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Abstract

Previous studies in head and neck squamous cell carcinoma (HNSCC) cell lines have revealed that
the Ah receptor (AHR) plays a significant role in mediating the ‘aggressive’ phenotype of these
cells, which includes enhanced inflammatory signaling (e.g. IL6) and migratory potential. Here we
sought to identify putative novel targets of the AHR associated with enhanced tumor invasiveness.
Global gene expression analysis identified a number of genes that are repressed upon treatment of
OSC-19 or HN30 cells with an AHR antagonist. Three growth factors were targets of AHR
activity; amphiregulin (AREG), epiregulin (EREG) and platelet-derived growth factor A
(PDGFA) were repressed by an AHR antagonist and further examined. Quantitative PCR analysis,
ELISA and siRNA-mediated knock down of AHR revealed an attenuation of basal and/or induced
levels of expression of these growth factors in two HNSCC lines, following AHR antagonism. In
silico analysis revealed that these growth factors possess dioxin-like response elements. Two other
AHR ligands, 6-formylindolo[3,2-b]carbazole and benzo(a)pyrene also elicited similar responses.
In conclusion, this study identified AREG, EREG and PDGFA as growth factor targets of AHR
activity associated with metastatic phenotype of HNSCC cells, suggesting that attenuation of AHR
activity may be a therapeutic strategy.
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INTRODUCTION

The aryl hydrocarbon receptor (AHR), a ligand-activated basic helix-loop-helix/PER/
ARNT/Sim transcription factor, is a xenosensor traditionally associated with xenobiotic
metabolism [1]. The canonical signaling pathway typically involves unliganded AHR being
tethered in a tetrameric complex composed of a dimer of heat shock protein 90, the X-
associated protein 2 and a co-chaperone, p23, in the cytoplasm. Following ligand mediated
activation, a conformational change in the receptor is thought to expose its nuclear
localization signal. This leads the receptor to undergo translocation to the nucleus and
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subsequent heterodimerization with a structurally related nuclear protein, the aryl
hydrocarbon nuclear translocator (ARNT), along with concomitant displacement of its
cytosolic binding partners. The ligand bound AHR:ARNT complex is subsequently able to
bind dioxin response elements (DRES) in the upstream region of various AHR responsive
genes, often leading to their enhanced transcription [2]. A variety of exogenous and
endogenous ligands of AHR have been identified, with 2,3,7,8 tetrachlorodibenzo-p-dioxin
(TCDD) still being one of the most potent exogenous ligands [3].

Polycyclic aromatic hydrocarbons, halogenated aromatic hydrocarbons, polychlorinated
biphenyls and several other related environmental pollutants have long been known to
contain ligands for the AHR. AHR activation subsequently leads to altered metabolism,
which often results in enhanced toxicity [4,5]. However, more recent studies have pointed to
several ‘non-traditional’ roles for the AHR as well. These include modulation of drug
metabolism [6], cholesterol metabolism [7], immune responses [8], growth and
development, cellular proliferation, differentiation, apoptosis, circadian rhythm and
ubiquitination of steroid hormone receptors. Several of these processes are key to cancer cell
survival and tumor progression [9]. In fact, numerous studies have shown that the AHR
plays a role in tumor initiation, promotion and progression [5].

We have published studies, which indicate that MCF-7 and ECC-1 cells exhibit poor
inducibility of IL6 in the presence of cytokines. However, the addition of an AHR agonist
and a cytokine results in a highly synergistic induction of 1L6 [10-12]. The mechanism of
this effect was determined to involve transcriptionally active AHR, which maintains the 1L6
promoter in a de-repressed state by displacing histone deacetylase 1-containing co-repressor
complexes. This in turn makes the IL6 promoter more accessible to the transcriptional
machinery and subsequent acetylation of p65 [11]. A search of the literature revealed that
certain tumor types exhibit relatively high IL6 production, such as head and neck tumors.
This lead to the hypothesis that high constitutive IL6 expression may at least in part, be due
to constitutive activation of the AHR. Further analysis has determined that AHR antagonism
greatly mitigates inflammatory cytokine production, ultimately reducing the migratory and
invasive phenotype of these cells [13]. It is generally believed that a high basal expression of
certain inflammatory cytokines may contribute at least in part to the aggressive phenotype of
certain cancers and we have established that the AHR participates in this enhanced IL6
expression. Thus, attenuation of AHR activity may constitute a viable strategy to mitigate
pro-inflammatory cytokine secretion and in turn the metastatic phenotype of certain cancers.

