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BT 2 LT AR T 2 N TREBR
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1 [EARBB#EE~2485H
B3V FHBERR

B

UVA 0.5~2 Jicm?
PEED

UVB 10~60 mJ/icm?

BBEto4 ~ 48054

(B8 2] RBRERSIT ANDFIR

E& 1/100 & 9, KIS LEHEWEAIRE

'1/10 L W ERRA L, 1/5, 1/2, 1EIBLBET D
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UVB oWE%, EFICEFT 22 L% GERE
CRRETT A LITL Y, HHEPBRINLIIEN .
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Summary

~ Background: Ketoprofen is well known to evoke the allergic type of photocontact
dermatitis when it is applied to the skin and irradiated with ultraviolet A (UVA) light.
Objective: We aimed to establish a murine model of this photosensitivity and to
characterize pathogenic T cells concerned with the sensitivity.
Methods: Various strains of mice were sensitized on two consecutive days by applica-
tion of ketoprofen to the shaved abdomen and irradiation of the skin with UVA. Five days
{ater, they were elicited with ketoprofen plus UVA on the earlobes. Immune lymph node
cells and epidermal cells from the challenged sites were analyzed by RT-PCR.
Results: Mice were successfully sensitized and challenged with 4% and 2% ketopro-
fen, respective, plus UVA at20 J/cm?. The responses in H-2% mice were higher than
those in the other strains examined. Immune lymph node CD4" or CD8* cells from
ketoprofen-photosensitized H-2¥ mice were transferred i.v. to naive syngeneic reci-
pients. Mice receiving CD4* but not CD8"* cells exhibited ketoprofen photosensitivity,
but transference of both CD4* and CD8" cell populations was more effective. Lymph
node cells from photosensitized mice expressed high levels of mRNA for Th2 cytokine
(IL-4) and Th2 chemokine receptor (CCR4) as well as Th1 cytokine (IFN-y) and Tht
chemokine receptor (CXCR3), as assessed by RT-PCR. In addition, epidermal cells from
challenged earlobes expressed increased levels of both Th1 (TARC) and Th2 (Mig)
chemokines.
Conclusion: It is considered that not only Th1 but also Th2 cells participate in the
pathogenesis of murine photocontact dermatitis to ketoprofen.
© 2005 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland
Ltd. All rights reserved.
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1. Introduction

Photocontact dermatitis is a specialized form of
contact dermatitis evoked by various chemicals,
such as halogenated salicylanilides, musk ambrette,
benzophenone-3 {oxybenzone), and non-steroidal
anti-inflammatory drugs [1]. Patients develop der-
matitis, when their skin is exposed to these agents
and subsequent ultraviolet (UV} light. This disorder

is pathohysiologically divided into two types, photo-

toxic and photoallergic ones. While the phototoxic
dermatitis ismediated by oxygen intermediates, the
photoallergic type, also known as contact photo-

sensitivity, is a well-organized cutaneous sensitivity .

that is immunologically induced and elicited with
photoallergic agent and UVA. Recently, the inci-
dence of the photoallergic type is higher than the
phototoxic one, because the major causative agents
are non-steroidal anti-inflammatory drug with
photoallergic properties [2].

it has been clarified that the majority of photo-
allergic agents are photohaptens, which bind cova-
lently to protein via the formation of free radicals
resulting from UV irradiation [2]. Because of this
photobinding ability, cells are easily photomodified
with photohapten under exposure to UVA, which is
the action spectrum of photocontact dermatitis.
The main sequential events in photocontact derma-
titis have been investigated with 3,3',4',5-tetra-
chlorosalicylanilide (TCSA) in mice [3,4] and are

virtually the same as those of ordinary contact -

dermatitis except for the requirement of UV ‘irra-
diation in sensitization and challenge. Photoconju-
gation of epidermal cells with TCSA is the initial
step. Langerhans cells (LC), which are professional
antigen-presenting cells in the epidermis, play an
important role, Photohapten-bearing LC migrates to
draining lymph nodes in the sensitization phase [5].
Tcells sensitized by photohapten-bearing LC induce
the photosensitivity [3] and suppressor or regulatory
T cells involved in this sensitivity have been identi-
fied [6].

