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tan, both in vitro and in vivo (3, 4). The allelic frequencies for
these deleterious variations differ considerably among differ-
ent ethnic populations. In Caucasian populations, the frequen-
cies of CYP2C9*2 and CYP2C9*3 were 8—14% and 4-16%,
respectively (5). In contrast, CYP2C9*2 was not present in
Asian populations, and CYP2C9*3 was present in only 1-4%
of Asian populations. Therefore, interethnic variability
reported in the pharmacokinetics and pharmacodynamics of
drugs, metabolized mainly by CYP2C9, could not be fully
explained by the common variants alone. Recently, a number
of novel nonsynonymous -variations of CYP2C9 have been
identified in different Asian populations (6-//). Functional
analysis of these variations in vitro indicated the existence in
Asians of new deleterious alleles of CYP2C9 that might have
clinical relevance.

Losartan, the first selective angiotensin II receptor antago-
nist, was reported to significantly reduce the risk of cardio-
vascular endpoint outcomes compared with atenolol in high-
risk hypertensive patients with left ventricular hypertrophy
(12). Large interindividual variations in the efficacy and tox-
icity of losartan have been reported, and it has been suggested
that they are genetically determined. A relationship was sug-
gested between the polymorphism in the receptor gene,
AGTIR, and its humoral and renal hemodynamic responses
(/3). However, losartan is oxidized primarily by CYP2C9 to
an active carboxylic acid metabolite, E-3174, which has
higher potency and a longer half-life than losartan and is
therefore responsible for most of the antihypertensive effects
(14, 15). The effects of CYP2C9*2 and CYP2C9*3 on losar-
tan oxidation have been extensively studied both in vitro and
in vivo, consistently demonstrating the functional defect of
the CYP2C9*3 allele in decreasing the oxidation of losartan
(16-20). However, the clinical relevance of genotypes of
CYP2C9 to the variable blood pressure—lowering responses to
losartan in hypertensive patients has not been fully clarified.
Furthermore, it remains unknown whether the other deleteri-
ous CYP2C9 alleles in Asians (6-/1) might lead to the phe-
notypes of impaired therapeutic responses to this drug.

We studied several genes responsible for essential hyper-
tension and interindividual differences in responses to war-
farin and antihypertensive drugs (2, 22). To identify the
functional mutations, we resequenced some candidate genes
including WNK4, SCNN1B, SCNN1G, NR3C2, and RGS2 for
hypertension (23-26) and ¥KORCI, GGCX, and CALU for
warfarin (22, 27). In the course of this resequencing, we
noticed that the deleterious mutations are present more fre-
quently than we expected, and the rare mutations with delete-
rious function would increase the total phenotype change.

In the present study, we resequenced the CYP2C9 in 724
Japanese individuals. Two novel missense mutations were
functionally analyzed in the baculovirus/insect cell expres-
sion system with diclofenac as a substrate. Furthermore, we
assessed the blood pressure~lowering responses to losartan in
hypertensive patients with the deleterious mutations in
CYP2C9.

Methods

Subjects

Seven hundred twenty-four Japanese subjects in this study
were enrolled for genetic sequencing of CYP2C9. The study
subjects consisted of 312 patients with stroke and 412 patients
with hypertension. Stroke patients (87 females and 225
males; average age: 65.36+£11.87 years; body mass index:
23.28+3.01 kg/m?) were admitted to the Cerebrovascular
Division of the National Cardiovascular Center (22, 28). They
had all experienced an ischemic stroke within 7 d prior to
admission. Hypertensive patients (196 females and 216
males; average age: 64.83+10.42 years; body mass index:
24.55+3.69 kg/m®) were recruited from the outpatients clinic
in the Division of Hypertension and Nephrology at the
National Cardiovascular Center (23-26, 29). Hypertension
was defined as systolic blood pressure > 140 mmHg, diastolic
blood pressure >90 mmHg, or the current use of antihyper-
tensive medication. Ninety-three percent of the study subjects
(382 subjects) were diagnosed with essential hypertension,
and the rest had secondary hypertension, including renal
hypertension (10 subjects), renovascular hypertension (9 sub-
jects), primary aldosteronism (7 subjects), and others (4 sub-
jects).

