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Chronic actinic dermatitis associated with
adult T-cell leukemia

Kazunari Sugita, MD, Takatoshi Shimauchi, MD, and Yoshiki Tokura, MD
‘ Kitalyushu, Japan

We describe a patient with chronic actinic dermatitis that occurred with the progress of adult T-cell

leukemiaz, Immunohistochemically, CD8* T cells, but not CD4" cells, predominantly infiltrated the

lichenoid lesional skin, inclicating that the eruption

was induced by reactive, normal cDs* T cells but not

adult T-cell leukemia cells. Our patient suggests that chronic actinic dermatitis may occur in association

with the advanced human T-lymphotrophic virus

538-40.)

hronic actinic dermatitis (CAD) is persistent
light reactivity encompassing actinic reticu-
loid and photosensitive eczema.! Various
skin eruptions have been reported in adult T-cell
leukemia/lymphoma (ATL),? in which tumor cells
are mostly CD4*CD25* T-lymphocytes with various
cytokine expression/production patterns.” Althou gh
the association between CAD and T-cell lymphoma
has been reported for more than 15 years,* photo-
sensitivity occurring in association with ATL has not
been described. We report a case of CAD associatec
with ATL.
A 76-year-old retired male laborer presented with
a 2-month history of pruritic dermatitis on sun-
exposed sites, His medical history included angina
pectoris and mild leukocytosis that had been ocea-
sionally indicated over 20 years. He had been taking
only a Chinese medicine for 3 years. Physical
examination revealed erythematous plaques with
scaly papules on the sin-exposed areas (Fig 1).
The peripheral blood showed normal counts of
leukocytes (7200/4L) with normal differentiation,

Phototesting dlisclosed that his minimal erythema

dose of UVB was 10 mJ/cm? (normal, 50-150
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mJ/em®, and UVA abnormally induced erythema at
a minimal dose of 3.6 J/cm?2,

Photopatch testing was negative for his medlica-
tion. A skin biopsy specimen showed 1 bandlike
infiltrate of small lymphocytes, with liquefaction
degeneration of the basal epidermis (Fig 2, 4). The
infiltrating lymphocytes were preclominantly CD§*
(Fig 2, B). The patient stopped taking his medication
and was treated with topical corticosteroicls. Two



[ Am Acan DermaTOL
VOLUME 52, NUMILR 2

ulcers."™ In addition to corticosteroids, TNF-a in-
hibitors have shown potential benefit in the man-
agement of aphthous ulcers. Thalidomide hus been
documented to inhihit TNF-x production and 1o
diminish the stability of its messenger. RNA."
Furthermore, a recent case report documents the sue-
cessful teatment of refractory, recurrent aphthous
ulcers in a 30-year-old woman with etanercept, a
soluble fusion TNF-a receptor protein.” The main
mechanism of etanercept involves the blocking of
TNF-g: bindling to its cell surface receptor, thereby
diminishing the proinflammatory Ty1 responses.

The antagonistic effects of etanercept and im-
iquimod on TNF-e underscores a potential Jink in the
immunopathology that may lead to the development
of aphthouslike ulcers after the topical application of
imiquimod. Our 3 cases illuminate another possible
sicle effect of the use of imiquimod in sun-damagec
skin particularly of the vermilion: the appearance of
aphthous ulcers. Although none of ocur patients
opted for a medication rechallenge, we believe that
the temporal association with the use of imiquimod
and the development of aphthouslike ulcers in each
of these-cases is very suggestive, Furthermore, the
imiquimod application creates a localized immuno-
logic response and, therefore, the ulcerations do not
have to be directly undler the site of application but in
the vicinity. The evidence to date showing that
imiquimod induces production of some of the very
cytokines found to be expressed in high levels in
aphthous ulcers, makes this association to be more
likely than mere coincidence.
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henoid tissue reaction. B,
Dense subepidermal bandlike infiltrate of T cells express-
ing CD8. (A, Hematoxylin-ecsin stain; B, CD8 stain;
origina) magnifications: A, X100; B,X100.)