Ketoprofen {KP), widely used as a topical non-
steroidal anti-inflammatory drug, is clinically well
known to induce the allergic type of photocontact
dermatitis [7—11]. In addition to the high incidence
of occurrence of photocontact dermatitis, KP is an
interesting drug in its cross-photoreactivity with
thiaprofenic acid, suprofen, phenofibrate, and ben-
zophenone-3 [7—11]. These substances have a
photohaptenic moiety [2] as well as a phototoxic
ability [12,13].

A model of KP photocontact dermatitis has been
reported using guinea pigs [11]. However, little is
known regarding the immunological characteristics
of photocontact dermatitis to KP. In this study, we

&3

established a murine model of KP photosensitivity
and investigated the immunological mechanism,
focusing on the involvement of Th1 and Th2 cells.

2. Materials and methods
2.1. Animals

AKR/N (H-2%), CBA/J (H-2), C3H/He (H-2), BALB/c
(H-2%), DBA/2 (H-29), A/J (H-2%), C57BL/6 (B6; H-2°)
were obtained from Kyudo Co. Ltd. (Kumamoto,
Japan). BALB.K/Ola (H-2¥) mice were kindly pro-
vided by National Institute of Genetics (Mishima,
Japan). Female mice, 8-week old, were used in this
study.

2.2, Chemicals

KP was obtained from Hisamitsu Pharmaceuticat Co.
Inc. (Tokyo, Japan) and 3,3',4',5-tetrachlorosalicy-
lanilide {TCSA) was purchased from Kanto Chemical
Co. Inc. (Tokyo, Japan).

2.3, Light source

" Black light (FL20SBL-B) emitting UVA ranging from

320 to 400 nm with a peak emission at 365 nm was
purchased from Toshiba Electric Co. (Tokyo, Japan).
With a UV radiometer (Topcon Technohouse Corp.,
Tokyo, Japan), the energy output of three 20W
tubes of black light at a distance of 20 cm was
2.4mW/cm? at 365nm and 0.17 mW/cm? at
305 nm.

2.4. Photosensitization and
photochallenge to KP

The basic method for photosesitization and photo-
challenge was described previously [3,4]. Mice were
painted with 50 wl of 1, 2 or 4% KP in acetone to the
clipped abdomen. Within 30 min, the painted site
was irradiated with three tubes of black light at a

distance of 20 ¢m for 2.5h (20 J/cm? at 365 nm)

unless otherwise mentioned by placing cages con-
taining mice over the lights. We used a pane of
window glass 3 mm thick to insure that no radiation
below 320 nm reached the skin, The painting plus
irradiation was performed on two consecutive days,
i.e., days 0 and 1. Before chatlenge, the basal line
thickness of both ears on all mice was measured with
a dial thickness gauge. On day 5, all mice were
challenged on both sides of each earlobe with
25 plof 2% KP in ethanol unless otherwise described.
Within 30 min, the mice received irradiation under
black light at a distance of 20 cm at 20 J/cm? at

&2
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365 nm. Ear thickness was measured 24 h after irra-
diation and was expressed as the mean increment in
thickness above basal line control value.

2.5. Preparation of single cell suspension
of lymph node cells (LNC) and epidermal
cells ’

Axillary and inguinal lymph nodes were collected on

day 3 or 5 from mice photosensitized with KP on days

0 and 1. Single cell suspensions were prepared by
teasing lymph nodes. For preparation of epidermal
cells, excised murine earlobes were incubated in
0.2% trypsin. Epidermal cells were dispersed and
washed three times in PBS, as described previously
[14].