Current treatment options for most cancers typically involve surgery followed by
radiotherapy or chemotherapy. A combination of chemoradiotherapy, rather than individual
therapies, has been found to yield better survival rates, especially for cases of locally
advanced or recurrent head and neck squamous cell carcinomas (HNSCCs) [14]. However,
despite these aggressive therapies, at least 50% of patients with locally advanced HNSCCs
develop either locoregional or distant relapses within 2 years of treatment, demanding
interdisciplinary, novel treatment approaches that would be curative rather than merely
palliative [14—16]. HNSCCs constitute the 8" most common cancer in the US with a median
overall survival rate of less than a year for recurrent or metastatic HNSCCs, despite the
availability of third generation chemotherapeutic drugs and targeted therapy [15]. Therefore,
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identification of new targets for therapeutic intervention should constitute an effective and
novel approach for use in “‘combination’ treatments with existing therapies.

In this report we examined whole genome expression profiles of two highly metastatic head
and neck tumor cell lines, OSC-19 and HN30, following treatment with either TCDD or the
AHR antagonist, CH223191 [17], to determine additional putative targets of AHR.
Regulation of AHR activity may constitute a novel strategy to reduce the highly metastatic
and malignant phenotype of these cells. Growth factors have been documented as
participants in the aggressive phenotype of cancer. Along with cytokines, they have been
shown to play a prominent role in dictating tumor cell malignancy [18,19]. Therefore, one
therapeutic approach for cancers that exhibit aberrant growth factor signaling, would target
repression of growth factor secretion and their subsequent downstream signaling pathways.
Given that previous studies from this laboratory have already documented that HNSCC cells
possess relatively high basal levels of inflammatory cytokines, which likely contribute to
their malignant phenotype, the study presented here establishes that the AHR also plays a
role in driving the expression of several key growth factors in these aggressive carcinoma
cell lines.

MATERIALS AND METHODS

Chemicals

2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) was a gift from Dr. Stephen Safe, Texas A&M
University. CH223191 and 6-formylindolo[3, 2-b]carbazole (FICZ) was purchased from
ChemBridge Corporation (San Diego, CA) and Enzo Life Sciences (Farmington, NY),
respectively.

Cell culture and treatments

0OSC-19 and HN30 head and neck squamous cell carcinoma (HNSCC) cell lines were kindly
provided by Dr. Jeffrey Meyers (MD Anderson Cancer Center) and J. Silvo Gutkind (NIH),
respectively. OSC-19 cells were cultured in o MEM media supplemented with 10% fetal
bovine serum (FBS, Hyclone Labs), 1% sodium pyruvate and 1000 units/ml penicillin and
0.1mg/ml streptomycin (Sigma Aldrich, St. Louis, MO). While HN30 cells were cultured in
high glucose 1:1 DMEM:F12 (Sigma Aldrich, St. Louis, MO) supplemented with 10% fetal
bovine serum (Hyclone Labs) and 1000 units/ml penicillin and 0.1mg/ml streptomycin.

Both cell lines were subjected to one of the following treatment regimes: (a) vehicle
(DMSO0), (b) TCDD (10 nM), (c) CH223191 (500 nM) or (d) pre-treatment with CH223191
(500 nM) for 2 h followed by post-treatment with TCDD (500 nM). In general, all
treatments were carried out in serum-free media supplemented with 5 mg/ml bovine serum
albumin (BSA). All treatments were for 24 h, and CH223191 was added every 12 h unless
otherwise mentioned. To examine the effect of other prototypic AHR ligands on the
expression of putative AHR targets, both OSC-19 and HN30 cells were also treated with
FICZ, or benzo(a)pyrene for 24 h, in addition to treatments (a), (b) (c) and (d). To show the
effect of an inflammatory signal, such as IL1B, in the absence or presence of the AHR
ligand, TCDD, IL1B was added at a concentration of 10 ng/ml and incubated for 24 h.
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Therefore these studies utilized treatments (a), (b) (c) and (d) in addition to pre-treatment
with CH223191 (500 nM) for 2 h followed by post-treatment with IL1B (10 ng/ml) alone,
treatment with TCDD (500 nM) and IL1B (10 ng/ml) in combination as well as pre-
treatment with CH223191 (500 nM) for 2 h, followed by post-treatment with TCDD (500
nM) and IL1B (10 ng/ml).

