FHRERTPELE CLET TS AR

HEBE L2 FRHREREPRBSHS Az FE g L
R Rpits = B31(% 3 #)
iR (RER)

Call S A

% % % : NSC 97-2320-B-040-033-MY3

H 45 P R 99 & 087 01 px100E 07 31p
WoEHE LR FEEY

Eal SN R A

L3 4B AR D FAls-LEmmA R o A E

F Ao B MARRERFLEFR I F LG

o= A R O 100# 10 7 28 p



Molecular M echanisms Underlying Chemopreventive Activities of Glycyrrhizic
Acid against UVB-Radiation-Induced Carcinogenesisin SKH-1 Hairless Mouse
Epidermis

Author(s): Jaw-Ming Cherng, Kuen-Daw Tsai, Y u-Whay Y u and Jung-Chung Lin

Source: Radiation Research, 176(2):177-186. 2011.

Published By: Radiation Research Society

DOI: 10.1667/RR2510.1
URL: http://www.bioone.org/doi/full/10.1667/RR2510.1

BioOne (www.bioone.org) is a a nonprofit, online aggregation of core research in the biological, ecological, and
environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books published
by nonprofit societies, associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne's Terms of Use, available at www.bioone.org/page/terms_of use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial use. Commercia inquiries
or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions, research
libraries, and research funders in the common goal of maximizing accessto critical research.


http://www.bioone.org/doi/full/10.1667/RR2510.1
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

RADIATION RESEARCH 176, 177-186 (2011)
0033-7587/11 $15.00

© 2011 by Radiation Research Society.

All rights of reproduction in any form reserved.
DOI: 10.1667/RR2510.1

Molecular Mechanisms Underlying Chemopreventive Activities of
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Glycyrrhizic acid has been shown to possess anti-inflamma-
tion, antiviral and chemoprotective activity against tumors. We
evaluated the protective effects of glycyrrhizic acid in UVB-
radiation-induced skin tumor formation in SKH-1 hairless mice
and the early molecular biomarkers of these effects. Mice
irradiated at 180 mJ/cm? twice per week showed 100% tumor
incidence in 20 weeks. Feeding with glycyrrhizic acid prior to
UVB irradiation caused delays in tumor appearance, multiplicity
and size. Feeding with glycyrrhizic acid for 2 weeks before a
single UVB irradiation (180 mJ/cm?) resulted in significant
decrease in UVB-radiation-induced thymine dimer-positive cells,
expression of proliferative cell nuclear antigen (PCNA),
terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL)-positive cells, and apoptotic sunburn
cells together with an increase in p53- and p21/Cip1-positive cell
populations in epidermis. Simultaneously, glycyrrhizic acid also
significantly inhibited NF-kB, cyclooxygenase-2 (COX-2),
prostaglandin E2 (PGE2), and nitric oxide (NO) levels. Thus
glycyrrhizic acid ameliorates UVB-radiation-induced tumori-
genesis via downregulation of cell proliferation controls
involving thymine dimer, PCNA, apoptosis and transcription
factor NF-kB and of inflammatory responses involving COX-2,
PGE2 and NO while upregulating of p53 and p21/Cipl to
prevent DNA damage and facilitate DNA repair.

Research Society

©2011 by Radiation

INTRODUCTION

Ultraviolet (UV) radiation present in sunlight is
responsible for the majority of the damage to the skin.

I Address for correspondence: Cellular Virology Unit, Division of
Viral Hepatitis, Centers for Disease Control and Prevention, 1600
Clifton Road NE, Atlanta, GA 30333; e-mail: linderson1939@gmail.
com.
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Exposure to UVB radiation and to a much lesser extent
to UVA radiation is the major etiological factor leading
to the development of cutaneous squamous and basal
cell carcinoma (7, 2). Each year, approximately 1 million
new cases of skin cancer are attributable to exposure to
UV radiation (3). An aging population, increased
recreational exposure to sunlight, and the depletion of
the ozone layer are believed to be major factors
contributing to the globally increasing incidence of skin
cancer (2).