2.6. Adoptive transfer of sensitivity with
immune LNC

Immune LNC were prepared on day 5 from KP-
photosensitized AKR/N mice. To obtain purified
CD4* or CD8* T cells, LNC were incubated with
anti-CD4 or anti-CD8 monoclonal antibody (mAb)-
conjugated magnetic beads (Dynal Inc., Osto, Nor-
way) and the bound -~=lls were detached from the
beads with Detachabeads {Dynat inc.) according to
the manufacture’s directions. Unfractionated LNC
(2 x 107 cells/mouse) or varying ratios of CD4* or
CD8" Tcells in 0.4 ml of phosphate buffered saline
{PBS; pH 7.4) were injected i.v. into naive recipi-
ents. The control mice were injected with PBS
alone. Within 1 h after cell transfer, the recipient
and control mice were challenged on the ears with
2% KP plus 20 J/cm? UVA, and ear swelling response
was measured after 24 h, In a comparison, BALB/c
mice were sensitized with 1% TCSA plus 12 J/cm?
UVA on days 0 and 1, as described previously [3,4],
and LNC were transferred to naive syngeneic mice.
Epicutaneous sensitization and challenge with TCSA
plus UVA was reported [3].

2.7. Reverse transcription-polymerase
chain reaction (RT-PCR) assay

Total RNAwas extracted from LNC or epidermal cells
using the SVTotal RNA isolation system (Promega
Co., Madison, WI, USA). To prepare first strand
cDNA; 1 ug of RNAwas incubated in 100 pl of buffer
containing 10mM dithiothreitol; Z.5mM MgCly,
dNTP mix, 200 U of reverse transcriptase Il (Invitoro-

gen, Carlsbad, CA, USA) and 0.1 mM olige (dThz-as

(Invitorogen). Each cDNA were amplified in a 50 ul
PCR solution containing 0.8 mM MgCl,, dNTP mix and
DNA polymerase (Roche Applied Science, Penzberg,
Germany) with synthesized primers. Samples were

heated to 95 °C for 2 min, 55 °C for 2 min and 72 °C
for 3 min, and cycled 40 times through 95°C for
1 min, 55 °C for 2 min and 72 °C for 3 min. The final
incubation was 72 °C for 7 min. The mixture was
subjected to 1% agarose gel for electrophoresis with
the indicated markers and primers for the internal
standard B-actin., Each sample was applied more
than two lanes in the same gel. The agarose gel was
stained with ethidium bromide and photographed
with UV transillumination.

~ The sense/antisense primer sequences were as
follows. Interferon-y (IFN-vy): 5-TGA ACG CTA CAC
ACT GCATCT TGG-3 and 5/-CGA CTC CTT TTC CGC
TTC CTG AG-3'; IL-4: 5-ATG GGT CTC AAC CCC CAG
CTA GT-3" and %-GCT CTT TAG GCT TTC CAG GAA
GTC-3'; CXCR3: 5-GCC GAT GTT CTG CTG GTG TTA
A-3"and 5-TTT TCG ACC ACA GTT GCG GGC-3' CCR4:
5-TCG GAT TTG CTG TTC GTC CTG T-3/ and 5'-TAA
GGC AGC AGT GAATGA AGC C-3'; IP-10; 5-CGC ACC
TCC ACATAG CTTACA G-3" and 5-CCTATC CTG CCC

"ACG TGT TGA G-3'; Mig: 5-TGA TAA GGA ATG CAC

GAT GCT C-3and 5-TTCCTT GAACGA CGACGACTT
T-3'; TARC: 5'-CAG GAA GTT GGT GAG CTG GTATAA-
3 and 5'-TTG TGT TCG CCT GTA GTG CAT A-3'; MDC:
5-TCT GAT GCA GGT CCCTAT GGT-3 and 5-TTATGG
AGT AGC TTC TTC ACC CAG-3'; B-actin: ¥'-TGG AAT
CCT GTG GCATCC ATG AAAC-3 and 5'-TAA AAC GCA
GCT CAG TAA CAG TCC G-3'.