Lactate Dehydrogenase (LDH) assay

Cytotoxicity of CH223191 in media and lysates of OSC-19 and HN30 cells treated for 24 h,
was measured using an LDH based in vitro toxicology assay kit (Sigma Aldrich, St. Louis,
MO) as per manufacturer’s instructions.

Microarray analysis

Total RNA, >200 nucleotides long, from OSC-19 and HN30 cells subjected to treatment
regimes (a), (b) and (c), was isolated using the RNeasy mini kit (Qiagen, Valencia, CA)
according to manufacturer’s instructions. RNA integrity was determined using the
NanoDrop 2000 (Thermo Scientific, Wilmington, DE) and 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA). RNA (260/280 >2.0 and 260/230 1.5-2.0 as determined by
the Nanodrop and RIN = 9.0 as determined by the Bioanalyzer) was used for further
analysis. Subsequent generation of cDNA, labeling and generation of in vitro transcribed
cRNA, fragmentation of cRNA, hybridization, washing and staining of the arrays (Human
Genome 133 Plus 2.0 arrays, Affymetrix, Santa Clara, CA) was carried out according to the
manufacturer’s instructions (Affymetrix, Santa Clara, CA) at the Pennsylvania State
University microarray core facility, University Park, PA. Data, following normalization, was
subsequently analyzed using ArrayStar (DNAStar, Madison, WI) and Ingenuity Pathway
Analysis (Ingenuity Systems, Redwood City, CA).

Gene expression

Following analysis of microarray data, select gene targets considered altered were analyzed
by quantitative real-time PCR (qPCR) using a Biorad MyiQ single color real time PCR
detection system equipped with MyiQ software v1.0.410 (Biorad laboratories, Hercules,
CA). One microgram total RNA, extracted from OSC-19 and HN30 cells subject to the
treatment regimes (a), (b), (c) and (d), was reverse transcribed to cONA (ABI high capacity
cDNA archive kit, Applied Biosystems, Carlsbad, CA), diluted 1:10 and used for the
quantitation of gene expression changes using the appropriate primers and Perfecta SYBR
Green supermix (Quanta Biosciences, Gaithersburg, MD) according to manufacturer’s
protocol. The sequence of the primers used is listed in Supplementary Table S1. Data was
analyzed using the ‘standard curve’ method where the starting quantity of transcripts of the
gene of interest was normalized to that of a housekeeping gene, following comparison to a
standard curve [20].

ELISA assay

OSC-19 and HN30 cells were subject to treatment regimes (a), (b), (c) and (d) for a total of
36 h, media was collected, centrifuged at 140 g for 5 min., aliquoted and stored at —20°C
until further use. The remaining cells were washed once with 1X phosphate buffered saline
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(PBS, pH 7.4), lysed in RIPA buffer (10 mM TrisHCI, pH 8.0, 1 mM EDTA, 0.5 mM
EGTA, 140 mM NacCl, 1% TritonX-100, 0.1% sodium deoxycholate, 0.1% SDS and 300
mM sodium molybdate) containing 1X proteosomal inhibitor cocktail (EMD Millipore,
Billerica, MA), centrifuged at 120009 for 15 min at 4°C to remove any cellular debris,
aliquoted and stored at —20°C until further use. CH223191 was dosed at 9 h intervals.
Amphiregulin (AREG), epiregulin (EREG), fibroblast growth factor 2 (FGF2) and platelet
derived growth factor A (PDGFA) were quantified using ELISA Kits for the respective
proteins according to manufacturer’s instructions (AREG and PDGFA- Abcam, Cambridge,
MA, FGF2-Biolegend, San Diego, CA and EREG-Uscn Life Science Inc., Wuhan, China).

