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UVR Exposure Sensitizes Keratinocytes to DNA Adduct Formation
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Abstract

UV radiation (UVR) and exposure to tobacco smoke, a source of polycyclic aromatic hydrocarbons (PAH), have been linked to skin carcinogenesis. UVR-mediated activation of the aryl
hydrocarbon receptor (AhR) stimulates the transcription of CYP1A1 and CYP1B1, which encode proteins that convert PAH to genotoxic metabolites. We determined whether UVR exposure sensitized human keratinocytes to PAH-induced DNA adduct formation. UVR exposure
induced CYP1A1 and CYP1B1 in HaCaT cells, an effect that was mimicked by photooxidized
tryptophan (aTRP) and FICZ, a component of aTRP. UVR exposure or pretreatment with aTRP
or FICZ also sensitized cells to benzo(a)pyrene (B[a]P)-induced DNA adduct formation. αNF,
an AhR antagonist, suppressed UVR-, aTRP-, and FICZ-mediated induction of CYP1A1 and
CYP1B1 and inhibited B[a]P-induced DNA adduct formation. Treatment with 17-AAG, an
Hsp90 inhibitor, caused a marked decrease in levels of AhR; inhibited UVR-, aTRP-, and
FICZ-mediated induction of CYP1A1 and CYP1B1; and blocked the sensitization of HaCaT
cells to B[a]P-induced DNA adduct formation. FICZ has been suggested to be a physiologic
ligand of the AhR that may have systemic effects. Hence, studies of FICZ were also carried
out in MSK-Leuk1 cells, a model of oral leukoplakia. Pretreatment with α-naphthoflavone or
17-AAG blocked FICZ-mediated induction of CYP1A1 and CYP1B1, and suppressed the
increased B[a]P-induced DNA adduct formation. Collectively, these results suggest that
sunlight may activate AhR signaling and thereby sensitize cells to PAH-mediated DNA adduct formation. Antagonists of AhR signaling may have a role in the chemoprevention of
photocarcinogenesis.

UV radiation (UVR) is a major cause of nonmelanoma skin
cancer including squamous cell carcinoma (1). Several studies
have suggested that tobacco smoke is an independent risk factor for cutaneous squamous cell carcinoma (1–4). Smoking
and sun exposure are also important risk factors for squamous
cell carcinoma of the lip (5). Polycyclic aromatic hydrocarbons
(PAH) represent an important class of carcinogens found in
tobacco smoke (6). The effects of UVR and tobacco smoke as
individual carcinogens have been extensively studied. Importantly, combined exposure to UVR and tobacco smoke may
have synergistic effects that contribute to cancer (7–9).
The aryl hydrocarbon receptor (AhR), a ligand-activated
transcription factor, binds with high affinity to PAH including

benzo(a)pyrene (B[a]P). Exposure to UVR generates tryptophan
(TRP) photoproducts that also bind to and activate the AhR (10–
13). One UV photoproduct that has received substantial attention
is 6-formylindolo[3,2-b]carbazole (FICZ; refs. 10, 12). Recently,
exposure of an aqueous solution of TRP to window sunlight
has been shown to produce multiple AhR-activating photoproducts in addition to FICZ (14). The diverse biochemical, biological, and toxicologic responses caused by exposure to PAH and
the environmental toxin 2,3,7,8 tetrachlorodibenzo-p-dioxin (dioxin, TCDD) are thought to be mediated by the AhR (15). In the
absence of ligand, the AhR is present in the cytosol complexed
with a dimer of the chaperone heat shock protein 90 (Hsp90),
p23, and XAP2 (16, 17). Following ligand binding, the AhR translocates into the nucleus (18) where it dissociates from its chaperone complex and forms a heterodimer with the AhR nuclear
transporter (19, 20). The AhR–AhR nuclear transporter dimer
then binds to the upstream regulatory region of genes containing
xenobiotic responsive elements (19, 20), resulting in the transcriptional activation of several genes, including those encoding enzymes CYP1A1 and CYPB1. PAH are generally biologically
inert and require metabolic activation by inducible enzymes including CYP1A1 and CYP1B1 to exert their genotoxic actions (21,
22). B[a]P, a potent ligand of the AhR, induces its own metabolism to noncarcinogenic B[a]P phenols (23) and a toxic metabolite, anti–7,8-dihydroxy-9,10-epoxy-7,8,9,10-tetrahydroB[a]P
(BPDE; ref. 24), which covalently binds to DNA, forming
bulky DNA adducts that induce mutations (25). The potential
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significance of the AhR in carcinogenesis is supported by recent studies in engineered mice. Constitutive activation of the
AhR rendered mice more susceptible to chemical carcinogens
(26). Moreover, AhR-deficient mice were protected against B
[a]P-induced skin tumors (27).
Exposure to UVB radiation (midrange UVR, 280-320 nm) induces CYP1A1 and CYP1B1 in human skin (28). This inductive effect can be explained by TRP photoproduct–mediated
activation of AhR signaling (10–13). UVR-mediated induction
of CYP1A1 and CYP1B1 in human skin can potentially stimulate the bioactivation of PAH. In smokers, this could lead, in
turn, to increased risk of squamous cell carcinomas. In the
present study, we show that exposure to UVR or TRP photoproducts induced CYP1A1 and CYP1B1 in keratinocytes and
sensitized cells to B[a]P-mediated DNA adduct formation.
These effects were suppressed by inhibiting the activation of