Sixty-nine essential hypertensive patients (30 females and
39 males; average age: 64.3619.34 years; body mass index:
22.65+7.84 kg/m?) were taking one of three angiotensin II
receptor blockers (losartan, candesartan, and valsartan) for
treatment of hypertension. Among them, 39 patients had been
receiving 50 mg/d of losartan for more than 3 months. We
evaluated the patients’ average resting blood pressure mea-
sured on three consecutive outpatient clinic visits, before and
after losartan treatment.

The study was approved by the Ethics Review Committee
of the National Cardiovascular Center, and only those sub-
jects who provided written informed consent for genetic anal-
yses were included in the study.

Resequencing of CYP2C9 in 724 Japanese Sub-
jects

Whole blood was collected from each participant, and
genomic DNA was extracted from peripheral blood leuko-
cyte. From each subject, 687 base pairs of the promoter
region, all exons and intron-exon junctions, and the 3’-UTR
of CYP2C9 were amplified and sequenced directly on both
strands using an ABI 3730 Automated Sequence Analyzer
(Applied Biosystems, Foster City, USA), as described previ-
ously (27, 30). Primers were designed to be specific to
CYP2C9, with particular attention being paid to avoid ampli-
fication of sequences from homologous genes (¢f. Online
Table 1). The obtained sequences were examined for the pres-
ence of variations using Namihei software (Mitsui Knowl-



edge Industry Co., Ltd., Japan) and Sequencher software
(Gene Codes Corporation, Ann Arbor, USA), followed by
visual inspection. Novel nonsynonymous single nucleotide
polymorphisms (SNPs) were confirmed by sequencing of
PCR products generated from new genomic DNA amplifica-
tions. The genomic and cDNA sequences of CYP2C9,
obtained from GenBank (NC_000010.8 and NM 000771.2,
respectively), were used as reference sequences. The A of
ATG of the initiator Met codon was denoted as nucleotide + 1,
and the initial Met residue was denoted as amino acid + 1. The
identified missense mutations were mapped in the human
CYP2C9 crystal structure bound with warfarin (3/) by the
PyMOL v0.99 molecular visualization system (DeLano Sci-
entific LLC, San Carlos, USA).

Cloning, Site-Directed Mutagenesis and Vector
Constructions

A full-length human NADPH-cytochrome P450 oxidoreduc-
tase (OR) cDNA was isolated by PCR from human adult nor-
mal liver Quick-Clone cDNA (Clontech, Palo Alto, USA)
with the forward primer, 5-CACCAGTTTCATGATCAA
CATGGG-3’, and the reverse primer, 5'-GCCCCTAGCTCC
ACACGTCC-3". The underlined sequence was introduced to
the directional TOPO cloning system. The PCR products
were cloned directly into the pcDNA3.1D/TOPO vector
(Invitrogen, Carlsbad, USA) according to the manufacturer’s
instructions (pcDNA3.1D/OR). Two single CYP2C9 varia-
tions, 3573 G>A (Arg132Gln) and 42543 G>A (Arg335Gln),
were introduced into the wild-type plasmid (pcDNA3.1D/
CYP2C9/Wild-type) as a template using a QuickChange Site-
Directed Mutagenesis Kit (Stratagene, La Jolla, USA). The
primer sequences used for the construction of variant plas-
mids were as follows: 5-CTCCCTCATGACGCTGCA
GAATTTTGGGATGG-3" (sense) and 5-CCATCCCAA
AATTCTGCAGCGTCATGAGGGAG-3" (antisense) for
pcDNA3.1D/CYP2C9/ Argl32GIn. 5-TGATTGGCAGAA
ACCAGAGCCCCTGCATGCA-3 (sense) and 5'-TGCATG
CAGGGGCTCTIGGTTTCTGCCAATCA-3 (antisense) for
pcDNA3.1D/CYP2CY/ Arg335Gln.

The position of the exchanged nucleotide is underlined and
in boldface. To ensure that no errors had been introduced dur-
ing amplification, the entire cDNA regions were contirmed
by sequencing the plasmid construct. Both OR and CYP2C9
wild-type or variant cDNAs were subcloned into the baculo-
virus transfer vector, pFastBac Dual (Invitrogen), 3 of the
P10 promoter, and the polyhedron promoter (polh), respec-
tively (pFastBac Dual/P10.0OR/ polh.CYP2C9). Recombinant
baculoviruses carrying both CYP2C9 and OR cDNAs were
produced according to the Bac-to-Bac Baculovirus Expres-
sion system protocol of Invitrogen.

