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Proteomic and pathway analyses reveal a network of inflammatory genes associated
with differences in skin tumor promotion susceptibility in DBA/2 and C57BL/6 mice
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Genetic susceptibility to two-stage skin carcinogenesis is known
to vary significantly among different stocks and strains of mice.
In an effort to identify specific protein changes or altered sign-
aling pathways associated with skin tumor promeotion suscep-
tibility, a proteomic approach was used to examine and identify
proteins that were differentially expressed in epidermis between
promotion-sensitive DBA/2 and promotion-resistant CS7BL/6 mice
following treatment with 12-O-tetradecanoylphorbol-13-acetate
(TPA). We identified 19 differentially expressed proteins of which
5 were the calcium-binding proteins annexin A1, parvalbumin o,
S100A8, S100A9, and S100A11. Further analyses revealed that
S100A8 and S100A9 protein levels were also similarly differentially
upregulated in epidermis of DBA/2 versus C57BL/6 mice following
topical treatment with two other skin tumor promoters, okadaic
acid and chrysarobin. Pathway analysis of all 19 identified proteins
from the present study suggested that these proteins were compo-
nents of several networks that included inflammation-associated
proteins known to be involved in skin tumor promotion (e.g. TNF-
o, NFxB). Follow-up studies revealed that Tnf, Nfkb1, 1122, Il1b,
Cxcll, Cxcl2 and CxclS mRNAs were highly expressed in epi-
dermis of DBA/2 compared with C57BL/6 mice at 24 h following
treatment with TPA. Furthermore, NFxB (p65) was also highly
activated at the same time point (as measured by phosphorylation
at ser276) in epidermis of DBA/2 mice compared with C57BL/6
mice. Taken together, the present data suggest that differential
expression of genes involved in inflammatory pathways in epider-
mis may play a key role in genetic differences in susceptibility to
skin tumor promotion in DBA/2 and C57BL/6 mice.

Abbreviations: 2-D PAGE, two-dimensional polyacrylamide gel electro-
phoresis; Chry, chrysarobin; IHC, immunohistochemical; IPA, ingenu-
ity pathway analysis; MS, mass spectrometry; OA, okadaic acid TPA,
12-O-tetradecanoylphorbol-13-acetate; MS, mass spectometry; qPCR, quan-
titative real-time polymerase chain reaction; RIPA, radio-immunoprecipitation
assay;IPG, immobilized pH gradient; KO, knockout; MALDI-TOF, matrix-
assisted laser desorption/ionization time of flight; 1D, 1-dimentional; SDS,
sodium dodecyl sulfate.

Introduction

Genetic susceptibility to two-stage skin carcinogenesis is known
to vary dramatically among different stocks and strains of mice
(1-5). For example, P/J, C3H, A/J, DBA/2 and SENCAR mice
are relatively sensitive to tumor promotion by the phorbol ester,
12-O-tetradecanoylphorbol-13-acetate  (TPA), whereas AKR,
BALB/c and C57BL/6 mice are relatively resistant (6—8). Our labora-
tory previously demonstrated that genetic control of susceptibility to
skin tumor promotion by TPA in crosses between susceptible DBA/2
and resistant C57BL/6 mice is a multi-genic trait. In those studies,
localized regions on mouse chromosomes 1, 2, 9 and 19 were iden-
tified that contained potential tumor promotion susceptibility genes
(9-11). Other laboratories have also identified additional chromo-
somal regions associated with skin tumor susceptibility and progres-
sion using different genetic crosses (4,5,12-21).

Another approach to identify genes that modify susceptibility to skin
tumor promotion is to conduct global gene expression analyses in sensi-
tive and resistant mouse strains after treatment with tumor promoters
such as TPA. Recently, altered global gene expression after TPA treat-
ment has been analyzed in mouse epidermis and keratinocytes by micro-
array and suppression subtractive hybridization (22,23). In general, these
studies focused on gene expression in epidermis or cultured keratino-
cytes from single mouse strains after a single TPA treatment. Recently,
we conducted a microarray analysis to compare gene expression profiles
from epidermis of DBA/2J and C57BL/6J mice treated with TPA as a
means to identify genes that modify promotion susceptibility (24). In
this previous study, 44 genes were identified as differentially expressed
in epidermal RNA samples between the two strains at 6 h after the last of
four TPA treatments. Eleven of these differentially expressed genes were
located within regions previously mapped for promotion susceptibility
loci (9-11,25). One of these genes, glutathione S-transferase, alpha 4
(Gsta4) located on distal Chr 9 was identified as the skin tumor promo-
tion susceptibility gene located at Ps/1.2 (26).

In the present study, we employed the approach of two-dimensional
(2-D) gel electrophoresis followed by mass spectrometry (MS) to
identify differentially expressed proteins in epidermis between DBA/2
and C57BL/6 mice following treatment with TPA. This approach has
been used in recent studies to successfully delineate altered protein
expression profiles in epidermal tissue of several different transgenic
mouse models (27,28). We anticipated that a proteomics-based
approach would complement global gene expression analyses and
also provide additional information concerning post-translational
modification of expressed proteins. In the current study, 19 distinct
proteins were identified as differentially expressed, most with higher
expression in the epidermis of DBA/2 mice compared with C57BL/6
mice. These proteins included S100A8, S100A9 and S100AT11,
as well as two other calcium-binding proteins (parvalbumin a and
annexin Al). Elevated expression of SI00A8 and S100A9 proteins
is a hallmark of several inflammation-associated diseases (such as
multiple sclerosis, cystic fibrosis, chronic inflammatory bowel diseases
and psoriasis) (29). Differential expression of these two proteins was
further confirmed by western blot analyses, immunohistochemical
(IHC) analyses and quantitative real-time polymerase chain reaction
(qPCR). Ingenuity Pathway Analysis (IPA) revealed these proteins
to be part of several networks that included inflammation-associated
proteins (i.e. TNF-a, NFkB and IL-22). Further analyses revealed
that Tnf, Nfkb1, 1122, I11b, Cxcll, Cxcl2 and Cxcl5 mRNAs were
significantly upregulated in epidermis of DBA/2 compared with
C57BL/6 mice at 24 h following treatment with TPA. Further analyses
revealed that NFkB (p65) was activated (phosphorylated at ser276)
to a greater extent in epidermis of DBA/2 mice compared with
C57BL/6 mice at the same time point. The current data provide new
information about possible molecular mechanisms for the differential

© The Author 2012. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions @oup.com 2208

220z 1snbny 9| uo1senb Aq L¢L¥9¥Z/8022/1 L/SE/EI01UB/UIDIEO/WOD dNO dlWepeoe//:sdy Wol) papeojumog


mailto:jdigiovanni@mail.utexas.edu
mailto:jianshen@mdanderson.org

susceptibility of DBA/2 and C57BL/6 mice to the tumor-promoting
activity of TPA and possibly other skin tumor promoting agents.

