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Figure 3. Rab7N125I eliminated Tyrp1, but not tyrosinase or gp100. Melan-A cells transfected with the plasmid encoding
Rab7WT (a~c, upper panels) or Rab7N125! (a-c, lower panels) were immunostained with the anti-flag antibody (a—c, left) and
antibody against melanosomal proteins, anti-Tyrp1 (a, middle), anti-tyrosinase (b, middle) or anti-gp100 (¢, middle) antibodies.
Merged images are shown on the right. Scale bars = 10 pm. (d) Tyrp1-specific elimination was statistically verified. Fifty-five to
seventy-five images of Rab7WT- or Rab7N125I-expressing cells were randomly collected from each immunostaining experi-
ment and were categorized into four types according to the relative intensity of Tyrp1, tyrosinase or gp100 immunostaining
against that in surrounding control cells: 0-0.1, 0.1-0.5, 0.5-2 and >2. Bars are percentages of the cells in each category.
*P < 0.0001; TP = 0.29; *P = 0.73. WT, Rab7WT-expressing cells; N1251, Rab7N125l-expressing cells.

DISCUSSION

In this study, we found that: () endogenous Tyrp1
was co-localized with Rab7 in the perinuclear areas in
Rab7WT-expressing non-tumorigenic melanocytes;
(i) Tyrp1 was, in the dominant-negative Rab7-
expressing cell, gradually eliminated by 48 h after
transfection while tyrosinase and gp100 were not;
and (jii) the elimination of Tyrp1 was partially rescued
in the presence of proteasome inhibitor MG132.
Importantly, only a small number of Tyrp1-positive
vesicles were detected in the perinuclear area at 24 h
after the transfection of mutant Rab7. Further 24 h
incubation led to the complete elimination of Tyrp1.
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On the other hand, the signal intensities of tyrosinase
and gp100 were not altered. These results suggest
that Rab7 is more significantly involved in the traffick-
ing of Tyrp1 to melanosomes than that of tyrosinase
and gp100. It is conceivable that Tyrpt traffics
through endosomal compartments because Rab7
regulates maturation of early endosomes. The peri-
nuclear Tyrp1-positive granules observed 24 h after
the transfection of Rab7 mutants seemed to be
endosomal structures. Similar Tyrp1 mislocalization
was also observed in the earlier report by Hirosaki
et al.®" However, the reduction or elimination of Tyrp1
had never been observed. This discrepancy seems to
derive from the different experimental approaches.
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Figure 4. Proteasomal inhibitor MG132 partially rescued the Tyrp1 in mutant Rab7-expressing cells. Melan-A melanocytes
were transfected with the plasmids encoding Rab7N125l (a,b) or Rab7T22N (c,d), and incubated for 48 h. Before fixation, cells
were incubated in the absence (a,c) or presence (b,d) of 10 umol/L MG132 for 5 h. Cells were immunostained with anti-flag and
anti-Tyrp1 antibodies. Scale bars = 10 pm. (€) The rescue of Tyrp1 was statistically verified. Thirty cells expressing Rab7N125
and 30 cells expressing Rab7T22N in the presence of MG132 were compared with the same number of the cells expressing
Rab7N1251 and Rab7T22N in the absence of MG132, respectively. They were categorized into four types according to the rela-
tive intensity of Tyrp1 immunostaining to that in surrounding control cells: 0-0.1, 0.1-0.5, 0.5-2 and >2. Bars are the percentages
of each cell pattern. *P = 0.0043, "P = 0.00046. {f) Melan-A cells incubated with or without 10 pmol/L MG132 for 5 h were
immunostained with anti-Tyrp1 antibody. Scale bars = 10 pm. (g) Graph shows fluorescence intensity of Tyrp1 in Melan-A cells

measured from confocal images. Data are reported as means =+ standard deviation.

Our results reflect a more physiological state than the
previous ones: we observed endogenous Tyrp1 in
non-tumorigenic melanocytes (not melanoma or non-
melanocytic cells into which exogenous Tyrp1 was
introduced). This also enabled us to examine the fate
of endogenous Tyrp1 at the different time points after
the Rab7 inhibition.

The differential sorting of melanosomal proteins
and the Tyrp1-specific mislocalization/degradation
have recently been studied. Biogenesis of lysosome-
related organelles complex (BLOC)-1 and BLOC-2
play 'important roles in the transport of Tyrp1 from
early endosomal structures to melanosomes. In mela-
nocytes that lack one of the subunits of BLOC-1,

© 2010 Japanese Dermatological Association

Tyrp1 is mislocalized to early endosomes and the cell
surface membrane, whereas the transport of tyrosi-
nase and gp100 is not disrupted.®® Tyrp1 is also
reduced in BLOC-2-deficient melanocytes in mice
and humans.***° BLOC-1 appears to promote the
exit of Tyrp1 from early endosomal membranes to
another intermediate organelle from which BLOC-2
facilitates fusion with melanosomes.*' On the other
hand, AP also have important roles in the sorting of
tyrosinase and Tyrp1. While AP-1 and AP-3 have
some redundancy in the transport of tyrosinase, AP-1
seems to have a critical role in sorting Tyrp-1.218:42
Considering these reports, AP-1, BLOC-1 and
BLOC-2 seem to be involved in Tyrpi-specific
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transport. The similar outcome caused by dysfunc-
tion of Rab7, AP-1 or BLOC suggests a close rela-
tionship of Rab7 with these complexes, though our
results cannot specify whether Rab7 directly interacts
with these complexes.

How was Tyrp1 eliminated after the Rab7 inhibi-
tion? MG132 partially rescued the Tyrp1 elimination,
which suggests that Tyrp1 was eliminated by protein
degradation machinery. MG132 inhibits not only pro-
teasomal activities but lysosomal enzymes such as
cathepsin B.%® The dysfunction of BLOC results in
Tyrp1 retention in the endosomal pathway and
subsequent degradation in lysosomes.*® Rab7 dys-
function may also result in the mislocalization and
degradation of Tyrp1 in lysosomes. Another possibil-
ity is that Tyrp1 is directly degraded by the proteaso-
mal pathway as suggested in growth hormone
receptor degradation,*® but the details of this degra-
dation pathway remain unclear. These hypotheses
need further examination in studies using lysosomal
protease inhibitors. Furthermore, additional studies
are needed to clarify how Tyrp1 promotes melano-
genesis in the presence of Rab7 through the interac-
tion with tyrosinase and gp100. Our previous studies
indicated that the GTP-bound form of Rab7 promotes
melanogenesis through the regulation of gp100
maturation in human melanoma cells.®*
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ABSTRACT

Variations in the Glutathione S-transferase (GST) supergene family have been
reported to influence cancer susceptibility in Caucasian. However the genetic
backgrounds and skin types are quite different between Caucasian and non-Caucasian.
We therefore investigated the distribution of GST gene polymorphism in
non-Caucasian population to ascertain the role of this polymorphism in skin
carcinogenesis. One-hundred and fifteen patients with skin cancers and 92 controls who
visited Kobe University Hospital between April 2004 and November 2010 were enrolled
in this study. Genotype of GST gene was determined by using polymerase chain
reaction-restriction fragments length polymorphism analysis. The frequencies of
GSTMI1 positive genotype were significantly higher in squamous cell carcinomas than
those in controls (adjusted odds ratio = 3.09, 95% confidence interval 1.04 - 9.21). The
polymorphism of GSTMI1 locus could be an important factor in susceptibility to
squamous cell carcinoma among Japanese population.

