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pite recent therapeutic advances, several factors, including field cancerization, have limited improve-
in long-term survival for oral squamous cell carcinoma (OSCC). Therefore, comprehensive treatment
must include improved chemopreventive strategies. Using the 4-nitroquinoline 1-oxide (4-NQO)
e model, we tested the hypothesis that ZD6474 (Vandetanib, ZACTIMA) is an effective chemopreven-
ent.CBAmicewere fed4-NQO(100μg/mL) in their drinkingwater for 8weeks and then randomized to
atment or oral ZD6474 (25 mg/kg/d) for 24 weeks. The percentage of animals with OSCC was signif-
y different between the two groups (71% in control and 12% in the ZD6474 group; P ≤ 0.001).
ercentage of mice with dysplasia or OSCC was significantly different (96% in the control and 28% in
6474 group; P ≤ 0.001). Proliferation andmicrovessel density scores were significantly decreased in the
74 group (P ≤ 0.001 for both). Although proliferation andmicrovessel density increasedwith histologic
ssion in control and treatment cohorts, epidermal growth factor receptor and vascular endothelial
h factor receptor-2 phosphorylation was decreased in the treatment group for each histologic diag-
including mice harboring tumors. OSCC from ZD6474-treated mice exhibited features of epithelial
senchymal transition, as shown by loss E-cadherin and gain of vimentin protein expression. These
uggest that ZD6474 holds promise as an OSCC chemopreventive agent. They further suggest that
ed resistance to ZD6474 may be mediated by the expression of an epithelial to mesenchymal tran-
acquir

sition phenotype. Finally, the data suggests that this model is a useful preclinical platform to investigate the
mechanisms of acquired resistance in the chemopreventive setting. Cancer Prev Res; 3(11); 1493–502. ©2010 AACR.
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h an annual incidence of nearly 600,000 cases, oral
haryngeal squamous cell carcinoma is the sixth most
on malignancy in the world today (1). There will be
5,000 new cases in the United States in 2010 with
8,000 deaths from the disease (2). When focusing
ically on the oral cavity squamous cell carcinoma
C), it is estimated that there will be over 23,000
ases and more than 5,300 deaths (3). Despite
ces in diagnosis and treatment, improved long-term
al for OSCC patients has remained modest. Several
ute to this relatively poor outcome. First,
diagnosed at an advanced stage. The 5-year
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al rate of early stage disease is approximately 80%,
ugh the survival drops to approximately 20% for
age disease (2). Second, as a result of field cancer-
n, the development of multiple primary tumors has
or effect on survival. For patients with early stage
e, second primary tumors are their most common
of treatment failure and death (4, 5). Therefore, to
ve outcomes, a comprehensive treatment plan
include both improved early detection and second-
evention.
moprevention can be defined as the use of natural
thetic agents to reverse or halt the progression of
alignant lesions. Chemopreventive agents are cur-
being tested for their efficacy in preclinical and clin-
ttings for many malignancies including OSCC (6, 7).
ver, initial promising results for OSCC chemopre-
n have not been consistently reproduced and toxi-
as often been a significant complication. The issue
icity is particularly important in the realm of chemo-
ntion as it is conceivable that patients may require
y for prolonged periods of time.

iogenesis is an essential phenotype in bothphysiologic
athologic settings including growth and development,
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d healing, reproduction, arthritis, and tumor for-
n (8). Because of its critical role in cancer biology,
hibition of tumor angiogenesis is an attractive tar-
r cancer therapy. The induction of the angiogenic
type in OSCC is mediated by the direct and indi-
roduction of various factors capable of inducing
vessel growth (9). Among these, the vascular endo-
l growth factor (VEGF) family is thought to play an
tant role. The biological effects of the VEGF ligands
ediated through their binding to members of the
receptor family (VEGFR-1, VEGFR-2, and VEGFR-3).
nteraction leads to the autophosphorylation of spe-
yrosine residues and subsequent downstream acti-
of intracellular signaling pathways, such as the

