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whereas the gefitinib-resistant 1483 xenografts were
unaffected. These data support a role for epithelial to
mesenchymal transition in establishing gefitinib resistance
for both HNSCC and NSCLC, and indicate that clinical trials
should address whether these biomarkers will be useful for
patient selection. [Mol Cancer Ther 2007;6(6):1683 – 91]

Introduction
Abstract
The modest response of patients with head and neck
squamous cell carcinoma (HNSCC) and non – small cell
lung carcinoma (NSCLC) to epithelial growth factor
receptor tyrosine kinase inhibitors such as gefitinib and
erlotinib indicates the need for the development of
biomarkers to predict response. We determined gefitinib
sensitivity in a panel of HNSCC cell lines by a 5-day 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and confirmed these responses with analysis of
downstream signaling by immunoblotting and cell cycle
arrest. Basal gene expression profiles were then determined by microarray analysis and correlated with gefitinib
response. These data were combined with previously
reported NSCLC microarray results to generate a broader
predictive index. Common markers of resistance between
the two tumor types included genes associated with the
epithelial to mesenchymal transition. We confirmed that
increased protein expression of vimentin combined with
the loss of E-cadherin, claudin 4, and claudin 7 by
immunoblotting was associated with gefitinib resistance
in both HNSCC and NSCLC cell lines. In addition, the loss of
the Ca2+-independent cell-cell adhesion molecules EpCAM
and TROP2 in resistant lines was confirmed by immunofluorescence. Tumor xenografts derived from the gefitinibsensitive UM-SCC-2 were growth-delayed by gefitinib,
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Head and neck cancers are the sixth most common
neoplasms in the developed world, resulting in 13,000
deaths in the United States alone (1, 2). Despite improvements in treatment with the use of concurrent chemoradiotherapy in the management of advanced head and
neck squamous cell carcinoma (HNSCC), local/regional
control remains a problem and the 5-year survival rate of
HNSCC patients remains at <50% (3).
In the last decade, the development of new therapeutic
strategies targeting specific tumor-associated proteins has
included monoclonal antibodies directed against growth
factor receptors and small molecules that inhibit tyrosine
kinases. Among these targeted molecules is the epithelial
growth factor receptor (EGFR), which is overexpressed in
many cancers including HNSCC, gliomas, and lung,
ovarian, and pancreatic cancers (4). Only a minority of
patients with HNSCC and non – small cell lung carcinomas
(NSCLC) respond to EGFR-directed inhibition (5 – 9),
indicating the need for predictive markers to select patients
most likely to respond to small molecule EGFR-tyrosine
kinase inhibitors (TKI) or monoclonal antibodies against
EGFR. Although HNSCC and NSCLC are obviously
different diseases, they share common risk factors, and
similar gefitinib response rates would suggest that these
tumor types might have similar resistance mechanisms.
The biological markers associated with objective
responses to EGFR-TKIs in patients with NSCLC include
activating somatic mutations in the kinase domain of the
EGFR and increased EGFR gene copy number (10 – 13).
Increased EGFR gene copy number by fluorescence in situ
hybridization seems to be a predictive marker for survival
(14), but amplification of the EGFR gene is less frequent in
HNSCCs (15), and thus, is unlikely to be predictive for this
tumor type. Mutations in the tyrosine kinase domain may
predict response in NSCLC (16), but such mutations are
uncommon in patients with HNSCC (17, 18). However, the
truncation mutation EGFR variant III (EGFRvIII) has been
identified in >40% of HNSCC tumors, but does not
correlate with resistance to EGFR-TKIs (19). EGFR protein
expression was associated with favorable survival in the
randomized trials comparing gefitinib to placebo or
erlotinib to placebo (14), but does not predict response to
EGFR-directed therapies (9, 20).
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A biological marker associated with primary resistance
to EGFR-TKIs are somatic KRAS mutations in the absence
of EGFR mutations (21, 22). Acquired clinical resistance to
EGFR-TKIs has been shown in patients with lung cancer,
whose tumors have a somatic EGFR mutation in exon-20
(T790M; ref. 23). This mutation has also been suggested as a
cancer susceptibility marker (24).
Recent studies have shown that resistance to gefitinib and
erlotinib in NSCLC cell lines is associated with epithelial to
mesenchymal transition (EMT; refs. 25 – 27). EMT is linked
with the loss of cell-cell adhesion, cellular elongation, and
invasion of the underlying extracellular matrix. EMT
progression is characterized by the loss of proteins
involved in cell junctions such as E-cadherin and the
claudins, and the expression of mesenchymal markers such
as vimentin. This study shows that both HNSCC and
NSCLC cell line panels have a similar predictive profile to
gefitinib response. Disregulation of genes involved in EMT
has been identified as characteristic of high-risk HNSCC
tumors (28), but whether differences in the expression of
EMT genes are directly responsible for gefitinib resistance,
or whether the change in phenotype to a more malignant
and aggressive phenotype makes tumors more inherently
resistant, is unclear.

