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Abstract
Activated glucocorticoid receptor (GR) acts via two different mechanisms: transcriptional
regulation that requires DNA-binding, and protein–protein interaction between GR and other
transcription factors, such as nuclear factor kappa B (NF-κB) or activator protein 1 (AP-1). It has
been postulated that many important effects of glucocorticoids, including their anti-inflammatory
properties, depend on GR’s transrepressive effects on NF-κB and AP-1. In the present study, we
have employed a TPA-induced model of skin inflammation and epidermal hyperplasia to
determine whether partial activation of the glucocorticoid receptor by Compound A (CpdA) is
sufficient to reverse the effect of TPA treatment. CpdA is a nonsteroidal GR modulator with high
binding affinity, is capable of partial activation of GR. Topical application of TPA twice per week
for two weeks results in inflammation and epidermal hyperplasia. TPA treatment also elevates
levels of c-jun (AP-1 component), cyclooxygenase-2 (COX-2), p50 (NF-κB component),
interleukin-6 (IL-6) and tumor necrosis factor (TNF) in the skin. Fluocinolone acetonide (FA) (a
full GR agonist) was able to completely reverse the above effects of TPA. When applied alone,
CpdA increased the epidermal thickness and keratinocyte proliferation as well as levels of c jun,
COX-2, IL-6 and IFN-γ. However CpdA treatment resulted in a decrease in the number of p50
positive cells induced by TPA, suggesting its role in inhibition of NF-κB. The level of
metallothionein-1 mRNA, regulated by GR was also significantly decreased in skin samples
treated with CpdA. Our results suggest that CpdA is able to inhibit GR transactivation and activate
only some transrepression properties of GR.
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Introduction
Topically applied glucocorticoid hormones are potent inhibitors of tumor promoter-mediated
epidermal proliferation and mouse skin tumorigenesis [1]. The control of cellular functions
by glucocorticoids (GCs) is mediated via the glucocorticoid receptor (GR), a well-known
transcription factor. Unliganded GR resides in the cytosol associated with a heat-shock
protein complex. Following hormone binding, GR dissociates from the complex and
migrates as a homodimer to the nucleus, where it binds to glucocorticoid-response elements
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(GRE) in gene promoters. GR acts via two different mechanisms: transcriptional regulation
that requires DNA-binding (transactivation) and direct protein–protein inhibitory
interactions between GR and certain inflammatory and oncogenic transcription factors
(transrepression), such as NF-κB or AP-1 [2,3]. Experiments with transgenic mice harboring
mutated GR, which cannot activate GRE containing promoters, clearly indicate that many
important effects of glucocorticoids, including their anti-inflammatory effect and blockage
of tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced response in skin,
depend on GR’s transrepressive effects on NF-κB and AP-1 [4]. However, skin papillomas
and carcinomas become resistant to growth inhibition by glucocorticoids and their control of
cellular functions [5–7]. Both, AP-1 and NF-κB activities are significantly elevated in
mouse skin tumors and appear to be related to the loss of the GR function [8–10].

It has been hypothesized that the transactivation properties are associated with the
development of several side effects [11] like steroid diabetes, obesity, osteoporosis, skin
atrophy, growth retardation, Cushing’s syndrome and many others. By contrast, the anti-
inflammatory effects are due, largely, to the ability of GR to reduce the expression of pro-
inflammatory genes by repressing key inflammatory transcription factors such as NF-κB.
The potential separation of glucocorticoids’ side effects from their anti-inflammatory
activity has stimulated considerable interest in GR ligands that can possibly dissociate the
transactivation and transrepression functions [12]. It has been postulated that separation of
the anti-inflammatory effects of GCs from some of the side effects could be achieved by
structure modification of known glucocorticoids. Several steroidal compounds that are
capable of separating transcriptional activation from repression (RU24858, RU40066, and
RU24782) have been described [13]. These molecules, with in vivo anti-inflammatory
properties, were able to inhibit both AP-1 and NF-κB-mediated gene induction and showed
a decrease in transactivation activity of several genes in vivo. Despite their in vitro
dissociated properties, in vivo they still had the same side effect profile as known steroids
[14,15]. Interestingly, compounds promoting a strong GR-dependent transactivation and
weak transrepression properties were unable to inhibit inflammation [15]. Since that time,
several attempts to find new dissociated glucocorticoids have been undertaken but none of
them have led to the replacement of the present glucocorticoids [11,16–18].