AhR signaling. It is possible, therefore, that agents that target
the AhR will reduce the risk of skin carcinogenesis in individuals exposed to UVR and PAH.

Materials and Methods
Materials
DMEM and fetal bovine serum were from Invitrogen. Antibodies to
β-actin, Lowry protein assay kits, B[a]P, αNF, and TRP were obtained
from Sigma. Antibodies to CYP1A1, AhR, XAP2, and Hsp90 were obtained from Santa Cruz Biotechnology, and antibody to p23 was obtained from Affinity Bioreagents. Antiserum to CYP1B1 was a
generous gift of Dr. Craig B. Marcus (Oregon State University, Corvallis, OR). Western Lighting Plus enhanced chemiluminescence was
purchased from Perkin-Elmer. Nitrocellulose membranes were from
Schleicher and Schuell. RNA was prepared using a kit from Qiagen.
PCR primers were synthesized by Sigma Genosys. Murine leukemia

Fig. 1. UVR induces CYP1A1 and CYP1B1 mRNA levels in HaCaT cells. A, cells were UV irradiated at the indicated doses and then cultured for 6 h before cell harvest.
B and C, cells were treated with the indicated concentrations of aTRP (B) or FICZ (C) for 6 h before cell harvest. D, cells were UV irradiated (4.4 mJ/cm2) and then
cultured for 6 h or treated with 1× aTRP, 1 nmol/L TCDD, or 5 μmol/L B[a]P for 6 h before cell harvest. mRNA was isolated and then analyzed by qPCR. Values for
CYP1A1 and CYP1B1 were normalized to the expression levels of β-actin. A to D, control cells (c) were sham irradiated or treated with vehicle. Columns, means (n = 3);
bars, SD. *, P < 0.05.
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virus reverse transcriptase, Taq polymerase, and deoxynucleotide triphosphates were purchased from Applied Biosystems. 17-AAG and
FICZ were obtained from Biomol International L.P. A BPDE (anti)
standard was obtained from the National Cancer Institute carcinogen
repository at the Midwest Research Institute. KBM medium and KGM
singlequots were from Lonza.

Cell culture
HaCaT cells are spontaneously immortalized human epithelial keratinocytes (29) and were routinely maintained in DMEM supplemented
with 10% fetal bovine serum, 100 IU/mL penicillin, and 100 μg/mL
streptomycin, grown to 70% confluence and trypsinized with 0.125%
trypsin-2 mmol/L EDTA solution. MSK-Leuk1 cells were established
from a premalignant dysplastic leukoplakia lesion adjacent to a squamous cell carcinoma of the tongue (30). Cells were routinely maintained
in keratinocyte growth medium, grown to 60% confluency, and trypsinized with 0.125% trypsin-2 mmol/L EDTA solution. In all experiments, cells were grown in basal medium for 12 h before treatment.
Treatments were carried out in growth factor–free basal medium.

Photoactivation of TRP
Aqueous TRP at 100X [1X is defined as the concentration of TRP
in Standard Ham's (14.2 μg per mL or 69 μmol/L)] was dissolved in
50 mL of distilled water and placed on the indoor sill of a large eastfacing window in a polypropylene tube, and exposed to sunlight for
7 d (14). Light-exposed TRP (aTRP) was wrapped in aluminum foil
and kept at 4°C before dilution.