Experiments with a hairless mouse model of skin
carcinogenesis showed the dependence of skin tumor
development on the dose of and duration of exposure to
UV radiation (4) and identified UVB radiation as the
most mutagenic and carcinogenic region of the solar
spectrum (5). Tumor development involves an imbal-
ance of the endogenous antioxidant system, leading to
an increase in free radical levels and inflammation. UVB
radiation also causes direct DNA damage to exert its
detrimental effect (6, 7). Thus UVB radiation is
considered to be a complete carcinogen because it can
initiate and induce cancer growth in the absence of any
other carcinogen (/).

Glycyrrhizic acid has been shown to possess several
beneficial biological activities, including inhibition of the
mouse skin tumor-initiating activity of DMBA, anti-
ulcerative effects, anti-inflammation, interferon induc-
tion and anti-hepatotoxic effects (8-19), and it is active
against a range of viruses (20-27). Clinically, glycyr-
rhizic acid has been used to treat patients with chronic
active hepatitis (28-30). In addition to having anti-
inflammatory actions, glycyrrhizic acid also acts as a
chemoprotective agent against tumors (37).

Our previous studies indicated that glycyrrhizic acid
not only possesses antiviral activities (2/-22, 26) but also
protects against neuronal cell death resulting from
glutamate excitotoxicity (/7). We also presented evi-
dence that the inhibitory effect of glycyrrhizic acid was
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TABLE 1
Experimental Design Depicting Variables and Treatment Groups in both Long-Term and Short-Term Study

Exposure No glycyrrhizic acid Glycyrrhizic acid feeding”
No UVB radiation (1) (I1)
(Control) (Glycyrrhizic acid)
UVB radiation” (111) (Iv)

(UVB radiation)

(Glycyrrhizic acid + UVB radiation)

Notes. Mice were divided into four groups, (I), (II), (IIT) and (IV). Twenty mice were in each group in the long-term and five mice in each

group for short-term study.
¢ Glycyrrhizic acid in drinking water.

b UVB irradiation (180 mJ/cm?), twice/week for long-term and single exposure for short-term study.

mediated via blockade of NF-kB activation by interfer-
ing with a pathway that leads to the phosphorylation or
degradation of IkB (/7). In the present study, we
extended these findings to examine the efficacy of
glycyrrhizic acid in the reduction of UVB-radiation-
induced skin tumor formation in hairless mice and the
underlying molecular events of this efficacy.

MATERIALS AND METHODS
Animals, Chemical and UV B Light Source

Inbred female SKH-1 hairless mice (5 weeks old) were purchased
from Charles River Laboratories (Wilmington, MA) and maintained
in accordance with the relevant guidelines and regulations for the care
and use of laboratory animals of China Medical University.

The UVB light source consisted of four FS-40-T-12-UVB sunlamps
(Philips, Amsterdam, The Netherlands) that emitted ~80% radiation
in the range of 280 to 340 nm with a peak emission at 314 nm as
monitored with an SED 240 photodetector with SPS300 filter and a T
input optic connected to an ILT1700 Research Radiometer (Interna-
tional Light Technologies, Newburyport, MA). The SPS300 filter
removes wavelengths shorter than 280 nm, and the predominant
emitting peak is at 280-315 nm. The radiometer is calibrated on a
regular basis against both a traceable standard lamp and the
laboratory radiation source.

Mice were exposed to UV radiation for 2 min and 40 s with a
distance of 23 cm between the light source and the target skin.

A stock solution of glycyrrhizic acid (Acros Organics, Morris
Plains, NJ) was made in phosphate-buffered saline, pH 7.4. For the
feeding study, drinking water containing 0.02% glycyrrhizic acid was
prepared.

Experimental Designs

Both long-term and short-term studies were conducted to assess the
effect of glycyrrhizic acid on UVB-radiation-induced skin carcino-
genesis in female SKH-1 hairless mice. The experimental designs,
variables and treatment groups are shown in Table 1. The long-term
regimen was designed to assess the effect of glycyrrhizic acid on UVB-
radiation-induced skin tumor incidence, whereas the short-term study
was for assessing the early molecular biomarkers.