‘Promoter Scan’ for the presence of DRE-like elements

AREG, EREG, FGF2 and PDGFA were scanned for the presence of DRE-like consensus
sequences (G/T N T/G CGTG A/C) in all possible orientations. 2500 bp upstream of the
transcription start site was scanned using SCOPE v 2.1.0 [21]. The March 2006 (NCBI136/
hg18) assembly of the Human genome was used by SCOPE for the analysis.

Gene silencing

Repression of AHR expression was carried out using Dharmacon small interfering RNA
(siRNA) [control oligo D-001810-0X and AHR oligo J-004990-07]. Cells (2 x 10%) along
with either control oligo or AHR oligo (final concentration 1.4 umol/L) in 100 pl
nucleofection solution (272 mM sucrose +1 mM magnesium chloride) were electroporated
using the Amaxa Nucleofector 2b device (Lonza, Allendale, NJ) as per manufacturer’s
protocol using the manufacturer’s preset T-016 program.

Statistical analysis

RESULTS

All treatments were carried out in triplicate. Analysis was performed using Excel (Microsoft
Corporation, Redmond, WA) and GraphPad Prism 5 v5.03 graphing and statistical software
(GraphPad Software Inc., San Diego, CA). Data was analyzed by one way analysis of
variance (ANOVA), Tukey’s multiple comparison or student-t tests. P values < 0.05 were
considered statistically significant (* p<0.05; ** p<0.01; *** p<0.001).

Global gene expression analyses identify putative novel growth factor targets of AHR

activity

We have previously shown that HNSCC cell lines have elevated inflammatory signaling
[11]. For this study we utilized two well-characterized HNSCC cell lines. OSC-19 cells were
chosen because these HNSCC cells are a model for head and neck cancer invasion and
metastasis in orthotropic nude mice [22], while NH30 cells have been used extensively to
study various aspects of head and neck cancer [23,24]. Gene expression analysis was
performed with RNA isolated from OSC-19 and HN30 cells treated with either TCDD or
CH223191. The latter compound has exhibited potent AHR antagonist activity, has not been
reported to exhibit any other biological activities and the appropriate concentrations to use in
cell culture experiments have been determined [17]. A comparison of TCDD versus
CH223191 treatment revealed 264 and 256 genes altered, respectively. A total of 58

Mol Carcinog. Author manuscript; available in PMC 2015 April 07.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

John et al.

Page 6

probesets, representing ~ 54 genes, were altered in both OSC-19 and HN30 cell lines. Of
these 58 probe sets, 41 were up-regulated by comparison of control versus TCDD treated
cells and significantly down-regulated by CH223191 treatment, relative to TCDD (Table 1).
Further analysis by network mapping of these commonly altered probesets, using Ingenuity
Pathway analysis (IPA, Redwood City, CA), revealed ~24 altered gene targets, with 7
sharing no connectivity to the rest of the network (Figure S1 and S2). All of these probesets
constituted genes whose expression was significantly down-regulated by CH223191 relative
to cells treated with TCDD. A subset of 24 genes was validated by g°PCR and ANGPLT4,
CTNNAL, HAS3, MMP1 and RUNX2 were all altered by modulation of AHR activity (Figure
S3). However, these genes were not further examined.

Expression of multiple growth factors was mitigated by the AHR antagonist, CH223191

Epiregulin (EREG), fibroblast growth factor 2 (FGF2) and platelet derived growth factor A
(PDGFA) were altered growth factors identified within the microarray dataset. These growth
factors exhibited an enhanced expression upon TCDD treatment and subsequent down-
regulation following the addition of CH223191 in the presence or absence of TCDD.
Though absent from the network, AREG was considered on the basis of other ongoing
studies in our laboratory. Next, the expression profiling data was validated using gRT-PCR.
The growth factors examined exhibited an attenuation of both basal and induced gene
expression in both OSC-19 and HN30 cells (Figure 1). For example, the basal gene
expression of AREG and PDGFA was significantly mitigated in HN30 cells upon CH223191
treatment. Furthermore, TCDD-induced expression of PDGFA and EREG was significantly
decreased by CH223191 in OSC-19 and HN30, respectively. The expression of the AHR
target gene CYP1A1 was determined to assess ligand-mediated modulation of AHR activity.
FGF2 was not induced upon TCDD treatment in HN30 cells and also failed to display a
significant attenuation of basal or induced expression, in both OSC-19 and HN30 cells
(Figure S4). Overall, these results confirm that the expression of EREG, AREG and PDGFA
are significantly modulated by the level of AHR activity in HNSCC cell lines.