UVR
UV irradiation was done in 10-cm cell culture dishes containing 6 mL
of phenol red–free DMEM. For UV irradiation, a bank of six FS-40 sunlamps (Philips) in parallel connection was used. These lamps emit a continuous spectrum from 270 to 390 nm with a peak emission at 313 nm;
∼65% of the radiation emitted by these lamps is within the UVB range
(280-320 nm; ref. 31). These bulbs also emit ∼0.5% of their energy in the
UVC region (200-280 nm; ref. 32). Measured by an IL-1700 UVR meter
(International Light), this bank of bulbs deliver an average flux of
0.9 mW per cm2 at the level of exposure of the cells. Control cells were
treated identically except that the UVR lamps were not turned on.

Western blot analysis
Cell lysates were prepared by treating cells with lysis buffer as described previously (33). Lysates were sonicated for 8 min on ice and
centrifuged at 14,000 × g for 10 min at 4°C to sediment the particulate
material. The protein concentration of the supernatant was measured
by the method of Lowry (34). SDS-PAGE was done under reducing conditions on 10% polyacrylamide gels. The resolved proteins were transferred onto nitrocellulose sheets and then incubated with antisera to
CYP1A1, CYP1B1, AhR, Hsp90, XAP2, p23, and β-actin. Secondary antibody to IgG conjugated to horseradish peroxidase was used. The blots
were then reacted with the enhanced chemiluminescence Western blot
detection system, according to the manufacturer's instructions.

Fig. 2. UVR treatment sensitizes keratinocytes to B[a]P-mediated DNA adduct
formation. HaCaT cells were UV (4 mJ/cm2) irradiated and then cultured for
12 h (A) or treated with 1× aTRP (B) or 1 μmol/L FICZ (C) for 12 h. Subsequently,
1 μmol/L B[a]P or vehicle was added and cells were incubated for another 6 h. DNA
was then isolated for analysis of DNA adducts. A to C, control cells (c) were sham
irradiated or treated with vehicle. Columns, means (n = 3); bars, SD. *, P < 0.05.

Quantitative real-time PCR
Total RNA from cell lysates was isolated using the RNeasy Mini kit
(QIAGEN, Inc.). RNA quantification and quality assessment was done
using a 2100 Bioanalyzer (Agilent Technologies). Samples with a 260/
280 ratio of >1.8, RNA Integrity Number of >8, and no evidence of
degradation on electrophoresis were used. RNA (1 μg) was reversetranscribed using murine leukemia virus reverse transcriptase and oligo d(T)16 primer. The resulting cDNA was then used for amplification.
Each PCR reaction volume was 20 μL and contained 5 μL cDNA, 2×
SYBR Green PCR master mix, and forward and reverse primers. Primers used were CYP1A1, forward 5′-CCTGCTAGGGTTAGGAGGTC-3′, reverse 5′-GCTCAGCCTAGTTCAAGCAG-3′ and
CYPIBI, forward 5′-ACGTACCGGCCACTATCACT, reverse
5′-CTCGAGTCTGCACATCAGGA. Experiments were done using a

www.aacrjournals.org

7500 real-time PCR system (Applied Biosystems). β-Actin served as
an endogenous normalization control. Relative expression was determined by ddCT (Relative Quantification) analysis.

DNA adducts
DNA was isolated and then hydrolyzed in 0.1 mol/L HCl at 90°C
for 2 h. This treatment releases B[a]P tetrols from the N2-BPDE
adducts (35, 36). After acid hydrolysis, the samples were cooled
to room temperature and applied to a Restek Pinnacle II, 3 μm,
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Fig. 3. αNF suppresses UVR-mediated induction of CYP1A1 and CYP1B1 and DNA adduct formation. HaCaT cells were pretreated with vehicle or the indicated
concentration of αNF for 2 h. Subsequently, cells were UV-irradiated (4.4 mJ/cm2) and then cultured for 12 h (A) or treated with 1× aTRP (B) or 1 μmol/L FICZ (C) for 12 h before
being harvested for Western blot analysis. Cellular lysate proteins (50 μg/lane) were separated by SDS- PAGE and subjected to Western blotting with antibodies specific
for CYP1A1, CYP1B1, and β-actin. D to F, HaCaT cells were pretreated with 2 μmol/L αNF or vehicle for 2 h. Cells were then UV-irradiated (4.4 mJ/cm2) and cultured for 12 h (D)
or treated with 1× aTRP (E) or 1 μmol/L FICZ (F) for 12 h. Subsequently, 1 μmol/L B[a]P or vehicle was added and cells were incubated for another 6 h. DNA was then
isolated for analysis of DNA adducts. D to F, control cells (c) were sham irradiated or treated with vehicle. Columns, means (n = 3); bars, SD (D-F). *, P < 0.05.