Dorsal skin specimens were taken for immunohistochemical
analyses at different times. Samples taken 1 h after UVB irradiation
were used for the analysis of thymine dimer formation, the 8-h
samples for p53, p21/Cipl and proliferating cell nuclear antigen
(PCNA) and the 12-h samples for deoxynucleotidyl transferase-
mediated dUTP nick end labeling (TUNEL) and apoptotic sunburn
cells. In addition, the cellular and nuclear proteins prepared from 8-h
samples were used for NO, COX-2, PGE2 and NF-«kB assays by
ELISA.

Immunohistochemical Analysis of Biomarkers

Skin tissue sections from the mice in the short-term study were
processed for immunohistochemical staining and biochemical analy-
ses. To detect thymine dimer-positive cells, anti-thymine dimer
antibody (Kamiya Biomedical Company, Seattle, WA) was used
according to the manufacturer’s protocol. Activities were then
detected using a NovoLink Polymer Detection System (Novocastra
Laboratories, Newcastle Upon Tyne, UK). For detection of p53, p21/
Cipl and PCNA, mouse monoclonal anti-p53 (LifeSpan BioSciences,
Seattle, WA), anti-p21/Cipl (Acris Antibodies GmbH, Herford,
Germany), and anti-PCNA (Biocare Medical, Concord, CA) anti-
bodies were used. Activities were detected using NovoLink Polymer
Detection System (Novocastra Laboratories). The apoptotic cells
were detected by using the DeadEnd Colorimetric TUNEL system
(Promega Corporation, Madison, WI) and the apoptotic sunburn
cells were stained conventionally with H&E and examined by light
microscopy.

The microscopic examinations were performed by two investigators
in a blind fashion. For every specimen, five to ten randomly selected
fields were examined and counted at 400X magnification. Data were
calculated as means = SE of 25 fields/5 mice/group.

Biochemical Analysis of NO, COX-2 and PGE2 by ELISA

The frozen skin samples were pulverized in liquid nitrogen. The
powder was suspended in cell lysis buffer (//) and sonicated before
centrifugation at 12,500g for 20 min. The supernatants were used for
quantification of NO (BioVision, Mountain View, CA), COX-2
(USCN LIFE, Wuhan, China), and PGE2 (R&D Systems, Minne-
apolis, MN), using ELISA kits following the manufacturer’s
protocols.

Analysis of NF-xB DNA-Binding Activity

For analyzing transcription factor NF-xB binding to DNA, nuclear
proteins were prepared as described previously (//) and the binding
activity was quantified using a TF ELISA kit (Panomics, Fremont,
CA). This method is faster, easier and more sensitive than
electrophoretic mobility shift assays and does not require the use of
radioactivity. Briefly, the activated NF-kB p50 molecules from
nuclear extracts bind to an NF-kB consensus binding site (NF-kB
probe) on biotinylated oligonucleotides that were immobilized on a
streptavidin-coated 96-well plate. The NF-kB p50 bound to the
oligonucleotide is detected by an antibody directed against NF-kB
p50. An additional HRP-conjugated secondary antibody provides a
sensitive colorimetric readout quantified by spectrophotometry.

Statistical Analysis

Data are presented as means = SE. The evaluation of statistical
significance was determined by one-way analysis of variance
(ANOVA) followed by Bonferroni ¢ test for multiple comparisons.
A P value less than 0.05 was considered statistically significant.
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FIG. 1. Effect of glycyrrhizic acid (GL) on UVB-radiation-
induced skin photocarcinogenesis in SKH-1 hairless mice. A long-
term regimen was used for this study. Percentage of tumor incidence
(panel A), tumor multiplicity per mouse (panel B), tumor volume per
tumor per mouse (panel C), and body weight per mouse (panel D)
were recorded and analyzed. The data shown in panel C are means =
SE. All data are from 20 mice in each group. No tumors were
observed in the glycyrrhizic acid alone group.