en-activated protein kinase and phosphatidylinositol
se/Akt pathways. Importantly, the expression of the
genic phenotype is one of the first recognizable
typic changes observed in both experimental models
ll as in human OSCC (10–13), suggesting that inhi-
of angiogenesis may also hold promise in the field
moprevention.
development, growth, and survival of OSCC are
ighly dependent on the epidermal growth factor
or (EGFR) signaling pathway. EGFR is a transmem-
glycoprotein that is a member of the ErB/HER recep-
rosine kinase family. Upon ligand binding, EGFR
ing is mediated by the mitogen-activated protein
and phosphatidylinositol 3-kinase/Akt pathways.

sed expression of EGFR and its ligand transforming
h factor-α (TGF-α) are observed in most OSCC and
lignant oral lesions, and this expression correlates
oor prognosis (14). In addition to directly influenc-
mor cell growth, members of the EGFR pathway can
bute to the expression of the angiogenic phenotype.
ample, the expression of either TGF-α or EGFR re-
in increased expression of VEGF (15, 16). Because
importance in epithelial malignancies, there is con-
ble interest in targeting the EGFR pathway in the
of chemoprevention.
474 (Vandetanib, ZACTIMA) is an orally available

ne kinase inhibitor with direct activity against multi-
nal transduction pathways including VEGFR-2 and
(17–19). ZD6474 has an IC50 of ∼0.04 μmol/L for
R-2 and an IC50 of 0.5 μmol/L for EGFR (18, 20).
clinical studies, ZD6474 was found to be a potent
tor of tumor angiogenesis and the proliferation of
ber of different tumor cell types including OSCC
rafts (21–30). Furthermore, it is currently under
investigation in clinical trials for the treatment of
s malignant neoplasms (31). To date, it has been
to have greatest activity in non–small cell lung

r and recurrent medullary thyroid cancer (32–34).
ver, the clinical utility of this agent in the realm of
oprevention, particularly for OSCC, is unknown.
se it has the potential to inhibit two pathways that
sential for the development of OSCC, we tested the

hesis that ZD6474 is an effective chemopreventive
in the 4-NQO model.

charac
the un

r Prev Res; 3(11) November 2010
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rials and Methods

nistration of 4-NQO and treatment
ZD6474
mice, 6 to 8 weeks of age, were purchased from The
n Laboratory and housed in the Animal Resource
y under controlled conditions and fed normal diet
utoclaved water. All animal procedures were carried
accordance with Institutional Animal Care and Use
ittee–approved protocols. Mice were given 4-NQO

eir drinking water on a continuous basis at the
red dose for the required duration as previously de-
d (35). Briefly, 4-NQO powder (Sigma) was first
lved in DMSO at 50 mg/mL as a stock solution
tored at −20°C until used. On the days of 4-NQO
istration, the stock solution was dissolved in pro-
e glycol (Sigma) and added to the drinking water
s containing autoclaved tap water to obtain a final
ntration of 100 μg/mL. A fresh batch of water
repared every week for each of the 8 weeks of carci-
ic treatment. Normal autoclaved drinking water
sumed at the end of this period. Control mice not
ing 4-NQOwere given water containing vehicle on-
6474 was provided by Astra Zeneca and dissolved
een 80 solution (P8192-5X10ML, Sigma). Mice re-
g ZD6474 treatment were given a daily dosage of
/kg/d for 24 weeks via oral gavage.

