mitogen for mature hepatocytes and was cloned in 1989 (12, 13). In addition to its hepatotrophic
effect, HGF was revealed to exhibit neurotrophic activity in the hippocampus, cerebral cortex,
sensory neurons, and motor neurons (14, 20). Recently, Hayashi et al. (21) reported that HGF gene
transfer to the subarachnoid space prevents delayed neuronal death in gerbil hippocampal CA1
neurons. Sun and Nakamura et al. (46) reported that introduction of the HGF gene into neurons of
ALS-model mice attenuates motor-neuronal degeneration and increases the lifespan of these mice.
We demonstrate here that human HGF was detected in both CSF and SGCs and that it induced the
expression of rat endogenous HGF. Moreover, the induction of HGF increased expression of the
HGF receptor c-Met in SGCs to augment signal transduction of HGF, HGF is also known to have
aniti-apoptotic activity by increasing the ratio of bcl-2 to bax through the PI3K/Akt pathway (47)
and to have the capacity to induce angiogenesis and increase blood flow (48-51). These functions
of HGF can be enhanced by a positive feedback mechanism. Recent studies have shown that the
feedback mechanism involved in HGF signaling is mediated by an essential transcription factor,
ets. Aoki et al. (48) demonstrated that HGF up-regulates ets activity and ets-1 protein. Not only rat
HGF, but also exogenously expressed human HGF, stimulates endogenous HGF expression
through the induction of ets activity (49). A RAS-RAF-MEK-ERK signaling pathway is involved
in the activation of ets-1 transcription by HGF (52). When ets-1 expression was inhibited by the
transfection of antisense ets-1 oligodeoxynucleotides, HGF expression was markedly decreased
(49, 50). In this study, the biclogical effects of HGF appeared to be up-regulated multifold by such
a positive feedback mechanism, although the level of human HGF in CSF was much lower than rat
HGF after stimulation by human HGF. HGF gene therapy for the auditory system may have
several advantages over the previous gene therapy strategies using neurotirophins, but further
comparative experiments using other neurotrophins are needed. Although the precise
measurement of cochlear blood flow would be difficult, further study of vascular function in the
cochlea after HGF gene transfer will provide novel information regarding cochlear function.
Moreover, there exists another possibility in which HGF could cause the regeneration of HC or
SGC as implied in this study, and we are now investigating the regenerative effect of HGF on inner
ear cells. Combined therapy of cochlear implant and HGF gene therapy, i.e., administering the
HGF gene during the operation of cochlear implant, would be also effective.

Hearing impairment was associated with the loss of HC and SGC, and the prevention of their loss
was achieved by the protective effect of HGF against apoptotic cell death. HGF expression was
also effective for the recovery of hearing function, after previous impairment by kanamycin
treatment, Thus, HGF gene therapy is a potent candidate for the treatment of sensorineural hearing
impairment. This research provides a new insight and approach for clinical treatment for hearing
impairment by combining the HGF gene with the HVJ-E vector delivery system.
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Table 1

Luciferase activity at 24 h after transfection of HGF gene via the cisterna magna

RLU/mg tissue
Cerebral cortex 151.2 £224.7 (n=4)
Medulla 2253 £88.2 (n=4)
Cerebellum 1123 +61.4 (n=4)
Cochlea 146.6 £44.7 (n=8)

After intrathecal injection of the luciferase gene via the cisterna magna, luciferase activity was measured from tissues dissected from the cerebral
cortex, medulla, cerebellum, and cochlear. Transgene expression was not detected in other organs including the liver, lung, and spleen.
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Figure 1. Localization of lacZ expression in the brain and cochlea. lacZ expréssion in the medulla (4), cochlear
nucleus (B), and SGCs (C) of normal rats was detected by X-gal staining on day 7 after intrathecal injection of HVJ-E
containing the E. coli B-galactosidase gene lacZ. Scale bar: 100pm.
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Fig. 2

5

KM+HGF |

] ’I * L] KM+vector [
i M controt -

W .
g A

E
(=)
£.
u_ -
& 3 [
I 25 1 i
& 2° -
£ 15 -
T o -
.05 7 ] |
0 s f
day 5 day 12
B 3] \
3 lr‘_ KM+HGF [
1 & KM+vector
25 1 M control [