RESULTS

Protective Effects of Glycyrrhizic Acid on UV B-
Radiation-Induced Tumorigenesis in SKH-1 Hairless Mice

Exposure of mice to 180 mJ/cm? UVB radiation twice
per week resulted in the development of skin tumors in
all mice by 20 weeks; however, it took 23 weeks for the
development of tumors in all mice in the oral glycyr-
rhizic acid treatment plus UVB radiation groups
(Fig. 1A). The first tumor appearance in the UVB
radiation alone animals occurred at the 16th week; this
was delayed by 2 weeks in the glycyrrhizic acid-treated
groups. Compared with the UVB radiation alone group
(Fig. 1B), oral glycyrrhizic acid administration reduced
the number of tumors per mouse throughout the
experiment (P < 0.001). Tumor volume per tumor per
mouse was also decreased from 388 = 44 mm?® in the
UVB radiation alone group to 174 + 15 mm’ in the
glycyrrhizic acid feeding group, a 55% decrease (P <
0.005) (Fig. 1C). No tumors were observed in the
control and glycyrrhizic acid feeding groups (data not
shown). None of the glycyrrhizic acid treatments caused
any significant decrease in diet consumption (data not
shown) or any body weight changes (Fig. 1D), indicat-
ing no observable toxicity in SKH1 mice.

Glycyrrhizic Acid Inhibits UV B-Radiation-Induced
Apoptosis and Apoptotic Sunburn Cell

Compared with unexposed control mice (Fig. 2A),
UVB-radiation exposure significantly increased TU-
NEL-positive apoptotic cells (Fig. 2B). Oral glycyrrhizic
acid treatment without UVB irradiation (Fig. 2C) did

not significantly induce apoptotic cells. However, oral
administration of glycyrrhizic acid prior to UVB
irradiation (Fig. 2D) significantly decreased the num-
bers of UVB-radiation-induced apoptotic cells. Quanti-
tative data revealed that UVB irradiation resulted in
28.85 £ 2.62% of TUNEL-positive apoptotic cells, while
low levels of such cells were observed in the unirradiated
controls (2.75 = 0.49) and the oral glycyrrhizic acid
group (2.62 = 0.25). In contrast, oral application of
glycyrrhizic acid prior to UVB irradiation resulted in a
significant reduction of TUNEL-positive apoptotic cells
to 16.1 = 2.3 (P < 0.01).

H&E staining (Fig. 2F) of apoptotic sunburn cells was
markedly increased from 0.94 = 0.16% in unexposed
controls to 11.55 = 1.63% in UVB-irradiated mice. Oral
administration of glycyrrhizic acid prior to UVB irradi-
ation resulted in a significant reduction of sunburn cells to
5.45 = 0.92 (P < 0.01). Similar to the unexposed controls,
low levels of sunburn cells were observed after oral
glycyrrhizic acid treatment alone (1.03 = 0.24).

Glycyrrhizic Acid Protects UV B-Radiation-Induced DN A
Damage in SKH-1 Hairless Mouse Epidermis

Thymine dimers are considered as an early and
important biomarker for UVB-radiation-induced DNA
damage. A previous study showed that UVB-radiation-
induced thymine dimer formation in the epidermis peaks
at 1 h after irradiation (32). Compared with sham-
irradiated controls (Fig. 3A), a single exposure of mice to
UVB radiation strongly induced the formation of thymine
dimer-positive cells (Fig. 3B). Glycyrrhizic acid feeding
(Fig. 3C) resulted in a remarkably reduced thymine
dimer-positive population. More intense staining for
thymine dimers was observed in the suprabasal layer than
in the basal layer. Fewer stained cells and less intense
staining for thymine dimers were observed in the dermis
than in the epidermis. Glycyrrhizic acid by itself in
drinking water had no effect on biomarkers; therefore, the
immunohistochemical staining pictures were not shown in
this and other figures. Quantitative analysis (Fig. 3D)
showed that exposure to UVB radiation resulted in 91 +
9.9% thymine dimer-positive cells in epidermis, while
negligible levels of these cells were observed in unirradi-
ated controls or in mice treated with oral glycyrrhizic acid
alone. In contrast, oral glycyrrhizic acid prior to UVB
irradiation resulted in a significant reduction (35.8 =+
3.9%) in thymine dimer-positive cells (P < 0.004). These
results suggest that glycyrrhizic acid could protect the
epidermis against UVB-radiation-induced damage at least
in part through suppression of thymine dimer formation.

