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Abstract
Light in the UVB spectrum (280-320 nm) induces a number of changes in the epidermis and
dermis of mice and humans, resulting in a robust inflammatory response. A standardized black
raspberry extract (BRE) has been effective in reducing signaling pathways commonly initiated by
inflammatory stimuli. In this study, we determined whether this extract could reduce cutaneous
UVB-induced inflammation and carcinogenesis. In our carcinogenesis model, female SKH-1
hairless mice were exposed to one minimal erythemal dose of UVB thrice weekly on
nonconsecutive days for 25 weeks. Immediately after each exposure, the mice were treated
topically with either BRE dissolved in vehicle or with vehicle only. Beginning on week 19, mice
treated with BRE had a significant reduction in tumor number and in average tumor size. This
reduction correlated with a significant reduction in tumor-infiltrating CD3+foxp3+ regulatory T-
cells. In the acute model, mice were exposed to a single minimal erythemal dose of UVB and
treated topically with BRE or with vehicle. At 48 hours post-UVB exposure, topical BRE
treatment significantly reduced edema, p53 protein levels, oxidative DNA damage, and neutrophil
activation. The ability of topical BRE to reduce acute UVB-induced inflammation and to decrease
tumor development in a long-term model provides compelling evidence to explore the clinical
efficacy of BRE in the prevention of human skin cancers.

Exposure to UV light, particularly UVB (280-320 nm), initiates a robust inflammatory
response (1) characterized by the influx and activation of innate immune cells,
predominantly neutrophils and macrophages. Infiltration and activation of neutrophils is
mediated via the release of chemokines and cytokines from the epidermis (2, 3).
Macrophages and neutrophils are thought to be the main sources of the reactive oxygen
species (ROS) that amplify the inflammatory response and thereby cause secondary DNA
damage in keratinocytes (4, 5), although resident skin cells have also been shown to be a
source of ROS production (6).
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The activation and infiltration of innate immune cells leads to the influx of cells of the
adaptive immune system (7). We have previously shown that reducing CD4+ T-cells in mice
exacerbates the UVB-induced acute cutaneous inflammatory responses and increases tumor
development (8). Others have shown that CD8+ T-cells are critical in the inhibition of
carcinogenesis by natural products (9). It is also known that regulatory T-cells
(CD3+CD4+foxp3+) have functional skin-homing markers (10). Understanding the interplay
of these populations in UVB-induced carcinogenesis is crucial to understanding how tumors
evade immune surveillance.

The most serious effect of chronic UVB exposure is the development of nonmelanoma skin
cancer, the most frequently diagnosed cancer in the United States (11). Recent work has
shown that there is a strong link between chronic inflammation and carcinogenesis in a
number of organ systems (12, 13). This association holds true in the development of UVB-
induced skin cancer as well (1, 14). The UVB-induced generation of ROS can produce
oxidative DNA damage, resulting in the formation of 8-oxo-deoxyguanosine (8-oxo-dG)
adducts (5). There has been increased interest in the last few years in the ability of natural
compounds to combat inflammatory responses. One of the main classes of compounds
investigated has been plant products that are high in antioxidants including anthocyanins and
carotenoids. Studies from a number of laboratories have focused on testing a variety of
standardized extracts made from black raspberries (15, 16). The ethanol/water extract of
black raspberries (BRE) contains a number of powerful antioxidants, including cyanidin-3-
O-glucoside, cyanidin 3-O-[2(G)-xylosylrutinoside], and cyanidin 3-O-rutinoside (17, 18).
These molecules are not only effective antioxidants but are also able to affect signaling
pathways activated in inflammatory responses (19). The promising findings regarding the
ability of natural products to inhibit the inflammatory process have carried over to cancer
studies in a variety of organs including the oral cavity and the skin. Natural compounds,
such as tea polyphenols, fruit extracts, and spices, have shown promise in vivo in reducing
carcinogenesis in the skin (reviewed in ref. 20). In in vitro models, BRE has been found to
induce apoptosis in a number of transformed cell lines, but had no effect upon the growth of
normal cells (21).