Materials and methods

Mice and treatment of mouse skin

Age-matched female C57BL/6 and DBA/2 mice were purchased from The
Jackson Laboratory (Bar Harbor, ME). Mice were maintained for at least 2
weeks prior to treatment in the specific pathogen-free Animal Resource
Facility at the Science Park-Research Division of the University of Texas M.D.
Anderson Cancer Center as described previously (3,7) and approved by the
Institutional Animal Care and Use Committee. At 6 weeks of age, the backs of
mice were carefully shaved using surgical clippers. Beginning 2 days later, mice
were either treated with 0.2ml acetone as a control, 3.4 nmol TPA, 2.5 nmol
okadaic acid (OA) or 220 nmol chrysarobin (Chry). TPA and OA were applied
to the dorsal skin in 0.2 ml acetone twice weekly for 2 weeks, whereas Chry was
applied to the dorsal skin in 0.2 ml acetone once weekly for 4 weeks.

Preparation of epidermal protein lysates

Epidermal lysates from age-matched female DBA/2 and C57BL/6 mice were
prepared as described previously (30) with minor modifications. Briefly, mice
were sacrificed by cervical dislocation at various times after the final acetone
or promoting agent treatment. Hair was removed using a depilatory agent
and the dorsal skin was excised. The epidermis was scraped into a modified
radio-immunoprecipitation assay (RIPA) buffer (50mM Tris-HCI, pH 7.5,
150 mM NacCl, 1% Triton X-100, I mM EDTA, 1 mM PMSF, 0.66 pg/ml apro-
tinin, 0.5 pg/ml leupeptin, 1 pg/ml pepstatin, I mM Na;VO, and 1 mM NaF)
under liquid nitrogen and ground to a fine powder using a mortar and pestle.
The cell lysates were further homogenized through an 18-gauge needle and
then centrifuged at 14000g for 15min at 4°C. Protein concentration of the
supernatants was measured using the Bradford assay according to the manu-
facturer’s procedure (Bio-Rad Laboratories, Hercules, CA).

RNA extraction

The RNA extraction protocol was followed as described previously (24) with
minor modifications. The epidermis was scraped into RNA later (Qiagen,
Valencia, CA) and total RNA from the epidermis of control (acetone-treated)
and promoter-treated DBA/2 and C57BL/6 mice was extracted according to
the manufacturer’s protocol. RNA was quantified by spectrophotometry and
sample quality was determined by analysis on a 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA). RNA was further purified on RNeasy col-
umns (Qiagen) with optional DNase I treatment prior to cDNA synthesis.

Two-dimensional polyacrylamide gel electrophoresis and image analysis

Two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) was
performed according to the manufacturer’s suggested protocols (Bio-Rad
Laboratories) as described previously (31,32) with some minor modifications.
Protein extracts (150 pg) were pooled together from six samples per treatment
group and precipitated from the RIPA buffer using a Perfect-FOCUS kit (Geno
Technology, Inc., St. Louis, MO). For each treatment group, 2-D PAGE was
performed on a wide pH range, 3—10, and three narrower pH ranges: 4-7, 5-8
and 7-10. Gel images were captured on a Kodak Image Station 440CF (Eastman
Kodak Company, Rochester, NY). Each 2-D gel (per pH range and per treat-
ment group) was repeated using the same samples at least once to ensure tech-
nical reproducibility. Quantitative comparisons of integrated signal intensities
were performed using Bio-Rad’s PDQuest 2-D gel image analysis software pro-
gram. Differential expression was then confirmed visually by two independent
observers. Selected spots were manually excised and subjected to in-gel tryptic
digestion based on the procedure described by Rosenfeld et al. (33).

Protein identification

The tryptic digests were analyzed on a Voyager-DE PRO matrix-assisted laser
desorption/ionization time of flight (MALDI-TOF) mass spectrometer (Applied
Biosystems, Foster City, CA) as described previously (31,34). For peptide mass
mapping, automated MALDI-TOF spectral acquisition and database searching
were performed as described (32,35). When MALDI-TOF was not sensitive
enough for certain proteins, LC-MS/MS analysis was used. In this case, digests
were resuspended in 20 pl Buffer A (5% acetonitrile, 0.1% formic acid, 0.005%
heptafluorobutyric acid [HFBA]) and 3—6 pl loaded onto a 12-cm x 0.075 mm
fused silica capillary column packed with 5 pM diameter C-18 beads using a N,
pressure vessel at 1100 psi. Peptides were eluted by applying a 55 min, 0-80%
linear gradient of Buffer B (95% acetonitrile, 0.1% formic acid, 0.005% HFBA)
at a flow rate of 130 pl/min with a pre-column flow splitter resulting in a final
flow rate of ~200 nl/min directly into the source. An LCQ mass spectrometer
(Thermo Finnigan, San Jose, CA) was run in automatic collection mode with an
instrument method composed of a single segment and four data-dependent scan
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events with a full MS scan followed by three MS/MS scans of the highest inten-
sity ions. Normalized collision energy was set at 30, activation Q was 0.250
with a minimum full-scan signal intensity at 5x 10° and a minimum MS? inten-
sity at 1 x 10*. Dynamic exclusion was turned on utilizing a three-minute repeat
count of 2 with the mass width set at 1.50Da. Sequence analysis was performed
using TurboSEQUEST™ (ThermoFinnigan) or MASCOT (Matrix Sciences,
London GB) using an indexed human subset database of the non-redundant
protein database from National Center for Biotechnology Information (NCBI)
web site (http://www.ncbi.nlm.nih.gov/).