Glycyrrhizic Acid Upregulates UV B-Radiation-Induced
Activation of p53-p21/Cipl Cascade

The unexposed and untreated control mice showed
very low levels of p53-positive cells (Fig. 4A). Upon



180 CHERNG ET AL.

m

= = o) [ae)
o w o w
i L | L

% TUNEL-positive
apoptotic cells

. e

Control GL uv

o wun
1

GL+UV

F 14 -
12 -
Q o 101
2=
gg 8 - *
ol gd
[
w o
oS Q 4 -
T ©
oa' 2 -
E\(U
o | Nl HE ,
Control GL uv GL+UV

FIG. 2. Glycyrrhizic acid (GL) inhibits UVB-radiation-induced apoptosis and apoptotic sunburn cell formation. The apoptotic sunburn cells
were detected by TUNEL assay and H&E staining. The results of TUNEL assay are shown as follows: panel A, control; panel B, UV radiation;
panel C, glycyrrhizic acid; panel D, glycyrrhizic acid + UV radiation. Quantitative results of TUNEL-positive cells (panel E) and H&E-positive
cells (panel F) were analyzed statistically. Data are shown as means * SE of 25 fields/5 mice/group. *P < 0.01 for both TUNEL assay and

sunburn cells.

UVB irradiation p53-positive cells were remarkably
increased (Fig. 4B) and were seen primarily in the basal
layer, but some were also observed in the suprabasal
layer of the epidermis near the basal layer. Oral
application of glycyrrhizic acid prior to UVB irradiation
further enhanced the numbers of p53-positive cells
(Fig. 4C). Consistent with these results, quantitative
analyses revealed that exposure to UVB radiation

resulted in 29 = 3% p53-positive cells (Fig. 4D), which
were further increased to 52 = 5% in the glycyrrhizic
acid plus UVB radiation group (P < 0.02), while low
levels of such cells were observed in unirradiated
controls (1.85 = 0.21%) and mice given oral glycyrrhizic
acid (1.9 = 0.3%).

The same samples used for p53 detection were also
analyzed for p21/Cipl-positive cells. Compared with
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FIG. 3. Inhibition of UVB-radiation-induced thymine dimer-positive cells by glycyrrhizic acid (GL). Panel A, control; panel B, UV radiation;
panel C, glycyrrhizic acid + UV radiation. Similar undetectable levels of thymine dimer-positive cells were observed in the glycyrrhizic acid alone
group and unexposed controls (data not shown). Panel D shows the quantitative results for four different experimental conditions. Data are

shown as means = SE of 25 fields/5 mice/group. *P < 0.004.

unexposed control mice (Fig. 5A), UVB radiation alone
significantly increased the p21/Cipl-positive cells
(Fig. 5B). Oral administration of glycyrrhizic acid prior
to irradiation significantly enhanced the numbers of p21/
Cipl-positive cells (Fig. 5C). Exposure to UVB radia-
tion resulted in 13.0 = 0.7% p21/Cipl-positive cells in
the epidermis, while low levels of such cells were
observed in unirradiated controls (1.25 = 0.07%) and
after oral glycyrrhizic acid treatment (1.47 = 0.09%)
(Fig. 5D). In contrast, oral glycyrrhizic acid plus UVB
radiation significantly increased p21/Cipl-positive cells
to 28.2 = 1.6% (P < 0.003).

Glycyrrhizic Acid Suppresses UV B-Radiation-Induced
Cell Proliferation

We next examined the effect of UVB radiation
without or with glycyrrhizic acid treatment on prolifer-
ation status of epidermis by measuring PCNA levels.
Compared with unexposed control mice (Fig. 6A), UVB
radiation alone remarkably increased the numbers of
PCNA-positive cells (Fig. 6B). However, oral applica-
tion of glycyrrhizic acid prior to UVB irradiation

significantly decreased the numbers of PCNA-positive
cells (Fig. 6C). Quantitative data revealed low levels of
PCNA-positive cells in unirradiated controls (1.9 =
0.1%) and after oral glycyrrhizic acid treatment (2.2 =
0.1%). In contrast, UVB irradiation resulted in 28.1 =
1.6% PCNA-positive cells in epidermis, which decreased
to 19.8 = 1.1% (P < 0.009) after glycyrrhizic acid plus
UVB irradiation.