Materials and Methods
Cell Culture
HNSCC cell lines UM-SCC-2, HN4, UM-SCC-8, HN31,
UM-SCC-10A, MDA-1586, and MDA-584 were provided
by Dr. Scott Weed (West Virginia University, Morgantown, WV) and UM-SCC-22B and UM-SCC-1483 were
from Dr. Jenny Grandis (University of Pittsburgh).
HNSCC cells were cultured in either DMEM (UM-SCC-2,
UM-SCC-8, UM-SCC-10A, UM-SCC-22B, 1483, HN4,
HN31) or RPMI (MDA1586, 584) supplemented with 5%
heat-inactivated fetal bovine serum. Drs. John Minna and
Adi Gazdar (University of Texas Southwestern Medical
School, Dallas, TX) provided H1648, H157, and H460.
Calu3, H1703, A549, and H520 were obtained from
American Type Culture Collection. H322 was provided
by Dr. Al Monstafa (National Research Council, Canada,
Biotechnology Research Institute, Montreal, Quebec, Canada) and H358 was from Dr. Isaiah Fidler (University of
Texas M.D. Anderson Cancer Center, Houston, TX).
NSCLC cells were grown in RPMI with 10% heatinactivated fetal bovine serum.
Determination of Gefitinib Response and the Effect
of Gefitinib on EGFR Signaling Pathways and Cell Cycle
Progression
Gefitinib (ZD1839, Iressa) was kindly provided by
AstraZeneca. The response of NSCLC cell lines to gefitinib
is reported elsewhere (29). The sensitivity of nine HNSCC
cell lines to gefitinib was determined by a 5-day 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. In brief, 4,000 cells/100 AL were seeded into 96-well
plates and allowed to attach overnight. Gefitinib was added
to final concentrations of 0.03 to 10 Amol/L, and the plates