Several non-steroidal compounds interact with members of the steroid receptor subclass,
including tamoxifen (estrogen receptor ligand) [19,20], casodex and flutamide (androgen
receptor antagonists) [21,22], and various progesterone ligands [23,24]. Compound A, a 2-
(4-acetoxyphenyl)-2-chloro-Nmethyl-ethylammonium chloride, is a stable analogue of the
hydroxyl phenyl aziridine precursor found in the Namibian shrub Salsola tuberculatiformis
Botschantzev [25,26]. Despite its nonsteroidal structure, CpdA (Figure 1) strongly binds
both the GR and androgen receptor (AR) in competition binding assays in prostate cell lines
[26–28]. CpdA is able to down regulate NF-κB-driven genes via interaction with GR but it
does not induce the binding of GR to GRE-dependent genes thus reducing their expression.
The anti-inflammatory mechanism involves both a reduction of the in vivo DNA-binding
activity of NF-κB component, p65 protein, as well as an interference with the
transactivation potential of NF-κB [26].

In the present study, we have tested the hypothesis that only the transrepression activities of
the GR are sufficient to suppress the TPA-induced skin inflammation and hyperplasia. We
assessed the ability of dissociated GR agonist Compound A to suppress TPA-induced
keratinocyte proliferation and inflammation in skin of SENCAR mice.
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Materials and methods
Chemicals

All the chemicals used in this study, including glucocorticoid, fluocinolone acetonide (FA),
tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) and 5-Bromo-2’-deoxyuridine
(BrdU) were obtained from Sigma-Aldrich (St. Louis, MO) unless otherwise noted.
Compound A was obtained from Axxora (San Diego, CA).

Animals
Female SENCAR mice, 5-week-old, were purchased from the National Cancer Institute,
Frederick Cancer Research and Development Center (Frederick, MD), and placed into
quarantine for one week prior to initiation of animal treatment. Mice were housed in groups
of five under conditions of constant temperature and humidity and maintained on a 12-h
light/dark cycle with ad libitum access to food and water. All animal procedures were
performed in accordance with the National Institutes of Health Guidelines, and approved by
the Institutional Animal Care and Use Committee of the University of Texas Health Science
Center at San Antonio. The shaved backs of mice were treated with 2 µg of TPA in 0.2 ml
acetone (ACT) twice per week for 2 weeks. Compound A (0.01, 0.1 and 1.0 mg) and FA
(1.5 µg) were applied 20 minutes prior to acetone control or TPA application twice per week
for 2 weeks. Mice were sacrificed 24 h after the last treatment and skin samples were
collected from the dosed area of each animal.

Histological evaluation
Tissues for histological evaluation were prepared by using conventional paraffin sections
and hematoxylin-eosin staining. Approximately 1 cm2 of each skin was preserved in
formalin for immunohistochemistry. Epithelial thickness was determined from at least 20
randomly selected sites in formalin-fixed skin samples, using Olympus BX41 clinical
microscope (Olympus, PA). For proliferative index analyses, mice were given an i.p.
injection of BrdU (1.5 mg per mouse) 60 min prior to sacrifice. Tissue sections were
immunostained with an anti-BrdU antibody (Lab Vision Corporation, Fremont, CA). The
number of BrdU-positive cells within the basal cells layer was determined from at least 20
randomly selected sites. For immunostaining of AP-1 and NF-κB complexes, we used anti-
c-jun (BD Biosciences, Franklin Lakes, NJ) and anti-p50 antibodies, respectively (Santa
Cruz Biotechnology Inc., Santa Cruz, CA). COX-2 immunostaining was performed using
anti-COX-2 antibody (Cell Signaling Technology, Inc., Danvers, MA). Sections (4µm) of
formalin-fixed, paraffin-embedded skin tissue were cut onto siliconized glass slides and
deparaffinized three times with xylene for 10min each and rehydrated through a graded
alcohols. The deparaffinized sections were heated and boiled twice for 6 min in 10 mM
citrate buffer, pH 6.0, for antigen retrieval. To diminish nonspecific staining, each section
was treated with 3% hydrogen peroxide in methanol for 15 min. For the detection, slides
were incubated with 1:100 dilutions of a specific antibody overnight in Tris-buffered saline
containing 0.05% Tween-20 and then developed using the HPR EnVisionTM System (Dako,
Glostrup, Denmark). The peroxidase-binding sites were detected by staining with
diaminobenzidine tetrahydrochloride (Dako, Glostrup, Denmark). Finally, counterstaining
was performed using Mayer’s hematoxylin.

