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Table 2. List of DRG Genes Selectively Upregulated at Day 7 and Day 14 After Nerve Root Ligation

Gene Symbol Gene Name Accession No.  Functional Categorization Day 2 Day 7 Day 14
S100a4 $100 caicium-binding protein A4 NM_012618 Celi cycle 17 32 26
Pycard Apoptosis-associated speck-like protein containing a NM_172322 Cell cycle 17 24 21
CARD
Pik2 Polo-like kinase 2 AF136583 Celi cycle 1.4 21 2.7
Sic12at Solute carrier family 12, member 1 NM_019134 Channels/transporter 15 56 5.4
Agp3 Aquaporin 3 L35108 Channels/transporter 13 27 29
Ctss Cathepsin S NM_017320 Enzyme/metabolism 1.7 49 35
Dpp6 Dipeptidylpeptidase 6 M76426 Enzyme/metabolism 1.1 45 44
Adn Adipsin §73894 Enzyme/metabolism 16 39 44
Mmp2 Matrix metallopeptidase 2 U65656 Enzyme/metabolism 1.2 30 26
Ctsk Cathepsin K AF010306 Enzyme/metabolism 14 27 24
Cnpl Cyclic nucleotide phosphodiesterase 1 116532 Enzyme/metabolism 1.1 26 24
Sipi Secretory leukocyte peptidase inhibitor AF151982 Enzyme/metabolism 1.6 26 23
Plat Plasminogen activator, tissue NM_013151 Enzyme/metabolism 1.5 25 286
Pld1 Phospholipase D1 U69550 Enzyme/metabolism 1.4 24 2.2
Cp Ceruloplasmin NM_012532 Enzyme/metabolism 1.2 24 22
Hspa2 Heat shock protein 2 NM_021863 Enzyme/metabolism 1.2 24 21
Xdh Xanthine dehydrogenase NM_017154 Enzyme/metabolism 14 24 24
Dnah7 Dynein, axonemal, heavy polypeptide 7 D26498 Enzyme/metabolism 1.6 22 21
Mmp10 Matrix metallopeptidase 10 M65253 Enzyme/metabolism i1 22 24
Ugdh UDP-glucose dehydrogenase AB013732 Enzyme/metabolism 1.7 21 23
Fap Fibroblast activation protein NM_138850 Enzyme/metabolism 14 20 20
Entpd2 Ectonucleoside triphosphate diphosphohydrolase 2 AF276940 Enzyme/metabolism 1.0 20 22
Mdk Midkine AB025023 Growth factars/cytokines 1.3 23 2.1
Igf1 Insulin-like growth factor 1 M81184 Growth factors/cytokines 15 2.3 26
Tgfbi Transforming growth factor, beta induced AF305713 Growth factors/cytokines 1.5 2.2 20
Cigb Complement component 1, g subcomponent, beta NM_019262 Immune 19 35 24
polypeptide
Cxcl9 Chemokine (C-X-C motif) ligand 9 NM_145672 Immune 1.0 35 35
Cth Complement component factor H NM_130409 Immune 15 27 28
Cdgé Cd86 antigen D50558 Immune 1.8 21 24
Apod Apolipoprotein D NM_012777 Signal transduction 1.7 4.7 33
Lgp85 85 kDa sialoglycoprotein D10587 Signal transduction 1.7 3.1 26
Gngll Guanine nucleotide binding protein (G protein), y11 AF257110 Signal transduction 16 3.1 31
Gfrat Glial cell line derived neurotrophic factor family NM_012959 Signal transduction 1.9 31 23
receptor «
Cds3 CD53 antigen NM_012523 Signal transduction 1.7 28 23
Ramp1 Receptor {calcitonin} activity modifying protein 1 AB042887 Signal transduction 14 2.1 25
Csrp2 Cysteine and glycine-rich protein 2 U44948 Signal transduction 1.2 26 26
Ogfr Opioid growth factor receptor AF156878 Signal transduction 14 24 23
Vcaml Vascular cell adhesion molecule 1 NM_012889 Signal transduction 1.7 2.2 2.1
Sostdc! Uterine sensitization-associated gene 1 protein NM_153737 Signal transduction 0.8 22 24
Sifn3 Schlafen 3 AF168795 Signal transduction 17 2.1 2.1
Col3al Collagen, type 1}, al M21354 Structure 18 40 29
Serpinht Serine {or cysteine) proteinase inhibitor, clade H, NM_017173 Structure 18 26 24
member 1
Lum Lumican X84039 Structure 16 24 23
Col5al Collagen, type V, al AF272662 Structure 1.5 2.3 25
Vil2 Villin 2 X67788 Structure 18 23 21
Coltal Collagen, type 1, al 278279 Structure 1.2 22 20
DLP2 Bynein-like protein 2 D26493 Structure 15 2.1 22
Apobect Apolipoprotein B editing complex 1 NM_012907 Transcription/translation 16 33 30
Mafb v-maf musculoaponeurotic fibrosarcoma oncogene U56241 Transcription/translation 14 24 24
family, protein B
Nupr1 Nuclear protein 1 AF014503 Transcription/transiation 1.1 2.3 20
H3f3b H3 histone, family 38 X73683 Transcription/transiation 1.6 22 20
Irfl Interferon regulatory factor 1 NM_012591 Transcription/transiation 17 21 20
Meox2 Mesenchyme homeo box 2 NM_017149 Transcription/translation 15 2.1 24
Btgl B-cell translocation gene 1, anti-proliferative 126268 Transcription/translation 1.7 21 29
Lhx2 LiIM homeobox protein 2 106804 Transcription/transiation 16 20 24
Drcfs Developmentally-regulated cardiac factor U95001 Unknown 1.6 25 27

The average Cy5/Cyt 3 ratio of gene in triplicate microarray experiments were calculated. Genes showing the ratio of two or more at day 7 and day 14, but not

day 2 were listed.

cluster composed of the day-2 DRG samples. Subse-
quently, we identified 89 genes, including 16 genes that
were upregulated only at day 2 after nerve root ligation,
56 genes that were upregulated at days 7 and 14, and
another 17 genes that showed consistent upregulation
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from day 2 to day 21. These findings indicate the involve-
ment of distinct sets of genes in the early phase (day 2)
and the later phase (day 7 and later) of development of
lumbar radiculopathy. The number of upregulated genes
was larger in the midphase than in the early phase, cor-
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Table 3. List of DRG Genes Continuously Upregulated From Day 2 to Day 21 After Nerve Root Ligation

Gene symbol Gene Name Accession No.  Functional Categorization Day2 Day? Day14 Day 21
Kif11 Kinesin family member 11 AF035955 Cell cycle 25 3.2 30 2.1
Lyz Lysozyme NM_g1271 Enzyme/metabolism 2.1 6.2 5.0 36
Crabp2 Cellular retinoic acid binding protein 2 U23407 Enzyme/metabolism 3.1 33 30 21
Enpp3 Ectonucleotide pyrophosphatase/ NM_019370 Enzyme/metabolism 27 38 48 28
phosphodiesterase 3
Reg3g Regenerating islet-derived 3y 120869 Enzyme/metabolism 2.7 22 49 2.7
A2m a-2-macroglobulin NM_012488 Enzyme/metabolism 5.1 11.6 10.8 23
Ifitm2 Interferon induced transmembrane protein 2 AF164040 Immune 20 31 2.1 2.1
{1-8D}
Gbp2 Guanylate nucleotide binding protein 2 M80367 Immune 3.1 39 4.1 2.1
Ifitm3 Interferon induced transmembrane protein 3 AF164039 immune 23 33 26 23
Fegr2b Fc receptor, IgG, low affinity llb X733 Immune 44 31 28 24
Gpnmb Glycoprotein {transmembrane) nmb AF184983 Signal transduction 23 36 48 29
Cdh4 Cadherin 4 D86742 Signal transduction 20 34 26 20
Vim Vimentin X62952 Structure 27 4.8 28 22
Thbsd Thrombospondin 4 X89963 Structure 21 12 58 23
Cthrel Collagen triple helix repeat containing 1 NM_172333 Structure 47 8.7 104 25
Fnt Fibranectin 1 NM_019143 Structure 28 33 3.1 21
Col18al Procollagen, type XVill, ot AF189709 Structure 35 6.8 54 24

The average Cy5/Cyt 3 ratio of gene in triplicate microarray experiments were calculated. Genes showing the ratio of 2 or more continuously from day 2 to day
21 were listed.

responding to the painful behavior of the nerve-ligated
rats which peaked during the midphase.'®

Functional categorization revealed dominantly up-
regulated gene categories in each group. They included
transcription/translation, signal transduction, and enzyme/
metabolism in the early phase and enzyme/metabolism,
signal transduction, transcription/translation, and struc-
ture in the midphase. Consistent with our findings, genes
categorized into enzyme/metabolism, signal transduc-
tion, transcription/translation, and structure were also
dominantly upregulated in the dorsal horn of the spinal
cord 7 and 14 days after nerve root ligation in a rat
model.*

signaling and inflammation may serve as potential tar-
gets of pharmacological or genetic approach for lumbar
radiculopathy. This idea is well exemplified by prostag-
landin-endoperoxide synthase 2, which is upregulated in
the early phase of our model. Prostaglandin-
endoperoxide synthase 2 is known as cyclooxygenase 2
(COX-2). Involvement of COX-2 in acute pain and in-
flammation has been established.'®!® Also, therapeutic
efficacy of a selective COX-2 inhibitor has been demon-
strated in rat radiculopathy models.?%?! Besides prostag-