2.8. Statistical analysis

Student’s t-test was employed to examine the sig-
nificance between the means, and p < 0.05 was
considered statistically significant.

3. Results

3.1. Induction of photocontact dermatitis
by KP plus UVA

As shown in Fig. 1, AKR/N mice were sensitized by
topical painting of 4% KP and subsequent irradiation
with 20 J/¢m* UVA, or by KP alone. They were
challenged on the earlobes with 2% KP and/or
20 J/cm? UVA. A significant ear swelling response
was observed in mice challenged with both KP and
UVA, whereas elicitation with KP or UVA alone did
not induce the response. In mice sensitized with 4%
KP alone, KP plus UVA evoked a detectable swelling
response. Since elicitation with KP alone did not
yield any response, this was considered to be a
phototoxic response, and was significantly lower
than the photoallergic response to KP. Thus, treat-
ment with KP plus UVA was capable of inducing the
allergic type of photocontact dermatitis in mice.
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4% KP +UVA 2% KP + UVA

4% KP+UVA 2% KP

4% KP + UVA UVA
4% KP 2% KP+ UVALS
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Fig. 1

Requirement of both KP and UVA for induction and elicitation of allergic photocontact dermatitis. AKR/N mice

were sensitized with KP (4%) plus UVA (20 J/cm?) or KP alone on days 0 and 1. Onday 5, they were challenged on both sides
of each earlobe with KP (2%) and/or subsequent UVA (20 J/cm?). Ear swelling was measured 24 h after irradiation. Each

column represents the mean + S.D.

3.2. KP concentration and UVA dose
effective for induction and elicitation of
photocontact dermatitis

AKR/N and C3H/He mice were sensitized with 1, 2,
or 4% KP in combination with 20 J/cm? UVA, and
challenged with 2% KP plus 20 J/cm? UVA (Fig. 2A).
KP at both concentrations of 2 and 4% produced
significant ear swelling responses, with the latter
being slightly more effective than the former. When
4% KP-photosensitized mice were challenged with 1,
2, or 4% KP in combination with 20 J/cm? UVA, 2 and
4% KP induced comparable responses in AKR/N mice,
while all three concentrations of KP produced sig-
nificant responses in C3H/He (Fig. 2B). When AKR/N
mice were sensitized with 4% KP alone and chal-
lenged with 2% or 4% KP plus UVA, photochallenge
with 4% KP produced two-fold higher swelling than
2% KP (data not shown), indicating that the photo-
toxic response of 2% KP was low.

AKR/N mice were sensitized with 4% KP and UVA at
10, 20, 30 or 40 mJ/cm?, and challenged with 2% KP
plus 20 mJ/cm? UVA (Fig. 2C). UVA at 20, 30, and
40 mJ/cm? yielded significant and comparable
responses. Therefore, we used 4% KP for photosensi-
tization and 2% KP for photochallenge in combination
with 20 mJ/cm? UVA in the following experiments.

3.3. Different reactivity in photocontact
dermatitis among various mouse strains

Eight strains of mice were sensitized and challenged
with KP plus UVA. AKR/N, CBA/J, C3H/He, BALB.K/

Ola, and A/J exhibited higher responses than did
BALB/c, DBA/2 and B6 mice (Fig. 3). Considering
that BALB/c and BALB.K/Ola mice are H-2-congenic
strains and thus differ only at the H-2 complex, it
seems that H-2X mice are high responders in this
sensitivity.