150 × 2.1 mm C18 high performance liquid chromatography column.
Aliquots of the hydrolysate were eluted in a mobile phase of 33% acetonitrile containing 10 mmol/L ammonium acetate (pH 6.0) at a flow
rate of 0.2 mL/min. The eluate was analyzed using the fluorescence
detector set at 344 nm excitation and 400 nm emission. A Shimadzu
high performance liquid chromatography system consisting of an LC20AD solvent delivery system, a SIL-10Ai autoinjector, an SPD-20AV
UV-VIS detector, and an RF-10AxL fluorescence detector was used for
analysis. Quantitation of the adducts was achieved by comparison
with standards of the B[a]P tetrol isomers. These were generated by
incubating anti-BPDE in water at room temperature for 30 min (37).
The major adduct designated BPDE tetrol I-1 (1) was produced in the
cultured cells (35). Only trace amounts of the minor adduct, BPDE
tetrol I-2, were detected.

Cancer Prev Res 2009;2(10) October 2009

Statistics
Comparisons between groups were made by Student's t test. A difference between groups of P value of <0.05 was considered significant.

Results
UVR induces CYP1A1 and CYP1B1 and sensitizes
keratinocytes to B[a]P-induced DNA adduct formation
Initially, we determined the effects of UVR exposure on
CYP1A1 and CYP1B1 mRNA expression in HaCaT cells. As
shown in Fig. 1A, levels of CYP1A1 and CYP1B1 mRNAs were
induced by UV treatment. Because sunlight or UVR cause photooxidation of TRP resulting in activation of AhR-dependent
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gene expression, the effects of aTRP on levels of CYP1A1 and
CYP1B1 mRNA were evaluated. Consistent with the findings
for UVR, treatment of HaCaT cells with aTRP led to significant
induction of both CYP1A1 and CYP1B1 mRNAs (Fig. 1B). FICZ,
a known ligand of the AhR, is one of the chemicals found in
aTRP. Treatment with FICZ led to a marked increase in amounts
of CYP1A1 and CYP1B1 mRNAs (Fig. 1C). To confirm that AhR
activation causes induction of CYP1A1 and CYP1B1 in HaCaT
cells, we also tested TCDD and B[a]P, prototypic ligands of the
AhR. Treatment with either TCDD or B[a]P led to significant induction of CYP1A1 and CYP1B1 mRNAs (Fig. 1D).
Both CYP1A1 and CYP1B1 can metabolize B[a]P into DNAreactive species that form adducts. The formation of adducts
can, in turn, lead to mutations. It was of interest, therefore, to
determine if UVR exposure or treatment with aTRP or FICZ sensitized keratinocytes to B[a]P-induced DNA adduct formation.
As shown in Fig. 2, exposure to B[a]P alone caused DNA adducts. Notably, pretreatment of cells with UVR, aTRP, or FICZ

before exposure to B[a]P markedly increased the formation of
B[a]P adducts.
The effects of inhibiting AhR signaling on UVR-mediated induction of CYP1A1 and CYP1B1 and B[a]P-induced DNA adduct
formation were examined. We determined the effects of αnaphthoflavone (αNF), a known AhR antagonist, on UVR-,
aTRP-, and FICZ-mediated induction of CYP1A1 and CYP1B1
and DNA adduct formation. As shown in Fig. 3A to C, αNF suppressed the induction of CYP1A1 and CYP1B1, mediated by exposure to UVR or treatment with aTRP or FICZ. Next, we
investigated whether the sensitizing effects of UVR, aTRP, and
FICZ on B[a]P-induced DNA adduct formation could be inhibited by αNF. The increase in B[a]P-induced DNA adduct formation mediated by exposure to UVR or treatment with aTRP or
FICZ was blocked by pretreatment of HaCaT cells with αNF
(Fig. 3D-F).
To further evaluate the importance of the AhR in sensitizing HaCaT cells to B[a]P-induced DNA adduct formation,