Table 5. Real-Time Quantitative PCR Analysis of
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. ) . . Day 7 DRG
Based on clustering analysis, we classified genes into
the early phase, midphase, and continuous group. In this ~ Gene Name Probe No* Ligation  Sham
regard, genes upregulated on day 14 or later may be
lg iy Cf N lp 8 Y ¢ y doale2 ay i Apclipoprotein D Rn00S62632_m1  120% 10
classified as t le ate phase. We ound only 2 genes in this CD53 antigen Rn00560957_m1 47 0.9
group, including EGF-like domain, multiple 3 and cox-  Aquaporin 3 Rn00581754_m1 64.0 08
sackie virus and adenovirus receptor. Receptor {calcitonin) activity Rn00581278_m1 2.7 05
. . . modifying protein 1
~ Genes upregt.llated in the QRG w1th nerve root liga-  gecretory leukocyte RN00670378 m1 159 07
tion may contribute to a variety of biologic processes peptidase inhibitor
including pain signaling, inflammation, and regeneration E'::t‘“s‘ﬂggz"pf;z‘i’:‘g’v tissue g“%%ig%%—m: gg ?-g
. . . . n s X .
of the injured nerve. Of these, the genes involved in pain  y; wine dehydrogenase R00567654_m1 39 09
V-maf musculoaponeurotic Rn00709456_s1 2.7 13
yx fibrosarcoma oncogene
Table 4. Percentage of Genes Classified by family, protein B !
Functional Category Opioid growth factor receptor  Rn00584280_m1 16 10
p
Collagen, type V, a1 Rn00593170_m1 28 1.0
Early Mid Consistent Uterine sensitization- Rn00596672_m1 2.7 0.9
associated gene 1 protein
Cell cycle 6 5 6 Polo-like kinase 2 Rn00582709_m1 32 1.1
Channe’s/transponefs 6 4 0 cdg6 antigen Rn00571654.m1 6.4 09
Enzyme/metabolism 13 31 29 UDP-glucose dehydrogenase Rn00580047_m1 44 1.1
Growth factors/cytokines 6 5 0 B-cell translocation gene 1, Rn00820872_g1 38 08
immune 6 7 2% anti-proliferative
Signal transduction 19 20 12 Ectonucleoside triphosphate Rn00596961_m1 33 10
Structure 0 13 29 diphosphohydrolase 2
Synaptlt_: . . 6 0 0 *The catalog no. of TagMan probes (Applied Biosystems).
Transcription/translation 3 15 0 **The mean relative expression values of three root-ligated rats and sham-
Unknown 6 2 0 operated rats were described, respectively.
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landin-endoperoxide synthase 2, calcium-activated chlo-
ride channel may contribute to pain signaling in lumbar
radiculopathy, because calcium-activated chloride cur-
rent?? has been shown to increase after axotomy in rats.
In contrast to these molecules, heme oxygenase (decy-
cling) 1 serves cytoprotective actions in several patho-
logic conditions including inflammation®*® and sciatic
nerve injury.>* Thus, there may be therapeutic benefits
with heme oxygenase (decycling) 1 in lumbar radiculop-
athy. Among 56 genes that were upregulated in the mid-
phase, the involvement of cathepsin S in neuropathic
pain has been recently reported.?**® Given the fact that
inhibition of cathepsin S led to reversal of neuropathic
pain after peripheral nerve injury, this approach can also
be applied to neuropathic condition subsequent to lum-
bar radiculopathy.

The present study has several limitations, including-
(i) imperfect validity of microarray results (94%), (ii)
placement of sham-operated controls only at 1 time
point (day 7), and (iii) lack of immunohistochemical or
in situ hybridization studies that reveals cell types ex-
pressing genes upregulated. Nevertheless, this is the first
comprehensive analysis of gene expression in the DRG
adjacent to nerve root ligation. The present study serves
as the initial step toward identification of therapeutic
targets for lumbar radiculopathy and development of
molecularly targeted therapy.

m Key Points

e DNA array analysis was conducted for the DRG
adjacent to the injured nerve root in a rat lumbar
radiculopathy model.

o Of 7793 genes analyzed, 16 genes were upregu-
lated in the DRG on day 2 after nerve root ligation
(early phase group), 56 genes on both days 7 and
14 (midphase group), and 17 genes from day 2 to
day 21 (continuous group).

e Dominantly upregulated gene categories were
transcription/translation in the early phase group,
enzyme/metabolism in the midphase group, and
structure in the continuous group.
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p63 Induces CD4+* T-Cell Chemoattractant TARC/CCL17
in Human Epithelial Cells

Terutumi Kubo, Shingo Ichimiya, Akiko Tonooka, Tsutomu Nagashima, Tomoki Kikuchi, and Noriyuki Sato

To preserve immunosurveillance, epithelial cells support T-cell trafficking toward inflammatory foci. However,
how epithelial cells are enrolled in recruiting T cells has not been fully elucidated. In this study we investigated
the function of p63, a p53 family member, in the regulation of the expression of various types of chemokine
ligands by focusing on the property of p63 as an epitheliotropic transcription factor. As assessed by experi-
ments using three different human epithelial cell lines with small-interfering RNAs or plasmids of p63, certain
CC chemokine ligands were found to be under the control of p63. In these CC chemokine ligands, p63 had the
common capacity to upregulate TARC/CCL17 in the different cell lines, whose receptor CCR4 was preferentially
presented on CD4* T cells such as memory, regulatory, IL-17-producing and type Il helper T cells. More interest-
ingly, when cells were stimulated with transforming growth factor-B (TGF-B) or epidermal growth factor (EGF)
as observed during tissue repair process, the expression of p63 and TARC/CCL17 was concomitantly suppressed.
This implies that, in local inflammatory regions with general epithelial tissue remodeling, the p63-TARC/CCL17

axis may participate in the engagement of efficient immune reactions by specified T-cell subsets.

Introduction

T IS WELL RECOGNIZED that epithelial cells play an impor-

tant role in the immune system as the front line of
defense against external pathogens (Hayday and others
2001). Anatomically, epithelial cells of tissues such as lung,
skin, and intestines tightly connect to each other to form a
sheet structure with various junctional molecules (Tsukita
and Furuse 2000). These epithelial networks eventually
help defend against pathogens and also evoke cellular and
molecular interactions of immune responses by recruiting
a multitude of inflammatory cells like lymphocytes and
dendritic cells (von Andrian and Mackay 2000). In addition
to the mechanisms of innate immunity, acquired or adap-
tive immunity is essential for specific responses to various
immunologic insults around epithelial tissues. The mecha-
nism of homing of inflammatory cells to epithelial cells has
been extensively investigated and soluble factors, including
chemokine ligands, are known to have a pivotal function,
but the secretion mechanism by which epithelial cells foster
regional lymphocytes is still unclear.

Chemokine ligands are secreted polypeptides that trigger
an elaborate process whereby inflammatory cells presenting
chemokine receptors of seven-transmembrane G-protein-
coupled receptors can promptly channel them to the foci

requiring immune and inflammatory reactions (Kunkel
and Butcher 2002; Milligan and Smith 2007). Based on their
structural characteristics with regard to the positions of a
cysteine residue, chemokine ligands are classified into two
major subfamilies: CC and CXC chemokine ligands. To date
many different CC and CXC chemokine ligands have been
discovered and some of them derived from epithelial tissues
are known to play cardinal roles in the emergence of allergic
or atopic inflammatory disorders and cancer development
(Juremalm and others 2005; Ruffini and others 2007).

Accumulating evidence has indicated that p63, a p53-like
molecule, is a usual epithelial constituent and determines
properties of epithelial stem cells (Truong and others 2006).
Indeed, loss of p63 leads to severe epithelial tissue hypopla-
sia due to the inhibition of both stratification and differen-
tiation of keratinocytes (Koster and others 2007). Various
genes, encoding JAGI, PERP, p21, or 14-3-30, are transacti-
vated by p63, but it is not well investigated whether p63 is
involved in the expression of chemokine ligands in epithe-
lial cells (Sasaki and others 2002; Westfall and others 2003;
Thri and others 2005).

In this study we assessed the role of p63 in the regula-
tion of the transcription of a series of chemokine ligands
on three different types of human epithelial cells with
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small-interfering RNAs (siRNAs) or plasmid DNAs of p63.
We clearly found some CC chemokine ligands that could be
regulated by p63. Among the chemokine ligands we inves-
tigated, the only one that p63 could commonly upregulate
in the three epithelial cell lines we investigated was thy-
mus and activation-regulated chemokine (TARC)/CCL17, a
strong chemoattractant of CD4" T cells like memory, reg-
ulatory and type II Th as well as Th17 cells (Vestergaard
and others 2000; Baekkevold and others 2005; Hirahara
and others 2006; Lim and others 2008). Tissue remodeling-
associated cytokines such as transforming growth factor-8
(TGF-B) and epidermal growth factor (EGF) suppressed the
expression of p63 of epithelial cells as under the repair pro-
cess (Kurokawa and others 2006). It was of great interest that,
in accordance with the downregulation of p63, cells exposed
to these cytokines showed the suppression of TARC/CCL17
as expected. This may illustrate an instructive mechanism
mediated by p63, by which epithelial tissues could retain
CD4* T-cell populations responsible for immunomodula-
tion ready to be mobilized at the sites of immune reactions
during the physiological healing process of epithelial tis-
sues. As TARC/CCL17 is well known to be involved in the
emergence of allergic bronchitis and allergic or atopic der-
matitis, our observations may lead to further understand-
ing of the mechanisms of such immune-related disorders
(Sekiya and others 2000; Campbell and others 2007; Furusyo
and others 2007).