were incubated for 5 days with standard incubation
conditions. After 5 days, 50 AL of 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (2 mg/mL) was
added to each well and incubated for 4 h. The supernatants
were aspirated and the reduced dye was solubilized in
100 AL of a solution containing 75% isopropanol, 2% HCl,
and 23% H2O. Absorbance was read at 490 nm with an
automated plate reader.
HNSCC cells were plated to 80% confluence and
treated with 1 Amol/L of gefitinib for 24 h. Following
cell lysis, 50 Ag of protein were loaded onto 8% SDS-PAGE
gels. After transfer to polyvinylidene difluoride membranes, proteins were blotted for phospho-EGFR (Tyr1068),
total EGFR, phospho-ERK1/2 (Thr202/Tyr204) and total
ERK1/2 using antibodies from Cell Signaling Technology.
h-Actin (clone ACTN05, LabVision) was used as a
loading control.
Cell cycle distribution was determined by fluorescenceactivated cell sorting analysis as previously described (30).
After 24 h incubation with 0, 1, or 10 Amol/L of gefitinib,
cells were trypsinized and stained with saponin, propidium iodide, and RNAse A, then cells were analyzed by
fluorescence-activated cell sorting using a Coulter EPICS,
and ModFit software (Verity Software House) to calculate
cell cycle distributions.
Microarray Analysis
Cells were plated at 2  106 in 10-cm plates 24 h before
harvest. At harvest, plates were rinsed twice with PBS,
and RNA was prepared using a RNeasy mini kit
(Qiagen). RNA stabilization, isolation, and microarray
sample labeling were carried out using standard methods
for reverse transcription and one round of in vitro
transcription (31). HG-U133 set microarrays were hybridized with 10 Ag of cRNA and processed according to the
protocols of the manufacturer (Affymetrix). Hybridization
signals and detection calls were generated in BioConductor (32), using the gcrma and affy packages. Microarray data was analyzed using BRB ArrayTools v3.2
developed by Dr. Richard Simon and Amy Peng Lam.
Hierarchical clustering and multidimensional scaling
were done using the 415 genes comprising the gefitinib
sensitivity – associated profile developed in NSCLC cell
lines. This set of 415 genes was uncovered by comparing
the baseline gene expression of NSCLC cell lines that
were either highly sensitive or highly resistant to
gefitinib (33).
Immunoblotting
The following antibodies and concentrations were used:
mouse monoclonal antibodies for EpCAM (2 Ag/mL,
AbCam, Inc.), vimentin (1 Ag/mL, Lab Vision), actin
(0.5 Ag/mL, Lab Vision), E-cadherin (0.1 Ag/mL, BD
Transduction Laboratories), claudin 4 (1 Ag/mL, Zymed),
and rabbit polyclonal antibodies for claudin 7 (1:2,000,
Zymed) were used according to the recommendations of the
manufacturer.
Immunofluorescence Staining
For EpCAM expression by flow cytometry, 2  105 cells
were incubated with the mouse monoclonal B29.1 (VU-ID9)
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to human EpCam (Abcam) or the isotype-matched control
mouse IgG1 (MOPC-21) clarified ascites (Sigma Chemical
Co., St. Louis, MO). The cells were counterstained with goat
anti-mouse IgG1-FITC (Southern Biotechnology). For
TROP-2 expression by flow cytometry, 2  105 cells were
incubated with the mouse monoclonal antibody clone
77220.11 with high binding affinity for human TROP-2
(R&D Systems, Inc.) or the isotype-matched control mouse
IgG2a (UPC-10) clarified ascites (Sigma Chemical). The cells
were counterstained with goat anti-mouse IgG2a-FITC
(Southern Biotechnology).
All staining was on ice for 45 min, followed by washing
thrice. Following staining, the samples were fixed with 1%
paraformaldehyde and the cell fluorescence was measured
by flow cytometry (Coulter EPICS-XL-MCL). The percentage of HER-3, EpCAM, and TROP-2 – positive cells and
their median fluorescence intensity (MFI) was determined
using Coulter software.
Effect of Gefitinib on Tumor Growth
Athymic 4- to 6-week-old female mice were purchased
from the National Cancer Institute and maintained in
accordance with the institutional guidelines of the University of Colorado Health Sciences animal care facility.
UM-SCC-2 cells and 1483 cells (1  107/100 AL in 1:1
Matrigel/unsupplemented DMEM) were injected s.c. into
the flank area of the mice. When tumors had reached
100 mm3, mice were randomized into two treatment
groups of 10 mice each. The first group received vehicle
solution and the second group received 60 mg/kg
gefitinib, both for 5 d/wk by i.p. injection. Tumor volumes
were measured weekly using a caliper and the following
formula: V = p (smaller diameter)2 (larger diameter) / 6.
Mice were euthanized and tumors were formalin-fixed
and paraffin-embedded.
Immunohistochemical Analysis
Paraffin-embedded tissues were used for the identification of E-cadherin, claudin 4, claudin 7, and vimentin.
Sections were deparaffinized in xylene, treated with a
graded series of alcohols and rehydrated in PBS. Sections
were treated with citrate buffer (E-cadherin, claudin 7,
and vimentin) or EDTA (claudin 4), and heat for epitope
retrieval. Monoclonal antibodies for claudin 4 and
claudin 7 (Zymed Laboratories), vimentin (DakoCytomation), and E-cadherin (Transduction Laboratories)
were used according to the recommendations of the
manufacturer.

Results
Gefitinib-Mediated Growth Inhibition of Human
HNSCC Cell Lines In vitro
A broad range of responses to gefitinib were found in
our panel of HNSCC lines when growth inhibition was
assessed by a 5-day 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The IC50 concentrations
varied from 0.1 to >10 Amol/L as shown in Table 1.
EGFR surface expression assessed by flow cytometry
(fluorescence-activated cell sorting) correlated with response to gefitinib (P = 0.013). In a screen for mutations