INTRODUCTION

Members of the Glutathione S-transferase (GST) supergene family, which consists of
eight gene subfamilies (GSTA, GSTK, GSTM, GSTO, GSTP, GSTT, GSTZ and MGST), are
known to protect against chemical toxins and carcinogens by catalyzing the conjugation of
glutathione to electrophiles in substrate (1 - 3).

Certain genes within the GSTM and GSTT (GSTM1 and GSTT1) subfamilies exhibit
deletion polymorphisms which have been involved in cancer susceptibility (2, 4). Genetic
variations at the GSTM1 loci have been shown to alter the susceptibility to basal cell
carcinoma (BCC), squamous cell carcinoma (SCC) and malignant melanoma in the United
Kingdom (5). Recent additional studies have implicated polymorphisms status of GSTM1
and T1 as relevant for the development of nonmelanoma skin cancers (NMSC) among
Caucasian population (6 - 8).

On the other hand, differences between ethnic populations were observed in published
reports of meta-analysis studies concerning GST genotypes at risk of gastric cancer and acute
leukemia (9, 10). Moreover there has been no report focusing on susceptibility to skin
cancers among non Caucasian population.
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In this study, we analyzed the relationship between polymorphisms of GST supergene
families and skin cancers in non-Caucasian population, and proposed to establish a simple
screening method of identifying the high risk group for skin cancers.

MATERIALS AND METHODS

Study population.

One-hundred and fifteen patients with skin cancers (mean age & standard deviation
(SD), 753 £ 10.6 years; age range, 43 - 95 years) who visited the dermatology clinic in
Kobe University Hospital between April 2004 and November 2010 were enrolled in this
study. Skin cancers included 20 actinic keratoses (AK), 41 BCC, 25 SCC and 29 Bowen’s
diseases (BD). Bowenoid type actinic keratoses were included in AK. Clinical diagnosis was
confirmed by histopathological analysis in all cases. The control group consists of 92 age-
and sex-matched non affected unrelated Japanese individuals (mean age = SD, 65.7 =
14.0 years; age range, 28 - 89 years) from the same area in Japan with slight fungal or
bacterial infections, or seborrheic keratosis. (Table I)

Table 1. Clinical characteristics and number of cases and controls

Control Actinic keratosis Basal cell carcinoma:  Squamous cell carcinoma Bowen's disease
Male 49 6 22 12 11
Female 43 14 19 13 18
Total 92 20 41 25 29
‘Mean-age: year=SD 65.7+14.0 79872 7281114 78.0+9.1 727111
SD, standard deviation

We handled these patients as anonymous samples about which nobody could know their
personal information other than their genotypes. Written informed consent was also obtained
from all participants. The Medical Ethics Committee of Kobe University approved this work
that was conducted in accordance with the Declaration of Helsinki principles.

Identification of genotypes.

Genomic DNA was extracted from peripheral mononuclear cells using a Qiagen
FlexiGene DNA kit (Qiagen, Tokyo, JAPAN) according to the manufacturers’ protocols.
The GSTMI null or positive (includes A, B and AB) genotype and GSTP1 Ile/lle, Ile/Val
and Val/Val polymorphism were determined by PCR-restriction fragment length
polymorphisms (RFLP) technique. GSTT1 null and expressing subjects were identified by
using a PCR approach. Each sequence of the primers, restriction enzymes and details of
genotyping were described elsewhere (3). In some cases, determination of allelic
polymorphism in GSTM1 and P1, PCR product was purified by a Qiagen PCR purification
kit and DNA direct sequences analysis was performed using Applied Biosystems Model
377A Automated DNA Sequencer (Applied Biosystems, Foster City, CA).

Statistical analysis.

For statistical analysis, we used SPSS for Windows, version 17.0 (SPSS Japan Inc.) to
calculate the adjusted odds ratio (AOR) and 95% confidence interval (CI). All adjusted
models included age and sex. '
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RESULTS

Polymorphisms of GSTM1, GSTP1 and GSTT1 and skin cancer risk.

The polymorphisms in GST supergene family, GSTMI, GSTP1 and GSTT! were
investigated for NMSC. Their genotype distributions in skin cancers and controls are shown
in Table II. We found a significantly increased risk of squamous cell carcinomas was
associated with GSTM1 positive genotype (AOR =3.09, 95% CI 1.04 - 9.21).

Table II. Distribution of Glutathione S-transferase genotypes in skin Cancer patients and controls

Genotype i Controls (%) -~ Actinic keratosis Bowen's diseése
> Cases (%) OR (95% CI) AOR (95% Cl) Cases (%) OR (95% CI) AOR (95% Cl)
GSTM1
null 46 (50.0) 7(35.0) 1.0() 1.0(9) 13 (44.8) 1.0(-) 1.0()
positive 46 (50.0) 13(65.0) 1.86 (0.68-5.08) 1.75(0.57-5.37) 16 (55.2) 1.23 (0.53-2.85) 1.12 (0.47-2.66)
(GSTP1
:ValVal + Vallle 26 (28.3) 3(15.0) 1.0() 1.0 () 7(24.1) 1.0 (-) 1.0 (9
leflle 66 (71.7) 17 (85.0) 2.23 (0.60-8.26) 1.77 (0.41-7.70) 22 (75.9) 1.24(047325) | 1.15(0.42-3.11)
GSTT1
nuli 39 (42.4) 10 (50.0) 1.0(-) 1.0(-) 13 (44.8) 1.0 (%) 1.0()
positive 53 (57.6) 10 (50.0) 0.74 (0.28-1.94) 10.88(0.29-2.63) 16 (55.2) 0.91(0.39-2.10) 0.95 (0.39-2.32)
Basal cell carcinoma Squamous cell carcinoma
Genotype --¢ Controls (%) -
Cases (%) OR (85% CI) AOR (95% CJ) Cases (%) OR (95% Cly AOR (95% Cl)
null 46 (50.0) 21(51.2) 1.0 () 1.0() 6 (24.0) 1.0 () S 10()
positive 46 (S0.0) 20 (48.8) 0.95 (0.46-1.99) :0.88 (0.41-1.90) 19 (76.0) 3.17 (1.16-8.65) 3.09(1.04-9.21)
GSTPY
‘ValVal + Vallle 26 (28.3) 11 (26.8) 1.0() 1.0() 7(28.0) 1.0 () 1.0(9)
lle/lle 66 (71.7) 30(73.2) 1.07 (0.47-2.46) 0.92 (0.39-2.18) 18 (72.0) 1.01(0.38-2.71) 0.57 (0.18-1.78)
GSTTH
nul 39 (42.4) 22 (53.7) 1.0() 1.0() 9 (36.0) 1.0(9) e
‘positive 53 (57.6) 19 (46.3) 0.64 (0.30-1.33) 0.61(0.28-1.34) 16 (64.0) 1.31(0.52-3.27) 1.39 (0.51-3.84)
OR, odds ratio; Cl, confidence interval; AOR, adjusted odds ratio

Polymorphisms of GSTM1, GSTP1 and GSTT1 risk of SCC on sun-exposed or
less-exposed skin area.

To assess the effect of sun-exposure, we subdivided the SCCs whether the lesion was on
the sun-exposed area or not (Table III). The GSTMI positive genotype may be associated
with SCC risk according to non-sun-exposed lesion (AOR = 5.79, 95% CI 1.15 - 29.1).