Materials and Methods
Cell lines and cell culture

Human LC817, HaCaT, and 293 epithelial cells were
maintained in modified Dulbecco’s modified Eagle’s me-
dium supplemented with 10% heat-inactivated bovine calf
serum, 50 pg/mL streptomycin, and 100 U/mL penicillin.
All cells were cultured at 37°C in a humidified atmosphere
in 5% CO,.

Antibodies and immunohistochemistry

The antibody used was a rabbit anti-p63 polyclonal anti-
body (H-137; Santa Cruz Biotechnology, Santa Cruz, CA,
USA). The procedures for immunofluorescence have been
previously described (Kikuchi and others 2004). Signals
were detected under an immunofluorescence microscope
(IX71, Olympus).

RT-PCR and real-time RT-PCR

Primer pairs were selected using Primer3 software on
messenger RNA sequences based on the National Center
for Biotechnology Information database. Sequences of the
primer pairs were finally determined after reference to the
original genomic organization presented in the Ensembl
database (Sanger Centre), as summarized in Table 1.
Real-time polymerase chain reaction (PCR) was performed
as described in the manufacturer’s protocol for Assays-on-
Demand Gene Expression products (Applied Biosystems). To
compare the levels of expression of genes, the AACT method
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was employed to analyze triplicate specimens (Livak and
Schmittgen 2001).

Transfection of siRNAs and plasmid DNAs

Cells were cultured at a density of 2 X 10° cells/well
in a 6-well plate in 2.5-mL culture medium. After 24 h,
the culture medium was replaced by medium containing
a complex of the siRNAs specific for p63 (B-Bridge) and
Lipofectamine RNAi MAX (Invitrogen), giving a final con-
centration of siRNA of 20 nM following the manufacturer’s
instructions. After 48 h, cells were harvested to be subjected
to real-time PCR analysis. As with transfection of siRNAs,
cells were prepared prior to transfection. After 24 h, 250 ng
of pcDNA3.1 harboring cDNA encoding p63 (pcDNA3.1-p63)
was transiently transfected using Lipofectamine 2000
reagent (Invitrogen). After 48 h, cells were harvested and
analyzed.

Cell stimulation

Cells were cultured at a density of 2 X 10° cells 24 h
before stimulation. Then the culture medium was replaced
by a medium containing 10 U/mL TGF-8 (Sigma-Aldrich)
or 10 U/mL EGF (Sigma-Aldrich). After 48 h total RNA was
harvested from cells to be employed in subsequent real-time
PCR analysis.

Results

Chemokine ligands regulated by p63 in
LC817 pulmonary epithelial cells

To address the question of whether p63 was involved in
the regulation of chemokines of epithelial cells, we initially
established a specialized cellular state with suppressed lev-
els of p63 by employing the siRNA technique. When the
designated siRNA from a sequence encoding p63 was tran-
siently introduced into LC817 pulmonary epithelial cells
that constitutively expressed p63, it was downregulated at
transcription and protein levels as well (Fig. 1A). Using these
LC817 cells, reverse transcriptase (RT)-PCR analyses of CC
chemokine ligands, including CCL1 to CCL28, indicated that
the expression of TARC/CCL17, CCL22, CCL25, and CCL28
was likely to be upregulated by p63 (Fig. 1B). CCL5 was
also under the control of p63, but was negatively regulated.
A series of CXC chemokine ligands was also investigated in
LC817 cells, though there were no significant changes of any
type of CXC chemokine ligand, including CXC1 to CXC16
at the transcription level (Fig. 1C). Thus p63 could regulate
the levels of CC chemokine ligands of CCL5, TARC/CCL17,
CCL22, CCL25, and CCL28 but not CXC chemokine ligands
in LC817 cells.

Chemokine ligands regulated by p63 in
HaCaT epidermal cells

To evaluate the results obtained from the analysis of LC817
cells, we further examined HaCaT epidermal cells, which also
endogenously expressed p63. Prior to RT-PCR analyses, it
was also confirmed that HaCaT cells with the siRNAs of p63
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TaBLE 1. PRIMER SEQUENCES USED IN THIS STUDY.

(Forward primer)

(Reverse primer)

Gene name  Length (bp) sequence (5-3') Terp(°C)  Position sequerce (5-3°) Temp(°C)  Position
CClLa 163 catttgcggagcaagagatt 60.4 exon2 tgcctcagcatttttetgtg 60.0 exon3
CCL2 171 ccecagteacctgetgttat 60.0 exon2 tggaatcctgaacccacttc 599 exon3
CCL3 198 tgcaaccagttctctgeatc 60.0 exonl tttctggacccactectcac 60.1 exon3
CCL4 211 aagctctgegtgactgtcct 60.2 exonl gettgettcttttggttige 599 exon3
CCL5 150 cgctgtcatectcattgeta 60.0 exonl gagcacttgccactggtgta 599 exon2
CCL7 179 atgaaagcctctgeagceact 60.2 exonl ggacagtggctactggteggt 60.0 exon2
CCLS8 192 aatgtcccaaggaagcetgtg 60.1 exon2 gggaggttgggeaaaataaa 60.0 exon3
CCL11 233 agaaaccaccacctctcacg 60.2 exonl cacagctttctggggacatt 60.1 exon2
CCL13 245 atctccttgeagaggctgaa 60.1 exon2 agaagaggaggccagaggag 60.1 exon3
CCL14/15 214 tccegtgttcactcatgaaa 60.1 exon3 tcagaggctcaggaggtgtt 60.0 exond-5
CCL16 242 ctgeectgtetctecttgte 60.0 exonl ctcttggacccagtcgtcat 60.1 exon3
CCL17 163 ctictctgecageacatccac 596 exonl ctgecctgeacagttacaaa 599 exon3
CCL18 150 agctctgetgectegtetat 594 exon2 cccacttcttattggggtca 59.8 exon3
CCL19 172 atccctgggtacatcgtgag 59.8 exon2 gettcatcttggctgaggte 60.0 exon3
CCL20 198 tttattgtggocttcacacg 59.6 exon?2 tgggctatgtccaattecat 60.2 exon3
CCL21 220 caagcttaggctgctecate 60.1 exon2 tcagtcctcttgeagecttt 60.1 exon3
CCL22 212 cgegtggtgaaacacttcta 599 exon2 ataatggcagggaggtaggg 60.2 exon3
CCL23 173 tttgaaacgaacagcgagtg 60.0 exon3 tgtgtcccttcaccttgaca 60.1 exond
CCL24 228 gecttetgtecttggtgte 59.7 exonl tgtacctctggacccactce 60.0 exon3
CCL25 198 acaggaaggtgtgtggoaac 599 exon3 tactgctgctgatgggattg 59.8 exond
CCL26 163 ggaggagtttgggagaaacc 599 exon2 tgtggctgtatiggaagcag 599 exon3
CCL27 191 agcactgcctgctgtactca 59.8 exon2 tcttggtgctcaaaccactg 599 exon3
CCL28 188 gctgatggggattgtgactt 59.9 exon2 ccetgatgtgeectgttact 60.0 exon3
CXCL1 171 agggaattcaccccaagaac 60.2 exon2 tggatttgtcactgttcagea 60.3 exon2-3
CXCL2 172 gcagggaattcacctcaaga 60.2 exon2 ggatttgecatttttcage 61.0 exon3-4
CXCL3 172 gcagggaattcacctcaaga 60.2 exon2 ggtgctecccttgttcagt 61.0 exon3-4
CXCL4 174 getgetectgecacttgt 60.2 exonl ttcagcgtggctatcagttg 60.0 exon2-3
CXCL5 171 gcaaggagttcatcccaaaa 60.1 exon2 ttgtttccaccgtccaaaat 60.2 exon3—4
CXCL6 158 gtectgictctgetgtgetg 59.8 exon2 aacttgcttccegticttca 599 exon3
CXCL7 207 tcctccaccaaaggacaaac 599 exonl tttccteccatecttcagtg 60.0 exon3
CXCL8 196 gtgcagttttgccaaggagt 60.3 exonl-2  ctetgeacccagttttectt 593 exond
CXCL9 166 ttttectettgggcatcate 60.0 exonl tcaattttctcgcaggaagg 60.3 exon2
CXCL10 172 ctgtacgctgtacctgeatca 599 exon2 ticttgatggcecttcgattc 60.2 exon3
CXCL11 175 agaggacgctgtctttgeat 60.0 exon2 taagccttgettgettegat 60.1 exon3
CXCL12 161 tcagcctgagctacagatge 59.3 exon2 ctitagcttcgggtcaatge 59.9 exon3
CXCL13 151 gettgaggtgtagatgtgteca 60.2 exon2 tgagggtccacacacacaat 599 exon3
CXCL14 152 aagctggaaatgaagccaaa 59.8 exon2 ttccaggegttgtaccactt 60.6 exon3
CXCL16 160 tctccggaaacacctgagag 60.4 exon2 cacaatccccgagtaagceat 60.0 exond
p63 163 gaaacgtacaggcaacagca 599 exonl0 gctgetgagggtigataage 60.0 exonll

expressed p63 to a lesser extent than control cells (Fig. 2A). As
assessed by RT-PCR analyses, CCL7, TARC/CCL17, and CCL26
were upregulated by p63 in HaCaT cells (Fig. 2B). In HaCaT
cells, CCL5 was also slightly upregulated and CCL25 was
downregulated by p63, though p63 insignificantly affected
the expression of CCL22 and CCL28. These results, except for
TARC/CCL17, did not match those of LC817 cells, suggesting
that the manner of p63 regulation of CC chemokine ligands
probably varied by epithelial cell type. Thus TARC/CCL17
was thought to be a particular CC chemokine ligand with a
mechanism of transcription regulated by p63 that might be
common in usual epithelial cells.

