

1.52
143
1.77
0.95
0.45
0.60

BIBW2992+5FU
BIBW2992+5FU
BIBW2992+5FU
BIBW2992+5FU
BIBW2992+5FU
BIBW2992+ICR62

Antagonism
Moderate antagonism
Antagonism

Nearly additive
Synergism
Synergism®

*BIBW2992 in combination with ICR62.
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Figure 3. Linear regression analysis of EGFR (A), HER-2 (B) and HER-3 (C)
expression versus response to BIBW2992 represented as ICs, (#M) in a
panel of human colorectal tumour cell lines.

Relationship between the expression of EGFR family members
and response to treatment. In order to determine whether
there was a statistically significant relationship between the
expression of EGFR, HER-2, HER-3 and HER-4 and sensi-
tivity to treatment with afatinib, we conducted linear regression

analysis of the ICs, values of afatinib against the MFI values
of each EGFR family member. No significant association was
found between the expression of EGFR (R=0.558, P=0.119),
HER-2 (R=0.164, P=0.673) or HER-3 (R=0.236, P=0.541) and
the response to afatinib (Fig. 3). However, there was a signifi-
cant association between the co-expression of EGFR, HER-2
and HER-3 and the response to treatment with afatinib (R=0.915,
P=0.021).

Changes in cell cycle phase distribution of human colorectal
tumour cell lines treated with afatinib and cytotoxic drugs.
Finally, we examined the changes in the cell cycle phase
distribution of human colorectal tumour cell lines following
treatment with afatinib and cytotoxic drugs using FACS
analysis. Treatment of these cell lines with afatinib effectively
increased the proportion of the cells in the sub-GO/G1 phase
of the cell cycle in all cell lines (Fig. 4). This was accompanied
by a reduction in the proportion of cells in the G1, S and
G2/M phases of the cell cycle. In contrast, treatment of these
cell lines with cytotoxic drugs increased the proportion of the
cells in the S and G2/M phase of the cell cycle (Fig. 4).

Discussion

The aberrant expression of EGFR has been reported in a wide
range of human cancers and has been associated with metas-
tasis and poor prognosis (5,7,10,31). This has resulted in the
development of molecular therapies targeting EGFR and the
subsequent approval of anti-EGFR monoclonal antibodies,
such as cetuximab and panitumumab, for the treatment of
patients with various types of cancer including metastatic
CRC (11,14). However, despite extensive studies, there are
currently no clear markers for predicting the response to
therapy with the EGFR inhibitors (9). In particular, there has
been no clear association between the expression of EGFR
and response to anti-EGFR inhibitors (9,32,33). Many studies
have assessed the status of other markers downstream of the
EGFR, such as mutations in KRAS, BRAF, PIK3CA and the
loss of PTEN as a negative predictive marker of response to
anti-EGFR therapies (9,34). Of these, KRAS mutations occur
in about 30-40% of CRC patients and are generally associated
with resistance to therapy with anti-EGFR therapy (9,35-38).
Consequently, the provisional clinical opinion of the American
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Society of Clinical Oncology is that all patients with metastatic
CRC who are candidates for therapy with anti-EGFR anti-
bodies should have their tumour tested for KRAS mutations
and if KRAS mutation in codon 12 or 13 is present, then such
patients should not be given therapy with anti-EGFR
antibodies as a part of their treatment (39). However, clinical
responses with EGFR-targeting antibodies were not noted in
all patients with the wild-type KRAS and there were rare
cases in which patients with the KRAS mutations responded
to treatment with anti-EGFR mAbs. For example, Amado et al
analysed tumours from 124 panitumumab-treated metastatic
CRC patients. They found a partial response in only 21 (i.e.,
17%) of 124 patients with wild-type KRAS (37). In the current
preclinical investigation, we did not find any clear association
between KRAS status of the human colorectal tumour cell
lines and response to treatment with afatinib. The majority of
colorectal tumour cell lines in this study contained KRAS
mutations (i.e. CCL-221, CCL-225, CCL-228, CCL-235 and
HCT-116) (40,41). We found that both CCL-244, expressing
wild-type KRAS (42), and CCL-221 mutated KRAS were
equally sensitive to treatment with afatinib with I1Cs, values of
0.32 uM and 0.33 uM (Table I). Both cell lines displayed poor
sensitivity (>1 uM) to the chemotherapeutic agents tested.
These results suggest that the KRAS status alone is not a
reliable indicator of response to treatment with small molecule
erbB inhibitors and therefore, there is a need for identification
of additional predictive biomarkers.