Table X. Cytokine profiles of patient's PBMC and norm

CD3/CD28 mAbs
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Fig 3. Flow cytometric analysis of patient’s peripheral
blood mononuclear cells, showing that circulating adult T-
cell leukemia cells are positive for CD4 and CD25 (top,
lefi}, HLA-DR (rop, right), and CCR4 (bottom, left), but not
CXCR3 (bottom, righ,

al subjects’ CD4™ cells in stimulation with anti-

FN-
E Stimulants (pg/nrl) INFa (pg/ml) IL-2 (pg/mi} IL4 (pg/ml) IL-5¢ pg/ml) IL-10 (pg/mb)
Patient —_ 179.5 Undetectable Undetectable 38 16 45
a-CD3/CD28 mAbs 4030 29 32 52 ) 17 60
Normal —_ 1575 * 793 353 + 127 474 * 284 1152 £ 422 295 = 81 550 + 245
healthy «-CD3/CD28 mAbs 10600 = 1420 319 =+ 45 662 * 181 1185 £ 296 512 = 321 636 = 131
donors ‘
{n=5,
mean * 5D}

Normal CD4* cells were purified from PEMC of 5 healthy adults with anti-CD4 mAb-conjugated magnetic beads (Dynal Inc, Oslo, Norway)
and DETACHaBEAD {Dynal Inc) according to the manufacturer's directions, The minimal detection levels of cytokines were as follows: IL-2,

2.6 pa/ml; IL-4, 2.6 pg/ml; IL-5, 2.4 pg/mi; IL-10, 2.8 pg/ml; TNF-or, 2.8

duplicate cultures,

months later, however, the eruption was worsened

and, therefore, we diagnosed his photosensitivity as

CAD.

Concomitantly, his superficial lymph nodes were
enlarged. A laboratory study revealed a leukocyte
count of 15,300/uL, with 41% atypical flowerlike
lymphocytes. Human T-lymphotrophic virus (HTLY)-I
monoclonal integration was present. A flow cyto-
metric analysis of peripheral blood mononuclear
cells showed that approximately 85% of lympho-
cytes were positive for CD4, CD25, and HLA-DR
and expressed Th2 chemokine receptor CCR4 but
not Thl receptor CXCR3 (Fig 3). CD25™; normal

pg/ml; and IFN-y, 7,1 pg/ml. The values represent the mean of

CD4™ T cells were less than 3%. He was given the
diagnosis of ATL, acute type, based on the classi-
fication of Shimoyama.?

To test the functional ability of the pitient's ATL
cells, the amounts of cytokines listed in Table I were
measured in the culture supernatants of purified ATL
cells using cytometric beacls array kits. Despite the
expression of ThZ type chemokine receptor CCR4,
neither of Th2 cytokines (IL-4, IL-S, and IL-10) were
secretedt by the patient's peripheral blood mono-
nuclear cells compared with normal CD4* cells
(Table D). Interferon alfa production was enhanced
by anti-CD3 and -CD28 mAbs, but to a lesser cegree
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than the control subjects. Thus, the patient’s ATL cells
were not functional in the cytokine production. In our
patient, CDS* T cells infiltrated in a lichenoid fashion.
Cytotoxic CD8™ T cells are thought to be activated
with evolution of HTLV-I infection.® It is possible that
HTLV-I-induced activation of CD8* T cells attack
epidermal cells on sun exposure. In this scenario, UV
irracliation may stimulate keratinocytes to express
autoantigen or autoantigens for CD8% cells. As
demonstrated in most ATL cases,” the tumor cells in
our patients expressed Th2 chemokine receptor
CCR4. HTLV-1—infected CCR4™ T cells have growth
acdvantages by deviating host immune response to
Th2,” because Th2 cytokines suppress CD8* tumor-
icidal T celis. In this case, however, the production
of Th2 cytokines by HTLV-1=infected T cells was
greatly reduced, and moreover, normal T cells
scarcely existed, This may allow CD8" T cells to he
activated, resulting in the development of the skin
eruption. Recently, CAD has been reported in
patients with HIV infection.®" In these patients,
the abnormal response to UVB radiation and lichen-
oid tissue reaction seem to be hallmarks of the
advanced disease.!’ We note striking similarities in
photosensitivity dermatitis between patients with
HIV infections and this case. In our patient, CD4"
tumor cells were functionally impaired in the pro-
cluction of cytokines, and normal CD4™ T cells were
very low in number. This immunologic state is
virtually the same as that seen in AIDS. Our findings
may provicle a new clue to elucidate the pathogen-
esis of CAD from the view of immune dysfunction.