The present study was designed to determine if topical BRE treatment is effective at
reducing carcinogenesis and the inflammatory response in murine skin following UVB
exposure. We have shown that topical treatment with BRE immediately following UVB
exposure significantly reduced UVB-induced tumor formation and progression. We have
also shown that treatment with BRE reduced the edematous response, neutrophil activation,
and oxidative DNA damage, indicating that BRE was a strong inhibitor of the inflammatory
response initiated by UVB exposure. These data suggest that topical application of BRE
following UVB exposure may be a beneficial treatment for the prevention of UVB-mediated
inflammation as well as tumor development.

Materials and Methods
Standardized BRE preparation

Standardized BRE was prepared as previously reported (22). Briefly, Jewel varietal black
raspberries were grown at the Stokes Raspberry Farm (Wilmington, OH), harvested,
washed, and frozen according to previously determined protocols (23). The berries were
assayed by Covance Laboratories to determine levels of pesticides/herbicides/fungicides,
which were found to be negligible. Berries were then freeze-dried and shipped frozen to the
laboratory of Dr. S. Hecht at the University of Minnesota where the extract was prepared as
previously reported (17, 22). The most prevalent peaks in a high-performance liquid
chromatograph of the ethanol/water (80:20) extract of black raspberries are anthocyanins,
and make up 5% to 10% of the dry berry weight (24). Anthocyanins, particularly
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cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and cyanidin-3-O-xylosylrutinoside have
been shown to be effective anticancer agents in a number of model systems, both in vitro
and in vivo (17, 18, 25–35). These extracts have been shown to be rapidly uptaken and pass
rapidly through tissues, which, coupled with the post-exposure application and low dosage,
makes the likelihood of accumulation in the skin and the production of a sun-blocking effect
very low (36).

Animal treatment
Six-week-old to 8-week-old female SKH-1 hairless mice (Charles River Laboratories) were
housed in a vivarium at The Ohio State University according to protocols established by the
American Association for Accreditation of Laboratory Animal Care. Mice were housed at
constant temperature and humidity levels. Food and water containing the antibiotic Baytril
(Bayer HealthCare, LLC) was provided ad libitum. All procedures done were approved by
the Institutional Laboratory Animal Care and Use Committee. All mice treated with extract
received 500 μg of BRE dissolved in 100 μL of vehicle (KY Jelly; McNeil Consumer &
Specialty Pharmaceuticals). This dosage was decided on after preliminary dose-response
experiments testing the efficacy of BRE concentrations ranging from 100 μg to 1 mg, which
showed that the 500 μg dose was optimal for the inhibition of acute UVB-induced
inflammatory responses in the skin.

Carcinogenesis model—Mice (n = 10 per group) were exposed to one minimal
erythemal dose of UVB, which was previously established in our lab as 2,240 J/m2 (1).
UVB levels were measured using a UVX radiometer (UVP, Inc.). UVB light was generated
by a bank of Philips FS40UVB lamps (American Ultraviolet Company) covered by Kodacel
filters (Eastman Kodak) to block UVC wavelengths. Groups of mice were exposed to UVB
in large rat cages. The positions of these cages were rotated on a weekly basis to standardize
exposure conditions. Mice received one minimal erythemal dose of UVB followed
immediately by topical application of 500 μg of BRE dissolved in 100 μL vehicle or 100 μL
vehicle alone thrice weekly on nonconsecutive days for 25 weeks. Several laboratories have
shown that anthocyanins are readily absorbed and excreted by the body, with peak levels of
anthocyanin excretion occurring at 4 to 8 h (37–39). This rapid absorption and processing
and the gap between treatments reduced the risk of sunscreen effects. BRE was placed in the
middle of the dorsum of the mouse and manually gently rubbed into the dorsal skin by
glove-wearing personnel immediately after UVB exposure. All mice were treated within 2
min of the cessation of UVB exposure. Mice were sacrificed at 48 h following the final
UVB exposure, which is the peak UVB-induced inflammatory time point, and topical
treatment. Nonirradiated age-matched control mice were treated topically with vehicle or
BRE. Beginning on week 11, the length and width of each tumor <1 mm in each direction
were measured using digital calipers; these measurements were used to calculate tumor area.
At harvest, tumor samples were fixed in 10% neutral buffered formalin or placed in optimal
cutting temperature compound (Sakura Finetek, Torrence, CA) for further processing and
histologic analysis. The remaining dorsal skin was snap-frozen in liquid nitrogen for protein
isolation.