Fig. 4. 17-AAG, an Hsp90 inhibitor,
suppresses AhR protein levels and blocks
UVR-mediated induction of CYP1A1 and
CYP1B1. A, HaCaT cells were treated with
vehicle or 500 nmol/L 17-AAG for 0 to
2 h and were then harvested for Western
blot analysis. Cellular lysate proteins
(50 μg/lane) were separated by
SDS- PAGE and subjected to Western
blotting with antibodies specific for AhR,
Hsp90, p23, XAP2, and β-actin. B, HaCaT
cells were treated with vehicle or the
indicated concentrations of 17-AAG for
2 h. Subsequently, cells were sham or
UV irradiated (4.4 mJ/cm2) and then
cultured for 12 h or treated with 1× aTRP
or 1 μmol/L FICZ for 12 h before being
harvested for Western blot analysis.
Cellular lysate proteins (50 μg/lane) were
loaded onto a 10% SDS-polyacrylamide
gel, electrophoresed, and subsequently
transferred onto nitrocellulose.
Immunoblots were probed with antibodies
specific for CYP1A1, CYP1B1, and
β-actin.
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the effects of 17-AAG, an Hsp90 inhibitor, were determined.
Consistent with our previous findings (33), treatment with
17-AAG led to a rapid and pronounced decrease in amounts
of AhR protein (Fig. 4A). In contrast, 17-AAG did not affect
amounts of other proteins including Hsp90, p23, XAP2, that
are important for AhR signaling (Fig. 4A). Subsequently, we
determined whether 17-AAG blocked UV-, aTRP-, or FICZmediated induction of CYP1A1 and CYP1B1. 17-AAG caused
a concentration-dependent inhibition of the induction of
CYP1A1 and CYP1B1 by each of these inducers (Fig. 4B).
Next, we investigated whether the sensitizing effects of
UVR, aTRP, and FICZ on B[a]P-induced DNA adduct formation could be inhibited by 17-AAG. As shown in Fig. 5A to C,
17-AAG blocked the sensitizing effects of UV, aTRP, and FICZ.
Antagonizing AhR signaling suppresses DNA adduct
formation in FICZ treated MSK-Leuk1 cells
Recently, FICZ, a TRP photoproduct, was suggested to be
an endogenous physiologic ligand of the AhR (38). The fact
that metabolites of FICZ have been detected in human urine
raises the possibility that TRP photoproducts will have extracutaneous effects. To extend our findings in HaCaT cells, we
investigated whether antagonizing the AhR would attenuate
the effects of FICZ in MSK-Leuk1 cells, an in vitro model of
oral leukoplakia. Exposure to FICZ induced both CYP1A1
and CYP1B1 in MSK-Leuk1 cells, an effect that was suppressed by pretreatment with either αNF or 17-AAG (Fig.
6A and B). As shown in Fig. 6C, exposure to B[a]P alone
caused DNA adducts. Notably, pretreatment of cells with
FICZ before exposure to B[a]P increased the formation of B
[a]P adducts (P < 0.05), an effect that was abrogated by exposure to either αNF or 17-AAG (Fig. 6C).

Discussion
The current results provide new insights into potential mechanisms by which UVR predisposes to nonmelanoma skin
cancer. We first showed that UVR, aTRP, and FICZ induced
CYP1A1 and CYP1B1 in HaCaT cells. These findings are consistent with previous reports showing that UVR or TRP photoproducts stimulate the transcription of AhR-dependent genes
including CYP1A1 and CYP1B1 (10–14, 39). Other investigators have postulated that UVR-mediated induction of CYP1A1
and CYP1B1 would enhance the bioactivation of environmental pollutants including PAH from tobacco smoke and thereby
increase the risk for various skin disorders including skin cancer (28). In support of this notion, we show for the first time
that exposure to UVR or treatment of cells with aTRP or FICZ
before exposure to B[a]P enhanced DNA adduct formation.
The AhR represents a potential target for suppressing
chemical carcinogenesis (40). It was of interest, therefore, to
determine whether inhibiting AhR signaling could block
UVR-mediated sensitization of cells to B[a]P-induced DNA
adduct formation. Interestingly, αNF, an AhR antagonist,
blocked UVR-, aTRP-, and FICZ-mediated induction of
CYP1A1 and CYP1B1. Consistent with these findings, αNF also blocked the increase in B[a]P-induced DNA adduct formation mediated by pretreatment with UVR or exposure to aTRP
or FICZ. Hsp90 is a ubiquitously expressed molecular chaperone that modulates client protein folding and prevents the
nonspecific aggregation of unfolded or misfolded proteins