DR
pVAX1-hHG
Figure 2. Expression levels of exogenous and endogenous HGF in CSF and SGCs. Exogenous human HGF (4) and
endogenous rat HGF (B) in CSF from the KM + HGE, KM + vector, and control groups were measured on days 5 and 12
after transfection with the human HGF transgene (=4 for each). SGCs from the mid-turn of cochleae treated with KM +
vector (C) or KM + HGF (D) were immunostained with anti-human HGF antibody. *P < 0.01. Scale bar: 50 um; n=4 for
each group,
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Fig. 3

control KM+vector KM+HGF

anti c-Met antibody

Hoechst

merge

Figure 3. Enhancement of c-Met expression in SGCs by HGF gene transfer. Immunohistochemistry of SGCs from the
intact rats, KM + vector group, and KM + HGF group was performed. Samples were stained with anti-c-Met antibody
(upper) and counterstained with Hoechst 33342 (middle). Merged images are also presented (bottom).
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Fig. 4
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Figure 4. Protective effect of the HGF transgene on SGC and HC treated with kanamycin. Numbers of hematoxylin-
positive cells of SGC of the rats treated with KM + vector or KM + HGF are counted at various time points (4; n=6 for
each group). Mid-modiolar 10 um cryosections from rats without treatment (control; B), treated with kanamycin and HV]J-
E containing control vector (C), or HVJ-E containing the human HGF gene (D) were stained with hematoxylin on week 4.
TUNEL staining of the contiguous sections of SGCs from the same rats as described above is shown in E, F, and G.
Floorescent image of HC of the rats in the control, KM + vector group, and KM + HGF group is shown in H, I, and J. O:
outer hair cell; I: inner hair cell. Scale bar; 50 um in B-D and H-J, 500 pm in E-G. *P < 0.01.
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Figure 5. Hearing function of rats treated with KM, KM + vector, or KM + HGF was evaluated by the auditory
threshold using ABR. Time course of the experiment was illustrated in A. In the protection experiment (B), rats treated
with the HVJ-E containing control vector (vector) or HVJ-E containing the human HGF gene (HGF) immediately before
the kanamycin insult underwent evaluation of the auditory threshold on days 0, 7, 14, 21, 28, and 56. In the therapeutic
experiment (C), rats were treated with the HVJ-E containing control vector (vector) or HVJ-E containing the human HGF
gene (HGF) 14 days after the kanamycin insult and the auditory threshold was measured at each time point. KM means the
auditory threshold of rats treated only with kanamycin. Six rats were used in each group. Means + SD of each value are
indicated. ®: KM group; O: KM + vector group; O: KM + HGF group. *P < 0.01; **P < 0.05.
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Photodynamic therapy may be useful in debulking cutaneous

lymphoma prior to radiotherapy

N. Umegaki, R. Moritsugu, S. Katoh, K. Harada, H. Nakano, K. Tamai, K. Hanada and M. Tanaka*
Departments of Dermatology and *Pathology, Hirosaki University Schoof of Medicine, Japan

Summary Photodynamic therapy (PDT) with topical 5-aminolaevulinic acid (5-ALA) is a
promising new treatment for superficial malignant nonmelanoma tumeours, including
cutaneous malignant lymphoma. Here, we report a case of cutaneous anaplastic large
cell lymphoma effectively treated by PDT with topical 5-ALA in combination with
radiotherapy.

Report The covering epidermis showed slight sponglosis asso-

Photodynamic therapy (PDT) has been shown to be a
new and effective treatment for various cutaneous
malignancies such as Bowen's disease, actinic keratosis,
basal cell carcinoma and squamous cell carcinoma.’
Recently, performance of PDT with topical 5-amino-
laevulinic acid (5-ALA) for mycosis fungoides and CTCL
has been reported with favourable clinical results.> In
the present paper, we report the successful use of PDT
with 5-ALA in a patient with cutaneous anaplastic large
cell [ymphoma (ALCL), one subset of malignant lym-
phoma.

A 69-year-old Japanese female with an unremarkable
medical history developed an asymptomatic, enlarging
skin tumour on the scalp; at the time of presenta-
tion this had been present for the 3 months. Physical
examination revealed a 22 x 30-mm dome-shaped,
reddish-violet tumour on the vertex of the scalp
(Fig. 1). The lesion was covered with shiny, thinned
skin without ulceration and was attached to the subcu-
taneous structure, Careful palpitation failed to demon-
strate significant regional lymphadenopathy. Biopsy
showed a sheet of dense infilirate from the superficial
dermis to the deep dermis consisting of large atypical
lymphoid cells with a large number of mitotic figures.