Excess amounts of p63 induce TARC/CCL17
in 293 epithelial cells

Following these results, we next employed an alterna-
tive approach to determine whether CC chemokine ligands
CCL5, CCL7, TARC/CCL17, CCL22, CCL25, CCL26, and
CCL28 were regulated by p63. As 293 epithelial cells did not
endogenously express p63, the cells were transiently trans-
fected with p63 plasmids. Interestingly RT-PCR analyses
of 293 cells with excess p63 demonstrated high amounts of
TARC/CCL17 (Fig. 3). The levels of CCL5 and CCL26 were
relatively decreased in 293 cells with excess p63. This was

— 161 —



728 KUBOET AL.

A LC817
140 ¢ Control siRNA
120
p63 (H137)
100
c
4 DAPI
S ,
W 60+
™
«©
o
40 }
L Overlay
20 H
: ; ‘MWM
Control  p63 siRNA
p63
GAPDH
B c
LC817 LC817
Control - siRNA Control siRNA Control siRNA Control siRNA
cCL CcCL18 CXCL1 s  CXCL13 I
cCL2 CCL19 CXCL2 cxcL14 I
CCL3 CCL20 CXCL3 CXCL16 [r—ermpmm—
CCL4 ceL2t CXCL4 GAPDH
CCL5 S — CClL22 CXCL5
CCL7 T CcCL23 CXCL6
ccLs N CCL24 CXCL7
ccLit I COL2E  immmecilbies CXCL8
ccLis I CCL26 st s CXCL9 I
ccL14/15 I CcCL27 cxcL1o I
ccLie NN CCL28 cxcL1t
ccLi7 GAPDH cxcLi2

FIG. 1. Transcription analysis of LC817 pulmonary epithelial cells. (A) Transfection of siRNAs specific for p63 resulted
in the downregulation of p63 in LC817 cells. Left panels show real-time PCR analysis of cDNAs derived from cells with
siRNA specific for GFP or siRNA specific for p63. Simultaneously, cDNAs were checked by RT-PCR analysis of p63. Right
panels show immunofluorescence analysis of cells with siRNA of GFP or p63 (depicted as control and siRNA, respectively),
where p63 is visualized by H137 pAb in red and the nucleus by DAPILin blue. (B and C) Transcription profiles as assessed by
RT-PCR analysis of CC and CXC chemokine ligands, respectively. Control, cells transfected with GFP siRNAs; p63 siRNA or
siRNA, cells with p63 siRNAs; GAPDH, a template control.

similarly found in LC817 and HaCaT cells, suggesting that  cells. In 293 cells, the levels of CCL22, CCL25, and CCL28

p63 was probably associated with the control of the expres-  were not altered and CCL7 seemed not to be associated with
sion of CCL5 through various factors depending on the p63. Collectively, the mechanism by which p63 positively
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FIG. 2. Transcription analysis of HaCaT epidermal cells. (A) Transfection of siRNAs specific for p63 resulted in the down-
regulation of p63 in HaCaT cells. Real-time PCR analysis of cDNAs derived from cells with siRNA specific for GFP and
with siRNA specific for p63. Simultaneously, cDNAs were evaluated by RT-PCR analysis of p63 and GAPDH as a template
control. (B) Transcription profiles as assessed by RT-PCR analysis of CC chemikine ligands in HaCaT cells. Control, cells
transfected with GFP siRNAs; siRNA, cells transfected with p63 siRNAs; GAPDH, a template control.

induced the expression of TARC/CCL17 would generally
appear to be shared by human epithelial cells. It was also
observed that CCL5 and CCL26 were under the control of
p63 in specific types of epithelial cells.

293
pB3(+) p63(-)

it

CCL5
CcCL7
ccL17
CCL22
CCL25
CCL26
CCL28
p63
GAPDH

FIG. 3. Transcription analysis of CCL5 CCL7, CCL17,
CCL22, CCL25, CCL26, and CCL28 in 293 epithelial cells with
transiently introduced mock pcDNA3.1 or p63-pcDNA3.1
(depicted as p63(—) or p63(+), respectively) by RT-PCR.
GAPDH, a template control.

TGF-B and EGF downregulate p63 and
TARC/CCL17

It is well recognized that inflammatory responses are
usually accompanied by inflammatory healing reactions
around local epithelial tissues. A complex mechanism with
multiple inflammatory cells underlays these reactions, in
which TGF-B and EGF have pivotal roles in such remodel-
ing during immune responses. When epithelial remodel-
ing around inflammatory foci occurs, the levels of p63 are
mostly suppressed in epithelial cells (Bamberger and others
2005; Kurokawa and others 2006). To examine the physiolog-
ical role of p63 in the context of TARC/CCL17 expression,
HaCaT cells were stimulated with TGF-B or EGF. As under
inflammatory conditions, the levels of p63 were inhibited
in these cells down to ~40-50% of the control levels (Fig. 4).
As expected due to the downregulation of p63, the levels
of TARC/CCL17 were significantly decreased to 5-10% of
the control levels. This may imply physiological associa-
tion of TGF-8 and EGF with the regulation of TARC/CCL17
through p63.

Discussion

In this study, we first identified a role of the p63 mole-
cule in the positive regulation of TARC/CCL17 in human
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epithelial cells. The transcripts of TARC/CCL17 are
exclusively detected in epithelial tissues, including lung
and small and large intestines as well as thymus, sug-
gesting that TARC/CCL17 mainly acts as a chemokine
of epithelial origin (Imai and others 1996). Because p63
shows an expression profile with TARC/CCL17 in various
human epithelial tissues, our results are compatible with
the functional correlations implied by the expression pro-
files of p63 and TARC/CCL17 (Schmale and Bamberger
1997; Kikuchi and others 2004). Similar to the adhesion
molecules, chemokines and their surface receptors can be
up- or downregulated as cells undergo differentiation or
stimulation, allowing lymphocytes to coordinate their own
pathway with their immunologic functions. In this context,
it is intriguing that TGF-B and EGF suppressed the levels
of TARC/CCL17, probably through downregulation of p63,
as during the inflammatory healing process, where exter-
nal pathogens can enter into the tissues from the open-
ings of broken epithelial cell sheets. This might imply that
the p63-TARC/CCL17 axis participates in the homing and
release of particular T-cell subsets and then engages effi-
cient immune reactions at local inflammatory regions with
epithelial tissue remodeling.

Since CD4" T cells chiefly conduct immunosurveillance,
they have to be mobilized to the sites where antigens are

KUBO ET AL.
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FIG. 4. Transcription analysis of p63
and TARC/CCL17 in HaCaT cells stim-
ulated with TGF-B or EGF associated
with tissue remodeling by real-time
PCR. Upper and lower panels show levels
of transcription of p63 and TARC/CCL17,
respectively.

Cont.

localized and presented through a major histocompati-
bility complex or CD1 (Bendelac and others 2007). TARC/
CCL17 specifically binds to the CC chemokine receptor
CCR4 on the surface of the CD4~ T cell. It is noteworthy
that memory and regulatory T cells, Th17 and Th2 CD4" T
cells, possess CCR4 and are possibly able to home through
TARC/CCL17 in skin, lung, and tumor tissues (Vestargaard
and others 2000; Backkevold and others 2005; Hirahara and
others 2006; Lim and. others 2008). Active involvement of
TARC/CCL17 has also.been reported in the emergence of
allergic as well as atopic disorders in skin and lung (Sekiya
and others 2000; Campbell and others 2007; Furusyo and
others 2007). According to the Th1/Th2 paradigm, inflam-
mation associated with allergic disorders is regarded as a
Th2-dominant immune response. The cytokines liberated
by allergen-reactive Th2 cells control the process leading to
allergic inflammation. Thus specific control of p63 expres-
sion may lead to a new modality for the control of allergic
and atopic disorders, or even cancer, through alteration of
the levels of TARC/CCL17 (Ishida and Ueda 2006; Saeki and
Tamaki 2006).

Previously we have reported that p63 can also activate
the gene expression of human inter-cellular adhesion mole-
cule 1 (ICAM-1), which plays a role in the binding of T cells
through lymphocyte function-associated antigen-1 (LFA-1)
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to epithelial cells. This mechanism may further work to
enforce the affinity of epithelial cells to T cells. The promoter
region of the ICAM-1 gene responsive to p63 is restricted,
with a 135-bp region where an interferon-y-activated
sequence (GAS) motif, Sp-1, and AP-2 are localized (Kikuchi
and others 2004). It is noteworthy that this GAS motifis seem-
ingly shared by the proximal promoter sequence of TARC/
CCL17 (Maier and others 2007). However, within a promoter
sequence from 950-bp to the transcription start site of the
TARF/CCL17 promoter region, we failed to find a sequence
that completely matched the specific motif directly bound
to p63 reported recently (Perez and others 2007). Thus it is
possible to consider that p63 indirectly modulates the trans-
activation of the TARC/CCL17 gene through GAS or other
motifs via an as yet unidentified mechanism, although more
experiments will be required to determine the precise action
of p63 in the regulation of these genes.