Protein levels of multiple growth factors were attenuated by CH223191 exposure

Basal protein and TCDD-induced secreted protein levels of AREG, EREG and PDGFA
were significantly attenuated by CH223191 treatment in both OSC-19 and HN30 cells
(Figure 2). Greater attenuation of constitutive expression of all three growth factors was
observed in HN30 cells. TCDD-induced significant attenuation of FGF2 secreted protein
expression in OSC-19 cell culture medium with no reduction of either basal or TCDD-
induced expression observed in HN30 cell culture medium (Figure S5).

The AHR antagonist, CH22391 is not cytotoxic

A 500 nM concentration of the AHR antagonist, CH223191, which caused attenuation of
basal and/or TCDD induced growth factor protein levels did not influence LDH levels,
either in cell lysates (a measure of cell number and cytotoxicity) or media (a measure of cell
viability and membrane integrity) following treatment of OSC-19 or HN30 cells for 24 h
(Figure 3). Although, the highest dose of CH223191 (10 pM) appeared to cause an increase
in LDH levels in culture media, suggesting a slight decrease in cell viability at this
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concentration. However, it should be noted that this dose is 20-fold higher than the
concentration of antagonist used for these studies. TCDD (10 nM final concentration) was
also tested, using the LDH leakage assay, for its ability to induce toxicity and no toxicity
after 24 h was observed (unpublished data).

In silico analysis identifies DRE-like elements in upstream promoters of AHR regulated
growth factors

These results clearly indicate that AHR activity modulates the expression of the growth
factors examined, which lead to the hypothesis that these factors are directly regulated
through the presence of DRE in their promoters. Thus, starting at the transcription start site
and going up to 2500 bases upstream in the regulatory region these growth factors were
scanned for the presence of DRE-like elements by searching for the DRE consensus
sequence, ‘G/T N T/G CGTG A/C’ in all possible orientations. A total of 20 DRE-like
consensus sequences were found distributed across the four growth factors (Figure 4). The
sequence logo obtained following a search with the above consensus sequence across all
four growth factor genes, along with a display of the exact locations of the DRE-like
elements, can be found in the supplementary data (Figure S6, Table S2).

Attenuation of AHR levels mitigates the expression of AHR regulated growth factors

OSC-19 cells transfected with AHR siRNA exhibited a 47% and 90% attenuation of AHR
protein levels, respectively, relative to cells transfected with control siRNAs (Figure 5).
Subsequent analysis of gene expression, following knock down of AHR expression,
exhibited a repression of constitutive and/or TCDD induced gene expression of multiple
growth factors, in OSC-19 (Figure 6). The expression of CYP1A1 is shown for reference of
AHR activity. Treatment with AHR ligands failed to exhibit a significant level of repression
of basal or induced levels of FGF2 (Figure S7). We were unable to obtain a sufficient level
of AHR knockdown in HN30 cells.

Several AHR ligands induce the expression of putative AHR mediated growth factors

In addition to TCDD, two other AHR agonists, FICZ and benzo(a)pyrene, also significantly
induced the expression of AREG, EREG and PDGFA in OSC-19 cells. These genes were
also induced to varying extents in HN30 cells, though none of these were significant
compared to vehicle control (Figure 7). The relatively high AHR levels ion HN30 may
mediate a high basal transcriptional activity and thus a mutated induction upon addition of
AHR agonists.

The expression of FGF2 was enhanced by TCDD and FICZ exposure, but was not altered
by benzo(a)pyrene (Figure S8).

