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Pyrithione-zinc Prevents UVB-induced Epidermal Hyperplasia by
Inducing HIF-1«
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Epidermal keratinocytes overgrow in response to ultraviolet-B (UVB), which may be associated with
skin photoaging and cancer development. Recently, we found that HIF-1e controls the keratinocyte
cell cycle and thereby contributes to epidermal homeostasis. A further study demonstrated that HIF-1«
is down-regulated by UVB and that this process is involved in UVB-induced skin hyperplasia.
Therefore, we hypothesized that the forced expression of HIF-1¢ in keratinocytes would prevent
UVB-induced keratinocyte overgrowth. Among several agents known to induce HIF-1¢, pyrithione-zinc
(Py-Zn) overcame the UVB suppression of HIF-1e¢ in cultured keratinocytes. Mechanistically, Py-Zn
blocked the degradation of HIF-1e¢ protein in keratinocytes, while it did not affect the synthesis of
HIF-1a. Moreover, the p21 cell cycle inhibitor was down-regulated after UVB exposure, but was robustly
induced by Py-Zn. In mice repeatedly irradiated with UVB, the epidermis became hyperplastic and
HIF-1a disappeared from nuclei of epidermal keratinocytes. However, a cream containing Py-Zn
effectively prevented the skin thickening and up-regulated HIF-1a to the normal level. These results
suggest that Py-Zn is a potential agent to prevent UVB-induced photoaging and skin cancer development.
This work also provides insight into a molecular target for treatment of UVB-induced skin diseases.
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INTRODUCTION

Ultraviolet radiation is the most important cause of skin
photoaging and cancer. After the skin is irradiated with ul-
traviolet, epidermal DNAs are damaged and form abnormal
DNA adducts, leading to apoptosis, growth arrest, DNA
mutation, and cell transformation [1]. Ultraviolet light is
classified into three types (UVA, UVB, and UVC) according
to its wavelength. Of these ultraviolet wavelengths, UVB
(290~ 320 nm) is primarily responsible for breaking DNA
strands. Immediately after keratinocytes are exposed to
UVB, the cell cycle is arrested, and this response to UVB
is regarded as a protective process because it allows recov-
ery time for damaged cells [2]. At 48 h after UVB exposure,
however, mouse skins were thickened with increased PCNA
(a proliferation marker) in epidermal keratinocytes [3-5].
This epidermal proliferation at a subacute phase may be a
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regeneration process in damaged skin. If the skin repeatedly
undergoes UVB injury and regeneration, the cellular proc-
esses to control epidermal homeostasis could be deregulated,
which may initiate skin photoaging or carcinogenesis.
HIF-1a, a member of the basic-helix-loop-helix (bHLH)
Per-Arnt-Sim (PAS) family, transactivates numerous genes
that enable cells to adapt to hypoxia [6]. The hypoxic adap-
tation includes increased erythropoiesis, neovascularization,
activated glycolysis, increased glucose uptake, and up-regu-
lation of pro-survival factors [7]. Many of the hypoxia-in-
duced genes possess the conserved sequence 5-ACGTG-3 at
their hypoxia response elements, and HIF-1«@ associates
with ARNT to target the elements and activate the genes.
In addition to gene expression, HIF-1« plays a key role in
controlling cancer cell growth under hypoxia; that is, HIF-1«
sequesters MAX from the c-Myc/MAX complex, antagonizes