Western blot analysis

For traditional 1-dimentional (1-D) immunoblotting, protein extracts (40 ng)
from the epidermis of individual DBA/2 and C57BL/6 mice were electro-
phoresed through an 8-16% gradient sodium dodecyl sulfate (SDS)-PAGE gel.
The 1-D western blot was repeated at least once with the epidermis of a different
set of individual DBA/2 and C57BL/6 mice. For 2-D western blotting, protein
extracts (150 pg) of pooled DBA/2 and C57BL/6 mice were separated using 2-D
PAGE with immobilized pH gradient (IPG) strips of pH 3—10 to cover the maxi-
mum pH range, using the running conditions specified above. The separated pro-
teins were then transferred onto polyvinylidene fluoride membranes. Antibodies
specific to SI00A8 and S100A9 (Santa Cruz Biotechnology, Santa Cruz, CA)
were used at a 1:500 dilution. Antibody specific to phospho-NFxB ser536 was
from Cell Signaling Technology, Beverly, MA and used at a dilution of 1:1000.

IHC and immunofluorescence analyses

IHC analysis was performed as described previously (36) with some minor
modifications. The primary antibodies against SI00A8 and S100A9 (Santa
Cruz Biotechnology) were both diluted at 1:250. The biotinylated second-
ary antibody was used at a dilution of 1:250. The expression and localization
of phospho-NFxB p65 was determined using immunofluorescence on sec-
tions of skin with anti-phospho-NFxb p65 (ser276) antibody (Cell Sigaling
Technology, Beverly, MA) as described previously (37). Sections were ana-
lyzed using a Leica TCS SP5 X White Light Laser Confocal System.

Real-time quantitative reverse transcriptase PCR (qQPCR)

Levels of S100a8, S100a9, Tnf, Nfkb1, Il11b and 1122 mRNA were examined
by real-time quantitative reverse transcriptase PCR on an ABI 7900HT Fast
Real-Time PCR System (Applied Biosystems) by the TagMan® primer and
probe system. Primers and probe for S100a8 were designed using File Builder
3.1 software to a unique region of the gene and spanned exon—exon junc-
tions. An Assay-on-Demand® was used for the analyses of S100a9 (catalog#
MmO00656925_m1), Tnf (Mm00443258_ml), Nfkbl (MmO00476379_ml), I11b
(MmO01336189_ml) and 1122 (Mm00444241_ml), which were also designed to
span exon—exon junctions.

For qPCR analysis transcript levels, 1 ng of epidermal RNA isolated from
six mice of each genetic background (DBA/2 and C57BL/6) were reverse
transcribed to ¢cDNA by random priming using the Applied Biosystems
High-Capacity cDNA Archive Kit (Applied Biosystems) in 50 pl reactions.
For qPCR, 2 pl of cDNA were used per assay in a reaction volume of 20 pl and
each sample was analyzed in duplicate. Samples were normalized to 18S or
p-actin RNA and all gPCR assays were analyzed based on the relative quanti-
fication (AACt) method. Serial dilutions of RNA from TPA-treated epidermis
were used for the construction of relative standard curves for each assay. In all
gPCR analyses, control samples processed without reverse transcriptase, as
well as no template control samples were included to verify a lack of contami-
nating genomic DNA in the sample preparations.

Pathways analysis

The 19 proteins identified in the present study were analyzed by IPA (Ingenuity
Systems, Mountain View, CA). Briefly, the unique Swiss-Prot accession num-
bers of the 19 differentially expressed proteins identified were uploaded into
IPA, together with their differential expression ratio (DBA/2 over C57BL/6 for
both acetone and TPA-treated mice as shown in Table 1). Theoretical protein net-
works were then constructed, and a score for each possible network (the negative
base-10 logarithm of the P value) was calculated. Scores of 2 or higher indicated
at least a 99% confidence of not being constructed by a random chance.

Statistical analysis

For qPCR, significance of differences in transcript levels was determined using
a two-tailed Student’s ¢ test. For 2-D gel, six biological replicate samples were
pooled together as one experimental sample per treatment group. Two tech-
nical replicates (experimental repeats) were obtained per pH range and per
treatment group. For 2-D gel-based proteomics experiments, because initial
2-D experiments were conducted with pooled samples, statistical analysis was
not appropriate. Instead, extensive validation of differential protein expression
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Table I. Functional significance and expression trend of the identified proteins

Spot Protein ID Accession theo Mw theopl No.of % MOWSE No. of PSD Expression trend Comments®
#  (Official symbol) no. MW (kDa) pl peptides  coverage ions matched DBA/C57BL (ratio)*

Oh 6h 24 h

Calcium-binding proteins

1 AnnexinAl (Anxal) P10107 39 39  6.97 6.23 12/20 42 4.23e5 D>>C NP NP

2 Annexin Al (Anxal) P10107 39 39 697648 12/20 41 5.19e5 4.7 9.2 17.6

3 Annexin Al (Anxal) P10107 39 39  6976.83 4/10 15 506 D<<C D<<C D<<C

4 Parvalbumin o (Pvalb) P32848 12 13 5.024.79 520 58 51.7 Mox confirmed, ncbi hro 1.0 0.6 06 W,D

1-100 kD

5 Parvalbumin o (Pvalb) P32848 12 13 502466 6 65 1.0 7.9 65 W,D

6 S100 calcium-binding P27005 10 10 543565 1 24 XCorr: 2.86; deltaCorr: NP 3.6 4.6 W, D
protein A8 (S100a8) 0.14

7 S100 calcium-binding P31725 13 13 6.656.76 2/6 23 MS visual spectral NP 3.6 35 W,D
protein A9 (S100a9) matching, 2Mox confirmed

8  S100 calcium-binding P31725 13 13 6.656.70 2/5 23 17.8 MS visual spectral NP 4.1 63 W,D
protein A9 (S100a9) matching, 2Mox confirmed

9  S100 calcium-binding P31725 13 13 6.656.44 5/17 38 62.4 NP 241 24 W,D
protein A9 (S100a9)

10 S100 calcium binding P50543 11 10 53 532 22 27 4.49 8/9 NP 2.0 20 D

protein A11 (S100all)
Microfilament proteins

11 Profilin 1(Pfnl) P62962 15 15 8469.15 273 16 114 14/16 2.4 2.1 1.3

12 Actin, f and y(Actb, P60711, 42 26 53 546 3/3 10 79.4 1.9 1.0 0.4
gamma-actin) CAA31455

Chaperone proteins

13 Heat-shock protein P14602 23 25  6.126.18 9/20 37 1.78e5 0.9 0.4 0.5
beta-1 (Hspbl)

14 60kDa heat-shock P63038 61 60 591541 % 6 41.7 9/11 1.7 1.2 0.5
protein, Mitochondrial
(Hspdl)