logic examination
e were sacrificed in accordance with Institutional
al Care and Use Committee recommendations. Spe-
lly, cervical dislocation was done subsequent to
hesia by i.p. injection of xylazine and ketamine.
diately following death, the tongues were excised,
udinally bisected, and processed in 10% buffered
lin and embedded in paraffin. Fifty 5-μm sections
each specimen were then cut and the 1st, 10th,
30th, 40th, and 50th slides were stained with H&E
stopathologic analysis. Histologic diagnoses were
red as previously described (35). Briefly, hyperkera-
were characterized by a thickened keratinized layer,
or without a thickened spinous layer (acanthosis),
n absence of nuclear or cellular atypia. Dysplasias
characterized as lesions that showed various histo-
logic alterations including enlarged nuclei and cells,
and/or prominent nucleoli, increased nuclear to
lasmic ratio, hyperchromatic nuclei, dyskeratosis,
sed and/or abnormal mitotic figures, bulbous or
op-shaped rete ridges, loss of polarity, and loss of
l epithelial cell cohesiveness. Because of the subjec-
ature of grading of epithelial dysplasia and its limit-
ility to predict biological progression (36, 37), we
not to assign descriptive adjectives of “severity” to
splastic lesions. Rather, we grouped all lesions dem-
ting cytologic atypia but lacking evidence of inva-
nto the single category of dysplasia. HNSCC were

terized by lesions that showed frank invasion into
derlying connective tissue stroma.
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nohistochemistry
detection of phosphorylatedEGFR (pEGFR) andphos-
lated VEGFR-2 (pVEGFR-2), antigen retrieval was
ed on deparaffinized 5 μm sections using Immuno/
retriever with citrate (Bio SB). Endogenous peroxidase
y was quenched with mouse/rabbit ImmunoDetector
idase Block Kit. Sections were incubated using pri-
antibody to pVEGFR-2 1:300 (Abcam) or pEGFR
(Cell Signaling) for 1 hour at room temperature.
ody binding was visualized by using mouse/rabbit
noDetector HRP/DAB Detection System (Bio SB).
detection of CD31 and vimentin, antigen retrieval
chieved by using 10 mmol/L of citrate buffer (pH
n 5 μm deparaffinized sections. Endogenous peroxi-
ctivity was quenched with 1% hydrogen/methanol.
imary antibody for vimentin (Epitomics) was applied
50 dilution for a 1-hour incubation at room tempe-
. For CD31 (Abcam), a 1:50 dilution was applied,
ed by anti-rabbit polymer-labeled horseradish peroxi-
HRP)–bound secondary reagent (DAKO EnVision+
, HRP).
detection of E-cadherin and Ki67, antigen retrieval
chieved on 5-μm deparaffinized sections using
ol/L of Tris-base and 1 mmol/L of EDTA (pH 9.0).
enous peroxidase activity was quenched with 1%
gen peroxide/methanol. The primary antibody for
herin (Zymed) was applied at a 1:25 dilution for
r at room temperature. This was followed by anti-
t polymer-labeled HRP-bound secondary reagent
O, EnVision+ System, HRP). For Ki67 (NeoMarkers),
ns were incubated at a 1:300 dilution at room temper-
for 1 hour followed by anti-rabbit polymer-labeled
ound secondary reagent (EnVision+ System, HRP).
immunohistochemistry stains were developed with
chromogen and counterstained with hematoxylin.
sponding negative control experiments were done
itting the incubation step with the primary antibody.

ng of immunohistochemistry
ring of immunohistochemical staining was done
the Automated Cellular Imaging System (Chroma
). Stained sections were scanned and acquired using
ated Cellular Imaging System. Proliferation was
red by calculating the average labeling percentage
epithelial compartment for Ki67 for each specimen.
termination of microvessel density (MVD), the total
er of CD31-stained clusters or single cells, with or
ut a lumen, was quantified for each specimen. For
FR-2 and pEGFR, quantification was done as previ-
described (38, 39). Briefly, an index of staining was
ated and expressed as the percentage of staining
lied by staining intensity after subtracting the index
g of corresponding negative controls.

analysis
er's exact test was done for the comparison of cancer

ncer + dysplasia rates between groups. Two-sample
, assuming unequal variances, were used for com-