commonly found in NSCLC, the HNSCC cell lines in this
study were all wild-type EGFR. In addition, all of the
NSCLC lines included in this study were wild-type
EGFR. EGFR gene expression by microarray did not
correlate with gefitinib response, but cell surface expression as measured by fluorescence-activated cell sorting
indicated that the sensitive HNSCC lines expressed more
EGFR.
Figure 1 shows the results of immunoblotting for total
and phosphorylated EGFR and ERK1/2 after treatment
with 1 Amol/L of gefitinib for 24 h. Drug treatment
inhibited EGFR phosphorylation of all HNSCC cell lines
with an IC50 of >1 Amol/L. In gefitinib-resistant lines, there
was no change in EGFR phosphorylation of UM-SCC10A,
whereas UM-SCC-22B and 1483 phosphorylation decreased, but ERK1/2 phosphorylation was unaffected.
UM-SCC-2, HN4, and UM-SCC-8 ERK1/2 phosphorylation
was inhibited by gefitinib, whereas MDA-1586 and HN31
were unaffected.
The results of cell cycle progression following gefitinib
treatment (1 or 10 Amol/L for 24 h) support the
immunoblot results (Table 1). The four gefitinib-resistant
lines showed little or no G1 cell cycle arrest with 1 Amol/L,
and UM-SCC-22B and 584 showed only modest G1 arrest
with 10 Amol/L. The three cell lines with the greatest
inhibition of ERK1/2 phosphorylation (UM-SCC-2, HN4,
and UM-SCC-8) also had the highest G1 increase with
1 Amol/L, and 10 Amol/L of gefitinib did not greatly
enhance the effect.
Microarray Analysis of HNSCC
To determine the genes associated with sensitivity/
resistance of the HNSCC cell line, we examined the gene
expression profiles of untreated cell lines. This places the
focus on the primary differences between the cell lines
which predispose them to gefitinib sensitivity. We then
examined these HNSCC cell line data for the expression
of the genes associated with sensitivity/resistance in the
NSCLC cell lines with wild-type EGFR. This gene profile
was generated by analyzing the differential expression of
gefitinib-resistant and gefitinib-sensitive NSCLC cell lines.
Gene expression was directly compared using a two-sample
t test, with a nominal P cutoff of 0.001. There were 415
probe sets that met this nominal criterion (33). Sensitivity
was defined as gefitinib IC50 values of V1 Amol/L, and
resistance was defined as IC50 values of z8 Amol/L for
both HNSCC and NSCLC cell lines. Hierarchical clustering
of cell lines based on the expression of the 415 genes in
the gefitinib sensitivity – associated profile showed that
gefitinib-sensitive HNSCC cell lines clustered with sensitive
NSCLC cell lines (Fig. 2). However, within this group of
gefitinib-sensitive lines, HNSCC expression clustered together in a group distinct from NCSLC. Gefitinib-resistant
HNSCC and NSCLC also formed a cluster separate from
the sensitive lines and showed a similar pattern of separate
groups at higher correlation. The one exception to this
observation was the resistant HNSCC cell line, UM-SCC10A, which had a profile more similar to NSCLC than
HNSCC.
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Table 1. Gefitinib IC50s for a panel of HNSCC cell lines as determined by a 5-d 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay, corresponding EGFR gene and cell surface expression, and percentage of cells in G1 phase following 24-h treatment
with 1 or 10 Mmol/L of gefitinib
Cell line

UM-SCC-2
HN4
UM-SCC-8
HN31
MDA-1586
UM-SCC-10A
UM-SCC-22B
584
1483

IC50 (Amol/L gefitinib)

0.2
0.1
0.06
0.2
0.6
>10
>10
>10
>10

Microarray signal

6759
6699
904
3631
568
163
452
553
688

Changes in Gene Expression Associated with EMT
Correlate with Gefitinib Response for Both HNSCC
and NSCLC
We selected a subset of genes shown to be associated
with EMT and evaluated the changes in gene expression in
both HNSCC and NSCLC cell lines. These genes included
those associated with adherens junctions (E-cadherin,
EpCAM/TACSTD1/TROP1, TROP2/TACSTD2, N-cadherin, h-catenin), tight junctions (claudin 4, claudin 7,
occludin, ZO1, ZO2, and ZO3), cell adhesion (EVA1), EMT
signaling pathways (Smads 2, 3, and 4, TGFh, TGFRh1, and
TGFRh2), mesenchymal markers (vimentin and fibronectin), and genes that regulate EMT gene expression (ZEB1,
ZEB2, Snail, LEF1, and RAB25).
As shown in Fig. 2, genes associated with epithelia such
as E-cadherin, were expressed in both HNSCC and NSCLC
cell lines sensitive to gefitinib but were lost in resistant
lines. Expression of the tight junction proteins claudin 4,
claudin 7, and occludin, as well as associated ZO2, were
also expressed in sensitive lines and suppressed in resistant

EGFR expression

Cell cycle (% G1) Amol/L of gefitinib

MFI

Positive (%)