Table I11. Distribution of Glutathione S-transferase in squamous cell carcinoma on sun-exposed or

less-exposed skin area

!SCC on sun-expoéed area I SCCon Iess-e)@(;sed aréa
,,,,,,,,, 0,
Genotype Controls (%) - e ) OR85% ) AOR (95% CI) Cases (%) __OR (95% CI) AOR (95% CI)
GSTM
nul 46 (50.0) 4(33.3) 1.0() 1.0() 2(15.4) 1.0 (=) 1009
positive 46 (50,0) 8(66.7) 2.00 (0.56-7.11) 1.76(0.43-7.12) 11(846)  550(1.16:26.2) 579 (1.15-29.1)
GSTP1
ValVal + Valie: " 26 (28.3) 3(25.0) 100 1006 4(30.8) 100 )
lle/le 66 (71.7) 9 (75.0) 1.18 (0.304.71) 0.66 (0.13-3.32) 9(69.2) 0.89 (0.25-3.13) 0.60 (0.15-2.37)
GSTT
null 39 (42.4) 6 (50.0) 1.0() 100G 3(23.4) 100 100
posiiive 53(57.6) | 6(60.0)  074(022248) 0.69(0.18:267) 10(768) 245 (06395%) 236 (0.56-9.66)
OR, odds ratio; Cl, confidence interval; AOR, adjusted odds ratio
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DISCUSSION

In our study, marked differences in the distribution of GSTM1 genotype were found
between SCC and control (Table II). In addition, the frequency of homozygous deletions of
GSTMI was surprisingly reduced the risk of SCC on less-exposed area in Japanese
population.

In general, GST null genotype is reported to susceptibility of skin cancer (7, 11-13), and
also the enzymatic activity is lower than GST positive genotype (14, 15). On the view point
of carcinogenesis, lower activity of GST enzymes is likely to induce cell damage that finally
causes production of skin cancer.

GSTs detoxify reactive oxygen species (ROS) which can directly attack DNA and can
cause DNA damage (11). UV exposure is one of the major factors involved in the process of
skin carcinogenesis. UV generates ROS and oxidative DNA damage caused by UV is
involved in skin carcinogenesis. Thus, it could be possible that insufficient function of GST
might cause oxidative stress related skin cancers. In fact Carless et al. reported that the
GSTMI null genotype confers an increased risk for solar keratosis development in an
Australian Caucasian population (6).

Nevertheless, our results did not indicate that null type of GST is involved in the
susceptibility of AK or SCC on the sun-exposed area. Rather, SCCs on both sun-exposed
skin area and less-exposed skin area were closely related to the GSTM1 positive genotypes
(Table III).

The reason of these conflicting results is unknown. The difference in the acute sunburn
inflammation among the ethnic group could be one of the reasons for this discrepancy. The
studies of polymorphism in the susceptibility of carcinogenesis were sometimes competing.
Different ethnic, racial, environmental factor and so on could be related to the results.

In Japanese population, GSTM1 null genotypes may be alter the enzymatic activity but
induce another pathway of protecting cancer development, further analysis are needed.

Like that of the GSTMI gene, GSTT1 also has a null genotype. According to the
previous data, the null genotype was seen in approximately 20% of the cases and controls in
the Caucasian population (6, 11). In our study the distributions of GSTT1 null genotype were
quite different from the data among Caucasian population both in cases (48.9%) and controls
(42.4%). The frequency of GSTT1 null type did not differ between patients and controls.

The homozygous variant genotype of GSTP1 (Val/Val) has been seen in other study to
be involved in an increase in susceptibility of other cancer types. Although previous study
indicated that polymorphism at the GSTP1 locus would be an important factor in
susceptibility to bladder and testicular cancer (4), no significant difference in the frequencies
of GSTP1 wild type (Ile/lle) and variant types (Val/Val, Val/lle) could be demonstrated
between controls and skin cancer groups in our analysis. Since GSTM1 and T1 protect
against oxidized lipid and oxidized DNA, epoxide, and cytotoxic reagents, individuals nulled
at both GSTMI and T1 loci would be expected to be at a greater risk than those lacking only
one gene (16). In our study, there was no correlation between SCC susceptibility and null
type of both GSTM1 and T1.

One possible explanation for our results is that GSTM1 positive phenotype suppresses
cell apoptosis that might allow the survival of mutated cells, since GSTP1 suppresses cell
apoptosis and over expression of GSTP1 is reported in many types of cancers (17). In
addition there could be various other pathways through which other genes can act, in
particular genes involved in cell cycle regulation, DNA repair and other anticancer immune
mechanisms, these would be expected to act independently of GSTMI pathway (18).
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Since the number of the cases and controls in our study were insufficient, further studies
should explore the association between GST gene polymorphisms and skin cancer
susceptibility in non-Caucasian population.

In conclusion, the polymorphism at the GSTM1 locus could be an important factor in
susceptibility to SCC in Japanese population. Therefore, a better understanding of the factors
that predispose to the SCC will enable identification of causative factors and development of
prevention strategies, especially identification of high risk group for SCC. High risk patients
could be included into skin cancer surveillance program to promote earlier detection of SCC.
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Dysfunction of melanocytes in photoleukomelanoderma following

photosensitivity caused by hydrochlorothiazide
Eriko Masuoka, Toshinori Bito, Hideki Shimizu & Chikako Nishigori

Division of Dermatology, Department of Internal Related, Kobe University Graduate School of Medicine, Kobe, Japan

Summary

Key words:
hydrochlorothiazide; leukomelanoderma;
melanocyte; photosensitivity

We report a 68-year-old Japanese man who developed photoleukomelanoderma following
prolonged photosensitivity caused by hydrochlorothiazide. He showed complete recovery
from the leukomelanoderma with the discontinuation of the responsive drug and with

topical application of tacrolimus hydrate and corticosteroid. Histological and immuno-
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histochemical examination revealed that there were no melanin-positive cells in the hypo-
pigmented area, despite the presence of melanocytes. These results and the clinical course
indicate that leukomelanoderma is postulated temporary dysfunction of melanocytes.
We also conducted a review of previous case reports regarding drug-induced
photoleukomelanoderma.

Fax: +81 78 382 6149
e-mail: chikako@med kobe-u.ac.jp

Accepted for publication:
13 July 2011

Conflicts of interest:
None declared.

hotoleukomelanoderma is a rare condition in which the

pathogenesis is not fully understood. It is thought that
factors such as the intensity and duration of sunlight exposure,
skin color and genetic background influence the development of
photoleukomelanoderma (1). Here, we report a case of photo-
leukomelanoderma following prolonged photosensitivity caused
by hydrochlorothiazide. The patient completely recovered from
leukomelanoderma after discontinuation of the hydrochlorothi-
azide and topical application of tacrolimus and corticosteroid.
Histological and immunohistochemical examination of a dyspig-
mented macula suggests that the condition was due to melano-
cyte dysfunction.