301

}

| Am AcaD DermatoL
Fennuary 2005

REFERENCES

1, Hawk JL, Magnus 1A, Chronic actinic dermatitis: an Idiopathic
photosensitivity syndrome including actinic reticuloid and
photosensitive eczema, Br J Dermatol 1979;101:24,

2. Setoyama M, Katahira Y, Kanzaki T. Clinicopathologic analysis
of 124 cases of adult T-cell leukemia/lymphoma with cutane-
ous manifestations: the smouldering type with skin manifes-
tations has a poorer prognosis than previously thought,
J Dermatol 1999;26:785-90. '

3. Iwatsuki K, Harada H, Motoki Y, Kaneko F, Jin F, Takigawa M.

Diversity of immunobiologic functions of T-cell lines estab-
lished from patients with adult T-celi leukemia, Br J Dermatol
1995;133:861-7. '

4. Chu AC, Robinson D, Hawk JL, Meacham R, Spittle MF, Smith
NP. Immunoiogic differentiation of the Sezary syndrome due
to cutaneous T-cell lymphema and chronic actinic dermatitis,
J Invest Dermatol 1986;86:134-7,

5. Shimoyama M. Members of the lymphoma study group.
Diagnostic criteria and classification of clinical subtypes of
adult T-cell leukemia-lymphoma: a report from the lymphoma
study group (1984-87}, Br J Haematol 1991,79:428-37,

6. Bangham CR. HTLV-1 infections. J Clin Pathol 2000;53:581-6,

7. Yoshie O, Fujisawa R, Nakayama T, Haraswa H, Tago H, lzawa
D, et al. Frequent expression of CCR4 in adult T-cell leukemia
and human T-cell leukemia virus type 1-transformed T cells,
Blood 2002;99:1505-11. '

8. Meola T, Sanchez M, Lim HW, Buchness MR, Soter NA. Chronic
actinic dermatitis assoclated with human immunodeficiency
virus infection. Br J Dermatol 1997;137:431-6.

9. Vin-Christian K, Epstein JH, Maurer TA, McCalmont TH, Berger
TG, Photosensitivity In HiV-infected individuals, J Dermatol
2000;27:361-9. ' '

10, Wong SN, Khoo LSW. Chronic actinic dermatitis as the
presenting feature of HIV infection in three Chinese males,
Clin Exp Dermatol 2003;28:265-8.

11, Berger TG, Dhar A, Lichenoid photoeruptions In human
immunodeficiency virus infection. Arch Dermatol 1994130
609-13.

O —— T



J. Radiat. Res., 45, 455464 (2004)

Regular Paper

Analysis of 8-Hydroxyguanine (S-OH-Gua) Released from DNA by the
Formamidopyrimidine DNA Glycosylase (Fpg) Protein: A Reliable
S Method to Estimate Cellular Oxidative Stress

Hiroshi ORIMO'#, Nan MEF, Serge BOITEUX?, Yoshiki TOKURA? and Hiroshi KASAL'*

8-OH-Gua background level/Fpg protein/y-irradiation. .

To improve the analyses of a form of oxidative DNA damage, 8-hydroxyguanine (8-CH-Gua), we
treated isolated DNA with formamidopyrimidine DNA glycosylase (Fpg) and analyzed the released 8-OH-
Gua by using a high-performance liquid chromatography system equipped with an electrochemical detec-
tor (HPLC-ECD). The human lung carcinoma cells (A549) and human keratinocyte (HaCaT) were irradi-

ated with y-rays. After the isolated DNA was treated w

ith the Fpg protein, we analyzed the released 8-OH-

Gua by using an HPLC-ECD. With this method, the background Tevel of 8-OH-Gua in DNA from human
lung carcinoma cells was determined to be 3.4 residues per 107 guanine (Gua). A similar background level
of 8-OH-Gua (3.] residues per 107 Gua) was also detected in human keratinocyte DNA with this method,
These background 8-OH-Gua levels in cellular DNA are comparable 1o that obtained previously by an
analysis of 8-OH-dGMP after nuclease P1 digestion of celfular DNA (4.3 residues per 107 dCMP). A dose-
dependent increase of 8-OH-Gua (0.17/107 Gua/Gy) was observed after cells were irradiated with y-rays,
Twenty hours after y-irradiation with 60 Gy, 75% of the 8-OH-Gua produced in keratinocyte DNA was
repajred. With our new analysis method, it is possible to detect the small changes in the 8-OH-Gua levels
in cellular DNA induced by various environmental factors.