15 60kDa heat-shock P63038 61 60 591532 2/2 6 19.3 Same two peptides seenin 3.6 0.4 0.7
protein, Mitochondrial spot 14
(Hspdl)

Proteases and catalytic enzymes

16  Stefin A3 (Stfa3) P35175 11 13 59 562 6/15 68 66 NP 22 1.4

17 Stefin A3 (Stfa3) P35175 11 13 59 569 4/15 44 27.3 NP 3.1 1.2

18  Stefin A3 (Stfa3) P35175 11 13 59 588 Visual NP 22 2.4

spectral
matching

Fatty-acid- and cholesterol-related proteins

19 Apolipoprotein Al Q00623 31 22 57 559 8/15 32 257 D>C D>>C D>>C
(Apoal)

20  Apolipoprotein Al Q00623 31 22 57 524 9/15 31 291 D<C D<<C D<<C
(Apoal)

21  Fatty acid—binding Q05816 15 15 57 6.04 2/3 12% Visual 3.1 1.4 1.3
protein, epidermal spectral
(Fabp512) matching

22 Fatty-acid-binding P04117 15 14 57 6.18 % 18% 14.8 15/17 1.4 0.4 1.0
protein, adipocyte
(Fabp4)

Signal transduction

23 14-3-3 ¢ (Stratifin) 070456 28 28  4.7754.57 3/3 12% Manual 1.4 24 1.0
(Sfn) analysis

24 14-3-3 ¢ (Stratifin) 070456 28 28 4.754.61 3/3 12% 2.99 9/12, 2 Mox confirmed 1.1 NP NP
(Sfn)

25 14-3-3 o (Stratifin) 070456 28 28  4.754.65 2/2 8% Manual  7/11, 2 Mox confirmed 1.4 NP NP
(Sfn) analysis

Others

26 o enolase (Enol) P17182 47 47 637636 7/20 27 3.03e3 0.5 1.7 1.2

27 a enolase (Enol) P17182 47 47 637 6.57 6/20 20 177 0.4 1.8 1.5

28  Major urinary protein 2 P11589 21 21 5.0 4.62 6/15 40 66 NP D<<C NP
precursor (Mup2)

29  Transthyretin P07309 16 15 58 6.09 1/1 4 6.7 12/16 NP 0.5 0.4
(precursor) (Ttr)

30 Lactoyl glutathione lyaseQ9CPUO 21 21 5.2 5.10 4/20 14 9.33 14/18 6.1 1.4 2.8
(glyoxylase) (Glo1)
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“Ratio of spot intensity between DBA/2 mice versus C57BL/6 mice (D/C), from 2-D gels of pooled samples. The ratios could not be calculated when one or both
of the two comparing samples had a zero reading. NP, the spot is not present in both strains of mice. D>>C means that the spot is absent in C57BL/6 mice; and
D<<C stands for its absence in DBA/2 mice.

W, differential expression was confirmed by 1-D and/or 2-D western blot analysis and D, discussed in this paper.
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was conducted with protein samples from individual mice to compensate for
this lack of statistical support.

Results

In the current study, we initially evaluated protein extracts from the
epidermis of DBA/2 and C57BL/6 mice treated with TPA using a mul-
tiple-treatment regimen. For these analyses, equal amounts of protein
extracts from six mice per treatment group were pooled together and
separated by 2-D PAGE on a wide pH range of 3-10, and three nar-
rower pH ranges of 4-7, 5-8 and 7-10. Figure 1 shows six selected
2-D gel images of epidermal protein extracts separated on a pH range
between 5 and 8. Comparison of 2-D gel images from epidermal pro-
tein lysates of TPA- and acetone-treated mice showed that TPA treat-
ment resulted in increased expression of many proteins in both DBA/2
and C57BL/6 mice. Notably, some of these proteins were differentially
expressed between the two strains. Among 30 differentially expressed
spots representing 19 distinct proteins (Table 1), 10 spots were identified
as five distinct calcium-binding proteins (annexin Al, parvalbumin o,
S100A8, S100A9 and S100A11). Other represented proteins included
two heat-shock proteins (hsp27 and hsp60), a cholesterol transport pro-
tein (apolipoprotein A1), two fatty acid binding proteins (epidermal and
adipocyte), one cysteine protease inhibitor (stefin 3), and 14-3-3 ©.
The 2-D gel experiments demonstrated that expression of the three
S100 calcium-binding proteins SI00AS8, SI00A9 and S100A11 was
not detected in the epidermis of acetone-treated DBA/2 or C57BL/6
mice. In contrast, at 6 and 24 h after the last TPA treatment, these three
S100 proteins were induced in epidermis of both strains, although to

DBA treated with Acetone

Bh Control
Mr(kDa)

Mr(kDa)

24 h
Mr(kDa)

Inflammatory networks in DBA/2 and C57BL/6 mice

a greater degree in the epidermis of DBA/2 mice than in the C57BL/6
mice (see again Table 1). This was particularly true for SIO0A8 and
S100A9. Supplementary Figure 1A, available at Carcinogenesis
Online, shows close-ups of the regions of the 2-D gel images in
which S100AS8 protein (spot #6) was clearly differentially expressed
between DBA/2 and C57BL/6 mice at 6 and 24 h post-TPA treatment.
Similar results were observed for SI00A9 (Supplementary Figure 1B,
available at Carcinogenesis Online). Interestingly, SI00A9 migrated
as three spots (spots #7, 8 and 9) with the same molecular weight and
slightly different p/s. The exact nature of these three spots and the
reason(s) for their different p/s is not known.

Upregulation and differential expression of SI00A8 and S100A9
between DBA/2 and C57BL/6 mice following TPA treatment (as listed
in Table 1) was further examined and validated using 1-D and 2-D
western blot analyses, IHC analysis and qPCR analysis. Similar to the
2-D gel experiments, 2-D western blot analysis was done using the
pooled epidermal protein lysates from DBA/2 and C57BL/6 (six mice
per treatment group). For 1-D western blot analysis, epidermal protein
lysates from individual DBA/2 and C57BL/6 mouse were used and
repeated at least once to ensure experimental reproducibility using the
epidermis of a different set of individual DBA/2 and C57BL/6 mice.
The results of 2-D (Figure 2A and 2B) and 1-D (Figure 2C and 2D)
western blot analyses validated that ST00A8 (Figure 2A and 2C) and
S100A9 (Figure 2B and 2D) protein could not be detected in the epi-
dermis of acetone-treated DBA/2 and C57BL/6 mice, and that this
protein was differentially expressed at 6 and 24 h post-TPA treatment.
Analysis by 2-D western blot also demonstrated that SI00AS8 existed
as a single spot, whereas S100A9 existed as three spots.