Real time PCR analysis
Total RNA was extracted using TRI Reagent (MRC, Inc. Cincinnati, OH). RNA (1 µg) was
reverse transcribed with oligo(dT), using a cMaster RT kit (Eppendorf North America,
Westbury, NY) according to the manufacturer's protocol. Primer sets of: 5’-
TGCTCCACCGGCGG-3’, 5’-TTTGCAGACACAGCCCTGG-3’ for MT-1, 5’-

Kowalczyk et al. Page 3

Mol Carcinog. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ATCCTGCCAGCTCCACCG-3’, 5’-TGGTCAAATCCTGTGCTCATACAT-3’ for COX-2,
5’-CCTGTCCCCTATCGACATGG-3’, 5’-CTTTTCCGGCACTTGGAGG-3’ for c-jun and
5’-CATCCTGGCCTCGCTGTC-3’, 5’-CTCGTCGTACTCCTGCTTGGT-3’ for β-actin,
were used and generated a unique product. Standard quantitative Real Time PCR (qRT-
PCR) was performed in triplicate using SYBR Green RealMaster Mix (Eppendorf North
America, Westbury, NY) on the Realplex MasterCycler (Eppendorf, Westbury, NY). RT-
PCR cycle thresholds (Ct) of candidate genes were normalized to β-actin. The formula
2Ct(Candidate)/2Ct(Control) was used to calculate the normalized ratios.

Cytokines analysis
For analysis of levels of cytokines, skin samples were homogenized by mortar and pestle
and lysed in 0.05% tween-20 in PBS containing 10 mM PMSF. Samples were centrifuged at
10,000 rpm for 15 minutes at 4°C to remove cellular debris. Supernatants were collected and
protein levels were quantified by Bradford. 150 µg of protein lysate per sample was
analyzed in triplicate for levels of Interleukin-2, Interleukin-4, Interleukin-6, Interleukin-10,
Interleukin-17A, Interferon-γ (IFN-γ), and Tumor Necrosis Factor (TNF) using the CBA
Mouse Th1/Th2/Th17 Cytokine Kit from Becton Dickinson.

Data analysis and statistics
All the results are expressed as mean ± standard deviation (SD). For comparison of the
differences between the groups a two-tailed, unpaired, Student's t test was used. Differences
were considered statistically significant at a P value <0.05.

Results
Effect of Compound A on TPA-induced epidermal hyperplasia

Groups of five female SENCAR mice were treated with CpdA and FA as indicated in
Materials and methods. As expected, a large increase in epidermal thickness was observed
after two weeks of TPA treatment (50 µm) (Figure 2A, Table 1). Average thickness of
acetone or FA treated epidermis was about 10 µm. Unexpectedly, Compound A significantly
increased the epidermis thickness in a dose-dependent manner, up to double the control
epidermal thickness at the highest dose. However, the maximum epidermal thickness
obtained with CpdA alone was still significantly less than that obtained with the TPA
treatment. The full glucocorticoid FA completely reversed TPA-induced BrdU incorporation
index (Figure 2B) which confirmed the results obtained from measurement of epidermis
thickness. FA strongly inhibited TPA-stimulated cell proliferation. Compound A increased
the proliferation rate of keratinocytes located in the basal layer of the epidermis in a dose-
dependent manner. When Compound A was applied before TPA, it was unable to inhibit
TPA-induced cell proliferation. Moreover, at the highest dose in combination with TPA, it
appeared to enhance cell proliferation.

Effect of Compound A on c-jun mRNA and protein levels
The transcriptional factor AP-1 mediates gene regulation in response to a variety of
extracellular stimuli including oncogenes, growth factors, tumor promoters, carcinogens and
cytokines [29]. AP-1 controls a number of cellular processes including proliferation,
differentiation and apoptosis [30]. Since AP-1 has been shown to be one of the key
transcription factors that is transrepressed by GR, we measured the mRNA and protein
levels of AP-1 active subunit c-jun in the epidermis of mice by RT-PCR and
immunohistochemistry, respectively. As expected, the TPA treatment strongly increased the
c-jun expression level within the epidermal cells (Figure 3, Table 1). CpdA, when applied
alone, also increased the c-jun mRNA level in a dose-dependent manner but much less than
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the levels obtained with TPA. When CpdA was applied before TPA, it had no effect on c-
jun mRNA level. FA treatment alone resulted in a slight decrease in c-jun level. Application
of FA on the skin prior to TPA, decreased TPA-induced c-jun expression to the acetone
control level. Immunostaining for c-jun protein shows that an increase in mRNA level
translates into c-jun protein levels as shown in representative microphotographs in Figure 3
B.