Correspondence: H. Nakano, Department of Dermatology, Hirosaki Uni-
versity School of Medicine, 5 Zaifucho, Hirosaki, 036-8562, Japan.
Tel.: 481 172 39 5087, Fax: +81 172 37 6060.
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Accepted for publication 24 June 2003

ciated with a thinned cornified layer (Fig. 2). Immu-
nohistochemistry demonstrated that the cells were
CD30 positive and CD3, CD79, CD15, $-100, HMB-45
and anaplastic lymphoma kinase protein negative.
Southern blotting revealed clonal rearrangements in
the T-cell receptor o, and ¥ genes, and the partial loss of
B and 3 genes was observed. Epstein-Barr virus and
human T-cell leukaemia virus type 1 were not detected
in the serum or biopsy specimen. Computed tomogra-
phy failed to detect internal lymphadenopathy, as well
as metastatic lesion, Based on these findings, a diagnosis
of cutaneous ALCL was made. Tumour, node, metasta-
ses (TNM) classification was evaluated as T1, NO, MO,
placing this lesion into stage IA in the staging classifica-
tion of CTCL.®> It was desirable to reduce the tumour
volume as much as possible prior to the initiation of
radiation therapy. Towards this end, informed consent
was obtained for PDT with application of topical 5-ALA
to the cutaneous ALCL tumour.

For photosensitization, 20% 5-ALA (Sigma) in Dortin
(Chemofux, Vienna, Austria) - an oil-in-water emul-
sion — was applied to the tumour with no preparation
before ALA application, and kept in place under an
occlusive dressing for 6 h prior to illumination with
visible light. The tumour area was irradiated with by a
SUS66 illuminator (Ushio, Tokyo, Japan), a metal
halide-lamp with emission spectra of 630 nm and
700 nm. At a fluence rate of 100 mW cm™2, the lesion
recetved 120 J/cm? (irradiation time 20 min).

To examine the mechanism of cell death induced by
ALA-based PDT, sections obtained from the tumour

42 © 2004 Blackwelt Publishing Ltd e Chinical and Experimental Dermatology, 29, 42-45
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Figure 1 A dome-shaped, red tumour on the scalp.
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Figure 2 Histology of the tumour prior to PDT demonstrates a
dense infiltrate of large atypical lymphoid cells in the dermis. The
covering epidermis shows slight spongtosis associated with a
thinned cornified layer (haematoxylin & eosin, original magnifi-
cation x 200).

24 h after the initial PDT were examined for evidence of
apoptosis, utilizing the terminal deoxynucleotidyl transf-
erase-mediated in situ TUNEL method (In situ Apoptosis
Detection Kit, Takara, Tokyo, Japan).

After removal of the 5-ALA ointment, a localized
intense fluorescence was observed within the tumour
under a Wood's light in a darkened room (Fig. 3a). The
border of the tumour was also positive for flzorescence,
albeit with a reduced intensity (Fig. 3a, arrows). The
positivity, however, might not represent tumour specif-
icity, because we did not confirm whether protoporph-
yrin IX was localized in the tumour cells or in the
covering epidermis. After 9 consecutive days of treat-
ment (total dose of 1080 ]/Cmp'). the tumour was
remarkably reduced in volume and became almost flat.
During treatment, the patient complained of a stinging

Pre-radiotherapy PDT of CL # N. Umnegaki ei al.
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Figure 3 {a) The intense fluorescence of protoporphyrin IX was
observed within the tumour. The peripheral region was also pos-
ittve with a reduced intensity (arrows). (b) After the PDT sessions,
the tumour mass became nearly flat, leaving residual infiltration.
{c) Histology 24 h after the initial PDT showing massive degen-
eration of lymphoma cells, represented by numerous pyknotic
nuclei {haematoxylin & eosin, original magnification x 200).

sensation that was restricted to the illuminated area.
Inflamed infiltration associated with moderate but
tolerable pain remained at the tumour site and in the
peripheral region of the initial tumour (Fig. 3b). Histol-
ogy revealed massive degeneration ol Iymphoma cells,
represented by numerous pyknotic nuclei, 24 h follow-
ing the initial PDT (Fig, 3¢). The remaining lesion
underwent radiation therapy (total dose 40 Gy), and a

© 2004 Blackwell Publishing Ltd e Clinical and Experimental Dermatology, 29, 42-45 43
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Figure 4 Apoptotic cells were detected by TUNEL using the In Situ
Apoptosis Detection Kit (Takara, Tokyo, Japan) following the
manufacturer’s protocol. (a) Twenty-four hours after the initial
PDT, few apoptotic cells are observed in a sheet of necrotizing
lymphoma cells. Nucle were counterstained by haematoxylin
(original magnification x 100}. (b) A significant number of
apoptotic cells {arrows) are seen prior to PDT (original magnifi-
cation x 100},

clinically disease-free condition resulted. The patient
has not developed local recurrence for approximately
2 years.