Acute inflammation model—Mice (n = 6 per group) were exposed to one minimal
erythemal dose of UVB (2240 J/m2), followed immediately by topical application of 500 μg
of BRE dissolved in 100 μL vehicle or 100 μL vehicle alone as described above. Mice were
sacrificed 48 h following UVB exposure. This time point was chosen because it represents
the height of the acute UVB-induced cutaneous inflammatory response. Nonirradiated age-
matched control mice were treated topically with vehicle or BRE. At harvest, edema, as
determined by skin fold thickness measurements, was recorded and dorsal skin samples
were fixed in 10% neutral buffered formalin or placed in optimal cutting temperature
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compound (Tissue-Tek, Sakura Finetek) for further processing and histologic analysis. Skin
punches were snap-frozen in liquid nitrogen for subsequent determination of
myeloperoxidase activity. The remaining dorsal skin was snap-frozen in liquid nitrogen for
protein isolation.

Immunofluorescence staining of tumors
At the time of sacrifice, tumors were removed and placed into optimal cutting temperature
compound before being frozen on dry ice. To determine the presence of specific
subpopulations of T cells, 5-μm sections were cut and stained with antibodies recognizing
CD3, CD4 (PharMingen), or foxp3 (eBioscience). A total of 15 tumors per group were
analyzed. Sections were incubated with primary antibody overnight at 4°C before washing
to remove the primary antibody. The sections were then incubated with the appropriate
Alexa Fluor conjugated secondary antibody (Invitrogen). Sections were then incubated with
the final primary and secondary antibodies at room temperature (1 h) before being
counterstained with 4′,6-diamidino-2-phenylindole (Sigma Aldrich) and coverslipped using
ProLong Gold (Invitrogen). For T-cell measurements, the number of positive cells within
tumor margins was counted for each animal and the mean was determined for each group.

Edema measurement
Dorsal skin edema induced by acute UVB exposure was measured by determining skin fold
thickness at harvest using digital calipers. Data shown are the mean ± SD of each group.

Myeloperoxidase assay
The level of myeloperoxidase was measured as previously described (40). Briefly, a 10-mm
skin biopsy was snap-frozen at harvest and stored at −80°C. Biopsies were incubated on ice
in phosphate buffer containing hexadecyltrimethylammonium bromide. Tissue samples were
homogenized and then underwent three cycles of sonication and freeze-thawing. Cellular
debris was removed by centrifugation. The myeloperoxidase levels of the supernatants were
then analyzed spectrophotometrically. Results are reported as fold increase compared with
matched control samples from mice not exposed to UVB. The rate of H2O2 consumption
was measured spectrophotometrically over a 5-min period.

Immunohistochemical staining
Skin samples from the inflammation model were removed and fixed in 10% neutral buffered
formalin, embedded in paraffin, and sectioned at 5 μm. Sections were stained for Ly6G (a
neutrophil marker) to identify infiltrating neutrophils as reported previously (40). Briefly,
sections were rehydrated and blocked using 10% normal goat serum (Vector Laboratories)
for 1 h. The slides were then incubated overnight at 4°C with the primary antibody
(monoclonal rat anti-mouse Ly6G; PharMingen). The next day, the slides were washed and
incubated with the biotinylated anti-rat secondary antibody (Vector Laboratories) for 30 min
at room temperature. Slides were then incubated with an avidin/horseradish peroxidase
complex (ABC Elite, Vector Laboratories) for 30 min. The slides were developed using a
3,3′-diaminobenzidine kit (Vector Laboratories) and counterstained with hematoxylin before
being dehydrated in a series of ethanol washes ending in Clear-Rite. Slides were then
coverslipped. To determine the number of neutrophils infiltrating into the dermis, the mean
number of neutrophils per 10 fields per 5-μm section per mouse at 600× magnification was
calculated.

p53 levels in keratinocytes were measured using a similar method. Dorsal skin was
harvested 48 h after UVB exposure and treatment with vehicle or 500 μg of BRE. Paraffin-
embedded sections were cut and treated with the Mouse-on-Mouse kit (Vector

Duncan et al. Page 4

Cancer Prev Res (Phila). Author manuscript; available in PMC 2013 December 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Laboratories), then stained with anti-rabbit p53 (Leica Microsystems). Link-Label
(Biogenex) was used to amplify the signal and the slides were developed using the 3,3′-
diaminobenzidine system (Vector Laboratories). The number of p53-positive cells per 10
fields per 5-μm section at 600× magnification per mouse in the epidermis was counted and
averaged.