To this end, we examined the cell surface expression of all
EGFR family members in a large panel of human colorectal
tumour cell lines and determined whether there was any
association between their expression levels and response to
treatment with afatinib, mAb ICR62 and/or other standard
therapies. Of the 9 colorectal tumour cell lines studied, only
DiFi cells significantly overexpressed EGFR and these cells
were highly sensitive to growth inhibition by both afatinib
(Fig. 2A) and mAb ICR62 (Table I). The sensitivity of other
EGFR overexpressing human tumour cell lines to growth
inhibition by the EGFR inhibitors has also been reported in
other studies (20,29,43). However, to our knowledge there are
only two studies which examine the expression pattern and
prognostic significance of all EGFR family members in CRC
patients (44.,45). In one study, Lee et al examined 125 Dukes'
A-D patient tumour samples and found that 52, 34, 45 and
27% of the cases were EGFR- (64 of 125), HER-2- (44 of
125), HER-3- (46 of 125) or HER-4- (27 of 125) positive,
respectively (44). In another study, Baiocchi et al examined
the expression patterns of the EGFR family members in 109
patients with high-risk stage II and III CRC and reported
EGFR, HER-2, HER-3 and HER-4 positivity in 58, 8, 70 and
11% of the cases, respectively (45). These results suggest that
the co-expression of EGFR family members is common in
patients with CRC. Of note, while we did not find any signifi-
cant association between the expression of EGFR, HER-2 or
HER-3 and response to afatinib, there was a significant
association between the co-expression of EGFR, HER-2 and
HER-3 and response to treatment with afatinib (R=0.915,
P=0.021). Taken together, these results suggest the need for
erbB receptor co-expression analyses in future studies in
order to assess their predictive value for response to therapy
with small molecule erbB inhibitors.
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Afatinib has previously been shown to be effective in
inhibiting the growth in vitro and in vivo of EGFR and HER-2
expressing tumours (23,46). In this study, afatinib inhibited
the proliferation of all human colorectal tumour cell lines and
the IC;, values for afatinib were found to be up to 50 times
lower compared to gefitinib (20) (data not shown). At the
maximum concentration of 200 nM of ICR62, only DiFi cells
were highly sensitive to growth inhibition and complete
growth inhibition of DiFi cells was achieved at concentrations
above 6.25 nM (IC5,=4.33nM). We have reported previously
that while the mechanisms of action of mAb ICR62 differ
from the reversible EGFR TKI gefitinib, dual targeting of the
EGFR by a combination of ICR62 and gefitinib was not
superior to treatment with either agent alone (20). Therefore,
we examined the effect of co-targeting EGFR in colorectal
tumour cells with a combination of ICR62 and afatinib and
found that treatment with a combination of the two agents was
superior to treatment with either single agent in DiFi cells.
Similarly, superior effects of the afatinib/5-FU combination
were noted when tested in DiFi cells (Table II). We found that
the marked anti-proliferative effect of afatinib on our panel of
human colorectal tumour cell lines was accompanied by
substantial increases in apoptotic cells and cell cycle arrest in
the GO/G1 phase (Fig. 4). Afatinib has previously been shown
to cause cell cycle arrest in GO/GI in other tumour cell lines
(46). Treatment of the same cells with the cytotoxic drugs
caused a blockade in the S and G2/M phase of the cell cycle
(Fig. 4). As expected, the mode of action of 5-FU differs from
that of afatinib and superior growth inhibition of human
colorectal tumour cells may be achieved when it is used in
combination. However, while treatment with a combination of
afatinib and 5-FU produced a synergistic effect in DiFi cells,
which are sensitive (<1 gM) to both single agents, such a
combination produced antagonistic effects in three of the human
colorectal tumour cell lines used in this study (Table II). The
lower sensitivity (>1 uM) of these cell lines to single agent
treatments may reflect the need to confirm proper target
modulation by the respective combination partners. These
results clearly demand further investigation of the therapeutic
potential of erbB inhibitors in combination with other thera-
peutic agents. They also reflect the need for properly preselecting
patients entering clinical trials based on their erbB pathway
deregulation as assessed by mutation, overexpression or
co-expression patterns of erbB receptors and cognate ligands.

In conclusion, in this in vitro study we determined the
expression and predictive value of EGFR family members for
response to treatment with the irreversible erbB family blocker,
afatinib, in a panel of CRC cell lines and found that the
co-expression of EGFR, HER-2 and HER-3 is associated with
response to treatment with afatinib. Our results underline the
need for further investigation into the predictive value of
EGFR family members for response to treatment with small
molecule erbB inhibitors, such as afatinib, when used as a
single agent or in combination with other standard chemo-
therapeutic agents in patients with CRC.
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