INTRODUCTION

The formation of 8-hydroxyguanine (8-OH-Gua) in DNA
by reactive oxygen species (ROS) was first reported in
1984." The 8-OH-Gua is a major product of DNA damage
induced by the reactions of reactive oxygen species (ROS),
such as hydrogen peroxide {H203), superoxide anions (0),
singlet oxygen, and hydroxy! radicals (- OH).? It is also
called 7,8-dihydro-8-oxoguvanine (8-ox0-Gua)."” It is used as
a biomarker of oxidative DNA damage®™ and causes mainly
GC to TA transversions in mammalian cells.” Floyd er al.®
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'Depariment of Environmental Oncology, Instituie of Industrial Ecological
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introduced a highly sensitive analytical method for 8-OH-
Gua, which uses high-performance liquid chromatography
(HPLC) coupled 10 an electrochemical detector (ECD).
DNA isolation methods have also improved the analysis, and
the modified chaotropic sodium jodide (Nal) technique
yields the lowest and least variable 8-OH-Gua values, ¥

This report describes an assay to detect 8-OH-Gua after
cellular DNA is treated with the formamidopyrimidine DNA
glycosylase (Fpg) enzyme following DNA extraction %" In
this assay, we used the biological function of the Fpg protein
to remove the 8-OH-Gua that is formed in ds-DNA %-'" 1p
the present study, two different cell lines, A549 (lung carci-
noma) and HaCaT (keratinocyte), were used, since these cell
lines from an internal organ and skin may have different
defense abilities against ROS and different repair responses.
This method reduced the background Jevel of 8-OH-Gua in
DNA and improved the reliability once the increase in oxi-
dative DNA damage in these 4-irradiated human cells was
measured,

MATERIALS AND METHODS

Cells and culture conditions '
Human alveolar epithelial cejls (A549), originally derived
from an individual with alveolar cell carcinoma, were pur-
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64



456

chased from the American Type Culture Collection (Rock-
ville, MD, USA). This cell line was cultured in Eagle’s Min-
imum  Essential Medium  with kanamycin  (Nissui
Pharmacéutical, Tokyo, Japan), supplemented with 10%
fetal bovine serum, L-glutamine (2 mM), and nonessential
amino acids (0.1 mM), and was maintained at 37°C in a
humidified atmosphere containing 5% CO; in air. Unless
otherwise noted, all culture supplies were purchased from

H. Orimo et ai,

Gibco-Invitrogen (Carlsbad, CA, USA).

The human keratinocyte (HaCaT) cell line'™ was cultured
in Dulbecco’s Modified Eagle’s Medium (Nissui Pharma-
ceutical, Tokyo, Japan), supplemented with 10% feta) bovine
serum, L-glutamine (2 mM), 100 units/ml penicillin, 100 pg/
ml streptomycin suifate, and sodium pyruvate (1 mM) and
was maintained at 37°C in a humidified atmosphere contain-
ing 5% CQ; in air.
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Fig. 1. Typical example of 8-OH-Gua analysis. DNA isolated from A549 cells was treated with the Fpg protein, as
described in the Materials and Methods section, and 70 ! porticns of the samples were analyzed by an HPLC-ECD.
(A) Authentic 8-OH-Gua (5.6 pg). {B) DNA from unirradiated cells. (C) DNA from 80 Gy v-irradiated cells.
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Irradiation of cells with y-rays ‘

The cells were seeded into 100 mm diameter tissue cu)-
ture dishes and allowed 10 attach for a period of 16-24 hours
at 37°C. The cells were then irradiated on ice with a gamma
cell irradiator (GE40E; Nordion, Ottawa, Canada) at varying
doses (dose rate, 0.96 Gy/min). Control cells were not irra-
diated. After hrradiation, the cells were harvested, washed
with ice-cold phosphate-buffered saline, and immediately
processed 1o a cell viability test and DNA isolation. Cell via-
bility was determined by a trypan blue dye-exclusion test
{0.4%) (GIBCO-BRL, Grand Island, NY, USA).'»