8-Oxo-dG adduct detection
To identify differences in ROS-induced DNA damage, flash-frozen dorsal epidermis was
scraped from whole skin and used to isolate DNA. Briefly, frozen scraped epidermis was
incubated for 4 h at 45°C in solubilization buffer (10% SDS, 50 mmol/L EDTA, 100 mmol/
L Tris, 100 mmol/L NaCl, and 200 μg/mL proteinase K). After cooling to room temperature,
200 μL of a 4.21 mol/L NaCl, 0.63 mol/L KCl, 10 mmol/L Tris solution was added and
incubated at 4°C for 30 min to precipitate proteins. Samples were centrifuged at 13,000 × g
for 10 min and supernatant removed for DNA precipitation. DNA was precipitated with
100% ethanol at 4°C overnight. DNA was pelleted by centrifugation at 2,000 × g for 7 min
and washed with 80% ethanol thrice. Washed DNA was resuspended in 0.4 mol/L NaOH/10
mmol/L EDTA and the concentration was determined spectrophotometrically. Equal
amounts of DNA from each animal in the different treatment groups were pooled for 8-oxo-
dG Southwestern blots.

Southwestern immunoblots were done as previously reported (5). Briefly, 5 μg of epidermal
DNA was loaded onto a nitrocellulose membrane and dried for 1 h before being blocked
with 5% bovine serum albumin in TBST (TBS + 0.1% v/v Tween 20; Fisher Scientific). The
blot was then incubated overnight with the 8-oxo-dG primary antibody (Genox
Corporation). After overnight incubation, the blot was washed and incubated with a goat
anti-mouse horseradish peroxidase–conjugated secondary antibody (Thermo Fisher
Scientific) for 45 min at room temperature. The blot was washed and incubated with West
Femto Supersignal chemiluminescent reagent (Bio-Rad) and exposed to Kodak Biomax MR
Film (Kodak). It was then incubated in 4′,6-diamidino-2-phenylindole and scanned with a
Pharos FX scanner (Bio-Rad) to normalize for DNA adhesion. The ratio of 8-oxo-dG dot
intensity to 4′,6-diamidino-2-phenylindole dot intensity was determined using ImageJ
version 1.28b.5

Statistical analysis
Chronic UVB exposure—After consultation with a biostatistician, we determined that
the Mann-Whitney test was the most appropriate for our data. The tumor number and area
data was analyzed using Minitab. P < 0.05 was considered significant and P < 0.01was
considered highly significant. To determine statistical significance for the large tumor data,
we used Student's two-tailed t test.

Acute UVB exposure—We did statistical analyses using Excel (Microsoft Corporation).
After consultation with a biostatistician, Student's two-tailed t test was used to determine
statistical significance. P < 0.05 was considered significant and P < 0.01was considered
highly significant.

5http://rsbweb.nih.gov/ij/
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Results
BRE treatment significantly reduced UVB-induced carcinogenesis

Tumor measurements were collected beginning on week 11. As can be seen in Fig. 1A, by
25 weeks, vehicle-treated mice developed, on average, 30 tumors / mouse (±3.1). In
contrast, treatment with BRE significantly reduced the total number of tumors on the
dorsum of UVB-exposed mice to 17 tumors / mouse (±1.9; P = 0.001). Thus, topical
treatment with BRE following UVB exposure reduced the number of tumors that developed
in response to chronic UVB exposure.