Yin et ul: Genetic Variations of CYP2C9 and Losartan 1551

Expression of Recombinant Proteins in Insect
Cells and Preparation of Microsomal Fractions

For the expression of recombinant proteins using the baculo-
virus expression systems, adherent Spodoptera frugiperda
(821 insect cells (3.7 x 10® cells per 225 c¢cm® flask) were
infected with recombinant baculoviruses at a multiplicity of
infection of 4 in supplemented form of Grace’s Insect
Medium (Invitrogen) with 10% fetal bovine serum and 10 ug/
mL gentamycin. At 16-24 h post-infection, the culture media
were supplemented with 0.2 mmol/L ferric citrate and 0.3
mmol/L §-aminolevulinic acid, and the cells were harvested
at 72-h post-infection. Microsomal fractions from Sf2/ cells
were prepared as described previously (/7).

Characterization of Protein Expression

The cytochrome P450 content in insect cell microsomes was
measured by reduced CO-spectrum using the method of
Omura and Sato (32). NADPH-cytochrome P450 OR activity
in insect cell microsomes was measured using cytochrome C
as a substrate as described by Phillips and Langdon (33). The
molar amount of OR was calculated based on an assumed
specific activity of 3.0 pmol cytochrome C reduced/min/nmol
purified human OR (34). Western blotting of CYP2C9 and
OR was performed using 2 pg of microsomal protein from
insect cells as described previously (/). For immunostaining
of OR, goat anti-rat OR antiserum (diluted 1:1,000; Daiichi
Pure Chemical Co., Tokyo, Japan) and horseradish peroxi-
dase—conjugated rabbit anti-goat IgG (diluted 1:20,000; Jack-
son ImmunoResearch Laboratories, West Grove, USA) were
used as the first and second antibodies, respectively.

Assay for CYP2C9-Mediated Enzymatic Activity

CYP2C9 activities for the wild-type and two variants were
assessed by diclofenac 4’-hydroxylation as described previ-
ously (//) except that the incubation mixture contained
diclofenac (1.0-100 umol/L), 5 pmol of P450 from insect
microsomes, 10 pmol of purified cytochrome b5 (Oxford Bio-
medical Research, Oxford, UK), and an NADPH regenerating
system (1.3 mmol/L NADP*, 3.3 mmol/L. glucose 6-phos-
phate, 3.3 mmol/L MgCl, and 0.4 unitmL glucose-6-phos-
phate dehydrogenase), and the reactions were allowed to
proceed for 10 min. The initial mobile phase of high-perfor-
mance liquid chromatography consisted of 70% of a 30% ace-
tonitrile solution containing 1 mmol/L perchloric acid (A) and
30% of methanol (B) and was delivered for 5 min, after which
a 20 min linear gradient from 30% to 100% of B was formed
at a flow rate of 1 mL/min. Under these conditions, the reten-
tion times of 4’-hydroxydiclofenac, 5-hydroxydiclofenac, and
diclofenac were 14.2, 14.7, and 19.6 min, respectively.
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Fig. 1. Mapping of identified missense variations on the
crystal structure of human CYP2C9 protein bound with war-
Jarin (PDB: 10G5). Hem and S-warfarin are shown by red
and pink, respectively. The seven missense mutations identi-
fied in this study are presented by a space-filling model.

Statistical Analysis

All SNPs identified were tested for deviations from the
Hardy-Weinberg disequilibrium through the use of a y? test.
Pairwise linkage disequilibrium (LD) between two SNPs was
evaluated by r? using SNPAlyze version 4.0 software
(DYNACOM Co., Ltd., Mobara, Japan). Kinetic parameters
Kn and Vi were estimated using a software program
designed for non-linear regression analysis of a hyperbolic
Michaelis-Menten equation (Prism v.3.0a, GraphPad Soft-
ware, San Diego, USA). Kinetic data are presented as the
meantSD for three microsomal preparations derived from
separate transfections for each variant and analyzed by one-
way analysis of variance. Multiple comparisons were made
with the Scheffe test.