Case report

A 68-year-old Japanese man was referred to our hospital in
February 2010 with a 6-month history of a skin rash on the
sun-exposed areas. He had been taking losartan potassium/
hydrochlorothiazide (Preminent®, MSD K. K., Tokyo, Japan;
50 mg of losartan potassium and 12.5 mg of hydrochlorothi-
azide per tablet) one tablet/day for 9 months for hypertension. A
pruritic erythema developed on the sun-exposed areas 3 months
after commencing Preminent®. His past history included brain

328 © 2011 John Wiley & Sons A/S e Photoderr

infarction, angina pectoris, and chronic hepatitis C. He had no
past history of skin disease including photosensitive disorders,
On physical examination, erythematous brown-pigmented
maculae were intermingled with hypopigmented maculae on his
face, ears, neck, and on the dorsa of his hands (Fig la, b).
Laboratory examinations including complete blood count and
liver and renal function showed no abnormal findings. Histologi-
cal findings of the lesion encompassing hyperpigmented macula
and hypopigmented macula from the dorsum of the right hand
revealed hyperkeratosis, intra- and inter-cellular edema, liquefac-
tion and acanthosis-like ‘saw-toothing” of the rete ridges in the °
epidermis, together with inflammatory cell infiltration and some
melanophages around capillaries in the upper dermis (Fig. 2a, c).
Fontana—Masson stain showed an increase of melanin-positive
cells in both the epidermis and dermis of the hyperpigmented
lesion. In contrast, no positive cells were seen in the hypopig-
mented lesion (Fig. 2b, d); however, melanocytes with S-100
protein were observed even in the hypopigmented area (Fig. 2e).
The minimal response dose (MRD) to ultraviolet (UV) A and
minimal erythema dose (MED) to UVB were 6J/cm’ and
100 mJ/cm?, respectively (Toshiba FL 325 BL and FL 32S E-30
lamps, Toshiba Electric Co., Tokyo, Japan), indicating photosensi-
tivity to UVA. A photo-patch test with 30% Preminent® in
logy, Photoi
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petrolatum was positive after irradiation with half of the UVA-
MRD, but not after a half dose of UVB-MED. Two months after the
cessation of Preminent®, the patient did not show any response up
to 12 J/cm? of UVA. Based on these findings, we diagnosed the
patient with photoleukomelanoderma. The photosensitivity was

most likely caused by hydrochlorothiazide, as there have been only
a few reports regarding losartan-induced photosensitivity. Fur-
thermore, no case of photosensitivity due to losartan in Premi-
nent® has been reported so far. Two months after discontinuation
of Preminent®, the depigmented lesions improved with topical
application of tacrolimus hydrate and hydrocortisone butyrate
propionate. At 5-month follow-up, the skin had returned to a
normal skin color.

Photoleukomelanoderma caused by hydrochlorothiazide

Fig. 1. (a) Dark brown pigmentation
accompanied by pinkish hypopigmented
spots was seen on the face, ears and neck.
(b) Dark brown lichenificated plaques of
various sizes were observed on the dorsa of
the hands, and there were also areas of
hypopigmentation. (c) A skin biopsy
specimen was taken from the hand lesion
encompassing both hyperpigmented and
hypopigmented areas.

Fig. 2. (a) A specimen taken from the
dorsum of his right hand revealed
hyperkeratosis, intra- and inter-cellular
edema, liquefaction, and acanthosis-like
‘saw-toothing” of the rete ridges in the
epidermis (hematoxylin-eosin stain, original
magnification X100). (c, d, ) There was an
inflammatory cell infiltration with some
melanophages around capillaries in the upper
dermis. Arrows indicate the border of the
hyper- (right side) and hypo- (left side)
pigmented area (original magnification X20).
(b, d) Fontana—Masson staining showed an
increase of melanin-positive cells in both the
epidermis and dermis of the hyperpigmented
lesion (right side of the arrows); in contrast,
no positive cells were seen in the
hypopigmented lesion (left side of the
arrows) (original magnification x50 and
%20). (e) Melanocytes with S-100 protein
were observed in both the hypopigmented
and hyperpigmented areas.

Discussion

Photoleukomelanoderma is a very rare condition with a few
reports in the English literature. A limited number of causative
drugs have been reported, including thiazide and non-thiazide
diuretics, tetracycline, afloqualone, and fenofibrate (2, 3).
Photoleukomelanoderma appears to primarily affect Asians
(Fitzpatrick skin type II-1V); there have been no cases affecting
Caucasians in the literature. In an analysis of 33 European cases of
thiazide-induced photosensitivity by Addo et al. (4), there were
no cases of photoleukomelanoderma. Ishikawa et al. (2) hypoth-
esized that Caucasians do not readily suffer from photoleu-
komelanoderma because they have lower melanization than
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Asians. We speculate that leukomelanoderma might be difficult to
detect in patients with Fitzpatrick skin types L

The histological findings of this case suggest that the inflam-
mation may have caused melanocytes in the hypopigmented area
to lose some of their functions, such as transport or production
of melanin, while activating melanocytes in the hyperpigmented
area. Our patient developed leukomelanoderma during a period
when there was strong sunshine; the inflammation caused by
photosensitivity might have caused excessive damage to melano-
cytes, leading to a temporary loss of their function. However, the
damaged melanocytes are able to survive, unlike the melanocytes
in vitiligo, in which the number of melanocytes decreases
because of autoimmune dysregulation. The complete recovery in
a short period in this case is consistent with our hypothesis.

Photosensitivity because of hydrochlorothiazide has often
been reported in the 1980s (4), after which the number of
cases decreased with the decrease in prescription of this
drug. From 1995, the combination of losartan potassium
and hydrochlorothiazide became commercially available as a
useful anti-hypertensive drug. Since then, there have been cases
of photosensitivity caused by hydrochlorothiazide in anti-
hypertensive agents containing an angiotensin I receptor blocker
(e.g., losartan potassium) and hydrochlorothiazide (5). To the
best of our knowledge, there have been eight case reports of
photoleukomelanoderma induced by hydrochlorothiazide; all of
them were Japanese patients (5). In five of the six cases, with the

330 © 2011 John Wiley & Sons A/S e Photodermatology, Photoi logy & Ph

exception of the unspecified two cases, leukomelanoderma
developed after 1-3 months of further sun exposure following
the initial occurrence of photosensitivity. As a result of persistent
photosensitivity, the prolonged inflammation might have led to
melanocyte dysfunction. Most cases relating to hydrochlorothi-
azide showed prolonged photosensitivity for at least 1 month
after withdrawal of the drug (5). In order to prevent photoleu-
komelanoderma, we suggest that a timely diagnosis and sun
protection are required even after cessation of the causative drug.
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Increased Expression of Versican in the
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Excessive exposure to UV radiation is a major risk
factor for developing skin cancer. UV-induced reac-
tive oxygen species (ROS) cause accumulation of
DNA damage products such as 8-oxoguanine (8-
0x0G) in the skin. We have previously shown that
mice lacking the repair enzyme 8-oxoguanine gly-
cosylase (Oggl knockout mice) are highly suscepti-
ble to skin cancer after long-term UVB exposure. To
investigate the genes involved, we performed gene
profiling of Ogg! knockout mouse skin after UVB
exposure. Among the up-regulated genes in UVB-
treated Oggl knockout mice, inflammatory re-
sponse pathway-related genes were most affected.
The Vcan gene, which encodes the large extracellu-
lar matrix proteoglycan versican, was continuously
up-regulated in UVB-treated Oggl knockout mice,
suggesting that versican is a mediator of skin cancer
development. We examined the expression pattern
of versican in skin tumors from wild-type mice and
UVB-treated Oggl knockout mice, and also analyzed
157 sun-related human skin tumors. Versican was
strongly expressed in malignant skin tumors in
both mice and humans, and especially in Oggl
knockout mice. Additionally, infiltrating neutro-
phils strongly colocalized with versican in UVB-
treated Oggl knockout mouse skin. These data
demonstrate that inflammatory responses, particu-
larly neutrophil infiltration and versican up-regula-
tion, are closely involved in UVB/ROS-induced skin
tumorigenesis. (4m J Pathol 2011, 179:3056-30G5; DOI:
10.1016/j.ajpath.2011.08.042)