C57BL treated with Acetone

Fig. 1. Selected 2-D gel images of epidermal proteins of DBA/2 and C57BL/6 mice run on IPG (immobilized pH gradient) strips of pH 5-8.
The backs of DBA/2 (A, C, E) and C57BL/6 (B, D, F) mice were treated with 3.4 nmol TPA twice weekly for 2 weeks and sacrificed 6 h (C,
D) or 24 h (E, F) later. Control mice were treated with acetone (0.2 ml) twice weekly for 2 weeks and sacrificed 6 h later (A, B). Protein extracts
(150 pg) were pooled together in equal amounts from six samples of individual mice per treatment group. Two technical replicates from the
same samples (technical repeats) were obtained per pH range and per treatment group to ensure experimental reproducibility.
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Fig. 2. Validation of epidermal SI00A8 and S100A9 levels after twice weekly treatments for 2 weeks with 3.4 nmol TPA. Two-dimensional
western blot analysis of (A) SI00A8 and (B) SI00A9 in the pooled epidermis of DBA/2 and C57BL/6 mice with acetone, and 6 or 24 h post
TPA treatment, as indicated. One-dimensional western blot analysis of (C) SI00A8 and (D) S100A9 in the epidermal lysates of individual
DBA/2 and C57BL/6 mice, with acetone treatment as controls, and 6 or 24 h post TPA treatment, as indicated. One-dimensional western blot
analysis was repeated at least once to ensure experimental reproducibility with lysates from the epidermis of a different set of individual DBA/2
and C57BL/6 mice. Sample types and treatments are as labeled. Protein spot number indicated is the same as that in Table 1. The protein level
of Bax was used as a loading control as indicated. Real-time qPCR analysis of S100a8 (E) and S100a9 (F) mRNA levels in the epidermis from
mice sacrificed 24 h after the last of four TPA treatments. Bars represent the relative mRNA levels of S100a8 and S100a9 normalized to 18S
RNA from either TPA- or acetone-treated epidermis of DBA/2 and C57BL/6 mice as indicated. Each bar represents an average of six individual
mice of each genetic background analyzed in duplicate in separate experiments. Data is shown as the ratios of fold differences in mRNA levels,
relative to the acetone-treated C57BL/6 samples.

As shown in Figure 2E, qPCR analysis of individual epidermal C57BL/6 mice. However, S100a8 mRNA was detected in the epider-
RNA samples from the 24-h time point indicated that S100a8 mRNA mis of both C57BL/6 and DBA/2 mice 24h after the final TPA treat-
levels were very low in the epidermis of acetone-treated DBA/2 and ment. Furthermore, S100a8 mRNA levels were significantly higher
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Inflammatory networks in DBA/2 and C57BL/6 mice

(~4-fold) in epidermis of DBA/2 mice compared with C57BL/6 DBA/2 and C57BL/6 mice were pooled in equal amounts from four
mice (P < 0.001). S100a9 mRNA levels before and after TPA treat- mice per group. As shown in Figure 3A, TPA treatment induced the

ment exhibited a similar pattern as shown in Figure 2F with mRNA expression of these proteins in both strains of mice, reaching the
levels approximately 5-fold higher (P < 0.001) in the epidermis of maximum protein level between the 24-h and 72-h time points. Again,
TPA-treated DBA/2 mice compared with C57BL/6 mice. higher protein levels for both proteins were observed in the epidermis

In the next series of experiments, a longer time course was conducted of TPA-treated DBA/2 mice compared with C57BL/6 mice. Although

to further study the protein expression of SI00A8 and S100A9 using S100A9 protein was still detectable 96h after TPA treatment in the
both 1-D western blot analysis and IHC analysis. For western blot epidermis of both C57BL/6 and DBA/2 mice, S100AS protein could

S100A8

analysis, the epidermal protein lysates from acetone or TPA-treated not be detected at this time point. In contrast, SI00A10 protein was
A WT Control 6h 12 h 24 h 48 h 72 h 96 h
3 . 8 .8 B B B « 8 £ B
EEEEEEEESEI R R ERE
8 o 86 8 &a 8 a 8 a8 ac 8a 8 a
s ) -

S100A9

SI000 o m——— — — .. . —

S100A8
B 4 % 3.4 nmol TPA (20x)
Acetone Control 6h 12h

S100A8
4 x 3.4 nmol TPA (20x)
24 h 48 h 72h

C57BL -

DBA |

Fig. 3. Time course of SI00A8 and S100A9 protein level changes following TPA treatment. (A) one-dimensional western blot analysis of STO0A8
and S100A9. Pooled epidermal protein samples of DBA/2 and C57BL/6 (four mice per group) were loaded in equal amounts in each lane as
indicated. The time points following the last TPA treatment are as indicated. WT and control represent no treatment and acetone treatment,
respectively. SI00A10 was also analyzed and used here as a loading control. (B) IHC analysis of SI00AS as described in ‘Materials and methods’
section. The time points following the last TPA treatment are as indicated. All IHC images were photographed at a magnification of x20.
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expressed at about the same level in all samples and was used as a
sample loading control. As shown in Figure 3B, IHC analysis further
confirmed that ST00AS8 protein was not detectable in the epidermis of
acetone-treated DBA/2 and C57BL/6 mice but was induced by TPA
treatment to a much greater degree in epidermis of TPA-treated DBA/2
mice compared with C57BL/6 mice. Figure 3B further demonstrates
that STO0AS protein expression reached the maximum level between
the 24-h and 72-h time points, which is consistent with the results
of 1-D western blot analysis. It can also be seen from the IHC data
shown in Figure 3B that SI00AS staining was observed primarily in
the suprabasal layer of the epidermis; similar results were observed
for SI00A9 staining (data not shown).