In the immunohistochemical examination of apop-
totic cells, virtually no apoptotic cells were detected
throughout the dense collection of lymphoma cells
undergoing necrosis 24 h after the tnitial PDT (Fig. 4a).
In contrast, a significant number of apoptotic cells were
observed in a sheet of atypical lymphoma cell infiltrate
before PDT (Fig. 4b, arrows).

The lesion of cutaneous ALCL usually presents as
a solitary, asymptomatic, cutaneous or subcutaneous
reddish-violet tumour. ALCL accounts for approxi-
mately 9% of cutaneous lymphomas. Treatment of
localized lesions usually includes excision with or with-
out radiation and is associated with long-term

survival.>® As the present case was classified as stage
JA with a localized cutaneous lesion, we chose PDT for
the initial treatment to reduce the tumour volume
before initiating ionizing radiation therapy. After nine
consecutive PDT, the tumour mass was remarkably
reduced, leaving an erythematous plaque with slight
but discernible intfiltration (Fig. 3b).

Generally, apoptosis is known fo be one of the key
mechanisms underlying the efficacy of PDT, while
another mode of cell death, e.g. necrosis or vascular
endothelial damage, might be invelved in the cytotoxic
mechanism.”® Additionally, experimental reports dem-
onstrated that the mode of cell death was dependent on
the cell line, the photosensitizing agent and the protocol
used.?'© These findings suggest that the mechanisms
leading to cell death are complicated and difficult to
assess. In order to address this, we performed immu-
nohistochemical detection of apoptotic cells, using the
terminal deoxynucleotidyl transferase-mediated in situ
TUNEL method, Low numbers of apoptotic cells were
observed throughout the dense infiltration of lymphoma
cells undergoing necrosis 24 h after the first treatment
of the PDT sessions (Fig. 4a). It is known that apoptotic
cells can be spontaneously observed in CD30-positive
ALCL, accounting for self-regression in some cases.’
Indeed, we detected a significant number of apoptotic
cells in a biopsy specimen obtained prior to PDT
(Fig. 4b). In this case, we speculate that necrotic cell
death may be the predominant mode of cytotoxicity
elictted by PDT with topical ALA, although we could not
exclude the possible involvement of apoptotic cell death,
which might have been overwhelmed by the intensive
necrosis.

Finally, in the present case PDT with topical 5-ALA in
combinatton with radiotherapy was demonstrated to be
an effective treatment for a localized lesion of cutaneous
ALCL. Such PDT reduced the tumour volume prior to
conventional therapy, and may contribute to minim-
izing the possible adverse effects by tonizing radiation
and chemotherapy.
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Abstract: Interferon regulatory factors (IRFs) are a family of
transcriptional factors induced by interferon-y (IFN-y). Recent studies
have indicated that the deregulation of IRF system in keratinocytes is
responsible, at least in part, for aberrant proliferation and the
differentiation of the psoriatic epidermis, Previously, we reported that the
expression of 230-kDa bullous pemphigoid antigen (BPAGI) gene, which
is strictly restricted to basal keratinocytes, is transcriptionally suppressed
by IFN-v, but the contribution of IRFs in such suppression is still unclear.
In this study, we investigated the role of IRFs in the regulation of BPAGI
gene expression. Computer analysis identified IRF1 and IRF2 conseasus
sequences between —135 and —123 on BPAGI promoter region.
Transient transfection studies with BPAG1 promoter-luciferase reporter
gene plasmids and IRF] and IRF2 expression plasmids revealed that
IRF1 and IRF?2 directly down-regulated BPAGI gene transcription in
cultured normal human epidermal keratinocytes, Several sets of gel
retardation assays with the BPAGI-IRF binding sequence as a probe
indicated that IRF1 and IRF2 could bind to the BPAGI1-IRF sequence,
but some other protein(s), which was induced by IFN-y stimulation and
possessed binding activity to IRF consensus sequence, showed preferential
binding to the BPAG1-IRF sequence. Our results suggest that IFN-y—~
IRF system is involved in BPAG] gene regulation in type-1 helper T-cell
inflammatory skin conditions, such as psoriasis vulgaris.
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Introduction