3056

The mechanism of sunlight-induced skin carcinogenesis
has been extensively investigated, and direct DNA dam-
age with subsequent generation of dipyrimidine photo-
products has been considered a major cause of skin
cancer.”? On the other hand, UV irradiation is known to
induce the generation of reactive oxygen species (ROS),
which in turn cause various types of DNA damage.
Among many oxidative DNA base modifications, 8-ox-
oguanine (8-oxoG) pairs with adenine as well as cytosine
during DNA replication, resuling in GC—TA muta-
tions.® Accumulation of 8-0x0G has been shown in skin
cells after irradiation with UVB (wavelength, 280 to 320
nm).® UV-induced 8-oxoG has been recognized as re-
sponsible for development of skin cancers in both hu-
mans and animals.”®

In - mammalian cells, Ogg? encodes a DNA glycosy-
lase/apurinic/apyrimidinic (AP) lyase that is responsible
for the excision of 8-0xoG from DNA.® We showed that
Ogg1 knockout mice exhibit impaired ability to excise
8-0xoG from DNA in epidermal cells after UVB exposure
and that Ogg7 knockout mice develop significantly more
skin tumors after long-term UVB irradiation than do wild-
type or heterozygous mice.” In addition, we found that
the ratio and incidence of malignant skin tumors pro-
duced by chronic UVB irradiation in Ogg1 knockout mice
is significantly higher and occurs at an earlier age than in
wild-type or heterozygous mice. Nonetheless, the mech-
anisms underlying the highly susceptible phenotype of
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Ogg1 knockout mice for developing UVB-induced skin
cancers remain to be fully elucidated.

In the present study, we performed gene profiling of
UVB-irradiated skin to investigate the relevant genes in-
volved in the susceptibility to skin cancer in Ogg? knock-
out mice. We found that inflammatory pathway-related
genes were most significantly affected among the up-
regulated genes in Ogg1 knockout mice. Among the con-
tinuously up-regulated genes in Ogg? knockout mice af-
ter UVB exposure, the expression of Vcan (the gene
encoding versican, a large chondroitin sulfate proteogly-
can) significantly and persistently differed between wild-
type and Ogg7 knockout mice after UVB exposure. Ver-
sican is a component of the extracellular matrix (ECM). It
participates in the release of cytokines from the ECM and
interacts with other ECM molecules, including collagen,
proteoglycans, hyaluronan, and glycoproteins.'®'" We
studied versican expression in skin tumors of wild-type
and Ogg7 knockout mice after long-term UVB exposure,
as well as in human sunlight-related skin tumors, and
found that strong versican expression is highly associ-
ated with UV/ROS-related skin tumors. To study the
role of versican in ROS-induced 8-oxoG accumulation,
the inflammatory response, and the development of
skin tumors, we further assessed the involvement of
neutrophil infiltration in UVB-exposed wild-type and
Ogg1 knockout mice.

Materials and Methods
Mice

C57BL/6J Ogg1 knockout mice'® and their respective
wild-type counterparts were used for gene profiling of the
skin and for immunohistochemical studies after UVB ex-
posure. Mice aged 8 to 9 weeks were selected for all
studies. We inbred Ogg1 heterozygous mice (C57BL/6J;
n = 12), and their genotype was determined as de-
scribed previously. ' The mice were housed under spe-
cial pathogen-free conditions, and all animal experi-
ments were conducted according to the Guidelines for
Animal Experimentation of the Kobe University School
of Medicine.

RNA Isolation, Gene Expression Profiling, and
Real-Time Quantitative PCR

RNAs from skin isolated at each time point were used for
microarray and real-time PCR analyses. After genotyp-
ing, tissue samples were pooled into two separate
groups per genotype for biological replicates. The dupli-
cated RNAs were isolated according to a method de-
scribed previously,'® and cyanine 5-labeled cRNAs were
generated and hybridized to the CodeLink Mouse Whole
Genome Bioarray (35K; Filgen, Nagoya, Japan). Data
were analyzed using the Microarray Data Analysis Tool
software (version 3.2; Filgen). After screening out weakly
labeled genes (ie, those with a weak signal), we analyzed
only strongly labeled genes normalized with GAPDH lev-
els. Genes with a fold difference of >1.5 or <0.5 were
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considered significant and were subjected to a validation
study, such as real-time quantitative RT-PCR.

To study kinetic gene regulation after UVB exposure,
gene clusters were defined with the primary focus on
expression at 24 hours after UVB exposure, the time point
at which the most significant difference in 8-oxoG forma-
tion was observed.” The significant genes expressed at 3
and 24 hours after UVB exposure were categorized into
six clusters, as follows, in terms of expression at 3 and 24
hours after UVB exposure: up-regulated and up-regu-
lated (cluster 1), not significant and up-regulated (cluster
2), down-regulated and up-regulated (cluster 3), down-
regulated and down-regulated (cluster 4), not significant
and down-regulated (cluster 5), and up-regulated and
down-regulated (cluster 6). Pathway analysis for samples
exposed to 24 hours of UVB was performed with Microar-
ray Data Analysis Tool software (version 3.2; Filgen, Na-
goya, dJapan), which uses GenMAPP (http://www.
genmapp.org) and WikiPathways (http.//wikipathways.
org/index.php/WikiPathways) databases. Once a group of
statistically significant (P < 0.05) pathway genes was
formed, gene relationships within pathways were visual-
ized with schematic figures obtained from WikiPathways.

Two-step real-time quantitative RT-PCR using Univer-
sal Probelibrary (LightCycler 480 System II; Roche,
Mannheim, Germany) was performed to confirm microar-
ray results. The following genes were analyzed using
real-time PCR: ll1b, Vcan, Apod, Saa3, Aif1, Fbn1, Slit2,
Mmp2, Tnf (alias Tnfa), and Cxcl1 (alias KC). Total RNAs
from the back skin of wild-type mice isolated at 24 hours
after UVB exposure at 250 mJd/cm? were used to generate
a standard curve. Each group of RNAs was assayed in
duplicate samples by real-time PCR. Expression levels
were normalized to those of GAPDH. The primers pairs
were designed in the hyaluronan-binding region domain
encompassing the intron of Vcan: 5'-TGGGATTGAAGA-
CACTCAGGA-3' as a forward primer in exon 3 and 5'-
TGGCTGCCCTGTAGTGAAA-3' as a reverse primer in
exon 4.'* Statistical differences were determined using
an unpaired t-test for relative mRNA expression ana-
lyzed; P < 0.05 was considered to be statistically signif-
icant.

UVB Irradiation

Banks of six TL 20W/12RS fluorescent lamps (Philips,
Eindhoven, Holland) were used to irradiate the mice with
broad-band UVB. These lamps emit a continuous spec-
trum from 275 to 390 nm, with peak emission at 313 nm;
approximately 65% of that radiation is within the UVB
wavelength range. The irradiance was 3.8 J/m? - s for the
lamps at a distance of 40 cm, as measured by an UVR-
305/365D digital radiometer (Tokyo Optical Company;
Tokyo Kogaku Kikai KK, Tokyo, Japan). Before the back
skin of mice was taken, the backs of the mice were
shaved; the mice were then placed 40 cm below the bank
of lamps and were irradiated. For immunohistochemical
and immunofluorescence studies, 8-week-old mice were
irradiated with UVB at 250 mJ/cm?, which is the approx-
imate minimal erythema dose for C57BL/6J mice.
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Analysis of UV-Induced Murine Skin Tumors
and Sun-Related Human Skin Tumors