3.4. Adoptive transfer of photocontact
dermatitis

Immune LNC were taken from AKR/N mice photo-
sensitized with KP 5 days before and injected i.v.
into naive recipients, which were challenged with
KP plus UVA. As positive control, a group of mice
were epicutaneously sensitized and challenged in
parallel. Fig. 4A shows that mice receiving 2 x 107
LNC exhibited a significant degree of photocontact
dermatitis but to a lesser degree than the epicuta-
neously sensitized mice. Along with this study,
immune LNC from BALB/c mice photosensitized with
TCSA were transferred to naive syngeneic recipi-
ents. They had a stronger but similarly reduced level
of response as compared to the epicutaneously
sensitized mice. When donor mice were treated
with UVA alone, transfer of their LNC did not induce
the sensitivity in recipients (Fig. 4B). ‘

3.5. Essential and augmentative roles of
CD4" and CD8" cells, respectively, in
photocontact dermatitis

CD4" or CD8" Tcells (5 x 10° cells/mouse) purified
from KP-immune LNC of AKR/N mice were trans-
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Fig, 2 Effects of KP concentration and UVA dose on sensitization and challenge of photocontact dermatitis. AKR/N and
C3H/He mice were sensitized with varying doses of KP (1—4%) (A) or 4% KP (B) plus UVA (20 J/cm?) on days 0 and 1. On day
5, they were challenged on both sides of each earlobe with 2% KP (A) or varying doses of KP {1—4%) (B) plus UVA (20 J/
cm?). In (C), AKR/N mice were sensitized with 4% KP plus varying doses (10—40 J/cm?) of UVA and challenged with 2% KP
plus 20 J/cm? UVA. Ear swelling was measured 24 h after irradiation. Each column represents the mean +5.D. p < 0.05.

ferred to naive syngeneic recipients. Upon chal-
lenge with KP plus UVA, mice injected with
CD4" cells, but not CD8" or CD4CD8™ cells, exhib-
ited a significant swelling response compared
to the non-injected control mice (Fig. 5). When
mice were injected with increasing numbers of
CD8* cells additionally with CD4" cells, 5 x 10°

- onT

cells, but not 1 or 2.5 x 10° cells, enhanced the
CD4" cell-induced response. This combination of
CD4" and CD8" cells produced a comparable
response to the epicutaneously sensitized mice.
The results suggested that CD4* T cells mediate
the sensitivity and CD8" T cells participate in the
full responses.
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Fig. 3 Photocontact dermatitis to KP in various mouse
strains with different H-2 haplotypes. Mice were sensitized
with 4% KP plus 20 J/cm? UVA on days 0 and 1. On day 5, they
were challenged with 2% KP and 20 J/cm? UVA. Data are
expressed as: Aear swelling, representing (sensitization and
chatlenge) — (challenge alone). Each column represents
the mean + S5.D.

3.6. Elevated mRNA expression of
cytokines and chemokine receptors of
both Th1 and Th2 cells in immune LNC

AKR/N mice were sensitized with KP plus UVA on
days 0 and 1, and single cell suspensions of immune
LNC were prepared on day 1 (immediately after
sensitization), 3 and 5. The expression of Th1 and
Th2 cytokines, as represented by IFN-y and IL-4,
respectively, was examined by RT-PCR. As shown in
Fig. 6A, KP photosensitization increased the expres-
sion of both cytokines compared to vehicle alone.
Notably, IL-4 was markedly augmented by KP plus
UVA on day 5..

Th1 and Th2 cells express chemokine receptor
CXC chemokine receptor 3 (CXCR3) and CC chemo-
kine receptor 4 (CCR4), respectively. The expression
of these chemokine receptors was also tested in
immune LNC. As most discernibly seen in day 5
LNC, CCR4 expression was remarkably enhanced
by sensitization with KP plus UVA, while CXCR3
was increased to a lesser degree (Fig. 6B).

Ear swelling £ SD (X 102 cm)

2 3 4 5 [ 7
1 1 1 i

Mice receiving: Challenge 0 1
!