Effect of Compound A on COX-2 mRNA and protein levels
Since AP-1 plays a significant role in regulating the induction of COX-2 [31], an enzyme
involved in inflammation [32] and tumorigenesis [33], the effect of FA and CpdA on COX-2
expression was also determined. As shown in Figure 4, the epidermal hyperplasia in TPA-
treated skins was associated with very high levels of COX-2 mRNA and protein.
Quantitative RT-PCR analysis (Figure 4A) showed that FA treatment was able to decrease
the TPA elevated mRNA level of COX-2 to that of the acetone group. On the other hand,
CpdA treatment increased COX-2 expression when applied alone and had no effect on the
TPA-induced increase in COX-2 mRNA and protein levels in the skin (Figure 4, Table 1).

Effect of Compound A on NF-κB expression and intracellular localization
NF-κB mediated signal transduction has been implicated in the regulation of the
inflammatory response, tumorigenesis and apoptosis [34]. To elucidate the effect of CpdA
on the NF-κB expression and nuclear translocation in mice treated topically with TPA, we
studied the expression of protein p50, a component of the NF-κB complex. The p50 protein
level for each treatment group was determined by immunohistochemistry. The p50 protein
nuclear positive cells were counted at 12 random locations per sample, and then expressed
as a percentage of positive cells within the epidermis (Figure 5). TPA-treated epidermis
yielded a very high number of p50 positive cells with strong nuclear staining. Both FA and
CpdA treatments were able to significantly decrease the number of p50 positive cells (Figure
5, Table 1) compared to the group treated with TPA alone. Interestingly, the same reduction
of p50 positive cells was also observed when FA and CpdA were applied alone.

Cytokine analysis
In order to determine the influence of CpdA treatment on cutaneous inflammation induced
by TPA treatment, the level of several cytokines were measured in the mouse skin tissue
homogenates obtained from each treatment group. Bead array technology was employed to
simultaneously detect the level of multiple cytokine proteins in each sample. The CBA
Mouse Th1/Th2/Th17 Cytokine Kit uses seven different beads populations to measure
concentrations of interleukin-2, -4, -6, -10, -17A (IL-2, -4, -6, -10, -17A) as well as
interferon gamma (IFN-γ) and tumor necrosis factor (TNF) in the same sample. All of the
cytokines, except IL-4, were detectable in tissue homogenates from both control and treated
groups. The TPA treatment elevated the levels of IL-6 and TNF but had no effect on IFN-γ
(Figure 6). When applied alone, FA was able to decrease the basal level of IL-6, IFN-γ and
TNF. In addition, treatment of mice with FA, effectively reduced the TPA-mediated increase
in IL-6 and TNF protein levels in the skin. CpdA treatment alone resulted in a dose-
dependent increase of IL-6, IFN-γ and TNF levels. When applied together with TPA, CpdA
significantly decreased the levels of TPA-induced IL-6 levels (Figure 6A). Interestingly,
CpdA showed a dose-dependent decrease in TPA-induced TNF levels; however the results
were not statistically significant (Figure 6 C). The cytokines IL-2, IL-4 and IL-10 were
detectable in most of the groups, but no statistically significant differences between groups
were observed (data not shown).
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Effect of Compound A on GR-mediated transactivation
To determine whether Compound A could alter GR transcriptional activity in skin samples,
the expression of an endogenous glucocorticoid-responsive gene was studied. We decided to
examine metallothionein 1 (MT-1), a small metal-binding protein expressed in mouse
epidermis. Expression of MT-1 gene is positively regulated by glucocorticoids in different
tissues, and a sequence homologous to the GRE in the promoter region of this gene was
described [35]. As expected, RT-PCR analysis of mRNA from mouse tissue showed that
Compound A significantly decreased the MT-1 mRNA level in a dose-dependent manner
(Figure 7 and Table 1). On the other hand, FA application caused a significant increase in
MT-1 expression. Both FA and CpdA had no significant effect on MT-1 mRNA levels
elevated by TPA.