Cancer Prev Res 2009;2(10) October 2009

Fig. 5. 17-AAG suppresses UVR-mediated sensitization of keratinocytes to
DNA adduct formation. A to C, HaCaT cells were pretreated with 500 nmol/L
17-AAG or vehicle for 2 h. Cells were then UV-irradiated (4.4 mJ/cm2) and
cultured for 12 h (A) or treated with 1× aTRP (B) or 1 μmol/L FICZ (C) for 12 h.
Subsequently, 1 μmol/L B[a]P or vehicle was added and cells were incubated
for another 6 h. DNA was then isolated for analysis of DNA adducts. A to C,
control cells (c) were sham irradiated or treated with vehicle. Columns, means
(n = 3); bars, SD. *, P < 0.05.
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Fig. 6. αNF and 17-AAG suppress
FICZ-mediated induction of CYP1A1 and
CYP1B1, and DNA adduct formation in
MSK-Leuk1 cells. Cells were pretreated
with vehicle or the indicated concentration
of αNF (A) or 17-AAG (B) for 2 h.
Subsequently, cells were treated with
1 μmol/L FICZ for 12 h before being
harvested for Western blot analysis.
Cellular lysate proteins (100 μg/lane) were
loaded onto a 10% SDS-polyacrylamide
gel, electrophoresed, and subsequently
transferred onto nitrocellulose.
Immunoblots were probed with antibodies
specific for CYP1A1, CYP1B1, and
β-actin. C, cells were pretreated with
2 μmol/L αNF, 500 nmol/L 17-AAG, or
vehicle for 2 h. Cells were then treated
with 1 μmol/L FICZ or vehicle for 12 h.
Subsequently, 1 μmol/L B[a]P or vehicle
was added and cells were incubated for
another 12 h. DNA was then isolated
for analysis of DNA adducts. Columns,
means (n = 3). *, P < 0.05.

carcinogen-activating enzymes, should reduce the formation
of DNA adducts and inhibit carcinogenesis. However, there
is evidence that this may not be the case in vivo. Pretreatment
of rats with PAH led to reduced tissue levels of orally administered B[a]P because of enhanced metabolism (43). Additionally, studies with CYP1A1 and CYP1B1 knockout mice have
suggested that these proteins protect against B[a]P toxicity because in their absence, levels of DNA adducts are increased
(44–46). Lastly, some models of PAH-induced carcinogenesis
suggest that activation of AhR signaling may protect against
the carcinogenic effects of PAH (47, 48). The magnitude of tissue-specific expression of the CYP1A1 and CYP1B1 enzymes
may regulate sensitivity to B[a]P toxicity and perhaps carcinogenicity (46). Given the potential limitations of our in vitro
findings, additional preclinical studies involving animal models are warranted to determine whether UVR sensitizes the
skin to PAH-induced DNA adduct formation, mutagenesis,
and carcinogenesis. If so, it will be worthwhile to determine
whether either AhR antagonists or inhibitors of Hsp90 possess
chemopreventive properties. The results of the current study
suggest the possibility that topical administration of agents
that target the AhR may reduce the risk of carcinogenesis induced by combined exposure to UVR and tobacco smoke.

(41, 42). The AhR is among the client proteins of Hsp90 that
have been linked to carcinogenesis. Inhibitors of Hsp90 suppress levels of multiple client proteins including the AhR
(33, 42). Consistent with findings in another recent study
(33), treatment with 17-AAG, a synthetic inhibitor of Hsp90,
led to a rapid reduction in amounts of the AhR. 17-AAG also
suppressed UVR-, aTRP-, and FICZ-mediated induction of
CYP1A1 and CYP1B1 and the sensitization of HaCaT cells to
B[a]P-induced DNA adduct formation. The TRP photoproduct
FICZ has been suggested to be an endogenous physiologic
ligand of the AhR (38). Metabolites of FICZ have been detected in human urine, raising the possibility that exposure
to UVR may have systemic effects on AhR-dependent gene
expression and possibly carcinogenesis. Hence, we also carried out experiments with MSK-Leuk1 cells, a cellular model
of oral leukoplakia. Exposure to tobacco smoke, a source of
PAH, is the major risk factor for oral carcinogenesis. Similar
to the findings in HaCaT cells, pretreatment of MSK-Leuk1
cells with αNF or 17-AAG blocked FICZ-mediated induction
of CYP1A1 and CYP1B1, and suppressed the increased sensitivity to B[a]P-induced DNA adduct formation.
Based on our results, it seems predictable that suppressing
UVR- and FICZ-mediated induction of CYP1A1 and CYP1B1,
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