CH223191 attenuates TCDD+IL1B-induced expression of multiple growth factor genes

Given previous reports of regulation of inflammatory gene signaling by AHR, along with
the possible role of AHR in mediating growth factor expression observed here, the role of
AHR in regulating the expression of various growth genes, following treatment with TCDD
+IL1B was examined with or without the addition of CH223191. Treatment with TCDD
+IL1B in combination caused a significant increase in the expression of all growth factors
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examined, relative to vehicle control. CH223191 attenuated TCDD+IL1B-induced
expression of multiple growth factor genes in both OSC-19 and HN30 cells (Figure 8).
However, the expression of FGF2 though induced significantly by treatment with TCDD
+IL1B, was not mitigated by CH223191 (Figure S9).
DISCUSSION

Head and neck cancers are currently the 8" most common type of cancer in the U.S.,
accounting for ~ 3-5% of all cancers [15,25,26]. In 2012 it is estimated that nearly 52,610
people will develop head and neck cancer and about 11,500 will die from it [26,27]. Most
head and neck cancers are squamous cell carcinomas, originating in the epithelium of the
upper aerodigestive tract. These comprise nearly 90% of all head and neck cancers. Tobacco
use and alcohol consumption have long known to be risk factors [25]. However, more recent
increases in HNSCCs have been linked to exposure to human papilloma virus type 16 and
18 [14,25]. Treatment options for HNSCCs is complicated and often calls for a
multidisciplinary approach [25]. Even those who survive face a lifetime risk of succumbing
to cardiac or respiratory problems as well as second primary tumors that arise at a rate of 3—
5% a year, thereby putting the overall survival rate of patients with recurrent or metastatic
HNSCC:s to less than a year [14,15]. Apart from surgery and radiation therapy, commonly
used for the treatment of early stage cancer, various classes of chemotherapeutic agents such
as platinum compounds, antimetabolites or taxanes are used when patients have unresectable
tumors or when organ preservation is critical [14,16]. Novel therapies under trial also
include, mammalian target of rapamycin (mTOR), and epidermal growth factor inhibitors.
However, despite aggressive treatment protocols, the prognosis of most patients, especially
those with recurrent HNSCCs remains poor, calling for novel approaches and targets that
could possibly be used in combination with current protocols for a better prognosis [15].

The AHR has recently been linked to several cancers and has been found to differentially
impact a number of endpoints such as apoptosis, proliferation, cell growth and
differentiation [4,5]. The AHR has also been implicated in tumor initiation, promotion and
progression. Both tumor promotion and progression is thought to be driven in part by a
dysregulation of cell-cell contact, which in turn is a critical regulator of proliferation,
differentiation and cellular motility, leading to enhanced epithelial to mesenchymal
transition (EMT) [5]. Additionally, AHR has been found to be activated by several
exogenous and endogenous ligands with many of the exogenous compounds being
ubiquitous environmental pollutants, such as benzo(a)pyrene, which is generated from the
combustion of organic matter (e.g. cigarette smoke) [3]. Such activation could lead to high
constitutive levels of AHR transcriptional activity, in turn triggering several downstream
effects mediated by the AHR. We have recently determined that HN30 cells have 7-fold
more AHR than human epidermal keratinocytes, further enhancing constitutive AHR
transcriptional potential [13]. For example, activation of the AHR pathway has been linked
to enhanced cancer cell invasiveness and poor prognosis as reported in cancers, such as
those of the stomach and upper urinary tract [28,29]. Furthermore, another study reported
enhanced AHR expression, caused by siRNA-mediated knock down of the aryl hydrocarbon
receptor repressor, resulting in enhanced anchorage independent growth of multiple cancer
cell lines [30]. However, the role of the AHR in cancer has been controversial and appears
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to be cell-type or context-dependent. For example, in breast tumors a high basal level of
AHR expression has been linked with aggressive growth and metastatic phenotype [31].
Conversely, another study reported that further activation of the AHR by exogenous AHR
ligands actually inhibits invasive and metastatic phenotype in a panel of breast cancer cell
lines [32]. In cancers of the liver and pituitary gland the AHR has been reported to function
as a tumor suppressor [33,34]. Since all these studies point to a role of the AHR in cancer
progression, this would suggest that the AHR is a target to modulate various aspects of
tumor cell survival and outgrowth, including HNSCCs.