In summary, we reported novel involvement of p63 in the
regulation of TARC/CCLI17 of epithelial tissues under tissue
repair. To respond rapidly and effectively to various immu-
nologic insults, the coordinated action of various resident
cell populations around epithelial cells as well as immigrat-
ing leukocytes enables the mucosal immune system. Our
results may also shed light on the role of p63 in epithelial
immune surveillance in terms of maintaining peripheral
T-cell tolerance as well (Sather and others 2007).
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It is well known that induction of immunotolerance with allogeneic skin transplantation is
generally difficult. This study attempted to find an immunosuppressive protocol for skin
allograft rejection involving interleukin-16 (IL-16) and interleukin-10 (IL-10), because both are
known to inhibit mixed lymphocyte reaction (MLR). The data indicated that IL-16 enhanced
the immunosuppressive effect of IL-10. IL-16-cDNA- and IL-10-cDNA-double-transfected
squamous cell carcinoma cell line were used as an in vitro model and they produced more
than 20 ng/ml of IL-16 and 100 pg/ml of IL-10 in the supernatant, which significantly inhibited
MLR and also the activation of allogeneic lymphocytes, which were stimulated directly by
allogeneic double-cDNA-transfectant cells. Thus allogeneic skin graft producing IL-16 and IL-

10 might have a local immunosuppressive action that could prolong graft survival.

© 2008 Elsevier Ltd and ISBL. All rights reserved.

1. Introduction

The transplantation of skin allograft has long been used to
treat extensive burns; its biological effects on re-epithelialisa-
tion and neovascularisation have been investigated [1-3]. Skin
allograft functions as a temporary barrier to bacterial invasion
and also water and protein loss, compensating for skin
function and improving the general condition of the burn
victim. However, skin allograft rejection usually occurs 2-3
weeks after transplantation. Thus it is important to seek how
to prolong skin allograft survival.

Previously, we confirmed that interleukin-16 (IL-16), which
is considered one of the natural ligands of the CD4 molecule,

* Corresponding author. Tel.: +81 11 611 2111; fax: +81 11 615 0916.
E-mail address: ymatsu@sapmed.ac.jp (Y. Matsumoto).
0305-4179/$36.00 © 2008 Elsevier Ltd and ISBI. All rights reserved.
doi:10.1016/j.burns.2008.06.017

enhanced an immunosuppressive effect of anti-CD4 mono-
clonal antibody (mAb). Furthermore, 1L-16-cDNA-transfected
keratinocyte-equivalent squamous cells directly inhibited
allogeneic lymphocyte activation [4]. In this study, we
evaluated the effect of another inhibitory cytokine, inter-
leukin-10 (IL-10), which is known to inhibit mixed lymphocyte
reaction (MLR) in the T cell response [5]. Our present data
suggested that IL-10 in conjunction with IL-16 inhibited MLR
more efficiently than either cytokine alone. This implies that
allogeneic skin cells producing IL-16 and IL-10 might induce
local immunosuppression or local tolerance, and conse-
quently prolong allogeneic skin graft survival. We aimed to
show whether IL-16-cDNA- and IL-10-cDNA-double-trans-
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fected keratinocyte-equivalent squamous cells inhibited
allogeneic lymphocyte activation more efficiently, which
suggests the possible development of an immunoregulatory
skin allograft.

2. Materials and methods
2.1, Recombinant human IL-16 and IL-10

The preparation of recombinant human IL-16 (rIL-16) was
described previously [4]. Briefly, to construct the Escherichia coli
expression vector for His-tagged human IL-16, human IL-16-
c¢DNA was amplified by polymerase chain reaction (PCR) and
ligated into pET-16bE. coli expression vector (Novagen, Madison,
WI, USA). The construct was transformed into E. coli BL21 (DE3);
bacterial transformant was grown at 37 °C, and His-tagged rIL-
16 was induced with 1 mM of isopropyl B-p-thiogalactopyrano-
sideat 37 °Cfor2 h. Therecombinant protein was purified by His
Trap™ (Pharmacia Biotech, Uppsala, Sweden) following the
manufacturer’s protocol. Recombinant human IL-10 (riL-10)
was purified by the same procedure.

2.2.  Immunosuppressive effect of riL-16 and
riL-10 on MLR

Human peripheral blood lymphocytes (PBL) from healthy
human volunteers were obtained by density centrifugation
and washed with phosphate-buffered saline (PBS). Stimulator
cells were prepared by incubating cells at 105 ml™* with 25 pg/
ml mitomycin C for 20 min. After four washes with PBS, they
were suspended with RPMI1640 (Nissui, Tokyo, Japan) supple-
mented with 25 mM HEPES buffer, 100 U/m! penicillin, 100 pg/
ml streptomycin and 10% fetal calf serum (FCS; Filtron,
Brooklyn, Australia) (complete medium) at 10° ml™*. Responder
PBL were supplemented in complete medium and incubated in
a nylon wool column (Iwaki, Tokyo, Japan) for 60 min at37 °Cin
5% CO,. The nylon wool non-adherent T cells, which were >97%
T lymphocytes as determined by staining with anti-CD3 mAb
(Becton-Dickinson, Franklin Lakes, NJ, USA), were then sus-
pended in complete medium at 10° ml~* and preincubated with
1078 M of rIL-16 or bovine serum albumin (BSA) alone and, in
some experiments, with 0.01 pg/ml of rIL-10, at 37 °C in 5% CO,
for 1 hbefore the addition of stimulator cells. BSA, 10 wg/ml, was
used as an irrelevant control protein. We confirmed that 10 pg/
m! of BSA did not affect the MLR because there was no
significant difference in the MLR with or without BSA (data not
shown). Responder and stimulator cells were mixed in a 1:1
ratio and aliquoted into triplicate wells of 96-well round-bottom
plates. The cells were cultured at 37 °C in 5% CO,, pulsed with
[*H]-thymidine on day 4 after the cultivation, and harvested
with a SKATRON harvester (Markham, ON, Canada). The
radioactivity was counted in a LS6000 scintillation counter on
day S.

2.3.  Squamous cell culture, plasmid construction and
transfection

The human oral squamous cell carcinoma cell line 0SC-20
(HLA-A2, A11, B46, BS5, Cw1, Cw9, DRS, DR8, DQ1, DQ7) was

established in our laboratory [6]. Its appearance is epithelial in
shape, it grows in a cobblestone pattern with scattered
tonofilaments and desmosomes in the intercellular connec-
tion, and is positive for cytokeratins and vimentin (7). It was
cultured in RPMI1640 (Nissui, Tokyo, Japan) supplemented
with 10% (v/v) FCS. We previously made the human IL-16-
cDNA-transfected 0SC-20 cell clone, OSC-20-1L16#4, which
secreted 50 ng/mil of IL-16as well as control plasmid (pcDSRa-
E3 without . IL-16-cDNA)-transfected OSC-20 cells, OSC-20-
pcDSRa [4]. These were maintained in selective medium
containing puromycin (1 ng/ml; Gibco BRL, NY, USA). Before
DNA transfection, the cell monolayers were washed twice
with PBS and detached by the treatment with 0.05% (w/v)
trypsin with 0.02% (w/v) ethylene diamine tetraacetic acid
(EDTA; Gibco BRL, NY, USA) in PBS. Cells were then washed
with RPMI1640 containing 10% FCS.

Human IL-10-cDNA was constructed into the retrovirus
expression vector pLXSN (Clontech, CA, USA). This construct
was designated pLXSN-hIL-10. Approximately 10° cells of OSC-
20-1L16#4 and OSC-20-pcDSRa were transfected with 10 pg of
pLXSN-hIL-10 and control plasmids pLXSN without IL-10-
c¢DNA, using the LipoFECTAMINE 2000 transfection reagent
(Gibco BRL, NY, USA) following the manufacturer’s protocol.
The transfection mixture was replaced with a fresh medium,
and after 48 h it was replaced again with a selective medium
containing 1 pg/ml puromycin (Gibco BRL, NY, USA) and
500 pg/ml geneticin (Sigma, St. Louis, MO, USA). Half the
medium was changed every 3 days and cells were grown for 3
weeks. Puromycin- and geneticin-resistant cells were trans-
ferred into a 96-well dish at a single cell per well, and the
clones were obtained and maintained in the selective
medium.

Quantitative determination of IL-10 production in these
transfectants was performed by colorimetric enzyme-linked
immunosorbent assay (ELISA), Cytoscreen hIL-10 (BioSource
International, Camarillo, CA, USA) following the manufac-
turer’s protocol. The supernatants of culture medium were
collected 24 h after the cultivation of approximately 10° cells in
culture flasks (Falcon #3024, Franklin Lakes, NJ, USA). Samples
(100 ul) of the supernatant were added to ELISA plates to
measure IL-10 content in the supernatant, following treat-
ment with the blocking buffer. Colorimetric change was
measured at 450 nm by a spectrophotometer and compared
with a standard curve of rIL-10. To examine the biological
activity of secreted IL-16 and IL-10, supernatants of the cells
were added to the MLR experiment. The control comprised
0SC-20 cells transfected with the vectors pcDSRa-E3, pBabe
Puro [8] and pLXSN. In order to determine the additive effect of
secreted IL-16 and IL-10, we used anti-IL-10 mAb (IgG1), kindly
gifted by Dr. Ishida of Kyoto University School of Medicine,
Kyoto, Japan, and anti-rat natural killer target molecule mAb
109 (IgG1) (9] as isotype-matched control mAb.