ABBREVIATIONS: PCNA, proliferating cell nuclear antigen; bHLH,
basic-helix-loop-helix; PAS, Per-Arnt-Sim; HIF-1«, hypoxia-inducible
factor-1@; ARNT, aryl hydrocarbon receptor nuclear translocator;
siRNA, small interfering RNA; Py-Zn, pyrithione-zinc; CHX, cyclo-
heximide; PEG, polyethylene glycol; H&E, hematoxylin & eosin; EGCG,
(-)-epigallocatechin-3-gallate; FBS, fetal bovine serum; RPMI, Roswell
Park Memorial Institute; ODDD, oxygen-dependent degradation
domain; PHD, HIF-1-prolyl hydroxylase; pVHL, von Hippel-Lindau
tumor suppressor protein; IRES, internal ribosome entry site; 5-UTR,
5-untranslated region; PISK, phosphoinositide-3-kinase; mTOR, mam-
malian target of rapamycin; Akt, serine/threonine protein kinase;
HSP, heat shock protein, MEK/ERK, mitogen-activated protein
kinase kinase/extracellular signal-regulated kinase; HEK293, human
embryonic kidney cell line 293; OTC, over-the-counter.
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the p21 gene-repressive action of c-Myc/MAX, and induces
the p21 cell cycle inhibitor [8]. Likewise, HIF-1a@ plays a
role in epidermal homeostasis by controlling the keratino-
cyte cell cycle through p21 expression [9]. Epidermal kerati-
nocytes undergo cell cycle arrest in the G1 phase when they
are cultured at high cell densities. Concomitantly, HIF-1«
and p21 are both induced in a cell density-dependent man-
ner in cultured keratinocytes, and are also normally ex-
pressed in human and mouse skins. In vitro and in vivo
experiments using HIF-1a siRNAs further suggest that
HIF-1e is responsible for keratinocyte cell cycle arrest and
that it is involved in epidermal homeostasis by controlling
epidermal overgrowth. Furthermore, keratinocyte HIF-1«
is suppressed after UVB exposure and is involved in
UVB-induced keratinocyte overgrowth [10]. In mice ex-
posed to UVB, their epidermises became hyperplastic, and
HIF-1a disappeared from the skin. Based on these results,
we suggest that the deregulation of HIF-1a is associated
with UVB-induced epidermal hyperplasia.

Given these reports, epidermal growth is controlled by
HIF-1a, but is uncontrolled under UVB irradiation due to
HIF-1a suppression. Then, is UVB-induced epidermal hy-
perplasia prevented by an HIF-1¢ inducer? In this study,
we addressed this question and searched for small molecules
to protect the skin from UVB effects by inducing HIF-1«.

METHODS
Materials

Pyrithione-zinc (Py-Zn), cycloheximide (CHX), polyethy-
lene glycol (PEG), bafilomycin Al, baicalein, (-)-epigallocat-
echin-3-gallate (EGCG), and other chemicals were pur-
chased from Sigma-Aldrich Corp. (St. Louis, MO). Culture
media and fetal bovine serum (FBS) were purchased from
Invitrogen Corp. (Carlsbad, CA). Anti-human HIF-1¢ anti-
serum was generated in rabbits against bacterially ex-
pressed fragments encompassing amino acids 418-698 of
human HIF-1a, as previously described [11]. Antibodies
against p21 and S-tubulin and HRP-conjugated secondary
antibodies were purchased from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA).

Cell culture and UVB irradiation

HaCaT cells (an immortalized human epidermal kerati-
nocyte cell line) were cultured in RPMI-1640 medium sup-
plemented with 10% heat-inactivated FBS, 100 units/ml
penicillin, and 100 xg/ml streptomycin. The cells were
grown in a humidified 5% CO: atmosphere at 37°C, and
cell numbers were adjusted to reach 80~100% confluence.
Cultured cells were exposed to UVB in a chamber (Vilber
Lourmat, Torcy, France) equipped with five UVB lamps
(peak wavelength of 312 nm, 8 Watts) and stainless steel
walls. To irradiate cells with UVB, we opened the lids of
the culture dishes and replaced the media with phos-
phate-buffered saline (PBS). Immediately after cells were
irradiated with 5~20 md/cm?® of UVB, PBS was replaced
with RPMI-1640 plus 10% FBS medium that had been equi-
librated with 5% COs.

UVB irradiation to mice

Male nude mice (BALB/cAnNCrj/nu/nu) were purchased

from Charles River Japan Inc. (Shin-Yokohama, Japan)
and housed in a specific pathogen-free room under con-
trolled temperature and humidity. All animal procedures
were performed according to the procedures stipulated in
the Seoul National University Laboratory Animal Mainten-
ance Manual. At 4 hours prior to UVB irradiation, a 1%
Py-Zn PEG cream was applied to the upper back of the mice
and a PEG cream to the lower back. During UVB irradi-
ation, the left backs were open and the right backs were
screened with aluminum foil as the control skins. Mice were
irradiated once a day with 460 md/em? of UVB for four days.
Left and right back skins were excised, fixed with 4% paraf-
ormaldehyde, and embedded into paraffin blocks.