Previous studies from this laboratory have established a role for the AHR in mediating both
constitutive and cytokine inducible expression of the pro-inflammatory cytokine, IL6, in
multiple HNSCC cell lines, thereby suggesting a role for AHR in contributing to the
aggressive phenotype of these cells [11]. The role of AHR in mediating cytokine inducible
IL6 was also shown in MCF-7 breast cancer cells and the endocervical cancer cell line,
ECC-1[12]. In this regard, prior reports from the literature have linked high IL6 expression
to the promotion of enhanced cellular proliferation and increased EMT in head and neck
cancers [35]. Recently our laboratory found that antagonism of the AHR, either through use
of AHR antagonists or siRNA-mediated abrogation of AHR, to significantly mitigate pro-
survival IL6 expression and also greatly attenuate the migratory and invasive behavior of
these HNSCC cells [13]. Agarose spot migration assays and Boyden chamber invasion
assays revealed nearly a 92-95% decrease in migratory potential and a 60—70% reduction in
invasive capacity. In addition, AHR antagonism has also been found to attenuate the
expression of drug efflux pumps such as ABCG2, thereby possibly helping to increase
retention times of cancer chemotherapeutic drugs.

Therefore, given previous evidence regarding the role of AHR in HNSCC, this study sought
to use a whole genome expression profiling based approach to identify other novel targets of
AHR associated with the aggressive phenotype of head and neck cancers. Of the 58
probesets altered in common across both the HNSCC cell lines, OSC-19 and HN30, only
about 24 appeared to be up-regulated by TCDD and down-regulated by CH223191, relative
to the basal expression levels. A number of these altered targets have been documented to be
associated with the progression of various cancers. Some of these include MMP1 and HASS3,
both found associated with non-small cell lung cancer [36,37] and cervical cancer [38],
FOSL1, which increases cell growth of MCF-7 cells [39], RUNX2 found to be important in
prostate cancer [40], and ANGPTL4 found to promote colorectal cancer progression [41].
Clearly additional studies’ examining the significance of these findings is needed.

In this report we chose to focus on the growth factor targets of AHR activity. Growth factors
constitute polypeptide factors that stimulate cellular proliferation, mediate anti-apoptotic
activity and are required for normal cell growth and development [42]. Dysregulation of
signaling pathways that mediate normal functions of growth factors is often found in cancer,
thereby making them an attractive target for cancer therapy [43]. Paracrine activity of
growth factors and cytokines, in combination or individually, has been reported to play a
prominent role in the accumulation of genetic insults that lead to malignancy [18]. Of the
three growth factor targets identified in this study: epiregulin (EREG), fibroblast growth
factor 2 (FGF2), and platelet derived growth factor A (PDGFA), EREG has been reported to
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be over-expressed in oral squamous cell carcinomas and is a predictor of a poor prognosis
[44]. Another study reported higher expression of FGF2 and FGFR in HNSCC cell lines
[45]. PDGFA, however, has not been reported to be associated with head and neck cancers.
AREG has been reported to be over-expression in certain head and neck cancers [44].
Except for one report examining mouse EREG, none of the growth factors reported here
have been previously shown to be regulated by AHR activity [46].

CH223191, a potent antagonist of AHR [47], mitigated both gene expression and protein
levels of AREG, EREG and PDGFA, while TCDD, an AHR agonist, mediated their
enhanced expression, thereby suggesting that these genes are modulated by AHR activity. In
contrast, the induction and mitigation of gene expression or protein levels of FGF2 was not
as significant as the other 3 growth factors studied. Interestingly, FGF2 has been reported to
enhance fibroblast-independent tumor growth in head and neck cancers [48] and was found
here to possess multiple DRE-like elements in its promoter region. There are other reports
supporting this concept of repressing AHR activity as a means of modulating cancer cell
signaling, for example, the recent reports of Src-mediated cross-talk between AHR and
epidermal growth factor receptors in stimulating colon cancer cell proliferation [49] and c-
Jun mediated cross-talk between AHR and matrix metalloproteinases in gastric cancers [28].
Thus, the ability of constitutive AHR to participate in growth factor expression would
suggest that the AHR plays an important role in the facilitating several signaling pathways
that play a direct role in tumor cell malignancy and aggressive behavior.