2.4.  Direct MLR between IL-16- and IL-10-cDNA-double-
transfected OSC-20 lines and T cells

The responder T cells were mixed at a 10:1 ratio with the
stimulator cells: IL-16- and IL-10-cDNA-double-transfected
0SC-20 clones, etc. The ratio when the responder T cells most
proliferated in response to the control stimulatory squamous
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cells was 10:1 (data not shown). Therefore we tested the ability
of transfected squamous cells to suppress T cell responses at
this ratio. Stimulator cells were irradiated with 6000 rad in
advance. These mixtures were aliquoted into triplicate wells
of a 96-well round-bottom plate. The cells were cultured at
37°C in 5% CO,, pulsed with [>H]-thymidine on day 4, and
harvested with a SKATRON harvester. The radioactivity was
counted in a LS6000 scintillation counter on day 5.

In order to determine the level of expression of major
histocompatibility complex (MHC) class I and class II mole-
cules in these transfectant cells, we used W6/32 mAb [10]
and L243 mAb [11], respectively. W6/32 mADb reacts with MHC
class I molecules and 1243 mAbD reacts with human leukocyte
antigen-DR (HLA-DR).

2.5.  Statistical analysis

Student’s t-test was used to assess the differences between
data sets.

3. Results

3.1.  The additive effect of human rIL-16 and rIL-10 on
human MLR

We recently reported that IL-16-producing allogeneic skin
graft might have a local immunosuppressive action that
would prolong graft survival {4]. Following this line of study, in
order to achieve this local immunosuppressive action more
efficiently, we attempted to use IL-16 together with another
well-known immunosuppressive cytokine, IL-10 (12}, deter-
mining the immunosuppressive action of human IL-16 with or
without human IL-10. To this end, we obtained recombinant
human IL-16 and recombinant human IL-10, and their effects
on human MLR were assessed using allogeneic lymphocytes of
healthy volunteers. The HLA-haplotypes of responder and
stimulator lymphocytes involved were HLA-A2, A33, B17,
B61, Cw3, DR6, and HLA-A24, B52, B61, Cw3, DR2, DRS,
respectively. As shown in Fig. 1, MLR was inhibited by the
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Fig. 1 - Additive action of rIL-16 and riL-10 on MLR
proliferation. Bars represent +standard error. *p < 0.05 and
*p <0.01.
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Fig. 2 - (A) IL-10 and (B) IL-16 production in the supernatant
of the puromycin-geneticin-resistant squamous cell line
0SC-20 clones IL16IL10#6 and #7. Bars represent
*standard error.

addition of 1078 M rIL-16 alone or 0.01 pg/ml of rIL-10 alone;
this inhibition was clearly enhanced when IL-10 and IL-16
were used together, whereas control protein BSA did not
inhibit these MLRs. These data suggested that IL-16 and IL-10
acted additively to inhibit MLR.

3.2.  Production and MLR inhibition of IL-16 and IL-10
secreted from a human skin keratinocyte-equivalent model,
0SC-20 cells

The above data led us to develop a model of tolerogeneic
human skin substitute which produced IL-16 and IL-10. To this
end, we used the human squamous cancer cell line 0SC-20 as
a model for the skin keratinocytes. We previously made the
human IL-16-cDNA-transfected OSC-20 cell clone, OSC-20-
IL16#4, which secreted 50 ng/ml of IL-16, and control plasmid
(pcDSRa-E3 without IL-16-cDNA)-transfected OSC-20 cells,
0SC-20-pcDSRa [4]. OSC-20-IL16#4 cells were transfected with
a mixture of plasmids pLXSN-IL-10 and maintained in
puromycin- and geneticin-containing medium. Several clones
were obtained, and IL-10 production in the culture super-
natant was determined by colorimetric ELISA. As a control, we
used a mixture of plasmids pcDSRa-E3, pBabe Puro and pLXSN.
We confirmed the insertion of the IL-10 gene by sequencing
reverse transcriptase PCR products in all of transfectants #6
and #7 (data not shown). As depicted in Fig. 2A, it appeared
that the OSC-20-1L161L10#6 transfectant clone was the highest
producer of IL-10 among selected transfectant clones 0SC-20-
IL16IL10#6 and #7. However, it seemed that the amounts of IL-
16 production by each of these transfectants were the same,
except for the control (Fig. 2B).
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Fig. 3 — Inhibition of human mixed lymphocyte reaction by
the supernatant of IL-16- and IL-10-producing 0OSC-20
clone. Bars represent tstandard error. *p < 0.05 and

**p < 0.01.

By using the supernatant of an IL-16 and IL-10 double-
producer clone, OSC-20-1L16IL10#6, we then assessed whether
it could inhibit MLR. The responder lymphocytes were treated
with the culture supernatant and mixed with mitomycin-C-
treated stimulator cells. The reactivity of responder lympho-
cytes was then analysed as described above. As shown in
Fig. 3, the supernatant of the transfectant clone OSC-20-
IL16IL10#6, the highest IL-16 and IL-10 double-producer,
inhibited MLR most efficiently. Inhibition was cancelled
selectively only when anti-IL-10 mAb (IgG1l) was added to
the MLR assay, whereas isotype (IgG1)-matched control 109
mAb could not cancel the inhibition, compared with the
inhibition of MLR by the supernatant of OSC-20-IL16pLXSN
which secreted IL-16 only. These data indicated that the
supernatant of transfectant clone OSC-20-IL16IL10#6 could
inhibit MLR most strongly, because of the additive effect of
secreted IL-16 and IL-10.

3.3.  Direct MLR inhibition by IL-16- and IL-10-cDNA-
double-transfected OSC-20 lines with T cells

Finally, we determined the direct interaction between
allogeneic lymphocytes and transfected OSC-20 cells. In this
experiment, the control plasmid (pcDSRa-E3 and pLXSN)-
transfected OSC-20 (control), pcDSRa-E3-1L16 and pLXSN-
transfected OSC-20 (OSC-20-IL16pLXSN) and pcDSRa-E3-
IL16- and pLXSN-IL10-transfected OSC-20 cells (OSC-20-
IL161L10#6) as stimulator cells were irradiated with
6000 rad, and allogeneic lymphocytes (HLA-haplotype: HLA-
A2, A33, B17, B61, Cw3, DR6) were added as the responder.
Using colorimetric ELISA, we confirmed that OSC-20-
IL16IL10#6 continued to release IL-16 and IL-10 after they
had been irradiated (data not shown).

As depicted in Fig. 4A, OSC-20-IL161L10#6 cells inhibited
this MLR most strongly when compared with control
cells and OSC-20-IL16pLXSN. In the direct MLR assay, the
effects appeared to be irrelevant to the MHC class I expre-
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Fig. 4 — (A) Inhibition of the reactivity of allogeneic
lymphocytes with IL-16- and IL-10-producing OSC-20
clone. Bars represent :+standard error. *p < 0.05 and

**p < 0.01. (B) Fluorescence-activated cell sorter (FAGS)
profile of the expression of major histocompatibility
complex class I and class II molecules of 0SC-20
transfectants as determined by W6/32 mAb and L243
maAD, respectively. Control denotes the FACS pattern of
cells stained without W6/32 or L243,

ssion on the cell surface as assessed by MHC class I-specific
W6/32 mAb. However, they appeared to be relevant to the
MHC class II expression on the cell surface, since IL-10-
producing OSC-20-1L16IL10#6 cells exhibited a down-regula-
tion of MHC class II expression as assessed by MHC class II-
specific L243 mAb (Fig. 4B). Taken together, these data
indicated that IL-16- and IL-10-double-producing allogeneic
squamous cells, which are considered skin keratinocyte
equivalents, work as direct inhibitors of allogeneic lym-
phocyte activation.
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4, Discussion

Although many synthetic skin substitutes have been produced
[13-15], the mainstay of treatment for extensive severe burns is
still transplantation of skin allografts. However, the therapeutic
effect of these grafts ceases with their immunological rejection.
Therefore, prolongation of skin allograft survival has been a
major aim of clinical treatment. It is recognised that in the field
of allogeneic organ transplantations it is relatively difficult to
delay the immunological rejection of skin. Perhaps these
phenomena may have something to do with the ample pre-
sence of MHC class II-positive professional antigen-presenting
cells, such as dermal dendritic cells, in the skin. Furthermore,
certain epidermal keratinocytes express MHC class II antigen
on the cell surface as well {16]. These characteristics indicate
that the prolongation of skin allograft survival may require
a more potent additional therapeutic regimen.