One-dimensional western blot analysis was also used to determine
S100A8 and S100A9 protein levels in the epidermis of C57BL/6 and
DBA/2 mice treated with OA and Chry, two other skin tumor promoting
agents whose initial biochemical mechanism of action is different from
that of the phorbol ester TPA [reviewed in ref. 2]. For these experiments,
equal amounts of epidermal protein samples were pooled from three
mice per group and then loaded onto gels. As shown in Supplementary
Figure 2A, available at Carcinogenesis Online, SI00A8 and S100A9
protein levels were higher in the epidermis of DBA/2 than C57BL/6
mice treated with OA at all time points examined. Similar results
were observed for S100A8 protein expression in mice treated with
Chry (Supplementary Figure 2B, available at Carcinogenesis Online).
Following treatment with Chry, SI00A9 protein levels were similar in
the epidermis of DBA/2 and C57BL/6 mice (Supplementary Figure 2B,
available at Carcinogenesis Online) at 6 and 18 h after the last treatment,
whereas at later time points (24 and 48h), S100A9 protein levels were
again higher in the epidermis of DBA/2 compared with C57BL/6 mice.

To further explore the observed differences in protein levels
between DBA/2 and C57BL/6 mice, IPA software was used to map
the differentially expressed proteins into two biological networks
for each treatment group (acetone control and 6 or 24 h after the last
TPA treatment). Supplementary Table 1, available at Carcinogenesis
Online lists these six biological networks (Networks 1-6) with highly
significant scores of 27, 4, 32, 16, 32 and 13, respectively. Mapped
within these six networks were 10, 2, 12, 7, 12 and 6 focus proteins,
respectively, from the differentially expressed proteins identified in
the present study. The most significant networks identified by IPA
incorporated 12 focus proteins (out of the total 19 differentially
expressed proteins identified) with the score of 32 at both 6 and 24h
after the last TPA treatment (Networks 3 and 5, Figures 4A and 4B,
respectively). The top functions for the most significant network at
the 6-h time point (Network ID 3 in Supplementary Table 1, available
at Carcinogenesis Online and Figure 4A) were cellular movement,
antigen presentation and cell-mediated immune response. The most
significant functions of the highest score network at the 24-h time point
(Network ID 5 in Supplementary Table 1, available at Carcinogenesis
Online, and Figure 4B) were lipid metabolism, molecular transport
and small-molecule biochemistry. It is interesting to note that both
Networks 3 and 5 contain a number of inflammation-associated
proteins including NFxB, IL-22 and p38 MAPK.

Supplementary Figure 3, available at Carcinogenesis Online,
displays the other IPA Networks listed in Supplementary Table 1,
available at Carcinogenesis Online. Notably, the next most significant
networks obtained at 6 and 24h following TPA treatment again
contained inflammation-associated proteins, including TNF-a
(Networks 4 and 6, Supplementary Figure 3A and B, available at
Carcinogenesis Online, respectively). The most significant network
observed in acetone-treated mice is shown in Supplementary
Figure 3C, available at Carcinogenesis Online, and again contained
a number of inflammation-associated genes. When only the five
differentially expressed calcium-binding proteins identified from the
present study (ANXA1, PVALB, S100A8, S100A9 and S100A11)
were uploaded into IPA software, they were mapped to a biological
network of cancer or cell-to-cell signaling and interaction (Network ID
7 in Supplementary Table 1 and Supplementary Figure 3E, available
at Carcinogenesis Online). Within this network, an additional 19
proteins and/or molecules were identified, including two other
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calcium-binding proteins, ANXA2 and ANXAS, as well as Pkc(s)
and FActin, which are connected with the five differentially expressed
calcium-binding proteins.

The presence of several inflammation-associated proteins (includ-
ing NFxB, TNF-a, p38 MAPK and IL-22) in the interaction networks
identified led to follow-up studies. For these studies, qPCR was used
to examine mRNA expression levels of two of the above inflamma-
tion-associated genes (Tnf and 1/22) in epidermal RNA samples from
DBA/2 and C57BL/6 mice at both 6 and 24 h after the last of four TPA
treatments. Two other NFxB-regulated genes, ///b and NfkblI, were
also included in these initial analyses (38). As shown in Figure 5A,
1122 mRNA (found in Network IDs 3 and 7, Supplementary Table 1,
available at Carcinogenesis Online, Figure 4A, and Supplementary
Figure 3E, available at Carcinogenesis Online) was approximately
100-fold higher in the epidermis of TPA-treated DBA/2 mice com-
pared with the mRNA levels in TPA-treated C57BL/6 epidermis
(24-h time point; Figure 5A). 1122 mRNA was also differentially
expressed significantly at the 6-h time point (DBA/2>>C57BL/6 with
P < 0.001; data not shown). In contrast, Nfkbl (Networks 3 and 5,
Supplementary Table 1, available at Carcinogenesis Online) mRNA
levels were induced in epidermis of both TPA-treated DBA/2 and
C57BL/6 mice to approximately similar levels at the 6-h time point
(data not shown). However, at the 24-h time point, Nfkbl mRNA
level remained elevated in epidermis of TPA-treated DBA/2 mice
but returned to near control levels in epidermis of C57BL/6 mice,
resulting in ~2.5-fold higher level in epidermis of TPA-treated DBA/2
mice at this time point (Figure 5B). A similar pattern was observed for
Tnf mRNA (Network 4, Supplementary Table 1 and Supplementary
Figure 3A, available at Carcinogenesis Online). In this regard, Tnf
mRNA was induced to a similar extent in epidermis of both DBA/2
and C57BL/6 mice at the 6-h time point (again data not shown). At
24h after the last TPA treatment, Tnf mRNA remained elevated in
the epidermis of DBA/2 mice but returned to below control levels
in epidermis of C57BL/6 mice leading to an approximately 7-fold
higher level in the epidermis of TPA-treated DBA/2 mice at this time
point (Figure 5C). Finally, I11b transcript levels were induced by TPA
to a similar level at 6h in epidermis of both strains (data not shown).
Again as with Nfkb1 and Tnf, Il11b mRNA levels decreased in epider-
mis of C57BL/6 mice at the 24-h time point (although still signifi-
cantly above the C57BL/6 acetone control) (Figure 5D) but remained
elevated in the epidermis of TPA-treated DBA/2 mice resulting in
an 8-fold higher level at this time point. The differences in levels of
mRNAs for 1122, Ntkb1, Tnf and I11b observed between epidermis of
TPA-treated DBA/2 and C57BL/6 mice at the 24-h time point were
statistically significant (P < 0.001) in all cases.