All skin tumors developed in wild-type and Ogg7 knock-
out mice after chronic exposure to UVB were sampled for
immunohistochemical analyses. Tumors were induced by
irradiation with broadband UVB at the minimal erythema
dose three times per week for 40 weeks.”'® The histo-
logically examined wild-type samples were squamous
cell carcinoma (SCC; n = 5), sarcoma (n = 1), and
papilloma (n = 5); the Ogg7 knockout samples were SCC
(n =19), sarcoma (n = 4), and papilioma (n = 3). Human
skin tumor samples were also examined for immunohis-
tochemical analysis. Patient samples previously exam-
ined by independent dermatopathologists were selected
from the archival tissue sample collection of the Division
of Dermatology of the Kobe University of Medicine. We
focused primarily on human UV-induced malignant and
benign tumors. The tumors selected (except for malig-
nant melanoma, all the tumors had developed on sun-
exposed skin areas) were as follows: malignant mela-
noma (n = 32), lentigo maligna melanoma (n = 11),
superficial spreading melanoma (n = 7), acral lentiginous
melanoma (n = 11), nodular melanoma (n =3), basal cell
carcinoma (n = 30), SCC (n = 27), and actinic keratosis
(n = 25). In addition, seborrheic keratosis (n = 25) and
lentigo senilis (n = 18) lesions were selected as the
benign counterparts.

Histology and Immunohistochemistry

For histological analyses, the back skin from wild-type
and Ogg71 knockout mice, dissected at each time point,
was fixed in neutralized 10% formalin and embedded in
paraffin. Then, 4-um sections were cut, deparaffinized,
rehydrated, and washed in PBS. Sections placed in 10
mmol/L of citrate buffer (pH 6.0) were microwaved three
times for 5 minutes. After blocking of endogenous perox-
idase, nonspecific binding sites were blocked by incu-
bating the sections with protein blocking serum (Dako,
Kyoto, Japan). Sections were incubated for 16 hours at
4°C with the following primary antibodies: rabbit poly-
clonal anti-mouse IL-18 (1:1000 dilution; Abcam, Cam-
bridge, MA), rabbit polyclonal anti-mouse versican (1:
100 dilution; LifeSpan Biosciences, Seattle, WA), rabbit
polyclonal anti-human versican (1:125 dilution; Atlas An-
tibodies, Stockholm, Sweden), or rabbit polyclonal anti-
mouse p53 (CM5) (1:500 dilution; Leica Biosystems New-
castle, Newcastle upon Tyne, UK). The antibody of
murine versican that is capable of detecting glycosami-
noglycan domain 8 could identify VO and V1 isoforms,
which have been shown to be functional in cell prolifer-
ation and anti-apoptosis.'® Human versican antibody can
be used to detect hyaluronan-binding domain; it was
used to detect the VO, V1, V2, and V3 isoforms. After a
washing with PBS, the sections were incubated with bio-
tin-conjugated anti-rabbit IgG (IgG; Dako) for 20 minutes
at room temperature, followed by incubation for 15 min-
utes with streptavidin-conjugated horseradish peroxi-
dase (Dako) at room temperature before counterstaining

with hematoxylin. Finally, sections were mounted with
Glycergel mounting medium (Dako). Samples were ana-
lyzed under an all-in-one fluorescence microscope
(Biozero BZ-8000; Keyence, Osaka, Japan). For immu-
nofluorescence staining, 4-um frozen sections were in-
cubated with the rat monoclonal anti-mouse Ly-6G/Gr-1
antibody (1:100 dilution; Pharmingen; BD Biosciences,
San Diego, CA) or the rabbit polyclonal anti-mouse ver-
sican antibody (1:100 dilution; LifeSpan Biosciences).
Then, sections were incubated with Alexa Fluor 488-con-
jugated secondary antibodies (Invitrogen, Carlsbad, CA)
before applying DAPI (Invitrogen). Versican positivity in
mouse and human tumors was analyzed and classified
as high (>50% of positive cells) or low (=50%), diag-
nosed by two independent dermatopathologists (C.N.
and R.0.). To quantify the number of neutrophils present
in mouse skin samples after UVB exposure, the number
of granulocyte receptor-1 (Gr-1)-positive cells detected
by immunofluorescence was counted in ten 800-um? ar-
eas. The average number of Gr-1-positive cells was then
calculated for each genotype.

Statistical differences were determined using an un-
paired t-test for the number of Gr-1 positive cells ana-
lyzed; P < 0.05 was considered to be statistically sig-
nificant.

Western Blot Analysis

Western blotting was performed as described previ-
ously."” Briefly, 10.0 ug of protein was electrophoresed
on 10% sodium dodecylsulfate-polyacrylamide gels and
transferred to polyvinylidene difluoride membranes.
Membranes were incubated with rabbit polyclonal anti-
mouse versican (1:1000 dilution; LifeSpan Biosciences),
rabbit polyclonal anti-mouse p53 (CM5) (1:2000 dilution:
Leica Biosystems Newcastle), or o/B-tubulin (1:500 dilu-
tion; Cell Signaling Technology, Danvers, MA) as loading
control, followed by reaction with alkaline phosphatase-
linked 1gG (Promega, Madison, WI). Immunoreactive
bands were visualized after reaction with Nitro Blue Tet-
razolium/5-bromo-4-chloro-3’-indole  phosphate (NBT/
BCIP) solution (Promega).

Results

Time-Course Analysis of Gene Expression in
Ogg1 Knockout Mice after UVB Exposure

To investigate which genes are up- or down-regulated
after UVB irradiation in wild-type and Ogg? knockout
mice, we performed microarray gene profiling of skin at 3
and 24 hours after exposure. We extracted the significant
genes at each time point and sorted the genes with a fold
difference of >1.5 or <0.5, after excluding low-intensity
signals. This microarray study revealed that 255 genes
were up-regulated and 426 genes were down-regulated
in Ogg? knockout mice at 3 hours after UVB exposure
and that 372 and 206 genes were up- and down-regu-
lated at 24 hours after UVB exposure, respectively
(Figure 1A). To understand the kinetics of gene regulation
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Figure 1. Time-course analysis of gene expression in Oggl knockout mouse
skin after UVB exposure. A: Genes up- or down-regulated at 3 and 24 hours
after exposure of Oggl knockout and wild-type mice to UVB. Dots represent
genes with an expression difference of >1.5 or <0.5 times (significant genes)
after exclusion of low-intensity microarray signals. Red and blue dots repre-
sent up- and down-regulated genes in OggI-knockout, respectively, with the
number of up- and down-regulated genes indicated in the corresponding
color. B: Clusters of up- and down-regulated genes at each time point were
categorized based on the trend of up- or down-regulation at 3 and 24 hours
after UVB exposure. Schematics are shown for the six clusters, along with the
number of genes assigned to each cluster.

after UVB exposure, gene clusters were defined with a
primary focus on expression at 24 hours after UVB expo-
sure, at which point the most significant difference in
8-0x0G formation was observed.” The main reason for
using cluster analysis in the present study was to identify
the constitutively up-regulated (down-regulated) genes
because we speculated that among those genes, there
may be the most probable candidate genes for skin can-
cers with positive (negative) driving forces by up-regu-
lated (down-regulated) genes. The numbers of significant
genes in each cluster at 3 and 24 hours after UVB expo-
sure are presented in Figure 1B. These data were further
analyzed in our next study.