Interferon-y (IFN-y} is a multifunctional type-1
helper T (Thl)-cell cytokine, e.g. antiviral effects,
regulation of Thl type immune reaction, modula-
tion of cell growth and differentiation (1,2). On
epidermal keratinocytes, IFIN-y has been shown to
induce the expression of intercellular adhesion
molecule-1 (ICAM-1) and antihuman leukocyte
antigen-DR (HLA-DR) (3,4) and inhibit prolifer-
ation and induce aberrant differentiation (5).
IFN-y-mediated gene regulation is initiated by
IFN-y binding to the cell-surface receptor,

followed by the induction of the activation of
adjacent Janus kinase (JAK) 1 and 2 to phosphor-
ylate tyrosine residues of signal transducer and
activator of transcription (STATI1). This kinase
reaction, so called JAK-STAT signal transduction
system, results in homo dimmer formation of
STAT1 protein, followed by nuclear translocation
and binding to gamma interferon activation site
(GAS) residing in the regulatory region of the
target genes (6,7). The interferon regulatory fac-
tors (IRF) family is a set of transcriptional factors
regulated by JAK-STAT signal transduction sys-
tem, and at present, nine IRF members (IRF1 to
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IRF9) have been identified in various cell types and
tissues (8). Expression of IRF1 has been noted in
almost all cell types, including epidermal keratino-
cytes, and is involved in the transcription of IFN-c,
IFN-B and antiviral activity of IFN-o, IFN-B, and
IFN-y (9). IRF1 has been shown to function as
anti-oncogenic factor and to play an important
role in the regulation of apoptosis and cell-cycle
arrest (10,11). IRF2 is another major member of
this family identified in various cell types. TRF2
shows 62% homology to IRF1 at mRNA sequence
level, and both factors bind to the same DNA motif
on the target DNA regulatory region (9,12). In
general, compared with IRF1, IRF2 tends to
show a relatively weak response to IFN-y and to
play adverse roles such as oncogenic activity based
on the rapid acceleration of cell growth (10,13).
These observations suggest that imbalance of
IRF1 and IRF2 may be involved in aberrant
growth and differentiation of various IFN-related
inflammatory diseases including psoriasis vulgaris,
which exhibits disorganized epidermal differenti-
ation and proliferation. This hypothesis is further
supported by the reports that psoriasiform inflam-
matory skin lesions were induced on the IRF2
knockout mouse (14,15) and that disorganized
response to IRF1 was observed in cultured kerati-
nocytes from psoriatic epidermis (16).

The epidermis is a multilayered squamous
epithelium composed of a basal layer of proliferat-
ing and undifferentiated keratinocytes, spinous
layers of differentiated keratinocytes, granular
layers of preapoptotic keratinocytes, and horny
layer of apoptotic keratinocytes acting as an

"epidermal barrier. IFN-y is known to induce
aberrant keratinocyte differentiation in vitro
and in vivo (17,18). We have also investigated
IFN-y-dependent regulatory mechanisms of the
epidermal genes including the 230-kDa bullous
pemphigoid antigen (BPAGI) (19), which is speci-
fically expressed in the undifferentiated basal kera-
tinocytes as a component of the hemidesmosome
securing those keratinocytes to the underlying
basement membrane (20). We have recently iden-
tified a novel interferon gamma inhibitory element
(IGIE), which is responsible for IFN-y-dependent
transcriptional down-regulation of the BPAGI
gene, in the region between —80 and —60 from
the transcription starting site (17) (Kaneko et al.
unpublished data). IGIE contains chimera
sequences composed of partial sequences of inter-
faron stimulating responsive element (ISRE) and
GAS, both of which are well characterized as cis-
elements targeted by JAK-STAT signal transduc-
tion. Mutagenesis of IGIE sequence, however,
failed to completely disturb the IFN-y-dependent
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down-regulation of BPAG! gene (Kaneko et al.
unpublished data), suggesting the existence of an
additional regulatory mechanism(s) besides IGIE
system. In this study, we examined the role of the
IRF regulatory system on the IFN-y-dependent
BPAG1 down-regulation to elucidate the molecu-
lar mechanisms involved in aberrant epidermal
differentiation induced by IFN-v.