In light of the differences noted above (and shown in Figure 5 pan-
els A-D), we analyzed several other NFkB-regulated genes (Cxcl/,
Cxcl2 and Cxcl5) (39,40) for their mRNA levels in epidermis of
DBA/2 and C57BL/6 mice after treatment with TPA. As shown in
Figure SE, Cxcll mRNA levels increased to approximately the same
extent in epidermis of both strains of TPA-treated mice at the 6-h time
point (differences not statistically significant, P > 0.05). However,
at the 24-h time point, Cxcll mRNA levels decreased to near con-
trol levels in epidermis of C57BL/6 mice while remaining at a high
level in epidermis of DBA/2 mice. Thus, at the 24-h time point, there
was an ~16.6-fold higher level of Cxcll mRNA in the epidermis of
TPA-treated DBA/2 mice compared with TPA-treated C57BL/6 mice.
This pattern of mRNA expression was surprisingly similar to that
observed for 1122, Nfkb1, Tnf and I11b, where the greatest differences
in mRNA levels were observed at the 24-h time point. Similarly, at the
6-h time point following the last of four TPA treatments, both Cxcl2
and Cxcl5 mRNA levels increased to the same extent in epidermis of
both strains of mice (Figure 5F and 5G, respectively). Again, Cxcl2
and Cxcl5 mRNA levels returned to near control levels in epidermis of
TPA-treated C57BL/6 at the 24-h time point while mRNA levels for
both of these genes remained elevated in epidermis of DBA/2 mice.
Thus, at the 24-h time point, there was an ~ 97-fold higher Cxcl2
mRNA level in epidermis of TPA-treated DBA/2 mice compared
with C57BL/6 mice (Figure 5F) and for Cxcl5 an ~ 19-fold higher
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Inflammatory networks in DBA/2 and C57BL/6 mice

A. TPA 6 h Network 3 :@&

B. TPA 24 h Network 5

Fig. 4. IPA pathway analysis of the differentially expressed proteins identified from 2-D gel-based proteomics experiments. (A) Network 3
(Supplementary Table 1, available at Carcinogenesis Online) is the most significant network identified for the 6-h time point after the last TPA
treatment. Several inflammatory proteins, including NFxB, p38 MAPK and IL-22, are implicated in this network. (B) Network 5 (Supplementary
Table 1, available at Carcinogenesis Online) is identified as the most significant network 24 h after the last TPA treatment. In this network,
inflammatory proteins including NFxB and p38 MAPK are again suggested to be involved. Molecules identified as differentially expressed from
2-D gel-based proteomics experiments (as shown in Table 1) are colored.
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Fig. 5. qPCR analyses of epidermal mRNA levels NFkB (p65) and induction of NFxB-regulated cytokines and chemokines. Bars represent
relative mRNA levels of 1122 (A), Nfkb1 (B), Tnf (C) and I11b (D) normalized to 18S RNA, and Cxcll (E), Cxcl2 (F) and Cxcl5 (G)
normalized to 3-actin mRNA in either TPA- or acetone-treated epidermis of DBA/2 and C57BL/6 mice as indicated. All mice were sacrificed
24 h post acetone or TPA treatment. Each bar represents an average of six individual mice of each genetic background analyzed (in duplicate
in separate experiments). Data are shown as fold differences in mRNA levels relative to the acetone-treated C57BL/6 samples. Panel H shows
immunofluorescence staining of skin sections for phospho-p65 (ser276) from mice sacrificed 24 h after the last of four treatments with TPA.

mRNA level in TPA-treated DBA/2 mice compared with TPA-treated
C57BL/6 mice (Figure 5G). All differences at the 24-h time point
were highly significant (P < 0.001 for Cxcll; P < 0.001 for Cxcl2;
and P = 0.006 for Cxcl5).

Previous studies have shown that TPA induces activation (i.e. phos-
phorylation) of NFxb (p65) in mouse epidermis within 1 h after topical
treatment (41—44). Consistent with the more prolonged induction of
1122, Nfkb1, Tnf, I11b, Cxcl1, Cxcl2 and Cxcl5 mRNAs in epidermis of
DBA/2 mice, we found a sustained activation of NFKB (phospho-p65)
in epidermis of DBA/2 mice compared with C57BL/6 mice. This was
shown by western blotting (phospho-p65 ser536; Supplementary
Figure 4, available at Carcinogenesis Online) and by immunofluo-
rescence staining of skin sections for phospho-p65 (ser276) as shown
in Figure SH. Twenty-four hours after TPA treatment, few epidermal
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keratinocytes with nuclear staining for phospho-p65 could be seen in
skin sections from C57BL/6 mice. In contrast, approximately 30-40%
of the cells in the epidermis of DBA/2 mice had nuclei that stained
positive for phospho-p65 (again see Figure SH). Thus, the activation
of NFkB paralleled the changes in mRNA levels observed for genes
regulated by this transcription factor.

Discussion

The present study utilized protein expression profiling to further
identify differentially expressed proteins in the epidermis of tumor
promotion-sensitive DBA/2 and resistant C57BL/6 mice following
multiple treatments with the phorbol ester tumor promoter, TPA.
A total of 19 different proteins were found to be differentially expressed
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Fig. 5. Continued

following TPA treatment. Of these 19 proteins, five calcium-binding
proteins including S100A8 and S100A9 were found to be differen-
tially expressed between the epidermis of DBA/2 and C57BL/6 mice
6 and 24 h after the last TPA treatment. Further analyses revealed that
S100A8 and S100A9 protein levels were also differentially upregu-
lated in epidermis of DBA/2 versus C57BL/6 mice following topical
treatment with two other tumor promoters, OA and Chry. Pathway
analysis of all 19 proteins identified in the present study suggested
that altered expression of several additional inflammation-related pro-
teins (including TNF-a, NFkB and IL-22) in epidermis following TPA
treatment might contribute to skin tumor promotion susceptibility in
DBA/2 mice. Follow-up studies revealed that Tnf, Nfkb1, 1122, I11b,

Relative Gene Expression Level

Inflammatory networks in DBA/2 and C57BL/6 mice
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Cxcll, Cxcl2 and Cxc15 mRNAs were present at significantly higher
levels in epidermis of DBA/2 compared with C57BL/6 mice at 24h
following treatment with TPA. Further analyses revealed that NFxB
was highly activated in epidermal keratinocytes of DBA/2 but not
CS57BL/6 mice at the 24 h after TPA treatment. Collectively, the pre-
sent data suggest that differential expression of inflammation-related
genes in the epidermis may play a role in the differential susceptibility
of DBA/2 and C57BL/6 mice to skin tumor promotion by TPA and
possibly other skin tumor promoters.