Immunohistochemistry

HIF-1a was analyzed by immunohistochemical staining
in paraffin-embedded specimens of mouse skin. Six-micro-
meter serial sections were cut from paraffin block, depar-
affinized in 100% xylene, and rehydrated in a graded alco-
hol series. HIF-1a antigen was retrieved by heating the
sections in a microwave for 5 min in 10 mM sodium citrate
(pH 6.0). After blocking nonspecific sites, sections were in-
cubated overnight at 4°C with anti-HIF-1a¢ antiserum
(1 : 100). To visualize HIF-1a, the sections were incubated
with secondary antibody (1 : 400). Avidin-biotin-HRP com-
plex was used to localize bound antibodies, and diamino-
benzidine was used as the final chromogen.

Immunoblotting

Proteins were electrophoresed on 8% or 12% SDS/poly-
acrylamide gels and then transferred to Immobilon-P mem-
branes (Millipore, Bedford, MA). The membranes were
blocked with 5% skim milk in Tris-buffered saline contain-
ing 0.1% Tween-20 (TTBS) at room temperature for 1 h,
and incubated overnight at 4°C with primary antibodies
(1 : 1,000) in the blocking solution. The membranes were
incubated for 1 h with HRP-conjugated secondary anti-
bodies (1 : 5,000) in the blocking solution. Immune com-
plexes were visualized using an Enhanced Chemilumine-
scence Plus kit (Amersham Biosciences, Piscataway, NdJ).

Statistical analysis

All data were analyzed using Microsoft Excel 2007 soft-
ware, and results are expressed as means and standard
deviations. The Mann-Whitney U test (http:/faculty.vassar.
edw/lowry/utest.html) was used to compare epidermal thick-
ness and HIF-1a-positive cell number. Differences were
considered statistically significant at the p<0.05 level. All
statistical tests were two-tailed.

RESULTS
Test compounds

Given the previous reports, we tested four compounds as
HIF-1a inducer candidates, namely, bafilomycin Al [12],
baicalein [13], EGCG [14], and Py-Zn [15]. The molecular
structures of the test compounds are illustrated in Fig. 1.
Based on the cytotoxicity results (data not shown) and
doses reported previously, we determined the optimal
doses of the test compounds; bafilomycin Al, 5 nM; baicalein,
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Fig. 1. Chemical structures of the test compounds. (A) Bafilomycin
Al, (B) baicalein, (C) epigallocatechin 3-gallate (EGCG), (D) pyri-
thione-zinc (Py-Zn).

200 «M; EGCG, 500 «M; Py-Zn, 2 <M.

Pyrithione-zinc induces HIF-1a in UVB-irradiated
keratinocytes

As was observed previously, all compounds tested in-
duced HIF-1a expression in normoxic keratinocytes (Fig.
2A). In terms of HIF-1« levels, bafilomycin Al and Py-Zn
were more effective inducers than the other compounds. To
be a good candidate as a UVB-protective agent, the com-
pound should recover HIF-1@ expression even after UVB
exposure. Therefore, we examined whether the compounds
induced HIF-1¢ in UVB-irradiated keratinocytes. Py-Zn
was found to induce HIF-1e substantially in such con-
ditions, whereas bafilomycin Al failed to rescue HIF-1«
(Fig. 2B). In a time course, HIF-1a was induced as early
as 1 hour after Py-Zn treatment, and fully expressed after
4 to 8 hours (Fig. 2C). Based on these results, we decided
to use Py-Zn as a UVB-protective agent in keratinocytes.