Materials and methods
Cell culture

Normal human epidermal keratinocytes (NHEKSs) were cultured
in keratinocyte growth medium (KGM) containing epidermal
growth factor, bovine pituitary extract, insulin, and hydrocorti-
sone (Clontech Corp., San Diego, CA, USA) at 37°C under 5%
€O, and 95% air. The cell cultures were treated by trypsinization
and studied at passage 3.

RNA isolation and Northern blot analysis

Total cellular RNAs were isolated from NHEK, which were
cither unsiimulated or stimulated by IFN-y{(100U/ml) for 10,
30min, 1, 3,6, 12, 24, or 48 h, and the other order by IFN-y 10,
100, 1000 U/ml for 24h, using the RNeasy Mini Kit (Qiagen,
Hilden, Germany). The isolated RNAs (20 pg/lane) were electro-
phoresed in a 1% aparose gel containing 18% formaldehyde and
transferred to a Hybond N membrane (Amersham, Aylesbury,
UK). The membrane was prehybridized and then hybridized
with a 400-bp human IRF1 or IRF2 ¢DNA from 501 to 900
(in relation to the transcription initiation site} as a probe.
These probes were obtained by using Prime-It* RmT
Random Primer Labeling Kit (Stratagene, La Jolla, CA, USA)
and radicactively labeled with [«-*PJdCTP (NEN® Life Science
Products, Inc., Boston, MA). After hybridization (24 h at 43°C),
the membranes were washed with 2 x saline sodium citrate {58C)
in 0.1% sodium dodecyl sulfate (SDS) for 20 min at room tem-
perature and 1 x SSC in 0.1% SDS for 10min at 42°C. The
membranes were then exposed to X.ray films (Fuji Film,
Tokyo, Japan). The IRF1 and IRFZ mRNA levels were normal-
ized to glyceraldehyde 3-phosphate dehydrogenase (G3PDH)
mRNA transcripts in the same RNA preparations. Blots were
scanned and the intensity of each band was measured by compu-
ter software program NIH image.

Plasmid construction ¢cDNAs of IRF] and IRF2 were obtained
by reverse transcription-polymerase chain reaction (RT-PCR).
The reverse transcriptase reaction was carried out with 2pg
total RNA isolated from NHEK for first strand cDNA.
The primers of the human JRF] gene used in this study
were the sense primer for PCR, 5-GGGAAGCTTC-
GAATCGCTCCTGCAGCAGA-3' and the antisense primer
5-CCCGAATTCCTTGCCTAGAGGAATAAGAG-Y.  The
primers of the human JRF) gene were the sense primer,
5-GGGAAGCTTTGCGGAATTGTATTGGTAGC-Y and the
antisense primer, 5-CCCAAGCTTGAGAGTCAGAGGCT-
TAACAG-¥. The obtained fragments of JRFI (1039-bp) and
IRF2 (1109-bp) were each ligated into the Hindll/EcoR! and
Hindlll/Hindl1l sites of pCY4B expression vector. Then, IRF1 or
IRF2 and pCY4B were ligated at 5:1 ratic of concentration
using DNA Ligation kit (Ver. 2, Takara, Tokyo, Japan} at
15°C, overnight. These expression vectors of IRF{ and IRF2
were verified by sequencing. The ¥-deletion constructs. desig-
nated as pBP146luc, pBP83luc, and pBP59%luc, which included
—146/+101, —83/+10¢1, and —59/+101 of BPAGI promoters,
respectively, were linked to the luciferase reporter gene vector
pGL3-luc (Promega, Madison, WI, USA).

_56_



IRF1- and IRF2-transcriptional regulation of BPAGI gene

Transient tremsfection and luciferase assay

Transfection of plasmid DNA into NHEK was performed by
Lipofectamine {Invitrogen, San Diego, CA, USA). The promoter/
luciferase construct (2 pug) was used in transient transfection of
NHEK {6-cm diameter culture dish) cultured in KGM with 2pg
each of IRF1 and IRF2 expression vectors or pCY4B, Twenty-four
hours after transfection, cells were washed twice in phosphate-
buffered saline (PBS), dissolved in 400yl Reporter Lysis Buffer
{Promega), and harvested by scraping. Luciferase assay was per-
formed by using Luciferase Assay System (Promega) and lumino-
meter Lumat LB9501 (Berthold, Bad Wildbad, Germany).
pSV-B-galactosidase was co-transfected in every experiment, and
the B-galactosidase activities were measured by fluorescence inten-
sity using Juminometer LB9501 and used to monitor the transfec-
tion efficiency. All experiments were performed in triplicate.