0

1

10

25
28
11
16
11
0
4
6
5

99
98
100
98
100
0
95
91
92

36.5
37.3
52.2
66.9
43.0
46.8
70.4
41.8
36.2

78.8
59.4
81.1
76.6
47.9
40.5
63.4
45.8
33.9

87.9
46.6
79.5
82.3
65.8
41.5
76.5
56.4
35.3

lines. Resistant cell lines had high expression of the
mesenchymal marker vimentin and most showed overexpression of fibronectin. In addition, the expression of the
E-cadherin repressor ZEB1 was elevated in all of the
HNSCC-resistant lines as well as the NSCLC lines.
Microarray Signals Correlate with Protein Expression
of Selected Markers in Both HNSCC and NSCLC
We confirmed that the microarray signals for epithelial
markers E-cadherin, claudin 4, claudin 7, and the
mesenchymal marker vimentin corresponded to protein
expression by immunoblotting using well characterized
antibodies to these proteins. We found that gefitinibresistant HNSCC cell lines lack E-cadherin protein
expression (Fig. 3B). The loss of the epithelial tight
junction proteins claudin 4 and claudin 7 in resistant
HNSCC and NSCLC lines predicted by microarray
analysis was also confirmed by immunoblotting (Table 2;
Fig. 3C). The vimentin microarray signals of three
sensitive lines, UM-SCC-2, Calu3, and H358, were
elevated compared with the other sensitive lines, but

Figure 1. Effect of gefitinib on
phosphorylated proteins. Subconfluent cells were treated with 1 Amol/L of
gefitinib for 24 h then lysed and
proteins were separated by SDSPAGE. Total and phospho-EGFR, total
and phospho-ERK1/2, and h-actin
(loading control) were detected by
immunoblotting.
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protein expression for these three lines was similar to
other sensitive lines (Fig. 3C). Consistent with the
transition to the mesenchymal phenotype, the resistant
HNSCC and NSCLC lines expressed vimentin protein by
Western blotting (Fig. 3C).
Cell surface expression of the adherin junction proteins
TROP2 and EpCAM (TROP1) were determined by flow
cytometry. EpCAM gene expression was very low in our
resistant HNSCC lines, and these results were confirmed by
cell surface expression (Table 2). EpCAM expression in
NSCLC was somewhat less consistent with gefitinib
response. Whereas the majority of resistant lung lines had
little or no EpCAM expression, the resistant line H520
expressed EpCAM by microarray analysis. This result was
corroborated by both flow cytometry and immunoblotting.
The loss of TROP2 expression was more predictive of
gefitinib resistance in NSCLC than HNSCC (Table 2). Two
of four resistant HNSCC lines expressed low levels of
TROP2, whereas all of the resistant NSCLC lines showed
no expression.
Effect of Gefitinib on the Growth of UM-SCC-2 and
1483 Xenografts
We chose one gefitinib-sensitive cell line (UM-SCC-2) and
one gefitinib-resistant line (1483) for evaluation in a mouse
xenograft model to determine if the in vitro data predicted
gefitinib response in vivo. Gefitinib treatment resulted in
growth delay of UM-SCC-2 tumors compared with control,
whereas 1483 growth was uninhibited by treatment
(Fig. 4A).
Finally, at the termination of the xenograft study, we
assessed the expression of the epithelial markers
E-cadherin, claudin 4 and claudin 7, and the mesenchymal
marker vimentin in paraffin-fixed tumor tissue. In concordance with in vitro results, the expression of E-cadherin
was highest in UM-SCC-2 tissue, with very little staining in
1483 sections, and only UM-SCC-2 tumors expressed
claudin 4 and claudin 7 (Fig. 4B). Vimentin was strongly
expressed in the gefitinib-resistant 1483 tumor tissue, with
little staining in the UM-SCC-2 tissue.