Glycyrrhizic Acid Inhibits UV B-Radiation-Induced
Activation of NF-kB, COX-2, NO and PEG2 Levels

We next examined effects of UVB radiation without
or with glycyrrhizic acid treatment on these cellular
factors associated with skin tumorigenesis. Figure 7A
shows that UVB radiation significantly increased the
activity of NF-kB from 0.15 = 0.01 in control mice and
0.16 = 0.02 after oral glycyrrhizic acid alone to 0.58 =
0.04. However, oral glycyrrhizic acid prior to irradiation
significantly decreased the activity of NF-kB down to
0.28 = 0.02 (P < 0.003).

Increased COX-2 activity (Fig. 7B) was observed in
response to UVB irradiation (0.93 + 0.06), but activity
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glycyrrhizic acid + UV radiation. Panel D shows the quantitative results for p53-positive cells for four different experimental conditions.

*P < 0.02.

was significantly decreased by oral glycyrrhizic acid plus
radiation (0.49 = 0.04) (P < 0.004). Similar background
levels of COX-2 activity were observed in unirradiated
controls (0.35 = 0.02) and mice receiving oral glycyr-
rhizic acid (0.32 + 0.03).

Similarly, UVB-radiation exposure alone significantly
increased the activity of NO to approximately 4.7-fold
higher than that in unexposed controls (Fig. 7C).
However, oral glycyrrhizic acid prior to irradiation
significantly decreased the activity of NO (P < 0.003).
PGE2 activity was markedly increased in response to
UVB irradiation (Fig. 7D) but was significantly de-
creased by oral glycyrrhizic acid treatment (P < 0.01).
Glycyrrhizic acid by itself did not affect the activity of
NO and PGE2.

DISCUSSION

The major findings in the present study are that
glycyrrhizic acid feeding caused a delay and reduction in
UVB-radiation-induced tumor appearance, multiplicity
and size in hairless mice without any toxicity. The
photoprotective effect of glycyrrhizic acid could occur at

several mechanistically different levels. Our results
further showed that glycyrrhizic acid protects SKH-1
hairless mouse skin from UVB-radiation-induced DNA
damage and that radiation-induced cell proliferation
and apoptotic sunburn cell formation were prevented by
glycyrrhizic acid possibly by further induction of the
p53-p21/Cipl cascade.

Sunburn cells are formed in the mammalian epidermis
after exposure to UV radiation. These cells have a
distinct morphology, with a shrunken, homogenized,
densely staining cytoplasm and a hyperchromatic
condensed pyknotic nucleus. In this study, these features
were readily seen with routine H&E staining using light
microscopy. It has been demonstrated that sunburn cells
are apoptotic cells and contain a hallmark of apoptosis,
namely DNA strand breaks observed by end labeling.

One of the most important characteristics of UV-
radiation-induced carcinogenesis is DNA damage and
mutagenesis, and thymine dimers are known as “hot
spots” of UV-radiation mutagenesis (32). Our study
showed that glycyrrhizic acid treatment markedly
decreased in UV-radiation-induced thymine dimer-
positive cells. Glycyrrhizic acid treatment may result in
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FIG. 5. Glycyrrhizic acid (GL) enhances UVB-radiation-induced p21/Cipl expression. Panel A, control; panel B, UV radiation; panel C,
glycyrrhizic acid + UV radiation. The quantitative results for p21 are shown in panel D. *P < 0.003.