Nuclear extracts

NHEK cultures were stimulated by IFN-y(100 U/ml) for 0, 1, 3,
6, 12, or 24h. Nuclear extracts were obtained as described pre-
viously {16).

Electrophoretic mobility shift assays (EMSAs)

We used two oligonucleotides as probes. One was named
BPAGI-IRF (¥-AATACAAGCTAC AAAAGGCAAACCT-
CAGCTAGC A-Y), which contained a binding site for IRF in
BPAGI promoter. The other was named consensus—-JRF (5'-
AAGTGAAAGTGAAAGTGA-Y), which contained the con-
sensus-binding site for IRF. Oligos were annealed before labeling
by heating to 98°C for 10min and cooling slowly to room
temperature, Double-stranded oligos (10 pmol) were end-labeled
with [y-°P]ATP (NEN"™ Life Science Products Inc.) using T4
polynucleotide kinase (Takara) and purified using Sephadex
G-25 spin columns (Roche Molecular Biochemicals, Mannheim,
Germany), followed by measurement of the radiation dose. Bind-
ing reactions were carried out by incubation on ice for 30min.
Binding reactions were treated with 5 ug of nuclear extract, 8 ul of
2.5 » buffer, 0.5mM dithiothreitol (DTT), 2pl of polyd (I-O)
(1 ug/ml) (Roche Molecular Biochemicals), and 60000 cpm-
labeled DNA in 20l binding reactions. Competition experiments
were carried out by adding unlabeled oligo to the binding reactions
before the addition of the labeled probe. Supershift experiments to
confirm the identity of the bound protein were performed by the
addition of 1 ug of the specific antibodies to either IRF1 or IRF2
(Santa Cruz. Autogen Bioclear UK, Wilts, UK) to the binding
reactions. After the addition of antibodies, binding reactions were
incubated on ice for 30 min before separating DNA-protein com-
plexes on 8% polyacrylamide at 200V for 3h. Gels were fixed in
10% acetic acid and 30% methanol before vacuum drying and
exposure to autoradiographic film (Fuji Film}.

Results

Induction of IRF1 and IRF2 mRNAs expression by
IFN-vy in NHEK

Subconfluent cultures of NHEK were incubated
with 0, 10, 100, or 1000 U/ml of IFN-y for 24h,
then total RNAs were isclated and subjected to
Northern blot analyses for IRFI, IRF2, and
G3PDH mRNA expression. No IRF1 expression
was observed without IFN-y stimulation, but
strong and maximum induction of IRFI mRNA
expression was noted by treatment with 100 U/ml
of IFN-y. Less, but significant, IRF1 mRNA

expression was induced by 1000 U/ml of IFN-y
(Fig. 1a). In contrast, IRF2 mRNA expression was
obvious in cultured NHEK without [FN-y treat-
ment. A similar mRNA induction pattern as IRF1
was also observed for IRF2, and treatment of
NHEK with 100 U/ml of IFN-y yielded maximum
induction (Fig. 1a). Time-dependent inductions of
both IRFi and IRF2 mRNA expression were also
observed by Northern blot analysis of NHEK cul-
tures treated with 100 U/ml of IFN-y for various
incubation pericds, and strong induction was
observed already after 3-h incubation (Fig. 1b).
Even after 48-h incubation, significant increases of
IRF1 and TRF2 mRNA expression were still noted
in these cultures (Fig. 1b). In both dose- and time-
dependent experiments, IRF] induction exhibited a
higher sensitivity to JFN-y treatment compared to
IRF2. In fact, only 2- to 3-fold increase of IRF2
expression was noted in these experiments, while
more than 10-fold increase in IRF1 expression
occurred. The IRF! and IRF2 mRNA levels were
expressed relative to those of G3PDH mRNA tran-
sctipts in the same RINA preparations.

Computer search for IRF binding consensus
sequence in the BPAGI promoter region

As TFN-y transcriptionally down-regulates BPAG1
expression, IRF binding consensus sequence was
explored in the BPAGI promoter region by com-
puter search program. A putative IRF binding site
was identified in the region between —135 to —123
from transcription starting site, and designated as
BPAGI-IRF, which had a homology in 10 of 13
bases of consensus IRF sequence (Fig. 2). BPAGI-
IRF is located 43 bases upstream from IGIE, which
is responsible in part for down-regulation of
BPAG]! by IFN-y (Kaneko et al. unpublished data).