Pyrithione-zinc stabilizes HIF-1a in keratinocytes

To understand the mechanism underlying the induction
of HIF-1e by Py-Zn, we first examined whether Py-Zn sta-
bilizes HIF-1a in keratinocytes. Keratinocytes were treated
with cycloheximide (CHX) to block de novo synthesis of
HIF-1a protein. In untreated keratinocytes, HIF-1a@ level
declined rapidly after CHX treatment and almost dis-
appeared after CHX treatment for 20 min. However, Py-Zn
noticeably delayed the decay of HIF-1a, and thus a sub-
stantial amount of HIF-1«@ remained even after CHX treat-
ment for 30 min (Fig. 3A). To calculate the half-life of HIF-1«
protein, we quantified the protein band intensities using the
Imaged 1.36b program and plotted the first-order kinetics.
The half-life of HIF-1« was 10.23 min in untreated kerati-
nocytes and was prolonged to 46.63 min in Py-Zn-treated
keratinocytes (Fig. 3B). We next analyzed the de novo syn-
thesis of HIF-1a@ protein. HIF-1@ was first eliminated by
treating keratinocytes with CHX. To initiate HIF-1a syn-
thesis, cells were washed with PBS and incubated in fresh
media containing 10 «M MG132 to prevent the degradation
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Fig. 2. HIF-1a levels in keratinocytes. (A) Effects of test compounds
on HIF-1«a expression. After HaCaT cells had been cultured to a
cell density of 80~100%, the cells were treated with various com-
pounds for 4 hours. The cells were harvested and subjected to im-
munoblotting for HIF-1¢ and A-tubulin. Concentration: bafilomycin
Al, 5 nM; baicalein, 200 «M; EGCG, 500 1M; pyrithione-zinc
(Py-Zn), 2 M. (B) HIF-1« levels after UVB irradiation. HaCaT cells
were pretreated with bafilomycin Al or Py-Zn at the concentrations
indicated 2 hours before UVB irradiation, and transiently irradiated
with 15 md/em® of UVB. Two hours later, HaCaT cells were harvested
for immunoblotting. (C) Time course of Py-Zn-induced HIF-1a
expression. HaCaT cells were treated with 2 1M Py-Zn, harvested
at the indicated time, and then subjected to immunoblotting.

of newly synthesized HIF-1a. Fig. 3C shows that there was
no difference in HIF-1a synthesis between untreated and
Py-Zn-treated keratinocytes. These results indicate that
Py-Zn up-regulates HIF-1a by stabilizing it.

Pyrithione-zinc induces p21 in UVB-irradiated kera-
tinocytes

We previously demonstrated that HIF-1@ induces cell cy-
cle arrest in keratinocytes by inducing p21 [9]. Thus, we
examined whether Py-Zn induced p21 through HIF-1a ex-
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Fig. 3. Py-Zn stabilizes HIF-1« in keratinocytes. (A) HIF-1@ protein
stability. HaCaT cells were pretreated with DMSO vehicle or 2 #M
Py-Zn for 1 hour, and then further treated with 60 «g/ml of cyclo-
heximide (CHX). Cells were harvested at the indicated time, and
HIF-1a levels were analyzed by immunoblotting. (B) Half-lives of
HIF-1a proteins. The protein band densities were quantified using
Imaged and plotted as a function of time (first-order kinetics). (C)
HIF-1e protein synthesis. HaCaT cells were treated with 60 «g/ml
of cycloheximide for 30 min to remove remaining HIF-1a. To
initiate HIF-1a synthesis, cells were washed with PBS and incu-
bated in fresh media containing 10 #M MG132, and HIF-1a levels
were determined at the indicated time by immunoblotting.

pression in keratinocytes, and found such an effect by Py-Zn
(Fig. 4A). We also found that p21 is induced on the same
time course as HIF-1« is (Fig. 4B). Furthermore, the basal
level of p21 was significantly reduced after UVB, but Py-Zn
overcame the UVB suppression of p21 (Fig. 4C). Based on
these results, Py-Zn is expected to inhibit the re-growth of
UVB-irradiated keratinocytes.

Pyrithione-zinc prevents UVB-induced skin hyperplasia
and HIF-1 2 suppression in vivo

To examine the in vivo effect of Py-Zn on UVB-induced
epidermal hyperplasia, PEG or Py-Zn-containing PEG cream
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Fig. 4. p21 levels in keratinocytes. (A) Effect of Py-Zn on p21
expression in keratinocytes. HaCaT cells were treated with Py-Zn
at the concentrations indicated for 4 hours and then harvested for
immunoblotting. (B) Time course of Py-Zn-induced p21 expression.
HaCaT cells were treated with 2 #M Py-Zn, harvested at the
indicated time, and then subjected to immunoblotting with anti-p21
antiserum. (C) p21 levels after UVB irradiation. HaCaT cells were
pretreated with Py-Zn at the indicated concentrations 2 hours
before UVB irradiation, and irradiated with 15 mJ/em® of UVB.
Two hours later, HaCaT cells were harvested for immunoblotting.