In the in vitro studies, anti-rat CD4 mAb RTH7 [17,18] signi-
ficantly reduced rat allogeneic MLR (data not shown). In our
study, however, this mAb prolonged in vivo skin allograft
survival only minimally. This might be due to antibody neutra-
lisation and rapid clearance in vivo or to insufficient delivery of
mADb to the skin tissue. We previously assessed the effect of
topically applied 0.5% FK506 ointment in the rat skin allograft
model. The treatment was clearly effective for local immuno-
suppression and consequent delay of skin allograft rejection by
up to 1 week compared with placebo treatment, even though
the blood concentration of FK506 was mostly below levels
detectable by ELISA with a mouse anti-FK506 monoclonal
antibody [19]. From the same point of view, we speculate thatan
efficient way to prolong skin allograft survival might be to
develop an in situ immunosuppressive mechanism in the skin.
Thus, we planned the experiment in which the cytokines in-
hibiting MLR were one of the in situimmunosuppressive agents.

IL-16 was first described in 1982 as a lymphocyte chemoat-
tractant factor generated by mitogen-stimulated human
peripheral mononuclear cells [20]. The functional bioactivities
of IL-16 towards CD4 T cells involve the migration and
upregulation of surface-expressed IL-2 receptor, the GO to G1
transition of the cell cycle and increased cell growth [21]. On the
other hand, it was also reported that IL-16 acted as the natural
ligand of the CD4 molecule and inhibited MLR, although it did
not influence MHC class I expression on the cell surface {22].

Meanwhile, IL-10 has been identified as a cytokine synthesis
inhibitory factor capable of suppressing the production of Thi
cytokines including IL-2 and IFN-y [23-26]. In addition, IL-10
inhibits the production of most cytokines produced by mono-
cytes/macrophages [27,28] and polymorphonuclear neutrophils
[29,30]. IL-10 also strongly reduces antigen-specific T cell
proliferation by diminishing the antigen-presenting capacity
of monocytes via down-regulation of MHC class II expression
[31]. Because IL-10 is well known as an immunosuppressive
cytokine, attempts have been made to more thoroughly
investigate its function in a number of in vivo models including
endotoxemia [32-36}, transplantation [37-39], autoimmune
diseases [40], diabetes in non-obese mice [41] and allergen-
induced lung inflammation [42].

In this study, we demonstrated that IL-16 enhanced
or added independently to the immunosuppressive effect of
IL-10 in allogeneic MLR. It was therefore concluded that if the

skin equivalent was reconstituted with skin cells which
secreted both IL-16 and IL-10, it might induce the most
efficient local immunosuppressive effect and so prolong skin
allograft survival. It is known that skin keratinocytes express
MHC class Il molecules on the cell surface [16], and allogeneic
skin graft rejection will be triggered by the interaction of
dendritic cells, MHC class Il-positive keratinocytes and
lymphocytes. Thus we compared the immunosuppressive
effects of IL-16 and IL-10 on the MLR between responder
lymphocytes and MHC class Il-positive skin keratinocyte-
equivalent cells, such as the OSC-20 line.

We transfected the IL-16 and IL-10 expression vector to
0SC-20, and IL-16- and IL-10-double-producing OSC-20 clones
were obtained. Consequently IL-16 and IL-10, secreted in the
culture supernatant of these clones, inhibited MLR most
significantly. Furthermore, the reactivity of allogeneic lym-
phocytes directly cultured with these OSC-20 clones was also
inhibited. It was confirmed that the MHC class Il expression on
the cell surface of these OSC-20 clones was down-regulated.
Such observations have previously been reported in the
literature {43-48] and may be due to the biological effects of
the secreted IL-10. Our results suggest that the inhibition of
allogeneic lymphocyte reactivity might be due to direct action
of secreted IL-16 and IL-10, and indirect action through down-
regulation of MHC class II expression by the secreted IL-10.
Taken together, our results suggest that, in clinical practice,
gene therapy based on the introduction of IL-16-cDNA and IL-
10-cDNA to the skin cells might confer the capability of
prolonging survival of this allogeneic skin substitute.

Transfection to normal cells in vivo by methods such as a
gene gun with naked DNA, or an adenovirus vector, is not
stable; it is predicted that the amount of cytokines secreted
from the transfectants would decrease or the transfected gene
expression itself would disappear. Therefore, if the current
transfection method is used, it seems difficult for differen-
tiated skin cells to achieve the concentrations of cytokines
secreted by in vitro cell lines. Normal human keratinocyte
culture is usually maintained only up to passages 6-8, and it is
difficult for these cells to be stably transfected with double-
cDNA. However, normal human fibroblasts can be maintained
up to passage 50 at least, so we think a stable double
transfection can be achieved in primary fibroblasts. Moreover,
if normal human keratinocytes are immortalised by the
transfection with genes such as hTERT, we think that stable
double transfection could be achieved in this cell line as well.

We consider that normal keratinocytes and fibroblasts
harvested from allogeneic skin can be stably transfected with
immunosuppressive cytokine cDNA in vitro and then the
allogeneic skin equivalent could be reconstituted from these
stable transfectants, which would maintain high amounts of
cytokine secretion. These cells could be transplanted to severe
burns as allografts. To this end we are now studying the in vivo
effects of IL-16- and IL-10-cDNA-double-transfected skin cells,
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Papillomavirus binding factor (PBF) was first identified as a
transcription factor regulating the promoter activity of human
papillomavirus. We previously demonstrated that PBF is an
osteosarcoma-associated antigen and 92% of osteosarcoma tissues
express PBF in the nucleus. Moreover, PBF-positive osteosarcoma
has a significantly poorer prognosis than that with negative
expression of PBF. In the present study, we assessed the biological
role of PBF in cell survival. Overexpression of PBF induced cell death-
mediated lactate dehydrase (LDH) release from 293EBNA cells.
Cleaved poly(ADP-ribose) polymerase and active caspase-3 were
also detected. However, PBF-induced apoptosis did not affect
caspase-9 activity. Next, to identify the apoptosis regulator of PBF,
we screened a ¢DNA library constructed from mRNA of the
osteosarcoma cell line 052000 using a yeast two-hybrid system and
isolated Scythe/BAT3. Scythe/BAT3 mRNA was detected in 56% of
osteosarcoma tissues and ubiquitously in various normal tissues.
Although Scythe/BAT3 was localized to the cytoplasm in normal
tissue, it was localized to the nucleus in osteosarcoma tissue. PBF
and Scythe/BAT3 also colocalized to the cytoplasm in 293T cells and
the nucleus in 052000. Furthermore, overexpression of Scythe/BAT3
suppressed cell death events that resuited from overexpression of
PBF in 052000, but not in 293EBNA cells. Thus, our results support
the ideas that: (i) PBF could induce apoptotic cell death via a
caspase-9-independent pathway; (i) the apoptosis regulator
Scythe/BAT3 is a PBF-associated molecule acting as a nucleus-
cytoplasm shuttling protein; and (jii) colocalization of PBF and
Scythe/BAT3 in the nucleus might be an important factor for survival
of osteosarcoma cells. (Cancer Sci 2009; 100: 47-53)

Papillomavirus binding factor (PBF) was first identified as a
transcription factor regulating promoter activity of the
human papillomavirus type 8 genome.” We demonstrated that
PBF is an osteosarcoma-associated antigen recognized by an
autologous cytotoxic T lymphocyte clone.” Immunohistochemical
analysis revealed that 92% of biopsy specimens of osteosarcoma
express PBF. Moreover, PBF-positive osteosarcoma has a
significantly poorer prognosis than that with negative expression
of PBF.® Generally, conventional osteosarcoma is a malignant
neoplasm of mesenchymal origin and there is no specific cause
such as viral infection.” Therefore, it is suggested that PBF has
certain functions not only in transcription of the human
papillomavirus genome, but also in the cell survival and
apoptosis of osteosarcoma.

Apoptosis is tightly controlled programmed cell death.
Generally, it is induced by two major pathways, an extrinsic
pathway and an intrinsic pathway.® The initiation of the extrinsic
pathway of apoptosis is triggered by extracellular death signals.
The binding of extracellular ligands to the death receptors of the
tumor necrosis factor receptor superfamily leads to formation
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of the death-inducing signaling complex, which is capable of
activating the initiator caspase-8.©%® Meanwhile, initiation of the
intrinsic pathway of apoptosis is triggered by cellular stress.
Cellular death signals induce mitochondrial membrane permea-
bilization, mitochondrial cytochrome c release and activation of
the initiator caspase-9.%9 Apart from these two major pathways,
mitochondrial membrane permeabilization also leads to the
release of apoptosis-inducing factor (AIF), which induces caspase-
independent cell death.!® Recently, Sichtig ef al. reported that
PBF is an inducer of cell death and that 14-3-3 regulates the
localization of PBF and PBF-induced cell death in skin kerati-
nocytes.!" 14-3-3 is associated with apoptotic cell death, the
cell cycle, and regulation of various oncogenes and tumor-sup-
pressor genes.!>!¥ Moreover, 14-3-3 binds to the Bcl-2 family
member Bax and inhibits Bax-induced cytochrome c release
from the mitochondria upon apoptotic stimuli."* Although these
findings suggest a certain function of PBF as an apoptosis
regulator, the function of PBF in osteosarcoma cells remains
unknown.

In the present study, we demonstrated that PBF-induced cell
death results from apoptosis via a caspase-9-independent path-
way. Next, we identified Scythe/BAT3">!9 as a PBF-associated
molecule using a yeast two-hybrid system. Finally, we showed
that PBF-induced apoptotic cell death is inhibited by Scythe/
BAT3 colocalized to the nuclei of osteosarcoma cells. Taken
together, these findings suggest that both PBF and Scythe/BAT3
might play important roles in apoptosis of osteosarcoma cells.