OSC
Tota

acrjournals.org
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n of MVD, Ki67, pEGFR, and pVEGFR-2 levels be-
groups. The nonparametric Wilcoxon rank-sum

as also done to confirm the results from the t tests.
EGFR and pVEGFR-2, the average of five measure-
for each mouse was first calculated, and this sum-
measure was used in the analyses. P ≤ 0.05 was
ered statistically significant. All analyses were done
Stata version 11 (Stata Corp.).

lts

s of ZD6474 administration on the development
splasia and OSCC
e were given 4-NQO (100 μg/mL) in their drinking
for a period of 8 weeks, returned to normal water,
en randomized to observation or daily oral gavage
6474 (25 mg/kg/d) for 24 weeks. We have pre-
ly shown that following the 8 weeks of 4-NQO
istration, mice developed histologically identifiable
keratotic and/or dysplastic lesions (35). Therefore,
ion of ZD6474 treatment at this time point was cho-
cause it closely mimics the clinical setting in which
ould consider initiating chemopreventive therapy
tients. During the 24-week chemoprevention regi-
no significant differences in food and fluid con-
tion or activity were observed between the groups.
completion of the 32-week study, there was a signif-
difference in the incidence of dysplasia and OSCC in
6474 treatment group compared with the control
(Table 1). Overall, 71% (17 of 24) of the control
and 12% (3 of 25) of the ZD6474-treated mice
d histologic evidence of OSCC (P ≤ 0.001). Similar-
e proportion of mice with dysplasia or OSCC was
icantly different between the two treatment groups.
e control group, 96% (23 of 24) of the animals
ed dysplasia or OSCC, whereas 28% (7 of 25) of
D6474 treatment group had dysplasia or OSCC
.001). In total, this represented a 71% decrease in
or dysplasia and an 83% decrease in OSCC.

s of ZD6474 administration on proliferation
VD

6474 has been shown to inhibit both tumor cell pro-
l

a

nd VEGFR-2 (17–19). Therefore, we performed

e 1. Effect of ZD6474 treatment on

evelopmen
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nohistochemistry for Ki67 and CD31 as surrogate
rs for cell proliferation and angiogenesis, respectively.
ll, the Ki67 proliferative index (PI) for the ZD6474-
animals was significantly decreased when compared

he control mice (Table 2). The control group had a
6 ± 10, whereas the ZD6474 treatment group had a
9 ± 10 (P ≤ 0.001). Proliferation increased with his-
c progression in both control and treatment cohorts
). Of note, the OSCC that arose in the ZD6474 treat-
group (n = 3) had a mean PI (54.3) that was similar
PI of the control animals (n = 17) who developed
(51.6), suggesting that the ZD6474-associated

s were still actively proliferating.
rall, there was a significant decrease in MVD in the
74-treated mice when compared with controls. The
l group showed a MVD score of 265 ± 60, although
6474 treatment group had a MVD score of 106 ± 73
.001). However, there was no difference in vascular-
en comparing the MVD between similar histologic
oses (hyperkeratosis or dysplasia or OSCC) from dif-
treatment groups (control versus ZD6474-treated;
). The OSCC that arose in the ZD6474 treatment
had a mean MVD (253.7) that was similar to the
of the OSCC control group (300.2) suggesting that
mor was still actively inducing angiogenesis.

s of ZD6474 administration on EGFR and
R-2 activation
n effort to identify the potential mechanism(s) of
red resistance to ZD6474 treatment, immunohis-
istry for pEGFR and pVEGFR-2 was done to deter-

if ZD6474 was still inhibiting the activation of these
ors. Overall, tissue from the control cohort of mice
ed significantly stronger cytoplasmic membrane
g for pEGFR when compared with ZD6474-treated
The control group had a mean intensity score of
5, whereas the mean intensity score was 33 ± 3
0.001) for the ZD6474-treated cohort (Table 2).