KP+UVA 2% KP
+UVA

i.v. injection of 2% XP
Immune LNC +UVA
_— 2% KP
+UVA

0.1% TCSA
TCSA +UVA +UVA

i.v. injection of 0.1% TCSA
+UVA

Immune LNC
— O.I%U'{;SSA
+
(A)
Ear swellingx SD (x 10 cm)
LNC from
mice treated with: Challenge 0 1 2 3 4 5
- 2% KP+ UVA
UVA alone 2% KP + UVA p <0.05
4% KP + UVA 2% KP + UVA —
(B) N=4-8]

Fig. 4

(A) and (B) Transfer of LNC from KP- or TCSA-photosensitized mice. AKR/N (for KP) and BALB/c (for TCSA) mice were

injected i.v. with immune LNC (2 x 107 cells/mouse) from KP- or TCSA-photosensitized mice. The control mice were not
injected. Within 1 hafter cell transfer, the recipient and control mice were challenged with 2% KP plus 20 J/ cm? UVAor 0.1%
TCSA plus 20 J/cm? UVA, and ear swelling response was measured after 24 h. Each column represents the mean + S.D.
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Ear swelling£ SD (x 10 cm)

Immune LNC (x 10%)

Sensitization with KP + UVA
(positive control)

CD4+ cells (5)

CDS8* cells (5)
CD4* cells (5) + CDS* cells (1) s p<0.05

CD4+ cells (5) + CD8* cells (2.5) p<0.05

CD4 cells (5) + CDS8* cells (5) e BRE 8

CD4- CD8- cells (5)

Challenge alone

N=5-6

Fig. 5 Transfer of CD4" and/or CD8" cells from KP-photosensitized mice. Mice were injected with intravenous injection
of purified CD4* and/or CD8* Tcells from KP-photosensitized AKR/N mice. The control mice were not injected. Within 1 h
after cell transfer, the recipient and control mice were challenged with 2% KP plus UVA irradiation. Each column

represents the mean =+ S.D.
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phototreatment.

3.7. Elevated mRNA expression of
chemokines of both Th1 and Th2 cells in
challenged epidermis

Murine epidermal keratinocytes produce Th1 che-
mokines, interferon-inducible protein-10 (IP-10/
CXCL10) and monokine induced by interferon-y
(MIT/CXCL9), and Th2 chemokines, thymus and
activation-regulated chemokine (TARC/CCL17) and
macrophage derived chemokine (MDC/CCL22).
These Th2 chemokines bind to CCR4 on Th2 cells,
while the Th1 chemokines have affinity to CXCR3 on
Th1 cells [15]. To address the role of these chemo-
kines in infiltration of Th1 and Th2 cells at the
challenged site, AKR/N mice were sensitized with
KP and UVA, and 5 days later, challenged on the
earlobes with KP or vehicle in combination with UVA,
Epidermal cell suspensions were prepared from the
ears 24 and 48 h after challenge and subjected to RT-
PCR. At 24 h after challenge, the expression of Mig
and TARC was increased by freatment with KP plus
UVA, as compared to no treatment or vehicle alone
(Fig. 7). The expression at 48 h was virtually the
same as that at 24 h, but less discernible. IP-10 and
MDC were not substantially changed. Thus, both
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expressed increasingly in the challenged epidermis.

4. Discussion

The present study was aimed to establish a murine
model of photocontact dermatitis to KP. The photo-
sensitivity was successfully induced and elicited by
skin application of KP and subsequent irradiation
with UVA. The optimal concentration of KP was 4%
for sensitization and 2% for elicitation, and the dose
of UVA was 20 J/cm?. In a comparison with a repre-
sentative allergic photocontactant TCSA [3,4],
these concentration and dose are high, and the
degree of ear swelling response is low. Patients with
photocontact dermatitis to KP exhibit a strong
erythematous reaction, and even bulla formation
occurs in some patients [8—11,16]. Our present
system, therefore, is not a complete mimicry to
the clinical photosensitivity. Nevertheless, the
photoallergic potential of KP can be evaluated by
this murine model.

The magnitude of response depended on the
strain of mice, and at least the major histocompat-
ibility complex (MHC) seems to influence the
response. H-2X mice are high responders compared
to H-2%° mice. This is strikingly in contrast to

“photocontact dermatitis to TCSA, in which H-2%P

mice are high responders, while H-2% is the low