BRE treatment decreased tumor size and inhibited tumor progression
BRE treatment also significantly reduced the size of the tumors per mouse, from a mean of
30.2 mm2 in vehicle-treated mice to 10.1 mm2 in BRE-treated mice (P = 0.004; Fig. 1B).
The number of tumors measuring >10 mm2 in area were counted and averaged for each
group. BRE treatment reduced the average number of large tumors at week 25 from 6.9 to
1.6 (P = 0.004; Fig. 1C). Thus, BRE treatment significantly retarded the growth of UVB-
induced tumors.

Tumors from mice treated with BRE contain significantly fewer CD3+foxp3+ T-cells
To determine how BRE was able to alter tumor progression, we explored how BRE affected
T-cell infiltration into tumors. BRE reduced the number of tumor-infiltrating CD4+ T-cells
within tumors from a mean of 206 in mice treated with vehicle to 77 in mice treated with
BRE (P ≪ 0.001; Fig. 2C). Representative micrographs of tumors from vehicle-treated (A)
and BRE-treated (B) mice are shown in Fig. 2. Analysis of the number of CD3+foxp3+ T-
cells within the tumors showed a significant reduction, down from 10 in vehicle-treated
mice to 2.2 in BRE-treated mice (P = 0.01; Fig. 3C). Representative micrographs of tumors
from vehicle-treated (A) and BRE-treated (B) mice are shown in Fig. 3. There was no
significant difference in the number of infiltrating CD8+ T-cells in any tumor (data not
shown).

BRE treatment reduced acute UVB-induced edema
To determine if the observed antitumor effects of BRE treatment were being mediated at
least in part by a decreased inflammatory response, we examined the effects of BRE
treatment on the acute UVB-induced inflammation. The most visible responses to acute
UVB exposure are erythema and edema, which can be used as an indicator of the severity of
the inflammatory response. All mice were sacrificed 48 hours post-UVB exposure, at the
peak of the inflammatory response in the skin. Post-exposure treatment with 500 μg of BRE
significantly reduced UVB-induced edema (determined via single fold dorsal skin thickness)
at 48 hours following UVB exposure (P = 0.001, compared with UVB-exposed vehicle-
treated controls; Fig. 4A).

BRE treatment reduced neutrophil activation, but did not reduce neutrophil infiltration
Although topical BRE treatment decreased edema, topical BRE treatment did not reduce
dermal neutrophil numbers compared with vehicle (Supplemental data Fig. S1). Mice were
grouped as follows: mice unexposed to UVB and treated with vehicle (no UV vehicle), mice
unexposed to UVB and treated with BRE (no UV BRE), mice exposed to UVB and treated
with vehicle (UV vehicle), and mice exposed to UVB and treated with BRE (UV BRE).
BRE treatment did significantly reduce neutrophil activation as measured by
myeloperoxidase levels (P = 0.03, compared with vehicle; Fig. 4B). The ability of BRE to
decrease myeloperoxidase without affecting neutrophil homing suggests that BRE
selectively inhibits neutrophil activation.
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BRE treatment decreased p53 expression
To estimate the overall DNA damage response in BRE-treated and vehicle-treated skin,
dorsal skin was stained for p53 and the mean number of keratinocytes with positive nuclei
per 600× magnification field was determined. Treatment with BRE significantly reduced the
number of UVB-induced p53-postive cells (P = 0.002, compared with vehicle; Fig. 5),
suggesting less overall cellular damage.

BRE treatment significantly reduced the levels of indirect DNA adducts but not direct
adducts

To assess the level of indirect DNA damage induced by ROS formed during the
inflammatory response to UVB, we did a Southwestern immunoblot for 8-oxo-dG on DNA
isolated from the epidermis (Fig. 6A). The densitometry data (Fig. 6B) show that BRE
treatment significantly (P = 0.04, compared with vehicle controls) reduced the levels of 8-
oxo-dG adducts in the epidermis of mice exposed to UVB down to those seen in mice that
had not been exposed to UVB. Immunohistochemical staining of dorsal skin sections for the
presence of cyclobutane pyrimidine dimers (CPD), a measure of direct UV-induced DNA
damage (Fig. 6C), show that treatment with BRE did not significantly reduce the formation
of direct DNA adducts.