comparing pEGFR expression between histologic
s within the same treatment scheme (control or

in the
these
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74) there was no difference in the intensity scores
en the hyperkeratotic, dysplastic, or OSCC speci-
(Fig. 2). Interestingly, the pEGFR intensity scores
e OSCC from the ZD6474 treatment group were
lower than the intensity scores for the control OSCC
t (Fig. 2).
rall, tissue from control mice had a significantly
r expression of pVEGFR-2 when compared with the
74-treated mice (Table 2; Fig. 3). The combined
intensity score for the control tissue was 106 ± 11,
as the combined intensity score of the tissue from
6474-treated animals was 32 ± 3 (P ≤ 0.001). When
aring expression between histologic groups within
me experimental group (control or ZD6474), the
sity scores between hyperkeratotic, dysplastic or
specimens were very similar (Fig. 3). Like the

R findings, expression of pVEGFR-2 in the OSCC
the ZD6474-treated group was much lower in inten-
hen compared with the OSCC from the control
(Fig. 3). These data show that ZD6474 was pharma-
ically active in the 4-NQO model. In addition, the
uggests the OSCC that arose in the ZD6474-treated
may have developed acquired drug resistance, as

74 was still actively inhibiting the phosphorylation
th EGFR and VEGFR-2.

74-resistant OSCC express epithelial to
nchymal markers
6474 was able to significantly reduce the incidence of
when compared with the control group (Table 1).

ugh the inhibition of tumor development was sta-
lly significant, 12% of the animals in the ZD6474
developed OSCC. Furthermore, our data suggests
D6474 was still pharmacologically active because
evels of both pEGFR and pVEGFR-2 were still ob-
after 24 weeks of treatment (Figs. 2 and 3). In addi-
the PI and MVD data from the OSCC arising in
74-treated mice were similar to the PI and MVD data
control animals harboring OSCC (Fig. 1). Overall,
data suggest that the OSCC in the ZD6474-treated
had developed a form of acquired drug resistance.
r acquired resistance has been associated with the
sion of an epithelial to mesenchymal (EMT) pheno-
an intricate process that can be both physiologic and
logic in nature (39–43). For example, the induction
T may be a novel mechanism of acquired resistance
motherapy and radiation in cancer therapy (40, 44).
dress the possibility that the development of resis-
to ZD6474 treatment in the mouse 4-NQO model
CC was driven by the expression of an EMT pheno-
we did immunohistochemistry for the EMT markers
erin and vimentin (45). Each of the tumors from the
l group expressed high levels of E-cadherin and un-
able levels of vimentin protein (Fig. 4). Conversely,
mors from ZD6474-treated mice lost expression of
herin and expressed high levels of vimentin protein
2. Modulation of surrogate biomarkers
giogenesis, proliferation, and activation

e EGFR
 VEGFR-2 p
 ays by
ol, N = 24 Z
 4, N = 25
5 ± 60
 ± 73*

6 ± 10
 ± 10*
4 29

FR 97 ± 5 33 ± 3*
GFR-2 106 ± 11 32 ± 3*

≤ 0.001 for comparison with the control group.

). Although the sample size is small (n = 3), these
how a correlation between resistance to ZD6474
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e expression of EMT markers. They further suggest
e expression of an EMT phenotype may be a novel
anism of acquired resistance to chemoprevention
y for OSCC.

ssion

induction of cell proliferation and blood vessel
h are two critical phenotypes that are necessary for
velopment of malignant neoplasms. Aberrant EGFR
e kinase activity plays an important role in a number

erent tumor phenotypes including proliferation, apo-
, angiogenesis, and metastasis. Furthermore, because