The use of siRNA to repress AHR expression provided additional evidence of the
importance of the AHR in mediating AREG, EREG and PDGFA expression. We did not
pursue the significance of each individual target gene to the phenotype observed in HNSCC
cells considering the large number of genes that are influenced by AHR antagonist
treatment. The tumor microenvironment typically involves both aberrant growth factor
signaling and pro-inflammatory gene expression. In light of this information and our
previous reports on the role of AHR in regulating inflammatory gene signaling [10,11], the
expression of various growth factor genes was examined in the presence of an inflammatory
mediator, IL1B, and an AHR agonist. A significant increase in expression of various growth
factor genes in the presence of TCDD and IL1B in combination along with an attenuation of
their expression upon co-treatment with CH223191, further point to the utility of regulating
multiple pro-survival and pro-metastatic ‘cancer pathways’ through the repression of AHR
activity. HNSCC is a complex and difficult to treat disease that requires multiple treatment
strategies. Thus, considering that AHR antagonism would be a relatively non-toxic
treatment, this approach offers considerable potential as ‘adjuvant therapy’ to existing
treatment regimens to greatly improve disease outcomes of recurrent, highly metastatic
HNSCCs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AHR aryl hydrocarbon receptor

AREG amphiregulin

ARNT aryl hydrocarbon nuclear translocator
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DRE dioxin response element
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Figure 1.
Gene expression analysis of putative AHR target genes and CYP1AL1. OSC-19 (A) and

HN30 (B) cells were treated with either TCDD (10 nM), CH223191 (500 nM) or both for 24
h. RNA isolated and mRNA levels determined by qRT-PCR
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Figure 2.

Secreted protein expression levels of growth factors modulated by the AHR.
0OSC-19 (A) and HN30 (B) cells were treated with either TCDD (10 nM), CH223191 (500
nM) or both for 24 h. ELISAs were used to quantitate growth factor levels.
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Figure 3.

AHR antagonists are not cytotoxic. Analysis of LDH levels in whole cell lysates and cell
culture media 24 h post treatment in both OSC-19 and HN30 cells.
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All growth factors identified possess DRE-like elements in their upstream promoters.
Location of the consensus sequence ‘G/T N T/G CGTG A/C’, in all possible orientations, up
to 2500 bp upstream of the transcription start site in AREG, EREG, FGF2 and PDGFA.
Sequence logos for the respective consensus sequences along with a table displaying exact
locations of the various consensus sequences in the promoter regions of AREG, EREG,
FGF2 and PDGFA can be found in the supplementary data. The March 2006 (NCBII136/
hg18) assembly of the human genome was used for this analysis.
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Figureb5.
Attenuation of AHR expression in OSC-19 cells. (A) Immunoblot analysis following knock

down of AHR by electroporation with sSiRNA. Results were normalized to the expression of
f actin and the percent of AHR repression determined.
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Repression of AHR levels mitigates expression of multiple growth factors. Gene expression
analysis of CYP1A1 and other growth factors following electroporation of OSC-19 cells.
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Putative AHR regulated growth factors exhibit induction with other prototypic AHR ligands.
FICZ (100 nM, 24 h) and benzo(a)pyrene (2 uM, 24h), two AHR ligands also cause varying
levels of induction to the four growth factor genes in both OSC-19 (A) and HN30 (B) cells.
CYP1AL expression is shown for comparison.
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Figure8.

CH223191 attenuated TCDD+IL1B induced gene expression of multiple growth factor
genes in both OSC-19 (A) and HN30 (B) cells. Treatment with TCDD alone caused a
significant increase in the expression of most growth factor genes relative to vehicle control.
However, treatment with IL1B alone did not produce a similar effect. Treatment with TCDD
and IL1B in combination caused a significant increase in the expression of all growth factors
examined, relative to vehicle control. CYP1Al expression is shown for comparison.
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