was applied to the backs of four nude mice, which were
then irradiated with UVB once a day for four days. The
back skins were then excised and prepared for immuno-
histochemistry. When the skin samples were stained with
H&E, the epidermal layer in UVB-exposed skin looked
thicker than that in the contralateral non-exposed skin.
However, the epidermal thickness in Py-Zn-treated skin
was noticeably reduced compared to that in untreated skins
after UVB irradiation (Fig. 5A). To evaluate the effect of
Py-Zn on skin hyperplasia, we measured the epidermal
thickness at 10 different skin regions per mouse and plotted
the data in Fig. 5B. Although skin thickness was somewhat
variable within the observed zones, skin treated with Py-Zn
was generally thinner than untreated skin. Statistical anal-
yses showed significant differences between the two groups
(Fig. 5B). We next analyzed HIF-1a expression by im-
munohistochemistry using anti-HIF-1a@ antiserum. As ex-
pected, HIF-1a was clearly detected in nuclei of the control
epidermis, but disappeared after UVB irradiation. When
treated with Py-Zn, the skin expressed substantial levels
of HIF-1a even after UVB irradiation (Fig. 6A). We counted
HIF-1a-positive cells and plotted the data in Fig. 6B. HIF-1«
expression in Py-Zn-treated skin was not significantly al-
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Fig. 5. In vivo effect of Py-Zn on UVB-induced skin hyperplasia.
The back skin of each mouse was divided into four parts: the right
lower quadrant for —UVB/—Py-Zn (1), the right upper quadrant
for —UVB/+Py-Zn (2), the left lower quadrant for +UVB/—Py-Zn
(3), the left upper quadrant for +UVB/+Py-Zn (4). Four mice were
pretreated with PEG or 1% Py-Zn PEG cream 4 hours before UVB
irradiation and then exposed to 460 md/cm® of UVB once a day
for four days. Back skins were excised, fixed, and embedded into
paraffin blocks. (A) H&E staining of mouse skin. Skin specimens
were obtained from 10 different sites per quadrant of each mouse
and stained with H&E. (B) The thickness of the epidermis was
analyzed at a magnification of 100X. The results were obtained
from four mice (mouse 1~4). *Denotes p<0.05 between two groups.

tered by UVB exposure, but was markedly attenuated in
untreated skins. These in vivo findings suggest that Py-Zn
prevents UVB-induced skin hyperplasia by maintaining
keratinocyte HIF-1a.

DISCUSSION

In the present study, we sought an HIF-1a-inducing com-
pound that could prevent development of post-UVB epi-
dermal hyperplasia. Initially, we tried four compounds
known to induce HIF-1¢ and found that Py-Zn was the
most effective of these compounds. Mechanistically, Py-Zn
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Fig. 6. In vivo effect of Py-Zn on UVB-induced HIF-1@ suppression.
(A) HIF-1e staining. The skin specimens were obtained as described
in Fig. 5 and stained with anti-HIF-1« antibody. Nuclear HIF-1«
was identified at a magnification of 100X. (B) Numbers of HIF-1a-
positive keratinocytes. Three different slides per quadrant were
stained and counted, and the data were collected from tissues of four
mice (12 slides per group). *Denotes p<0.05 between two groups.

induced HIF-1a¢ by blocking the degradation of HIF-1a.
This compound also strongly induced p21 expression. To ex-
amine the in vivo effect of Py-Zn on UVB-induced epidermal
hyperplasia, nude mice were pretreated with a Py-Zn PEG
cream and then irradiated with UVB. After intermittent
exposure to UVB, mouse skin became thicker and lost
HIF-1 within the cell nuclei. A Py-Zn-containing cream
prevented the skin hyperplasia and recovered HIF-1a to
almost control level. These results suggest that Py-Zn could
be developed as a novel HIF-1a-targeting agent to prevent
UVB-induced skin diseases.