an increase in the mismatch repair enzyme MSH2. A
previous study showed that the DNA mismatch repair
system is inactivated by oxidative stress (33). The
antioxidant effect of glycyrrhizic acid in mice (34)
suggests that suppression of oxidative stress by glycyr-
rhizic acid could be one of the mechanisms that resulted
in the activation of repair enzymes much earlier than
with UV radiation alone; thus it is possible that thymine
dimers were removed much earlier in glycyrrhizic acid-
treated animals than 1 h, the time we used in our study.
More studies are needed employing different times to
assess whether glycyrrhizic acid causes a faster repair of
UV-radiation-induced DNA damage, ultimately leading
to a strong reduction in thymine dimer-positive cells.
Other possibilities could be that glycyrrhizic acid
protects epidermal cells from UV-radiation-induced
thymine dimer-positive cells by modulating DNA repair
enzymes other than MSH2 and/or by an alteration of the
ATM/ATR pathways. It is not known whether the effect
of glycyrrhizic acid on these pathways is an upstream
response for its efficacy against UV-radiation-induced
thymine dimer-positive cells in epidermis.

p53 plays an important role in growth arrest and
apoptosis. In response to DNA damage by UV radiation,
p53 is upregulated to arrest the cell cycle through

transcriptional activation of p21/Cipl to facilitate DNA
repair when the damage is mild or to induce apoptosis via
activating apoptotic proteins such as Fas/Apo-1, Bax and
DRS5 or downregulating anti-apoptotic proteins such as
cellular inhibitor of apoptosis protein 2 and bcl-2 when
the damage is severe (35, 36). In the present study, we
found that glycyrrhizic acid upregulated p53 with a
concomitant increase in p21/Cipl protein levels and
decrease in apoptotic sunburn cells in UVB-irradiated
skin. We further observed that UVB-radiation-induced
PCNA-positive cells were inhibited by glycyrrhizic acid
treatment. These findings establish a relationship between
the formation of sunburn cells and apoptosis-related
biomarkers. These results are in accord with the notion
that inhibition of cell proliferation could be one of the
mechanisms by which glycyrrhizic acid protects damaged
cells from entering the cell cycle, thereby giving damaged
cells sufficient time for repair and preventing their entry
into an apoptotic pathway in case the damage is severe.
Collectively, the proposed mechanisms for the protective
effect of glycyrrhizic acid on UV-radiation-induced
damage in epidermal cells are as follows: glycyrrhizic
acid protects SKH-1 mouse epidermis from the DNA-
damaging effects of UV radiation such as thymine dimer-
positive cells, thereby decreasing UV-radiation-induced
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0.004 for COX-2, *P < 0.003 for NO, and *P < 0.01 for PGE2.

apoptotic/sunburn cells. Further, glycyrrhizic acid inhib-
its UV-radiation-induced epidermal cell proliferation by
decreasing PCNA, possibly through activation of p53-
p21/Cipl, suggesting a cell growth delay rather than
acceleration of cell death.

Exposure to UV radiation also results in the
formation of reactive oxygen species and prostaglandins
(37). UV-radiation-induced prostaglandins may play
important roles in inflammation, photoaging and
photocarcinogenesis in human skin. NO and prosta-
glandins, which are produced by iNOS and COX-2,
respectively, have been implicated as important media-
tors in the processes of inflammation (38). Thus
potential inhibitors of iNOS and COX-2 have been
considered to be effective therapeutically for preventing
inflammatory reaction and disease. Our results in this
study clearly demonstrated that glycyrrhizic acid signif-
icantly suppressed UV-radiation-induced NO, COX-2
and PGE2 levels in mouse skin. Control of COX-2
induction involves a complex array of regulatory factors,
including NF-xB (39). We found that feeding with
glycyrrhizic acid was effective in terms of inhibiting NF-
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kB DNA binding. The inhibitory effect of glycyrrhizic
acid on NF-kB activation by UVB radiation could be
due to inhibition of IkB degradation and p65 translo-
cation to the nucleus (/7).

In this study, we used a single large dose (180 mJ/cm?)
of UVB radiation given to SKH-1 hairless mice, which is
approximately six times higher than the physiologically
relevant dose (30 mJ/cm?/day). One reason for selecting a
single large dose of UVB radiation is that it results in less
stress on the animals. We also believe that a single large
dose is well justified scientifically because outdoor
occupational exposure of humans or a sunbathing
exposure in the summer was reported to be 50-100 mJ/
cm? per day (40). We hypothesized that if glycyrrhizic acid
treatment can protect animals from UVB radiation after
a single large dose, it is reasonable to expect that it could
protect against fractionated, protracted irradiation.