The Inflammatory Pathway Is the Most Affected
among Up-Regulated Genes at 24 Hours after
UVB Exposure

Previously, we have shown by immunohistochemistry that

UVB-induced epidermal 8-oxoG accumulation is signifi-
cantly different between wild-type and Ogg? knockout
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mice at 24 hours, compared with 3 hours, after UVB
exposure.” First, to elucidate gene regulation in terms of
the pathways affected in Ogg1-knockout mice after UVB,
we performed pathway analysis using the Microarray
Data Analysis Tool (GenMAPP and WikiPathways) for 372
up-regulated and 206 down-regulated genes in Ogg7-
knockout at 24 hours after UVB exposure. We selected
significant pathways with high Z-score and low P value
(<0.5). Surprisingly, the inflammatory response pathway
was the most significantly affected pathway, with 7 of 39
genes altered (Table 1). The second most significant
pathway was the complement and coagulation cascade.
We further investigated the significant genes involved in
the inflammatory pathway. Those genes included //7b,
Cd80, Col1a2, Col3at, Fn1, Fegrt, and Ighm (alias Igh-6).
The pathway involvement of seven genes previously
shown to be related to the skin is presented in Figure 2A.
We selected /i1b, which is one of the key genes ex-
pressed by macrophages, for validation studies. Using real-
time quantitative RT-PCR, we confirmed that the expression
levels of //7b in Ogg1 knockout mice at 24 hours after UVB
exposure were 7.1-fold higher than in the wild-type coun-
terparts (Figure 2B). Moreover, we studied the expression
pattern of IL-1B in the skin of UVB-exposed or control Ogg?
knockout mice. Expression of IL-18 in the epidermis and
dermal cells in Ogg7 knockout mice was higher than in the
wild-type mice. On the other hand, nonirradiated skin was
negative for IL-1B (Figure 2C), which is consistent with re-
sults from the microarray and real-time PCR analyses.

Versican Is Strongly Up-Regulated in the Skin
and in UVB-Induced Tumors of Ogg1 Knockout
Mice

Accumulation of 8-oxoG in the epidermis at 3 and 24
hours after UVB exposure is higher in Ogg? knockout
mice than in wild-type mice, implying that the continu-
ously up- or down-regulated genes are involved in skin
tumor development in Ogg7 knockout mice.” Next, we
focused on constitutively up-regulated (or down-regu-

Table 1. Pathway Analysis for Changes in Gene Expression in

Ogg1~/~ Mice 24 Hours after UVB Exposure
Total Changed
genes expression
Pathway name* (no.) (no.) P value
Increased Expression
Inflammatory response 39 7 0.000054
Complement/coagulation 56 7 0.00042
Striated muscle contraction 41 5 0.0032
Complement activation 13 3 0.0049
(classical pathway)
Decreased Expression
Hypertrophy model 19 3 0.0015
GPCR (class A, 187 7 0.0035
rhodopsin-like)
Id signaling pathway 48 3 0.016
Small ligand GPCRs 19 2 0.020

*Top four pathways involving significantly increased or decreased
gene expression, as extracted from microarray data.
GPCR, G protein-coupled receptor.
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Figure 2. The inflaimmatory pathway is the most affected among the up-
regulated genes at 24 hours after UVB exposure. A: The relationships among
significantly up-regulated genes involved in inflammatory response path-
ways in Ogg? knockout mice at 24 hours after UVB exposure. Significantly
up-regulated genes, previously shown to be involved in skin, were selected
from microarray data (red rectangles). The schematic figure was modified
from WikiPathways (available at bup//uwew.wikipathways.org/index php/
Patbway: WP458). B: Relative IL-18 gene expression levels in wild-type (WT)
and Ogg? knockout (KO) mouse skin, as determined by real-time quantita-
tive PCR. Each of the two groups of RNAs isolated from wild-type and Ogg?
knockout mice was assayed in duplicate. **P < 0.01. Data are representative
of three separate determinations. C: IL-18 gene expression levels in the skin
of wild-type and Oggl knockout mice at 24 hours after UVB exposure.
Positive signals are seen as reddish-brown deposits produced on reaction
with the 3-amino-9-ethylcarbazole substrate. The UVB dose was 250 mJ/cm?.
Weak or no expression of IL-18 is seen in wild-type mouse skin with and
without UVB exposure. Scale bar = 30 um.

lated) genes, because we speculated that some of these
genes are the most probable candidate genes for devel-
oping skin cancers with correspondingly positive or neg-
ative driving forces of the up-regulated or down-regu-
lated) genes. Of note, 22 continuously up-regulated
genes (cluster 1) were observed in gene clusters, but
only one gene was continuously down-regulated (cluster
4) (Figure 1B). These data suggest that some of the 22
continuously up-regulated genes in UVB-exposed Ogg?
knockout mice are likely to contribute to skin carcinogen-
esis. These 22 genes are detailed in Table 2.

We performed validation studies for some of the 22
genes by real-time quantitative RT-PCR. Consistent with
the microarray data, the expressions of Vcan, Saa3, Fbn7,
and Sit2 were significantly higher in Ogg7 knockout mice
than in wild-type mice, both at 3 and at 24 hours after
UVB exposure (Figure 3A). Again, in agreement with the
microarray data, the expression levels of Apod and Aif1 in
Ogg1 knockout mice were nearly twice of those in wild-
type mice (see Supplemental Figure S1 at http://ajp.
amjpathol.org). Of the six genes analyzed by RT-PCR,
versican (Vcan) expression most significantly differed be-
tween the wild-type and knockout mice; knockout levels
were 2.9- and 7.2-fold higher than wild-type at 3 and 24
hours after UVB exposure, respectively. Versican is

widely expressed in the skin'® and has been implicated
in a wide variety of biological functions during tumorigen-
esis.’ 1920 We therefore focused on versican to further
dissect the UVB-induced skin carcinogenic phenotype of
Ogg1 knockout mice.

To determine the expression pattern of versican in the
skin after UVB exposure, we performed immunohisto-
chemical staining for versican on the skin of control and
UVB-irradiated (24 hours) wild-type and Ogg? knockout
mice. In wild-type mice, versican was strongly expressed
in the epidermis after UVB exposure, but was barely
expressed in nonexposed skin (Figure 3B). On the other
hand, versican expression was markedly stronger in
Ogg1 knockout mice at 24 hours after UVB exposure than
the wild-type counterparts; this strong expression was
observed not only in the epidermis but also in some
dermal components, such as fibroblasts (Figure 3B). We
also performed Western blot analysis for versican of the
wild-type and Ogg? knockout mouse skin after UVB ex-
posure and found that versican was more up-regulated in
the knockout mice than in the wild-type mice at both 24

Table 2. Increased Expression of 22 Genes in Oggl™"~ Mice at
3 and 24 Hours after UVB Exposure

Gene symbol Gene name

1 Bst2 Bone marrow stromal cell antigen 2

2 Cf Complement factor B

3  Cxcl13 Chemokine (C-X-C motif) ligand 13

4 Apod Apolipoprotein D

5 Mus musculus hemoglobin Y, beta-
like embryonic chain (Hbb-y),
mRNA

6  Ms4abc Membrane-spanning 4-domains,

subfamily A, member 6C
7 Mus musculus Fc receptor-like
protein 2 immunoglobulin short
Isoform (Fcrh2) mRNA, complete
cds
8 Maa26e10.y1 NCI_CGAP_Li10 Mus
musculus cDNA clone
IMAGE:3812083 5