DISCUSSION
The glucocorticoid hormones, such as FA, are very potent inhibitors of skin inflammation
and epidermal proliferation and are effective inhibitors of mouse skin tumorigenesis induced
by UV or chemical carcinogen/tumor promoter treatment. However, glucocorticoids usage is
limited due to their numerous side effects [36,37]. Glucocorticoids also do not affect the
growth of either established papillomas, squamous cell carcinomas (SCC), or transformed
keratinocytes in vitro; skin papillomas and carcinomas become resistant to the growth
inhibition by glucocorticoids and their control of cellular functions [6,38,39].

In the present study, we have employed the TPA-induced model of skin inflammation and
epidermal hyperplasia to determine whether a partial activator of the glucocorticoid receptor
is sufficient to reverse the effect of TPA treatment. Topical application of TPA twice per
week for two weeks results in inflammation and epidermal hyperplasia associated with
increased epidermal thickness and keratinocytes proliferation, all hallmarks of tumor
promotion (Table 1). The TPA treatment also causes elevated levels of c-jun (AP-1
component), COX-2, p50 (NF-κB component) as well as increased levels of IL-6 and TNF
in the skin. Treatment with FA, a full glucocorticoid receptor agonist, was able to
completely reverse the above effects of TPA stimulation. However, the effect of CpdA
treatment was less explicit. When applied alone, CpdA increased the epidermal thickness
and keratinocyte proliferation in a dose-dependent manner and elevated the expression of
AP-1 component c jun as well as COX-2, IL-6 and IFN-γ, but to a much lesser extent than
TPA. However CpdA treatment resulted in a decrease in the number of p50 positive cells
suggesting its role in inhibition of NF-κB. The same effect on p50 was observed when
CpdA was applied together with TPA. CpdA also reduced IL-6 and TNF mRNA levels
induced by TPA, indicating that it may have anti-inflammatory activity in the skin. The level
of MT-1 mRNA was also significantly decreased in skin samples treated with CpdA,
suggesting that CpdA is able to inhibit the transactivation properties and therefore the
potential negative side effects of GR.

Some of our results seem to stand in contradiction to data presented earlier by Dewint et al.
[40], where CpdA was able to markedly inhibit acute joint inflammation without inducing
hyperinsulinemia in a murine model of collagen-induced arthritis. During systemic
administration in this model, at a concentration effective in inhibiting collagen-induced
arthritis in DBA/1 mice, CpdA did not down-regulate GR expression thereby retaining its
anti-inflammatory effects after prolonged treatment. This finding was in sharp contrast to
dexamethasone (DEX) treatment, in which prolonged DEX treatment caused a decrease in
GR level, and the abolishment of inflammatory gene repression [41]. It has also been
demonstrated that CpdA could effectively suppress experimental autoimmune neuritis
(EAN) in rats, a helper T cell-mediated autoimmune demyelinating inflammatory disease of
the peripheral nervous system, with reduced side effects [42]. CpdA treatment caused
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attenuation in the accumulation of macrophages and lymphocytes, demyelination, and
mRNA levels of inflammatory molecules in sciatic nerves of EAN and an increase in a
numbers of anti-inflammatory M2 macrophages. This treatment did not cause
hyperglycemia effects in EAN rats as compared with the immunosuppressive steroid
prednisolone [42]. It has been recently shown that, in several prostate cell lines, CpdA
blocked AR function and strongly enhanced the anti-inflammatory functions of GR, leading
to growth inhibition and apoptotic death in the AR/GR-expressing prostate cell lines.
Despite the fact that CpdA was able to induce nuclear translocation of both receptors, it
inhibited DNA binding and the transactivation potential of AR [28]. In addition, CpdA
blocked GR-mediated transactivation but induced GR transrepression via inhibition of
several transcription factors.

It has also been reported that CpdA prevented the onset of paw swelling in a zymosan-
induced arthritis model [26]. Our study has shown that CpdA enhances chronic hyperplasia
and keratinocytes proliferation while increasing AP-1 and COX-2 expression. On the other
hand, CpdA was effective in lowering the number of p50 positive cells as well as decreasing
the level of TNF and IL-6 protein induced by TPA (Figure 6). CpdA was also able to inhibit
the expression of GR regulated gene (MT-1). Inhibition of NF-κB activation/translocation
into keratinocytes nuclei could be caused either by direct interaction of GR activated by
CpdA or by lowering the TNF level.