Studies involving the simulation of solar optical
radiation on a laboratory scale have taken advantage
of the characteristics of xenon arc emission. Since the
dose of UV radiation used in the standardized model is
sufficient to cause tumors in all mice, the results of this
study implicate UVB radiation as the main carcinogen
for the tumors observed in this study.

In conclusion, our data clearly indicate that oral
glycyrrhizic acid inhibits UVB-radiation-induced carci-
nogenesis and decreases several radiation-induced bio-
markers. The molecular events associated with protective
effect of glycyrrhizic acid in UVB-radiation-induced skin
cancer are complex. They include downregulation of cell
proliferative controls, alterations of thymine dimers,
PCNA, apoptosis and NF-xB. IN addition, inflammato-
ry responses involving COX-2, PGE2 and NO are
involved, as well as the upregulation of p53 and p21/
Cipl to facilitate DNA repair. The efficacy of glycyrrhizic
acid observed in the present study in terms of a decrease
in tumor numbers and shrinkage of tumor size could have
clinical significance. Therefore, the present study provides
fundamental information on the effects of glycyrrhizic
acid on mechanistically important early biomarkers for
UVB-radiation-induced effects in vivo, suggesting a short-
term model for evaluation of potential protective
pharmacological modulators against UVB-radiation-in-
duced damages. More mechanistic studies are needed to
further clarify the effect of glycyrrhizic acid on UV-
radiation-induced damages and their biological signifi-
cance in both overall efficacy and safety of glycyrrhizic
acid against photocarcinogenesis. Our results provide a
focus for the rational development of glycyrrhizic acid as
a safe and effective chemopreventive agent against UV-
radiation-induced photoaging and photocarcinogenesis.
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Molecular mechanisms underlying chemopreventive activities of glycyrrhizic acid against

UVB-induced carcinogenesis in SKH-1 hairless mouse epidermis

Jaw-Ming Cherng', Jung-Chung Lin*

School of Medicine, Chung Shan Medical University, Taichung, Taiwan;

“Cellular Virology Unit, Division of Viral Hepatitis, Centers for Disease Control and
Prevention, Atlanta, Georgia 30333, U.S.A.

Abstract

Glycyrrhizic acid (GL) has been shown to possess anti-inflammation, antiviral, and chemoprotective
activity against tumors. We assessed the protective effects of GL in UVB-induced skin tumor formation
in SKH-1 hairless mice and the early molecular biomarkers. Mice irradiated at 180 mJ/cm? twice per
week elicited 100% tumor incidence in 20 weeks. Feeding of GL prior to UVB irradiation caused a
strong protection against photocarcinogenesis in terms of delay in tumor appearance, multiplicity, and
size. It took 24 weeks to get 100% tumor incidence in GL plus UVB treated-group; the first tumor
appearance in UVB-treated animals occurred at 16™ week, which was delayed by 3 weeks in GL plus
UVB-treated group. Feeding of GL for 2 weeks before a single UVB  (180mJ/cm?) irradiation resulted
in a strong and significant decrease in UVB-induced thymine dimer-positive cells (p < 0.004),
proliferative cell nuclear antigen PCNA (p < 0.01), terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling, and apoptotic sunburn cells (p < 0.01) together with an increase in p53 and
p21/Cipl-positive cell population in epidermis (p < 0.02 ~ 0.003). Simultaneously, GL also significantly
inhibited NF-«B, cyclooxygenase-2 (COX-2), prostaglandin E2 (PGEZ2), and nitric oxide (NO) levels (p
< 0.01-0.004). Taken together, these results suggest that GL causes a strong protective effect against
photocarcinogenesis via down-regulation of cell proliferative controls, involving thymine dimer, PCNA,

apoptosis, transcription factors NF-kB and of inflammatory responses involving COX-2, PGE2, and NO,



while up-regulation of p53, p21/Cipl to prevent DNA damage. These results provide a focus for the

rational development of GL as a novel chemopreventive agent against UV-induced human skin cancer.

Key words: Ultraviolet, Skin tumors, Glycyrrhizic acid, chemoprevention
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