and EGFR MFI was significant (r 2 = 0.60; P = 0.013),
indicating that gefitinib sensitivity is, in part, linked to
EGFR expression. However, EGFR expression alone is not
entirely predictive of response in our panel of HNSCC cell
lines, in which the MFI in our most sensitive cell line,
UM-SCC-8, was identical to MDA 1586, which had a
10-fold higher IC50. In addition, three of the four resistant
lines expressed EGFR, suggesting that other underlying
mechanisms contribute to gefitinib resistance. In our panel
of NSCLC lines, EGFR cell surface expression did not
correlate with gefitinib sensitivity (29).
In an effort to identify common mechanisms of gefitinib
sensitivity and resistance in HNSCC and NSCLC, we
combined baseline gene expression profiles from a panel of
nine HNSCC lines (five sensitive and four resistant) and
nine NSCLC lines (four sensitive and five resistant). Gene
expression was more differential between response groups
than between tumor origin, suggesting at least some
common response markers. Within response group clusters, however, HNSCC was clearly delineated from
NSCLC, indicating that each tumor type also had tumorspecific expression profiles.
From these data, we focused on several genes that were
predictive in both tumor types. Of these common markers,
all were associated either directly or indirectly with EMT.
All of our resistant HNSCC cell lines have lost the ability
to express E-cadherin, which is a hallmark of EMT. This is
in agreement with our previously published data (27) and
the study by Yauch et al. (25) in NSCLC cell lines in
which E-cadherin was absent in resistant lines and
overexpressed in sensitive lines. E-Cadherin is involved
in cell-cell adhesion and the loss of expression has been
observed during tumor progression (34). In one study,
low E-cadherin expression in primary HNSCC tumors
was correlated with the presence of nodal metastases (35),

Discussion
The mechanisms of gefitinib resistance in patients with
HNSCC are poorly understood and the modest patient
response in clinical trials suggests the need for developing
a profile to identify those patients with HNSCC most likely
to respond to gefitinib. We sought to identify the molecular
markers associated with gefitinib response and compare
these markers to those previously reported in NSCLC, with
the goal of understanding gefitinib resistance across a
broader scope of different tumor origins. We evaluated a
panel of HNSCC cell lines for response to gefitinib by an
in vitro assay and these results were correlated with genes
differentially expressed in resistant and sensitive cell lines.
The results of this study suggest that like NSCLC, the EMT
in HNSCC corresponds to gefitinib resistance.
EGFR cell surface expression was elevated in HNSCC
lines sensitive to gefitinib and the correlation between IC50

Figure 2.

Based on the expression of 415 genes differentially expressed
in gefitinib-resistant/gefitinib-sensitive NSCLC, hierarchical clustering
using uncentered correlation and complete linkage shows that HNSCC
and NSCLC cell lines with similar gefitinib response sort together. Red,
gefitinib-resistant HNSCC; green, gefitinib-sensitive HNSCC; blue, gefitinib-resistant NSCLC; pink, gefitinib-sensitive NSCLC.
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Figure 3. Gene and protein expression of EMT-associated molecules correlate with gefitinib response. A, heat map of genes associated with EMT shows
differential expression according to gefitinib response. Down-regulated (blue ) and up-regulated genes (red ). B, loss of E-cadherin expression is a signature
of gefitinib resistance. E-Cadherin immunoblots of HNSCC cell lines characterized for gefitinib response showed a correlation between E-cadherin
expression and gefitinib sensitivity. C, expression of epithelial- and mesenchymal-associated proteins differentiates between gefitinib-sensitive and
gefitinib-resistant HNSCC and NSCLC cell lines. Western blot analysis of claudin 4 (epithelial), claudin 7 (epithelial), and vimentin (mesenchymal) showed
expression of the claudins in HNSCC and NSCLC sensitive to gefitinib, and expression of vimentin in resistant lines.

although another investigation with paired HNSCC
primary tumors and corresponding lymph node metastases failed to find reduced E-cadherin in metastatic tissue
(36). In this same report, expression of the epithelial cell
adhesion molecule EpCAM (TROP1/TACSTD1) was
significantly lower in metastases compared with paired
primary tumors. EpCAM is a Ca2+-independent molecule
with two epithelial growth factor – like repeats strictly