Discussion
Recent studies have explored the use of natural compounds in the prevention of several
types of cancer, including SCC of the skin. For example, myricetin, a phytochemical found
in nuts and dark-pigmented fruits, was shown to significantly reduce tumor formation in
mice chronically exposed to UVB light (41). Other dietary botanicals including apigenin,
curcumin, resveratrol, and green tea have been shown to reduce the deleterious effects of
UVB exposure (20). Anthocyanins, found in red, blue, and purple fruits and vegetables,
have also been studied for their chemopreventive properties. Ohio-grown black raspberries
and extracts made from these berries, which have high levels of anthocyanins and other
compounds, have been shown in an animal model to be efficacious in preventing esophageal
cancer (42). Ongoing studies are determining their efficacy in both colon and oral cancers
(24, 43). To date, however, no in vivo studies have examined the efficacy of a standardized
BRE in the prevention of cutaneous UVB-induced damage or tumor development.

Many groups have shown that inhibition of inflammation leads to a reduction in
carcinogenesis (1, 12, 14, 40). We have previously shown that topical application of the
anti-inflammatory drug celecoxib reduced both acute UVB-mediated inflammation and
chronic UVB-mediated tumor formation. We have also found that agents increasing UVB-
induced inflammation lead to an increase in tumors with an area of >10 mm2, which were of
a high malignant grade (1, 14). These studies supported the link between UVB-induced
inflammation and skin cancer development. Natural products, such as (−)-
epigallocatechin-3-gallate, a green tea polyphenol, have also been shown to reduce acute
inflammation and inhibit UVB-induced carcinogenesis (44). Our present data shows the
ability of BRE, a natural product, to inhibit several hallmarks of UVB-mediated
inflammation including the production of DNA-damaging ROS in the skin.

Exposure to light in the UVB wavelength (280-320 nm) produces both direct and indirect
DNA damage. Direct DNA damage from UVB absorption results in the formation of CPD
(45–47). Indirect DNA damage, including signature DNA adducts such as 8-oxo-dG, results
from the activity of ROS generated by keratinocytes and infiltrating inflammatory cells,
especially neutrophils, during the inflammatory response to UVB (5, 48). These ROS can
damage keratinocytes, which induces the production of more proinflammatory cytokines and
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chemokines, thus amplifying the inflammatory response (49). We have previously shown
that the inhibition of UVB-induced neutrophil infiltration and especially neutrophil
activation can lead to decreased inflammation and tumor development (1). Our current data
showed that whereas BRE treatment had no effect on neutrophil infiltration, it significantly
reduced myeloperoxidase and H2O2 levels (Figs. 4B and 6B), thus decreasing ROS levels in
the skin, and ultimately, oxidative DNA damage.

Epidermal keratinocytes have mechanisms to repair both direct and indirect damage initiated
by UVB exposure. One of the ways they accomplish this is by p53 production and
activation, which halts the cell cycle and allows DNA repair mechanisms to correct the CPD
and 8-oxo-dG adducts, or induce apoptosis if the damage is beyond repair (50). p53
stabilization, indicated by nuclear immunoreactivity, has previously been used as an
indicator of overall levels of DNA damage (8, 51). The present study found that topical
application of BRE following UVB exposure was able to reduce the number of p53-positive
epidermal cells, indicating less overall damage in the epidermis. Our studies determined that
topical BRE application following exposure to UVB did not decrease the formation of direct
DNA damage adducts CPDs, demonstrating that BRE was not acting as a sunscreen.
However, similar to other topical inhibitors of inflammation (1, 52), BRE did significantly
inhibit the formation of the ROS-induced 8-oxo-dG adducts. We cannot discern from our
data whether the reduction in 8-oxo-dG adducts was attributable to the inhibition of initial
adduct formation or enhancement of DNA repair. Ongoing studies are further examining this
question. However, our findings that BRE treatment significantly decreased levels of the
potent ROS H2O2, suggest that BRE treatment reduced ROS levels in the epidermis and
dermis of the skin, thus decreasing initial ROS-mediated DNA damage. Regardless of the
mechanism of reduction of 8-oxo-dG formation, the formation of fewer oxidative DNA
adducts would ultimately result in decreased carcinogenesis.