The expression of HIF-1« is regulated at multiple steps,
namely, proteolysis, translation, and protein interactions.
The middle portion of HIF-1a contains the Pro-Ser-Thr-rich
oxygen-dependent degradation domain (ODDD; aa. 401-603),
which 1s involved in proteolysis [16]. In aerobic conditions,
HIF-1-prolyl hydroxylases (PHD1-3) hydroxylate two pro-
line residues (P402 and P564) located at both termini of
the ODDD. Then, von Hippel-Lindau tumor suppressor pro-
tein (pVHL) binds to the hydroxylated sites, leading to the
ubiquitination and proteasomal degradation of HIF-1«
[17]. In oxygen-deficient conditions, the oxygen-dependent
hydroxylation process is limited, thereby stabilizing HIF-1a.
With respect to the regulation of HIF-1a translation, two
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distinct mechanisms have been reported: cap-dependent
translation and IRES-dependent translation [18,19]. The
HIF-1a 5-UTR segment is the target site in both types of
translational regulation. In the cap-dependent pathway,
HIF-1a translation is facilitated by the receptor tyrosine
kinases-PI3K-Akt-mTOR pathway [20]. In addition, HIF-1«
interacts with a variety of proteins, some of which are
known to regulate the stability of HIF-1a positively or
negatively. For example, HSP90 and HSP70 associate with
HIF-1a2 and induce the stabilization and the degradation
of HIF-1a, respectively [21,22].

In most mammalian cells, HIF-1a is scarcely detected
under normoxia by Western blotting. However, we pre-
viously found that epidermal keratinocytes uniquely ex-
press substantial amounts of HIF-1a even in normoxia. We
also demonstrated that mitochondrial reactive oxygen spe-
cies and the MEK/ERK pathway are involved in HIF-1«
stabilization in keratinocytes [9]. In another study, we
showed that UVB down-regulates HIF-1a@ by inhibiting the
cap-dependent translation of HIF-1« [10]. As the trans-
lation step precedes protein stabilization, the keratinocyte’s
ability to stabilize HIF-1@ might be in vain after UVB
irradiation. For this reason, we searched for an HIF-1« in-
ducer strong enough to overcome the UVB effect. Fortuna-
tely, we successfully found a compound that satisfied our
criteria, namely, Py-Zn.

Then, how does Py-Zn stabilize HIF-1a? In fact, we pre-
viously reported the HIF-1a-inducing activity of Py-Zn in
various cell lines, such as PC3, DU145, MKN28, and
HEK293 cells [15]. In that study, we used Py-Zn as a zinc
ionophore to transport Zn>" into cells. HIF-1« is normally
expressed in human and mouse prostates, which contain
extremely high concentration of zinc. Indeed, Zn®" induces
HIF-1a expression in prostate cells even under normoxic
conditions. Mechanistically, Zn>" inactivates PHD activity
and precludes pVHL binding to HIF-1a. Given that Py-Zn
increases the intracellular concentration of Zn®", it is ex-
pected that Py-Zn stabilizes HIF-1a@ due to the increased
Zn*" concentration. However, we can not rule out the possi-
bility that pyrithione per se is responsible for HIF-1a
stabilization. The precise mechanism underlying the Py-Zn
effect thus remains an open question.

Py-Zn is a coordination complex composed of two pyr-
ithiones and a Zn®>" ion. It is well-known as an active in-
gredient in shampoos for treating dandruff and seborrheic
dermatitis [23,24]. As it also has antifungal and anti-
bacterial properties [25], Py-Zn is used topically to treat
various skin diseases, such as athlete’s foot, eczema, ring-
worm, tinea, atypical dermatitis, and vitiligo. Py-Zn is used
worldwide in many approved over-the-counter (OTC) top-
ical drugs and shampoos. These creams or shampoos usu-
ally include 1% (~30 mM) to 2% (~60 mM) of Py-Zn. In
the present study, we tested Py-Zn as a UVB-protective
cream and found that the 1% Py-Zn cream effectively pre-
vented UVB-induced epidermal hyperplasia in mouse skin.
To the best of our knowledge, this is the first report sug-
gesting the UVB-protective effect of Py-Zn in the skin.
Therefore, we propose that Py-Zn could be used as an active
ingredient in sunscreen. However, Py-Zn-containing sun-
screen must be validated clinically.

In conclusion, UVB irradiation suppresses HIF-1a in cul-
tured keratinocytes and in mouse skin and is also asso-
ciated with proliferation of keratinocytes and with epi-
dermal thickening in mice. This skin response to UVB is
believed to underlie UVB-induced hyperproliferative skin

diseases, such as premature photoaging and skin cancer.
Based on this scenario, HIF-1¢ expression could offer a
means of preventing UVB-induced skin diseases; this hy-
pothesis is supported by this work. Therefore, we propose
that HIF-1«¢ is a therapeutic target for preventing skin hy-
perplasia and, furthermore, that Py-Zn is a promising com-
pound for developing a new ultraviolet-protective sunscreen.
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