ically
ted w

acrjournals.org
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has such a critical role in the development of OSCC,
gnaling pathway has considerable therapeutic poten-
the areas of cancer therapy and chemoprevention.
rly, the activation of the VEGFR-2 pathway by VEGF
itical component for the induction of angiogenesis in
physiologic and pathologic settings including OSCC.
fore, because ZD6474 has the ability to inhibit both
and VEGFR-2 activation, it has the potential to inhibit
ritical signal transduction pathways and phenotypes
ed in the development of OSCC.
his study, we show that ZD6474 was pharmacolog-
ZD6474-treated animals
wer proliferative indices
crovessel densities
red with control animals.
e sections were
histochemically stained
and labeling indices
antified. The overall
indices of the ZD6474

ens were all significantly
hen compared with the
specimens (P ≤ 0.001).
e sections were
histochemically stained
1 and MVD quantified.
f the ZD6474 specimens
gnificantly lower when
red with the control
ens (P ≤ 0.001). The
oup was used for all
active in the 4-NQO model of OSCC. Animals trea-
ith 25 mg/kg/d had significantly lower expression
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of pEGFR and pVEGFR-2 when compared with con-
Figs. 2 and 3). We also report for the first time that
treatment with ZD6474 decreased the incidence of
sias and carcinomas in the mouse 4-NQO model
CC (Table 1). The rationale for the 24-week treat-
schedule was based on our previous work, which
d that the majority of control animals harbor OSCC
ek 24, while dysplasia was the predominant histo-
diagnosis at weeks 16 and 20 (35). Because we
testing the hypothesis that ZD6474 would reduce
cidence of OSCC, we believe that it is most appro-
to carry out the prevention study to a time point
the predominant histologic diagnosis in the con-

roup would be expected to be OSCC. Overall, we
ved an 83% reduction in the incidence of OSCC
comparing the control and treatment groups (71%
12%, P ≤ 0.001). We also observed a 71% decrease
incidence of both dysplasia and OSCC when com-

the control and ZD6474 treatment groups (96%
28%, P ≤ 0.001). These data strongly support the

be the
by at-

r Prev Res; 3(11) November 2010

Cancer Research. 
on Mcancerpreventionresearch.aacrjournals.org wnloaded from 
hesis that ZD6474 may be an effective chemopre-
e agent for OSCC.
reclinical studies, ZD6474 has been shown to be a
t inhibitor of tumor angiogenesis and proliferation
veral different tumor cell types (21–30). It is also
active investigation in clinical trials for the treat-
of various malignant neoplasms (31), with the great-
tivity observed in non–small cell lung cancer and
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data regarding the potential utility of ZD6474 in
alm of chemoprevention is limited. In one study,
74 markedly reduced the number and the size of
inal polyps, resulting in a 75% decrease in tumor
n in a mouse model of colon cancer (46). The data
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al toxicities to achieve widespread acceptance and
erm compliance. This would be particularly impor-
n the case of high-risk patients who have not yet
ped their first OSCC. We have previously shown
BT-510, a mimetic peptide of thrombospondin-1,
icantly decreased the incidence of dysplasia and
in the 4-NQO model (35). However, because there
oral formulation of the drug, the translation of this
into clinical trials for prevention seems unlikely.
rsely, because ZD6474 is an orally available drug,
otentially more feasible for prolonged use in human
tion studies. The maximum tolerated dose as well
icity profile of ZD6474 when used in cancer therapy
l described. ZD6474 has been well-tolerated at doses
to 300 mg/d, with the most common adverse events
rash, diarrhea, fatigue, and asymptomatic QTc pro-
tion (31). However, because the drugmay be initiated
ower dose range in a chemoprevention setting,
ight anticipate a lesser degree of side effects. Further-