expressed in epithelia (37) and immunohistochemical
analysis has shown no expression in mesenchymal,
muscular, or neuroendocrine tissues (38, 39). EpCAM is
not expressed in normal squamous epithelia, and active
proliferation of epithelial tissue is associated with
increased EpCAM expression (40). The loss of EpCAM
expression in our resistant HNSCC and NSCLC cell lines
is consistent with a mesenchymal phenotype. We also
Mol Cancer Ther 2007;6(6). June 2007
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found a correlation with the loss of the EpCAM-related
TROP2 expression and gefitinib resistance, and this
association was strongest in NSCLC. Although less is
known about TROP2, it is also mainly expressed in
epithelial cells and is involved in Ca2+ signaling (41).
EMT is characterized by the loss of cell-cell adhesion and
the gain in cell motility. These processes are accompanied
by a complete loss in epithelial cell polarity. Tight junctions
are complexes that determine epithelial cell polarity and
disappear during EMT. Tight junction strands consist of
two types of membrane proteins, occludins and the
claudins, which modulate some functions or provide the
backbone of tight junctions (42). The loss of claudin 4 and
claudin 7 expression is associated with EMT (43), and may
lead to a more aggressive phenotype (44). All of our
sensitive HNSCC and NSCLC lines expressed claudin 4
and claudin 7, and the loss or reduced expression seems to
be correlated with gefitinib resistance. Our results suggest
that the complete loss of claudin 4 is consistent with our
resistant HNSCC lines and may be a better predictor of
response than claudin 7 expression, where we found that
two of four resistant lines expressed this protein. Conversely, loss of claudin 7 was a more reliable predictor of
response in our NSCLC cell line panel. Taken together,
however, the loss of one or both claudins indicates that
these resistant lines are of the mesenchymal phenotype.
In addition to the loss of tight junctions and E-cadherin
proteins, EMT is characterized by the expression of the
mesenchymal marker vimentin. The results of vimentin
expression and the association with gefitinib resistance in
our NSCLC cell lines are in agreement with previous
reports of vimentin expression in EGFR-TKI – resistant

NSCLC cell lines (25, 26). We also found that gefitinibresistant HNSCC cell lines expressed vimentin and that
expression was completely absent in sensitive lines, and
our xenograft results also suggest that vimentin expression
was correlated with gefitinib resistance.
Mechanisms resulting in the re-expression of epithelial
markers such as E-cadherin may increase gefitinib
sensitivity in resistant cell lines. The zinc finger transcriptional repressor ZEB1 inhibits E-cadherin expression by
recruiting histone deacetylases. We previously showed an
inverse relationship between E-cadherin and ZEB1 expression in gefitinib-resistant NSCLC cell lines (27). Furthermore, the histone deacetylase inhibitor trichostatin A
induced the re-expression of E-cadherin in lung cancer
cell lines (45). We showed that a 24-h pretreatment with
the histone deacetylase inhibitor MS-275, which is currently in phase I clinical trials, increased E-cadherin
expression and increased gefitinib sensitivity in resistant
NSCLC cell lines (27). Clinical trials are planned to
evaluate the sequential administration of histone deacetylase inhibitors and EGFR-TKIs in patients with NSCLC
lung cancer. This approach warrants investigation in both
in vitro and in vivo studies in HNSCC as the same inverse
correlation between E-cadherin and ZEB1 was shown by
microarray analysis.
In conclusion, these data suggest that like erlotinib, EMT
predicts resistance to gefitinib in NSCLC. The correlative
results in HNSCC indicate that the EMT phenomenon may
be a broad resistance signature, and further studies with
additional tumor types are required to address this issue. It
is unclear whether EMT represents an inherently more
aggressive and EGFR-TKI – resistant phenotype, or changes

Table 2. EpCAM (TROP1) and TROP2 expression by microarray and flow cytometry in a panel of HNSCC and NSCLC cell lines
Cell line

HNSCC
UM-SCC-2
HN4
UM-SCC-8
HN31
MDA 1586
UM-SCC-10A
UM-SCC-22B
584
1483
NSCLC
H322
H358
Calu3
H1648
H157
H520
A549
H1703
H460

Gefitinib sensitivity

EpCAM (TROP1)

TROP2

Positive (%)

MFI

Array

Positive (%)

MFI

Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Resistant
Resistant
Resistant
Resistant

100
100
100
100
100
0
0
0
0

13
31
42
12
13
0
0
0
0

1751
2305
7463
6352
7531
12
18
16
15

100
97
97
100
100
0
90
75
0

17
18
12
9
21
0
7.4
3.2
0

5822
15255
12344
6977
2770
4.3
5474
1791
660

Sensitive
Sensitive
Sensitive
Sensitive
Resistant
Resistant
Resistant
Resistant
Resistant

100
100
99
100
0
98
98
0
0

105
61
57
85
0
56
17
0
0

8302
10029
7327
5712
7
7184
696
11
22

94
96
86
100
0
0
0
0
0

34
21
4
40
0
0
0
0
0

10421
8895
7141
14348
4
4
4
4
4

Mol Cancer Ther 2007;6(6). June 2007

Downloaded from mct.aacrjournals.org on September 17, 2021. © 2007 American Association for Cancer
Research.