The S100A8 and S100A9 proteins belong to the S100
calcium-binding protein family, which has more than 20 members that
are involved in regulating differentiation, transcription, cell cycle, cell
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growth and motility (45). In the current study, SI00A8 and S100A9
were not detected in the epidermis of acetone-treated controls, con-
sistent with a previous finding of their minimal mRNA expression in
normal epidermis (46). Both proteins were induced in the epidermis
of DBA/2 and C57BL/6 mice within 6h after the last of four treat-
ments with TPA, with higher protein expression seen in epidermis of
DBA/2 mice as noted above. Differential transcript and protein lev-
els between DBA/2 and C57BL/6 mice were further examined and
confirmed by qPCR, 1-D and 2-D western blot analyses, and IHC
analysis (see Figures 2 and 3 and Supplementary Figure 2, available
at Carcinogenesis Online). TPA treatment was shown previously to
induce S100a8 and S10029 mRNAs in murine epithelial cells and epi-
dermis (22). We also reported the upregulation of S100a8 and S100a9
mRNAs in the epidermis of DBA/2 and C57BL/6 mice treated with
TPA; however, differential mRNA expression of either gene between
these two strains of mice was not observed in this earlier microar-
ray study (6-h time point) (24). The current results indicate that both
§100a8 and S100a9 are differentially expressed in the epidermis at
both the mRNA and protein levels at 24 h after the last TPA treatment
in a concordant manner. A role for S100 proteins, particularly ST00A8
and S100A9 in inflammation and cancer, including the mouse skin
carcinogenesis model, has been suggested by a number of observa-
tions (29,47-49).

Differences in the epidermal hyperplasia response and the dermal
inflammatory response following topical treatment with TPA to vari-
ous mouse strains have been known for many years (reviewed in refs.
3,25). Sisskin et al. (50) first reported that, after multiple TPA treat-
ments, DBA/2 mice displayed a potentiated epidermal hyperplasia,
whereas C57BL/6 mice showed only moderate epidermal hyperpla-
sia. Lewis and Adams (51) reported that TPA treatment of C57BL/6
mice induced dermal infiltration of only a very small number of poly-
morphonuclear leukocytes compared with SENCAR mice. Further
work from our laboratory confirmed differences between DBA/2 and
C57BL/6 mice in terms of both epidermal hyperplasia and cell prolif-
eration, as well as dermal inflammation as assessed by inflammatory
infiltrate, using a regimen of multiple TPA treatments (52,53). In those
studies, the correlation between the degree of sustained epidermal
hyperplasia and proliferation, as well as skin inflammation and inher-
ited susceptibility to tumor promotion was established (50,53). An
interesting observation in the current study was the identification of
several networks of differentially expressed proteins containing sev-
eral inflammation-associated proteins. These proteins included NFxB
(p65), TNF-a, p38 MAPK and IL-22. Follow-up studies revealed
that the mRNA levels for genes encoding two of these proteins, as
well as I11b and Nfkbl, were significantly elevated in epidermis of
TPA-treated DBA/2 mice compared with C57BL/6 mice at 24 h after
the last TPA treatment (Figure 5). Previous studies have demonstrated
an important role for 7nfin skin tumor promotion. In this regard, Tnf
knockout (KO) mice are resistant to skin tumor promotion by TPA
(54,55). NFxB is known to regulate a number of pro-inflammatory
cytokines including TNF-a, IL-1, IL-22 and others (38). As shown in
Figure 5, NfkbI (which encodes p100/p50) was significantly upreg-
ulated in epidermis of DBA/2 mice compared with C57BL/6 mice
following TPA treatment. Furthermore, mRNA levels of the CXCR2
ligands, Cxcll, Cxcl2, and Cxcl5 were also significantly upregulated
in epidermis of DBA/2 mice compared with C57BL/6 mice at 24 h fol-
lowing the last TPA treatment. These CXCR2 ligands are also known
to be regulated by NFkB signaling (56,57). NFkB is known to be acti-
vated in mouse epidermis early (within 1h) following topical treat-
ment with TPA (41-44). Our current results demonstrate that there is
a more sustained activation of NFxB in the epidermis of DBA/2 mice
compared with C57BL/6 mice. Taken together, the current data sug-
gest that differential expression of multiple pro-inflammatory genes
in the epidermis may underlie, at least in part, the basis for suscepti-
bility to skin tumor promotion in DBA/2 and C57BL/6 mice. These
differences in gene and protein expression in the epidermis may help
to drive differences seen in the dermal inflammatory response char-
acteristic of these two strains during the process of tumor promotion.
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In summary, using the 2-D gel electrophoresis and MS-based pro-
teomics approach, we identified 19 distinct proteins differentially
expressed between mice sensitive (DBA/2) and resistant (C57BL/6)
to skin tumor promotion by TPA. This included five distinct
calcium-binding proteins. Increased levels of S100a8 and S100a9
transcript and protein, especially in TPA-treated epidermis of DBA/2
mice, was further characterized and correlated with susceptibility
to skin tumor promotion with TPA and two other distinct classes of
tumor promoters. IPA analyses of the differentially expressed proteins
revealed networks that included other inflammation-associated pro-
teins known to be involved in skin tumor promotion. Further analyses
demonstrated differential expression of Nfkb1, Tnf, 1122, Il11b, CxclI,
Cxcl2 and Cxcl5 mRNAs with higher expression in the epidermis
of sensitive DBA/2 mice at 24h after TPA treatment compared with
resistant C57BL/6 mice. This prolonged induction of inflammatory
cytokines and chemokines was associated with prolonged and ele-
vated epidermal NFxB activity (nuclear phospho-p65). Thus, differ-
ences in NFxB signaling may be responsible, at least in part, for the
differences seen in inflammatory gene expression. Recently, Quigley
et al. (58) have identified a locus on chrl5 that influences expres-
sion of inflammation-associated genes (including genes encoding
IL-1R ligands) and susceptibility to skin tumor (papilloma) forma-
tion. Our current data indicate that the genetic differences in suscep-
tibility to skin tumor promotion between DBA/2 and C57BL/6 mice
may include a much broader network of pro-inflammatory genes,
including those known to be directly involved in the process of skin
tumor promotion. Further ongoing studies are exploring the role of
such pro-inflammatory genes in genetic susceptibility to skin tumor
promotion.
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Supplementary Table 1 and Figures 1-4 can be found at http://carcin.
oxfordjournals.org/
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