Determination of 8-OH-Gua in cellular DNA

Cellular DNA was jsolated by using a DNA extractor WB
kit (Wako, Osaka, Japan)."" Desferal (deferoxamine mesy-
late; Sigma, St. Louis, MO, USA) was added to the lysis
solution (] mM) to prevent DNA oxidation.® The isolated
DNA (50-150 ug) was dissolved in 200 pl distilled water,
and its concentration was measured with a UV spectropho-
tometer (JASCO V-520). The DNA solution (150 M) was

mixed with 15 pl of buffer (0.5 M Tris-HC], 0.5 M KCl, and

20 mM EDTA; pH 8.0) and bovine serum albumin (final
concentration, 90 pg/ml), and it was treated with the Fpg
protein (10 Ug /sample) at 37°C for 20 min.'® This solution
was filtered with an Ultrafree-Probind filter (Millipore, Bed-
ford, MA, USA), and 2 70 pl aligoot of the sample was
injected into an HPLC column (YMC-Pack ODS-AM, 5 pm,
4.6 x 300 mm; temperature, 25°C; flow rate, 0.7 ml/min)
equipped with an ECD (Coulochem II; ESA Inc., USA: elec-
trode 1, 150 mV; electrode 2, 300 mV; guard cell, 350 mV).
The mobile phase consisted of 10 mM sodium dihydrogen-
phosphate dihydrate containing 3% methanol. As the stan-
dard sample, 80 p! of an 8-OH-Gua solution (70 pg/ml) was
injected. To obtain the standard solution, 8-OH-Gua (2 mg)
was completely mixed with | liter of deionized water for 30
min at room temperature, then centrifuged (at 800 £, 5 min).
The concentrations of 8-OH-Gua were calculated based on

its UV absorption extinction coefficient value.'® The digest-

ed DNA and the standard samples showed 8-OH-Gua peaks
within the limits of detection. The 8-OH-Gua leve! in the
DNA was expressed as the number of 8-OH-Gua per 10’
Gua, by assuming that 20 O.D. units of DNA is I mg'” and
that the GC content of human DNA is 41%.'®

Statistical analysis . ‘

Analyses were performed by use of the StatView-J 5.0
program (Berkeley, CA, USA). All data were expressed as
the mean * standard deviation (SD) from 3-8 independent
Mmeasurements. Statistical significance was determined by
the one-way analysis of variance (ANOVA), followed by the
Scheffe test, using P < 0.05 as the level of significance.

RESULTS

Analysis of 8-OH-Gua in yirradiated A549 cells

We first optimized the conditions for the release of §-OH-
Gua from DNA by Fpg treatment. DNA samples from A549
ceils were incubated with various amounts of the Fpg pro-
tein for different times, The amount of 8-OH-Gua released -
from DNA reached a plateau above 5 ug/tube Fpg concen-
tration (20 min incubation time). Time-course experiments
showed that the release of 8-OH-Gua became a plateau after
a 20 min incubation (with 10 ug Fpg). Therefore we chose -
assay conditions of 10 pg/tube Fpg concentration and 20
min incubation time. A typical example of 8-OH-Gua anal-
ysis is shown in Fig. 1. The detection limit of 8-OH-Gua was
about 0.5 pg. In the DNA of untreated A549 cells, the 8-OH-
Gua leve]l was measured as 3.35 £ 1.67 (SD) per 107 Gua
(Fig. 2). Iiradiation by y-rays (20-80 Gy) induced the for-
mation of 8-OH-Gua in a dose-dependent manner, and its
yield was estimated to be approximately 0.17 residues per
107 Gua per Gy. Immediately after the §0 Gy v-irradiation,
the cell viability was virtually the same as that of the control,
as monitored by trypan blue staining.

25

y=0.1667x + 3,8522

n=§

8-OH-Gua/107 Gua

0 L I 1 L
0 20 40 60 80 (Gy)

Fig. 2. Effect of v-irradiation on the 8-OH-Gua formation in
A549 cells. A549 cells were exposed to y-irradiation at doses of
20-80 Gy. The 8-OH-Gua levels in the isolated DNA were deter-
mined as described. The results represent the means + SD of 6-8
experiments.

Correlation (y = 0.1667x + 3.8522) *P < 0.000]

Analysis of 8-OH-Gua in y-irradiated HaCaT cells

We also tried this new approach for 8-OH-Gua analysis in
keratinocyte (HaCaT cells) DNA. In the DNA of untreated
HaCaT cells, the 8-OH-Gua level was measured as 3.14 +
1.94 {SD) per 107 Gua (Fig. 3). The formation of 8-OH-Gua
was dependent on the y-ray dose, and the yield was 0.18 res-
idues per 10 Gua per Gy. Immediately after the y-irradiation
with 80 Gy, the cell viability was unchanged compared to
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Fig. 3. Effect of y-irradiation on 8-OH-Gua formation in HaCaT
cells. HaCaT cells were exposed to y-irradiation at doses of 20-80
Gy. The results represent the means * SD of 5-8 experiments.
Correlation (y = 0.1842x + 3.7236) *P < 0.0001.