treatment with higher doses of ZD6474 (50 and
g/kg) than the current study (25
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ens (P ≤ 0.001).
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lesions are small. Their 5-year survival rate for the first
ry tumor is considerably better than late stage disease,
cond primary tumors are their most common cause of
ent failure and death (4, 5).
istance to cytotoxic chemotherapy and radiation
y is well appreciated in the context of cancer ther-
n addition, mechanisms of resistance in response
eted therapies have also been described. For exam-
everal types of intrinsic and acquired resistance to
tors of angiogenesis have been postulated (50, 51).
rly, several mechanisms of resistance related to anti-
therapy have been reported for non–small cell lung
r, although the mechanisms for EGFR resistance in
ntext of OSCC seem to be different and remain
r (52). Conversely, there are limited data concerning
otential mechanisms of acquired resistance in re-
e to long-term chemoprevention therapy using tar-
agents (53–55). In the 4-NQO model of OSCC,
f the mice chronically treated with ZD6474 devel-
a form of acquired resistance to the drug. This resis-
correlated with a loss of E-cadherin and a gain in
tin protein expression, suggesting that these tumors
to express an EMT phenotype (44). Conversely,

of the control group OSCC expressed EMT markers.
orrelation between resistance to ZD6474 and the

ion of vimentin (arrows). Conversely, tumor cells from ZD6474 mice show
sion of an EMT phenotype suggests a novel mecha-
of acquired resistance in the chemopreventive
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g. The expression of EMT transitions is well appreci-
n embryology and various types of pathophysiology
Recently, there has been an increased interest in the
f EMT in areas of cancer progression as well as resis-
to chemotherapy and radiation therapy (40, 44). At
me, we do not know if there is a causal link between
pression of EMT markers and resistance to ZD6474.
ver, the fact that EMT markers were not expressed in
l OSCC provides compelling preliminary evidence
y of further investigation. In addition, we do not
the timing of the gain of expression of the EMT phe-
e. As designed, this prevention study harvested all
s after 24 weeks of ZD6474 therapy. Therefore, to in-
ate the dynamics of EMT marker expression, one
sacrifice subsets of mice at specified intervals after
itiation of ZD6474 treatment to determine the inci-
and timing of EMT marker expression at the stages
erkeratosis, dysplasia, and OSCC. It is also impor-
o determine if one or both receptor pathways are
ting the expression of the EMT phenotype. Resis-
to EGFR inhibitors erlotinib, gefitinib and cetuximab
een reported to induce an EMT transition (41–43).
rly, the induction of hypoxia has also been shown
uce EMT (40). Therefore, it is possible that ZD6474
drive the expression of EMT via both pathways.

f expression of E-cadherin and strong expression of vimentin.
OSCC arising in ZD6474-treated mice express EMT markers. Tumor samples from control mice show strong epithelial expression of E-cadherin
omal expression vimentin. Histologically normal epithelium from the ZD6474-treated animals show strong expression of E-cadherin and no
ition, the downstreammechanisms of the expression
EMT phenotype are unknown. The transcription
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s Twist, Snail, and Slug are major mediators of EMT
ave been shown to repress E-cadherin expression
Further investigation into the altered expression of
and other EMT-related regulatory factors may aid
r understanding of how the expression of an EMT
type occurs in the setting of chemoprevention. In
on, the biological and clinical implications of EMT
ssion in ZD6474-resistant tumors requires further
igation, as the expression of the EMT phenotype
ad to resistance to multiple drugs and potentially
o the progression of tumors (30). However, the
tial for altered clinical behavior following a tyrosine
inhibitor–based chemopreventive treatment is not
d to this class of drugs, as resistance towards other
of chemopreventive agents has also been described
1). Finally, if the pattern of EMT development can
deled, one could envision using EMT markers as
ostic beacons to herald the expression of acquired
nce. Such beacons may be useful as they could be
s indicators for when it would be most efficacious
itch to an alternative chemopreventive agent. For
le, the expression of EMT markers might dictate a
to a histone deacetylase inhibitor, as these have
hown to reverse the EMT phenotype (56). By doing

e might hypothesize that the histone deacetylase
thereby restore sensitivity to ZD6474s and prolong
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onclusion, our data provides novel evidence that
74, a combined inhibitor of the EGFR and VEGFR-2
ays, holds promise as a chemopreventive agent for
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