It has been postulated that CpdA is capable of binding to the GR and down-modulating NF-
κB-regulated genes via a direct interaction with NF-κB, without modulating genes regulated
by GR DNA binding, suggesting that CpdA acts as a dissociated agent [26]. In our study,
CpdA was able to inhibit the activation of NF-κB without inhibiting AP-1. It even increased
c-jun (AP-1 component) expression. Our results suggest that CpdA is able to inhibit
transactivation of GR and selectively activate only some of the transrepressive properties of
GR. The effect of CpdA may also be more complex, i.e., it might affect more than one
molecular target within the cell or tissue.

In our earlier work we showed that NF-κB is constitutively activated in mouse skin tumors
induced by the DMBA/TPA protocol, partially due to a strong increase in p50 (NF-κB1)
expression / activation. Compounds which have only transrepression activity (responsible
for the lower p50 expression) and no transactivation activity may serve as potent anti-
inflammatory agents with fewer side effects. Our findings warrant future, in vivo studies to
examine if CpdA treatment, and down regulation of p50 would lead to the prevention of
UVB and DMBA/TPA-induced skin cancer formation, even without influencing epidermal
hyperplasia. We will also examine whether this treatment can reverse the development of
established skin tumors (papillomas and squamous cell carcinomas).
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Abbreviations

TPA 12-O-tetradecanoylphorbol-13-acetate

GC glucocorticoid

GR glucocorticoid receptor

FA fluocinolone acetonide
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RT-PCR reverse transcriptional polymerase chain reaction

MT-1 metallothionein-1

ACT acetone

IL interleukin

TNF tumor necrosis factor

IFN-γ interferon gamma

AR androgen receptor
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Figure 1.
Chemical structures of Compound A and of Fluocinolone acetonide.
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Figure 2. The effect of CpdA on TPA-induced epidermal hyperplasia and cell proliferation in
SENCAR mice
A - the effect of FA (1,5 µg) and CpdA (0.001, 0.1 and 1.0 mg) on the induction of
epidermal hyperplasia after multiple treatments with TPA (2 µg). The results of epidermal
thickness measurements are plotted as average of twenty measurements at random locations
along the epidermis of the skin specimen from each treatment group. B - the effect of tested
compounds on BrdU incorporation index in epidermis of SENCAR mice treated with TPA.
Proliferative indexes were calculated as the mean percentage of basal layer keratinocytes
having BrdU-incorporated nuclei. Approximately 20 randomly selected sites were counted
for each sample. The length of skin samples evaluated for the BrdU index as well as for
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measurement of epidermal thickness was approximately 15 mm Presented results represent
the average (±S.D.), P value <0.05(*), <0.01(**), <0.001(***) vs. acetone (ACT) group; P
value <0.01 (##), P value <0.001 (###) vs. TPA group.
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Figure 3. The effect of CpdA on c-jun mRNA and protein level
A - the effect of CpdA and FA applied alone or together with TPA on c-jun mRNA level
was measured using RT-PCR analysis. Presented results represent the average (±S.D.) from
at least three independent measurements, P value <0.01(**) vs. acetone (ACT) group. B -
Representative microphotographs (×400) showing c-jun protein levels by
immunohistochemistry.
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Figure 4. The effect of CpdA on COX-2 mRNA and protein level
A - the effect of CpdA and FA applied alone or together with TPA on COX-2 mRNA level
was measured using RT-PCR analysis. Presented results represent the average (±S.D.) from
at least three independent measurements, P value <0.01(**) vs. aceteone (ACT) group. B -
Representative microphotographs (×400) showing COX-2 protein levels by
immunohistochemistry.
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Figure 5. The effect of CpdA on NF-κB expression and intracellular localization
The p50 protein levels and localizations were assessed by immunohistochemistry. The p50
protein nuclear positive cells were counted at 12 random locations per sample, and then
expressed as a percentage of positive cells within the epidermis. (**) - P value <0.01 vs.
acetone (ACT) group; (##) - P value <0.01 vs. TPA group.
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Figure 6. The effect of CpdA and FA applied alone or together with TPA on cytokine expression
IL-6 (A), IFNγ (B) and TNF (C) were measured in the mouse skin tissue homogenates
obtained from each treatment group using CBA Mouse Th1/Th2/Th17 Cytokine Kit. (*) - P
value <0.05 (**) - P value <0.01 vs. acetone (ACT) group; (##) P value <0.01 vs. TPA
group.
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Figure 7. The effect of CpdA and FA applied alone or together with TPA on MT-1 mRNA level
MT-1 mRNA expression was measured using RT-PCR analysis. Each point with vertical bar
represents the average (±S.D.) from at least three independent measurements. (***) - P
value <0.001 vs. acetone (ACT) group.
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