Array

1689

Published OnlineFirst May 31, 2007; DOI: 10.1158/1535-7163.MCT-07-0138

1690 EMT Predicts Gefitinib Resistance in HNSCC and NSCLC

Figure 4. Effect of gefitinib on UM-SCC-2 and 1483 tumor growth. A, tumor growth curves. Mice were treated with 60 mg/kg of gefitinib as detailed in
Materials and Methods. Gefitinib treatment resulted in tumor growth delay of UM-SCC-2 xenografts, but had no effect on 1483 tumor growth. B,
expression of E-cadherin, claudin 7, claudin 4, and vimentin in xenograft tissue. Tissues were formalin-fixed and paraffin-embedded, thin-sectioned, and
stained as described in Materials and Methods. Gefitinib-sensitive xenograft tissue from UM-SCC-2 tumors had positive staining for E-cadherin, claudin 4,
and claudin 7, whereas the gefitinib-resistant 1483 tumors stained strongly for vimentin.

in EMT-associated protein expression are directly related to
response. What is clear, however, is that EMT signature
profiling may aid in the prediction of patients with HNSCC
and NSCLC most likely to respond to gefitinib.

recurrent or metastatic squamous cell carcinoma of the head and neck.
J Clin Oncol 2003;21:1980 – 7.
9. Soulieres D, Senzer NN, Vokes EE, Hidalgo M, Agarwala SS, Siu LL.
Multicenter phase II study of erlotinib, an oral epidermal growth factor
receptor tyrosine kinase inhibitor, in patients with recurrent or metastatic
squamous cell cancer of the head and neck. J Clin Oncol 2004;22:77 – 85.
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38. Momburg F, Moldenhauer G, Hämmerling GJ, Möller P. Immunohistochemical study of the expression of a Mr 34,000 human-specific
surface glycoprotein in normal and malignant tissues. Cancer Res 1987;
44:681 – 7.
39. Bumol TF, Marder P, DeHerdt SV, Borowitz MJ, Apelgren LD.
Characterization of the human tumor and normal tissue reactivity of the
KS1/4 monoclonal antibody. Hybridoma 1988;7:407 – 15.
40. Litvinov SV, van Dreil W, van Rhijn CM, et al. Expression of Ep-CAM
in cervical squamous epithelia correlates with an increased proliferation
and the disappearance of markers for terminal differentiation. Am J Pathol
1996;148:865 – 75.
41. Ripani E, Sacchetti A, Corda D, Alberti S. Human Trop-2 is a tumor
associated calcium signal transducer. Int J Cancer 1998;76:671 – 6.
42. Tsukita S, Furuse M, Itoh M. Multifunctional strands in tight
junctions. Nat Rev Mol Cell Biol 2001;2:285 – 93.
43. Ikenouchi J, Matsuda M, Furuse M, Tsukita S. Regulation of tight
junctions during the epithelium-mesenchyme transition: direct repression
of the gene expression of claudins/occluding by Snail. J Cell Sci 2003;
116:1959 – 67.
44. Kominsky SL, Argani P, Korz D, et al. Loss of the tight junction protein
claudin-7 correlates with histological grade in both ductal carcinoma
in situ and invasive ductal carcinoma of the breast. Oncogene 2003;22:
2021 – 33.
45. Ohira T, Gemmill RM, Ferguson K, et al. WNT7a induces E-cadherin in
lung cancer cell lines. Proc Natl Acad Sci U S A 2003;100:10429 – 34.

Mol Cancer Ther 2007;6(6). June 2007

Downloaded from mct.aacrjournals.org on September 17, 2021. © 2007 American Association for Cancer
Research.

1691

Published OnlineFirst May 31, 2007; DOI: 10.1158/1535-7163.MCT-07-0138

Epithelial to mesenchymal transition predicts gefitinib
resistance in cell lines of head and neck squamous cell
carcinoma and non−small cell lung carcinoma
Barbara A. Frederick, Barbara A. Helfrich, Christopher D. Coldren, et al.
Mol Cancer Ther 2007;6:1683-1691. Published OnlineFirst May 31, 2007.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1535-7163.MCT-07-0138

This article cites 45 articles, 17 of which you can access for free at:
http://mct.aacrjournals.org/content/6/6/1683.full#ref-list-1
This article has been cited by 41 HighWire-hosted articles. Access the articles at:
http://mct.aacrjournals.org/content/6/6/1683.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://mct.aacrjournals.org/content/6/6/1683.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from mct.aacrjournals.org on September 17, 2021. © 2007 American Association for Cancer
Research.