that of the control, as assessed by trypan blue dye-exclusion
test,

8-OH-Gua repair in HaCaT cell DNA after y-irradia-
tion

We also compared the 8-OH-Gua levels in keratinocyte
(HaCaT cells) DNA immediately after and 20 hours after 60
Gy v-irradiation (Fig. 4). We found that 75% of the 8-OH-
Gua formed by the y-irradiation was repaired during the 20
hour period. Immediately after the 60 Gy y-irradiation, the
cell viability was similar to that of the control. Therefore the
level of 8-OH-Gua determined by this analysis may actually
be produced in living cells.
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Fig. 4. The 8-OH-Gua levels in HaCaT cells immediately after
and 20 hours after 60 Gy y-irradiation (right figure). The results
represent the means * SD of 3-8 experiments. Results without v-
irradiation (0 Gy} are shown on the left,

*P = 0.001 (significantly lower than the group analyzed immedi-
ately after 60 Gy y-irradiation).
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DISCUSSION

Severa) technigues have been developed to detect 8-OH-
Gua, a type of oxidative DNA damage. The measured back-
ground levels of 8-OH-Gua differ, depending on the DNA
isolation technique and the 8-ORB-Gua analysis method. To
measure the steady-state level of DNA oxidation, HPLC-
ECD is particularly useful with its selectivity, sensitivity,
and ease of quantification. During the past two decades, with
improved DNA isolation techniques and enhanced HPLC-
ECD sensitivity, the assayed background levels of §-OH-
Gua have decreased considerably.” Reliable and reproduc-
ible data with low background 8-OH-Gua levels (4/10’ Gua)
have been obtained by analyzing '8-0x0-7,8-dihydro-2'-
deoxyguanosine (8-OH-dG) after digesting DNA ' prepared
by an improved method, using a commercially available kit,
that employs an iron chelator, desferal, in the lysis step.” In
this study we analyzed the 8-OH-Gua base by HPLC-ECD
after the DNA was treated with the Fpg protein. This methed
was first deseribed by Loft and collaborators.'® They ana-
lyzed 8-nitroguanine and 8-OH-Gua in DNA afler treatment
with NO-generating agents, mainly in vitro, but detailed data
on the background level of 8-OH-Gua in cellular DNA were
not reported. Beckman et al. also used the same method to
detect an increase of 8-OH-Goa in the DNA of H20; treated
cells.'” Karakaya er al.2? detected 8-OH-Gua and many oxi-
dized bases with a gas chromatography/isotope-dilution
mass spectrometry (GC/IDMS) method, after y-irradiated
DNA was treated with the Fpg protein. In the present study,
we confirmed that the background level of 8-OH-Gua in cel-
lular DNA is 3—4 residues per 107 Gua. This baseline §-OH-
Gua value closely resembles that obtained by our previous
method, which analyzed 8-hydroxydeoxyguanosine 5°-
monophosphate (8-OH-dGMP) after the cellular DNA was
digested by nuclease P1 only (4.3 8-OH-dGMP/10" deoxy-
cytidine monophosphate [dCMP)).2? We also detected a
similar background level of 8-OH-Gua in the human kerati-
nocyte DNA. In human keratinocytes, the 8-OH-Gua levels
have never been measured with this level of precision. It was
recently reported that relatively low doses of ultraviolet-B
(62.5-500 mJ per cm?) caused dose-dependent increases in
8-OH-dG.™ Furthermore, that study found that unirradiated,
normal, human epidermal keratinocyte DNA contained 1.49
(+ 0.11) 8-OH-dG residues per 10° dG. In our study, the
amount of 8-OH-Gua in uniradiated cell DNA was much
smaller, about 1/5 of their level, though it is possible that dif-
ferent keratinocyte cell lines have distinct background 8-
OH-Gua levels.