9  Tyrobp TYRO protein tyrosine kinase
binding protein
10 Vean Versican
11 Saa3 Serum amyloid A 3

12 9530053H05Rik RIKEN cDNA 9530053H05 gene

13 Aift Allograft inflammatory factor 1
14 Mus musculus retinoic acid
receptor responder (tazarotene
induced) 2
(Rarres2), mRNA
15 Feerlg Fc receptor, IgE, high affinity 1,
gamma polypeptide
16 BY765147 RIKEN full-length
enriched, activated spleen Mus
musculus
cDNA clone F830013C14 3-,
mRNA sequence
17 Pthir Parathyroid hormone 1 receptor
18  Fbnt Fibrillin 1
19 Stz Slit homolog 2 (Drosophila)
20  Gpx7 Glutathione peroxidase 7
21 Cpxmi Carboxypeptidase X 1 (M14 family)
22 P4 Platelet factor 4

Increased expression was determined on the basis of a ratio of Ogg?
wild-type to knockout being >2.0, as determined from the microarray data
at each time point.
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Figure 3. Expression of continuously up-regulated genes after UVB expo-
sure. A: Four genes were significantly up-regulated at both 3 and 24 hours
after UVB exposure, Relative expression levels were determined by real-time
quantitative PCR. Each of the two groups of RNAs isolated from wild-type
and Oggl knockout mice was assayed in duplicate. Reactions were normal-
ized to GAPDH expression levels. *P < 0.05; **P < 0.01; and **P < 0.001. B:
Immunohistochemical study of versican expression after UVB irradiation.
Versican is barely expressed in the wild-type mouse epidermis and dermis in
the absence of UVB irradiation. At 24 hours after UVB exposure, versican was
expressed in the wild-type epidermis. In Ogg? knockout mice at 24 hours,
versican was strongly expressed in the epidermis (arrowheads), as well as
in dermal fibroblasts (arrows). Positive signals are seen as reddish-brown
deposits produced on reaction with the 3-amino-9-ethylcarbazole substrate.
Scale bar = 30 um. C: Versican expression after UVB exposure, as deter-
mined by Western blotting. Versican was more strongly up-regulated in Ogg?
knockout than in wild-type mice at 24 and 48 hours after UVB exposure. This
up-regulation was time-dependent. The band at approximately 75 kDa indi-
cates that the antibody for versican can detect the V1 isoform. a/B-Tubulin
was used as the loading control. Data are representative of three separate
determinations.

and 48 hours after UVB exposure. In addition, we found
that the expression levels of versican indicating V1 iso-
form were up-regulated in a time-dependent manner
(Figure 3C).

Versican Is Strongly Expressed in Skin Tumors
Induced in Ogg1 Knockout Mice after
Long-Term UVB Exposure

We found that high versican expression after single UVB
irradiation is associated with Ogg7 gene disruption. We
then investigated whether differences in versican expres-
sion between wild-type and Ogg? knockout mice can also
be found in skin tumors induced by long-term UVB irra-
diation. We irradiated wild-type and Ogg1 knockout mice
with UVB for more than 40 weeks and obtained 11 tumors
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in the wild-type mice and 26 tumors in the knockout mice;
we diagnosed these tumors histologically as SCC, sar-
coma, and papilloma.” We performed immunohistochemi-
cal staining for versican in all these tumors. Versican was
expressed in 17 of 19 SCCs in the knockout mice and in 2
of 5 SCCs in the wild-type mice (Figure 4). All the sarcomas
(one in the wild-type and four in the knockout mice) were
strongly positive for versican. However, only one of five
papillomas in the wild-type and one of three papillomas in
the knockout mice were highly positive for versican (P <
0.05 for the ratio of malignant tumor/analyzed total tumors of
each genotype). Thus, versican was more highly expressed
in Ogg7 knockout mouse tumors than in the wild type. In
conclusion, versican expression is especially evident in ma-
lignant tumors, compared with benign skin tumors.

Veersican Is Expressed in Various Sun-Related
Human Skin Tumors

To further examine versican expression, we investigated
whether versican is expressed in human skin tumors as-
sociated with long-term UV exposure. We performed im-
munohistochemistry in 157 human skin tumors. We se-
lected tumors that had developed on sun-exposed areas
of the skin (the exception being malignant melanoma).
Strong versican expression was seen mostly in the der-
mis and in the stromal components around the tumors,
rather than in the tumor cells (Figure 5, A and B). This
observation was more evident in malignant than in benign
tumors. Basal cell carcinoma, for instance, was positive for
versican in 80% (24/30) of the analyzed tumors; expression
was noted in stromal areas around the tumor cells (Figure
5A). Lentigo maligna melanoma, a malignant melanoma
that usually develops on chronically sun-exposed areas,
revealed strong versican expression in the dermis of 8 of 11
tumors. The other three malignant melanoma types showed
milder versican expression. These data suggest that lentigo
maligna melanoma might be strongly associated with UV/
ROS-induced 8-oxoG formation and that it might be of dif-
ferent etiology as opposed to the other malignant mela-
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Figure 4. Versican expression in developing skin tumors of chronically
UVB-exposed mice. Representative histological sections of SCC tumors from
wild-type and Ogg1 knockout mice red-colored staining positively for versi-
can are shown, with a summary of versican-positive wild-type and Ogg?
knockout mouse tumors overall. *P < 0.05 for the ratio of malignant tumor
to total tumors analyzed for each genotype.
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Figure 5. Versican expression in human skin tumors. A: Immunohistochemical study of versican expression in malignant (lentigo maligna melanoma, basal cell
carcinoma, and squamous cell carcinoma) and benign (seborrheic keratosis and lentigo senilis) tumors. Arrowheads indicate the borders between the seborrheic
keratosis tumor and the normal skin. Scale bar = 100 wm. B: Classification of versican expression in skin tumors, grouped as dermal and stromal versus tumoral.

noma types. Although versican expression was relatively ing that UVB-induced skin neutrophils interact with versican
weaker in benign tumors than in malignant skin tumors, (Figure 6B). The interaction between versican and neutro-
some tumors, such as seborrheic keratosis, showed stron- phils suggests that the amount of neutrophils differs be-
ger expression in tumor cells than in the dermis around the tween wild-type and Ogg1 knockout mice. Indeed, when we
tumors (Figure 5, A and B). compared the number of neutrophils infiltrated in the dermis

at 24 and 48 hours after UVB exposure between wild-type

, , , , and Ogg7 knockout mice,?° the number of neutrophils was
High Versican Expression Is Accompanied by significantly increased in Ogg? knockout mice, compared

Inflammatory Neutrophil Infiltration with the wild-type mice (Figure 6C). Taken together, high
versican expression in Ogg? knockout mouse skin after
UVB exposure is highly associated with the inflammatory
response, particularly neutrophil infiltration (Figure 7).

Finally, we investigated the mechanisms associated with
UVB-induced high versican expression in Ogg7 knockout
mice. Notably, we found that most human malignant and
benign tumors with high versican expression were en-

riched with inflammatory cells in the tumors or in the Discussion

dermis around them (Figure 6A). Versican was highly

expressed both in inflammatory cells, especially seg- Gene Profiling of UVB-Irradiated Ogg1

mented leukocytes (neutrophils), and in the dermal com- Knockout Mice

ponent. To ascertain whether dermal neutrophils interact

with versican, we performed immunofluorescence double UV rays induce ROS formation, which provoke DNA dam-
staining for versican and the neutrophil marker Gr-1. We age in the skin and subsequent formation of DNA dam-
iradiated wild-type mice with a single minimal erythema age products, such as 8-0xoG.® Previously, we have
dose of UVB and dissected the skin after 24 hours. Gr-1 and shown that Ogg7 knockout mice exhibit a highly carcino-

versican were colocalized in infiltrated neutrophils, indicat- genic phenotype, with more early-induced malignant skin