Deletion analvsis to explore function of BPAGI-
IRF site in the pronoter

To examine whether IRF1 and IRF2 function to
regulate  BPAG1 promoter activity through
BPAGI1-IRF site, human IRF1 and IRF2 expres-
sion plasmid vectors and three different deletion
constructs of the BPAGI promoter-luciferase
reporter gene plasmids, pBPl46luc, pBP88luc,
and pBP59luc, were generated. Transient transfec-
tion studies were performed by co-transfection of
either IRF1 or IRF2 expression vector, or mock
plasmid pCY4B, with one of these deletion
promoter-luciferase gene constructs in NHEK
cultures. Both IRF1 and IRF2 expression vectors,
but not mock plasmid, down-regulated the pro-
moter activity of pBP146luc plasmid (Fig. 3). How-
ever, similar transfection studies with pBP88luc, in
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Figure 1. a) Interferon regulatory factors IRFI
and IRF2 mRNA expression levels in normal
human epidermal keratinocyte (NHEK) cells are
dependent on interferon-y (IFN-v) dose.
Cultures of NHEK cells (at 80% confluence)
were treated with 0, 10, 100, or 1000U/m) of
IFN-y and total RNAs were isolated after
incubation for 24h, and northern blot analyses
with IRFI, IRF2 and glyceraldehyde-3-
phosphate dehydrogenase {GIPDH) were
performed. The expression of IRF1 and IRF2
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increased with time after IFN-y stimulation.
The IRF1 and IRF2 mRNA expression levels
were normalized by G3PDH mRNA transcripts
in the same RNA preparations,

which BPAGI1-IRF site was deleted, resulted in
failure of down-regulation by IRF1 and IRF2,
in addition to more than 50% reduction of the
basal promoter activity., Further deletion of both
BPAGI-IRF site and IGIE sequence in pBP591uc
basically provided similar results by IRF1 and
IRF2 expression as shown by pBP146luc. Further
reduction of the basal promoter activity was
observed following IGIE deletion, although it
was not statistically significant.

Identification of BPAGI-IRF binding protein by
electrophoretic mobility shift assay

To identify and characterize BPAGI1-IRF binding
proteins in NHEK, we performed EMSA using
NHEK nuclear extracts. First, we evaluated the

BPAG1 promoter
+1
=135 =123 -80 =59 |
i [T i }
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P 4 \\‘
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§~-SAAAAGYGAAACC-3
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Figure 2. Schematic representation of the 230-kDa bullous
pemphigoid antigen (BPAG1) promoter. The BPAGI promoter
contains the elements of BPAGI-interferon regulatory factor
{IRF) and interferon gamma inhibitory element (IGIE). We
named JRF-consensus element within BPAG1 promoter as
BPAGI-IRF. BPAGI-IRF element exists from —135 to =123
of BPAG1 promoter relative to the transcriptional start site. We
named chimeric element of intetferon stimulating responsive
element (ISRE), consensus, and gamma interferon activation site
{GAS) elements within BPAGI promoter as IGIE. 1GIE exists
from —80 to —59 of BPAG] promoter.
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binding activities of consensus-IRF sequence to
the extracts. Radiolabeled consensus-IRF oligo-
DNA was incubated with nuclear extracts from
cultured NHEK that had been treated with
100 U/ml of IFN-y for various incubation periods
and subjected to EMSA. In the nuclear extracts, at
least two different binding activities (bands a and
d) were induced by IFN-y after 3-h incubation,
and the expression of these shifted complex was
persistently noted even at 24 h (Fig. 4a). Other two
strong binding (bands b and c) were also observed,
and enhanced binding activity of band b was
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Figure 3. Deletion analyses for interferon regulatory factor (IRF)
tesponsive element in 230-kDa bullous pemphigoid antigen
{BPAG]I) promoter. The structures of the BPAG1 promoter in
the reporter plasmids are depicted on the lefi. The BPAGI
promoter deletion, pBPl46luc contains IRFt, IRF2, and
interferon gamma inhibitory element (IGIE)-responsive element.
pBP88luc contains IGIE-responsive element while pBP59
luciferase lacks IRFI1, IRF2, and IGIE. Each construct was
transfected in the presence of IRF1 and TRF2 expression vector or
PCY4B, and then the promoter activity was measured as luciferase
activity. Luciferase activities were expressed relative to P-
galactosidase activity. In the presence of IRF1, pBPl46luc
showed 50% less luciferase activity than in the absence of IRFI.
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