The Fpg protein creates single-sirand breaks in the DNA -
al the sites of altered purines, including 8-OH-Gua. The
comet assay (single cell alkaline gel electrophoresis) mea-
sures DNA breaks, which form a comet-like image in which
the ratio of DNA in the 1ail reflects the break frequency. The
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ESCODD (European Standards Commitiee on Oxidalive
DNA Damage)® yeported that the background leve! of 8-
OH-Gua in Hela cell DNA is 0.53 per 10° guanines, based
on the comet assay after Fpg treatment. Qur method pro-
duced a lower background Jevel than that of the comet assay,
which is known as a highly sensitive method to measure
DNA damage. They reported that the bulk of the Fpg-sensi-
live sites generated by a photoexcited photosensitizer (Ro
19-8022) was quite likely to be 8-OH-Gua lesions, but 2,6~
diamino-4-hydroxy-5-formamidopyrimidine (FapyGua) and
4,6-diamino-5-formamidopyrimidine (FapyAde), which are
probably present at lower Jevels, might also be recognized
by the Fpg protein.” The difference in the background lev-
els between our analysis and the comet assay may coire-
spond to the amounts of FapyGua and FapyAde and other
unknown oxidized products, though it may also be a conse-
quence of using different cell lines.

With our new analysis method, it is possible to delect the
smail changes in the B-OH-Gua levels in cellular DNA
induced by various environmental factors, such as ionizing
radiation, UV light, and chemicals. Because of the low
background, we could accurately analyze the reduction of 8-
OH-Gua during the 20 hours after y-irradiation (Fig. 4).
Enhanced measurement precision may also contribute to the
elucidation of DNA repair mechanisms. Further efforts to
improve DNA isolation and analysis methods for 8-OH-Gua
assays should be continued.
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Skin as an immunological 'organ
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1. Skin-associated lymphoid tissue

Since skin is an organ continuously exposed to the external stimuli, one can easily
estimate the skin to be an immunologic organ. This led to the concept of skin-associated
lymphoid tissue (SALT). Such organs that contact the external world include gut-
associated lymphoid tissue (GALT) and bronchus-associated lymphoid tissue (BALT) as
well as SALT, |

The constituents of SALT include Langerhans cells, keratinocytes, skin-recruiting
T cells, vascular endothelial cells, and additionally dendritic epidermal ydT cells or
DETC in mice. These cells are orchestrated to give a well-organized immune system

‘specialized for the primary defense system.

2. Langerhans cells (LC)

Langerhans cells are bone-marrow-derived hematologic cells with a professional
antigen-presenting cell ability. This dendritic cell resides in the epidermis of the skin and
surrounded by keratinocytes. Thus, LC live harmoniously with the epithelial cells. The
adhesion of LC fo keratinocytes is performed via E-cadherin expressed on both cells.
Upon external stimuli, kératinocytes prdduce IL-1a and TNFa, which reduces the
expression of E-cadherin on LC, allowing 1.C to migrate to draining lymph nodes.

As antigen-presenting cells, LC present conventional protein antigens {peptides),
superantigens, and haptens to T cells. This presentation is carried out with major
histocompatibility complex (MHC) that binds to antigens. T cell receptors on T cells
recognize antigens in the context of MHC. In addition to MHC molecules, costimulatory
molecules on LC, such as CD80, CD86, CD40 and CD54, play an imporiant role for T

Reprint requests to: Yoshiki Tokura, MD, Department of Dermatology, University of
Occupational and Environmental Health, 1-1 Iseigaoka, Yahatanishi-ku, Kitakyushu
807-8555, Japan
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cell activation. _

The functions of LC are modified or abrogated b&f_ vériduél lstimuli.' Arriong them,
ultraviolet (UV) light is a well studied modality, which a'lie__'rs the ahiligén-pfeseniing ability
of LC. Therefore, LC has been a {larget. in’ _'ihveé;tiéation of UVB-induced

immunosuppression or photoimmunology.

3. Keratinocytes ‘

More than 90% of cells in the epidermis are keratinc&cyté"s, and this epitherlial cell
had been considered for long time as merely cornified, barriér-structuring cells. In early
1980's, however, keratinocytes were found to produce IL-1a. This put keraﬂnocytes‘
forward as i-mmunocompeient cells and triggered disboveries of various cytokines and
chamokines, such as TNF-a, GM-CSF, IL-6, I1L-8, IL-10 {mice), RANTES, IP-10, Mig, I-
TACK, TARC, MDC, C-TACK and etc. These molecules deeply participate in
inflammation and T cell infiltration in the skin.

in another line of study, it was found that l{eratinocytes express MHC class I
molecules, i.e. antigen-presenting molecules. Upen bearing MHC class |1, keratinocytes
are capable of 'presenting superantigens but not other antigens. Therefore,
keratinocytes are a non-professional antigen-presenting cell. In the case of hapten-
presentation, even immunological tolerance may be induced by class |1+ keratinocytes..