In addition to decreasing inflammation and oxidative DNA damage, another possible
mechanism by which BRE may be altering UVB-mediated tumor development and
progression is by altering the infiltration of the adaptive immune cells. It is now known that
the influx of regulatory T-cells is one mechanism by which transformed cells can evade
immune surveillance (53). Yang et al. was one of the first to report that treatment with
resveratrol, a natural product derived from grape skins, reduced the number of regulatory T-
cells in the spleens of mice who had been injected with lymphoma or colon cancer cells
(54). It has also been shown in mice that chronic UVB exposure leads to an increase in
regulatory T-cells (55) and that this cell type express functional skin-homing receptors (10).
Although there have been no previous reports of anthrocyanins having an effect on the
adaptive immune response, our data suggests that Tcells with a regulatory phenotype are
reduced in the tumors isolated from BRE-treated mice (Fig. 3C). The reduction in putative
regulatory T-cells suggests a possible mechanism for the observed reduction in the number
of large tumors in BRE-treated skin (Fig. 1C). It is important to note that although we did
see a decrease in CD4+ cells within tumors isolated from BRE-treated mice, we did see did
not see a reduction in CD8+ T-cells in any of the tumors (data not shown). The observed
reduction in the number of cells with an immunosuppressive regulatory phenotype may then
allow CD4+ and CD8+ effector cells to aid the innate and adaptive immune system to reject
tumor cells. Although our data is suggestive, we did not isolate the cells and test their ability
to suppress immune responses. Neither did we remove these cells from the mice to
determine what effect that would have on tumor development. These types of future studies
will provide further confirmation of the importance of immune cell regulation in the skin by
BRE treatment. Completion of these preclinical studies will provide valuable information
leading to more effective skin cancer prevention strategies.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
BRE significantly reduced UVB-induced carcinogenesis. Female SKH-1 mice (n = 10/
group) were treated with vehicle or BRE after exposure to 2,240 J/m2 of UVB thrice weekly
for 25 wks. Tumor measurements (number, length, and width) were taken beginning on
week 11. BRE was able to significantly reduce tumor number (A) and tumor size (B; P <
0.001 and P = 0.002, respectively). Points, mean; bars, SD. C, BRE also significantly
reduced the number of aggressive tumors (P = 0.004).
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Fig. 2.
BRE altered tumor-infiltrating CD4+ T-cell numbers. The number of CD4+ T-cells
infiltrating tumors of vehicle-treated mice (A) was significantly higher than BRE-treated
mice (B). Magnification, ×600. Graphical representation of the data in C (**, P ≪ 0.001).
Columns, mean; bars, SE.
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Fig. 3.
BRE altered tumor-infiltrating CD3+foxp3+ T-cell numbers. The number of CD3+foxp3+ T-
cells infiltrating tumors of vehicle-treated mice (A) was significantly higher than BRE-
treated mice (B). Magnification, ×600. Graphical representation of the data in C (**, P =
0.01). Columns, mean; bars, SE.
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Fig. 4.
BRE significantly reduced UVB-induced edema and neutrophil activation. UVB induced
edema as measured via single fold skin thickness was significant (**, P = 0.001), compared
with UVB-exposed vehicle-treated controls (A). BRE significantly inhibited the UVB-
induced increase in dorsal skin myeloperoxidase activity compared with vehicle (*, P =
0.03; B). Columns, mean fold increase of myeloperoxidase activity over matched no UV
controls; bars, SD.
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Fig. 5.
BRE reduced UVB-induced p53 expression. p53 was immuno histochemically localized and
the number of positive cells was enumerated. Columns, average number of p53+ cells per
×600 field; bars, SD (**, P = 0.002).
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Fig. 6.
BRE reduced ROS-mediated DNA damage, but not direct DNA damage. After flash-
freezing, DNA was isolated from epidermal scrapes and used in a Southwestern immunoblot
(A). Densitometry was done using ImageJ. Columns, ratio of DNA to 8-oxo-dG (8-oxo-dG
levels); bars, SD (*, P = 0.04; B). Paraffin sections were cut and stained for CPDs;
keratinocytes staining positive were enumerated. Columns, mean number of CPD-positive
cells per ×600; bars, SD (C).
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