Materials and Methods

The present study was approved under institutional guidelines
for the use of human subjects in research. The patients and their
families gave informed consent for the use of tissue specimens
in our research.

Cell lines. The osteosarcoma cell lines 0S2000, HOS, Saos-2,
and U20S, as well as the human embryonic kidney cell lines
293EBNA and 293T, were used. 293EBNA and 293T cells did
not express endogenous PBF protein (data not shown). 0S2000
was established in our laboratory."” The other cell lines were
purchased from American Type Culture Collection (Manassas,
VA, USA).

Antibodies. The mouse monoclonal antibodies used in the
present study were anti-cleaved poly(ADP-ribose) polymerase
(PARP) (D216, 1:1000 dilution; Cell Signaling, Danvers, MA,
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USA), anti-caspase-9 (clone S5B4, :1000 dilution, MBL
International, Woburn, MA, USA), anti-B-actin (clone AC-15,
1:1000 dilution; Sigma-Aldrich, St Louis, MO, USA), anti-myc
(clone 9E10, 1:1000 dilution; American Type Culture Collection),
and anti-human influenza hemagglutinin (HA) (HA-7, 1:10 600
dilution and 1:2000 in western blotting and immunofluorescence
analysis, respectively; Sigma-Aldrich, St Louis, MO, USA).
Rabbit polyclonal antibodies used were anti-Scythe/BAT3,
kindly provided by Dr Peter J. McKinnon (St Jude Children’s
Research Hospital, Minneapolis, TN, USA; #23, used at 1:8000
dilution and 1:200 in western blotting and immunofluorescence
analysis, respectively),!® and anti-PBF (used at 1:800 dilution
and 1:200 in western blotting and immunofluorescence analysis,
respectively; SigmaGenosys, Sapporo, Japan).®

Screening of a ¢DNA library using the yeast two-hybrid system.
A cDNA library was constructed from 0S2000 mRNA using a
FastTrack 2.0 mRNA Isolation Kit (Invitrogen, Carlsbad, CA,
USA) and the Superscript Choice System (Invitrogen). The cDNA
was ligated to EcoRI-Xhol adapters and digested with Xhol.
The resultant cDNA was cloned into the pACT2 vector (Clontech
Laboratories, Mountain View, CA, USA). Recombinant plasmids
were electroporated into Electromax DH10B cells (Invitrogen)
and selected with ampicillin (100 ug/mL). The resultant 30 000
clones were amplified and plasmid DNA was extracted using a
Qiagen Plasmid Maxi Kit (Qiagen, Hilden, Germany). Full-
length PBF subcloned into the pGBKT7 vector (Clontech) was
used as bait to screen the cDNA library. Screening of the cDNA
library was carried out according to the Mammalian Matchmaker
Two-hybrid Assay Kit protocol (Clontech).

Reverse transcription-polymerase chain reaction analysis. Expres-
sion of Scythe/BAT3 was determined by reverse transcription—
polymerase chain reaction (PCR). Normal-tissue ¢cDNA was
purchased (Multiple Tissue cDNA Panels; Clontech). Total RNA
was extracted from nine osteosarcoma biopsy specimens and
reverse transcribed. PCR was carried -out with KOD dash
DNA polymerase (Toyobo, Tokyo, Japan), using the forward
primer (XhoI-Scythe/BAT3-FW) 5-GGGGGGCTCG-
AGAAATGGAGCCTAATGATAGTACCAGT-3’ and the reverse
primer (Scythe/BAT3-NotI-Rv) 5-AAAAAAGCGGCCGCC-
TAAGGATCATCAGCAAAGGCCCGC-3’. The mixture was
denatured at 98°C for 2 min, followed by 30 cycles at 98°C for
15 s, 56°C for 2 s, and 74°C for 3 min. Reaction products were
analyzed by electrophoresis on 1.0% agarose gels with ethidium
bromide. Full-length - Scythe/BAT3 cDNA, amplified from
0S2000 cDNA by PCR, was digested with Xhol and Nofl and
subcloned into the pCMV-HA tag vector (Clontech).

Transfection. 293EBNA or 293T cells were transfected with
the indicated cDNA or small interfering RNA' (siRNA) using
Lipofectamine 2000 (Invitrogen) in Dulbecco’s modified Eagle’s
medium containing 10% fetal calf serum in six-well plates
according to the manufacturer’s protocol. 0S2000 or U20S cells
were transfected with cDNA using Cell Line Nucleofector Kit V
(Amaxa, Cologne, Germany) according to the manufacturer’s
protocol.

Western blotting. Cell lines and- biopsy specimens were
homogenized and suspended in ice-cold Nonidet P-40 (NP-40)
buffer for 20'min as described previously.!'? The lysates were
mixed with 2x sample buffer and boiled for 5 min. Then the
lysates were separated by sodium dodecylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) on 7 or 13% gels and transferred to
polyvinylidene fluoride membranes (Millipore, Billercia, MA,
USA). The membranes were blocked and probed with the indicated
antibodies for 40 min at room temperature. The membranes
were then stained with peroxidase-labeled secondary antibody
and visualized using an enhanced chemiluminescence detection
system (Amersham Life Science, Arlington Heights, IL, USA).

Silencing of Scythe/BAT3. Three Stealth siRNA targeting Scythe/
BAT3 and a negative control siRNA were purchased from

Invitrogen. Three micrograms of each siRNA was transfected
into 293EBNA cells and OS2000 cells as described above. After
screening of their silencing effect using western blotting (data
not shown), one of the three siRNA (BAT3-HSS111846) was
selected for further analysis.

Immunoprecipitation. The cells were lysed on ice with NP-40
lysis buffer. Lysates were precleared with protein A-sepharose
beads (Phadia, Uppsala, Sweden) before immunoprecipitation.
The anti-HA-7 monoclonal antibody and aliquots of lysates were
mixed and incubated at 4°C for 24 h. Immunoprecipitates were
recovered from the mixture using protein A-sepharose beads,
washed three times with phosphate-buffered saline (PBS) contain-
ing 0.1% NP-40, mixed with SDS-PAGE gel electrophoresis
running buffer, and boiled for 5 min. Supernatants containing
immunoprecipitates were fractionated on 13% SDS-PAGE,
dried, and exposed to X-ray films with an intensifying screen.

Immunofluorescence analysis. 0S2000, U20S and 293T cells
cultured on glass coverslips (Asahi Techno Glass, Tokyo, Japan)
were fixed in 4% paraformaldehyde and permeabilized in 0.1%
Triton X-100. After washing with PBS, cells were incubated
with the polyclonal anti-PBF antibody and monoclonal anti-HA
antibody to detect the subcellular localization of PBF protein
and HA-tagged Scythe/BAT3 protein. The monoclonal anti-myc
antibody and polyclonal anti-Scythe/BAT3 antibody were used
to detect exogenous myc-tagged PBF protein and endogenous
Scythe/BAT3 protein. 4',6-Diamidine-2’-phenylindole dihy-
drochloride (DAPI) was used for counterstaining nuclei. After
washing with PBS, cells were immunostained with secondary
antibodies (Alexa Fluor 488- or Alexa Fluor 594-conjugated
goat anti-mouse or anti-rabbit antibodies; Invitrogen). After
staining, cells were visualized by confocal laser microscopy
(R2100AG2; Bio-Rad- Laboratories, Hercules, CA, USA).
Formalin-fixed paraffin-embedded sections of one osteosarcoma
biopsy specimen and autopsy specimens of liver, pancreas, and
kidney (obtained from a brain infarction patient) were
deparaffinized and incubated with the polyclonal anti-Scythe/
BAT3 antibody overnight at 4°C. After washing with PBS, cells
were immunostained with Alexa Fluor 488-conjugated goat
anti-rabbit IgG, followed by visualization using confocal laser
microscopy. DAPI was used for counterstaining of nuclei.

Lactate dehydrase (LDH) release assay. 293EBNA, 293T or OS2000
cells were transfected with cDNA as described above. After a 24-h
incubation period at 37°C, the supernatant was replaced with
AIM-V. The amount of LDH in the supernatant was measured by
colorimetric assay using an LDH Cytotoxicity Detection Kit
(Takara, Ohtsu, Japan) after an additional 24 h incubation
period. LDH release was calculated using the following equation:
LDH release =([sample release] — [spontaneous release]).

Caspase-3 colorimetric assay. 293EBNA cells were transfected
with cDNA as described above. After a 24-h incubation period
at 37°C, the amount of active caspase-3 in the supernatant was
meastred by colorimetric assay using an APOPCYTO Caspase-3
Colorimetric Assay Kit (Medical and Biological Laboratories,
Nagoya, Japan) according to the manufacturer’s protocol.

Statistical analysis. Significant differences among samples in
the LDH release assay and caspase-3 colorimetric assay were
determined by Welch’s r-test using StatMate III for Macintosh
v3.10 (ATMS, Tokyo, Japan). A probability of less than 0.05
was considered statistically significant.

Results

Overexpression of PBF induces apoptotic cell death via a caspase-
independent pathway. To investigate the function of PBF as an
apoptosis regulator, we analyzed the cell death and apoptotic
events that occurred in 293EBNA cells transfected transiently
with PBF. As shown in Figure la, overexpression of PBF
induced cell death-mediated LDH release from 293EBNA and
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