Furthermore, keratinocyles express ICAM-1 or CD54 molecules when stimulated
with interferon-y. Since ICAM-1 is an adhesion molecule that binds to LFA-1 on T cell.s,
this finding further provides evidence for immunocompetency of keratinocytes. It should
be strengthened that interferon-y released by T cells stimulates keratinccytes to express
both MHC class 1| and CD54. Therefore, keratinocytes and T cells are mutually

stimulated to evoke immunogical or inflammatory conditions.

4. Photoimmunology, photodermatology, and immunodermatology

The skin milieu is the primary target of UV light. Thus, there are close relationship
among dermatology, photobiology, and immunology. When investigators in these fields
study the biological effects of UV, they may need to undersiand the skin immune system

so that accumulation of basic knowledge effectively solves clinical issues.

b
BV



ISSN 1343-083]
XEkBE#E MB Derma.

No.96 BRI -

;
3
3
5
$

T BRI BREDRE - DL
2005 £ 1 B 31 H&T

et 2 HNRRHERS

32



MB Derma, 96 13-19, 2005.

TR TR b e ST LT e tH

e R R

QI /HIBERE

Key words | SEAIT AR BAE

BEBORE BECAR

N SEUSLRERE

drug 'photoéehsi'tivityé);'.%ﬁiﬁﬁkﬁﬁé (phoﬁoéaﬁsiti#p".dru‘_g PR

eruption), ¥/ o (quinolone), KNT7 ¥ (photohapten) /"7 v ¥ — (photoallergy) -

Abstract %mﬁ%ﬁ@ﬁﬁuﬁﬁ@ﬁﬂﬁgtswungﬁAm%ﬁ@ﬁﬁ?mﬁﬁ%;{7%"
w.%mmmaﬁ%ﬁ%%ﬁﬁ:or%ﬁféggoﬁﬁmaffrﬁagﬁmmﬁm%[ﬂ

(OBE, WATHD, tORFRLSE

ETRIBIEAN SV, BEOMTY EAY

ERT LK B R L E A L
1), EEEAOERLIREN b 10 FEET. B

ﬁmﬁa,%7p»¥—mﬁﬁm,mm%ﬂﬁ%nffﬁaurmﬁm%ﬁaﬁb;ﬁ%
-ﬁ%%c;U§E5>VWA>2mﬁc§ﬁﬁ%uTﬁﬁ%%ﬁ%ﬁ?%:tc;U%

EYT %.

[EL®ic

SersBIEGE I B CORMERI L EFCE
- L2 EMAOBRKTHY, BRSHRBRRTES
3. AREHIC X 3 bORRAOKBAEESSE
Y15, ETRMEELINETHD, IO
AR RER A TR, BBEVISERD
EEmbbE BRI ENTEL, TRDLLES
PRET B HITEHENELT 554 TORE
MHY, ThErEBEEESLER Lidio
<, SRR OLRBEIE D & R
WAEREES REE» S REMATH Y, AE
REIEETH S,

ERPRIEIR

B, BERRBTCEATAXCREIRRL
WIEEY — KRB TRETS. BATRWD
BiclRs lebRo g LxnZebdl, &
PEEOEE IRy FBAEBEL Twiled ik
2L bbd FBOAMEENDY, HE

* Yoshiki TOKURA, T 807-8555 b/
BEREL, 11 EXRERAFEEHS
wE, 8

373

OE L K FRE B, H, LIS VEL
£2%(F1) 2 EOEXRUCRRLTHENA S

© Rz, M, EXR Y TERCEE S IR,

B, TFREBEIR b EEAIXEL, YV
5, FEBE OB, RECLREBSET
%,
BRI AET -V HRREB R E
U,%va¥wﬁ®%ém,§ﬁﬁﬂﬁnwﬁ
EESEEED, ARENER Y I EEETHD.
B it RS B T REEM TRE D,
B L b RFEERESCELY 2EAL D
%, zOZLiE—BERN A—TY/-FAT
BRI £ T VL — RGOSR
T033TkRERsTE. RYESERREOH
i, THTRSIBEDIENPoTREILR
53 BERGHTEVRD, LiELERE
ERENEML I EHELY, BRINELER
BEAEASBET 5 RAR, HMERELTRE N2 (K
0y, EETHBEFIPREFIET 3 T L bhE,
Ef R R A B ot BE LS, T
TRERLTLES T HRETRERTS 5.

13