Results

Resequence of CYP2C9 in 724 Japanese Sub-
jects

Upon sequencing the CYP2C9 in 724 Japanese subjects, we
identified a total of 31 genetic variations, including 15 novel
ones (Table 1). All of the detected variations (except for the
SNPs of 251 C>A inintron 1 and 3411 T>C in intron 2) were
in Hardy-Weinberg equilibrium for two separate groups
(p=0.81 in stroke patients and p=>0.82 in hypertensive
patients) and for all subjects (p=0.66). Since we did not find
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any significant differences in frequencies between the stroke
patients and the hypertensive patients (p>0.05 by y? test or
Fisher’s exact test), the data for all subjects were analyzed as
one group.

Fourteen variations (seven missense and seven synonymous
ones) were identified in the coding regions of CYP2C9. Two
out of the seven missense mutations were novel, including
Argl132Gln in one hypertensive patient and Arg335Gln in two
stroke patients. The other five known missense mutations,
lle359Leu (CYP2C9*3), Leu90Pro (CYP2C9*13), Argl 25His
(CYP2C9*14), Argl50Leu (CYP2C9*27), and Alad447Thr
(CYP2C9*30), were found in 47, 2, 1, 3, and 2 individuals,
respectively. All the missense mutations were heterozygous,
and there were no compound heterozygotes. The positions of
seven missense mutations on the crystal structure of human
CYP2C9 bound with warfarin are shown in Fig. 1.

Seven synonymous variations were identified, of which
three novel ones (Glul22Glu; n=1, Pro317Pro; n=1, and
Thr392Thr; n=1) were found as single heterozygotes. In the
putative promoter region, two variants (—251 C>A and —162
A>QG) (35) were detected, each in only one individual. A total
of 15 variations were found in the intronic, 3’-UTR, and 3’-
flanking regions. Five novel variations in introns 1, 2, and 4
and four novel variations in the 3’-UTR were identified with
allele frequencies less than 0.01.

LD analysis showed that CYP2C9*3 was in LD (+2>0.8)
with two variations, 50298 A>T (Gly475Gly) in exon 9 and
50742 T>A in the 3’-flanking region. LD (+2=0.7) was also
noted between two intronic variants, 251 T>C in intron 1 and
3411 T>C in intron 2.

Functional Characterization of Two Novel Mis-
sense Mutations

To functionally characterize the two novel missense muta-
tions, Argl32GIn and Arg335Gln, the wild-type and two
CYP2C9 variants were coexpressed with NADPH-cyto-
chrome P450 OR in Sf2/ insect cells. The holo-CYP2C9 con-
tent was not significantly different between the wild-type and
variants: 188.6+22.9 pmol/mg microsomal protein for wild-
type, 192.3+14.5 pmol/mg microsomal protein for
Argl32Gln, and 159.3£5.5 pmol/mg microsomal protein for
Arg335CIn, as determined on three lots from independent
expression experiments. Quantities of cytochrome P420 were
negligible for all preparations (data not shown). Cytochrome
C reductase activities varied slightly but were not signifi-
cantly different among the preparations (632-808 nmol cyto-
chrome C reduced/min/mg protein), and the mean OR/
CYP2C9 molar ratios in microsomal fractions were calcu-
lated to be 1.2, 1.3, and 1.6 for wild-type, Arg132Gln, and
Arg335GIn, respectively.

Immunoblot analyses of CYP2C9 and OR were performed
using insect cell microsomes, and representative data from
three independent preparations are shown in Fig. 2. Quantita-
tive analysis revealed that neither apo-CYP2C9 nor OR pro-
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Fig. 2. Expression of wild-type and two variants of CYP2C9 in insect cell microsomes. Representative Western blots of immu-
noreactive CYP2C9 (4) and OR (B) proteins (upper) are shown. Lanes 1-3: co-expressed microsomes containing wild-type,
Argl32Gin, and Arg335GIn CYP2C9 each with OR; lane 4: microsomes containing solely OR; lane 5: commercially available
co-expressed supersomes containing CYP2C9.1 and OR (BD Bioscience, San Jose, USA). Relative intensities of immunoreactive
CYP2C9 (A) and OR (B) protein are shown in the lower panels. Each bar represents the mean+SD of three separate experi-

ments.

Table 2. Kinetic Parameters for Hydroxylation Activities of Wild-Type and Variant CYP2C9 against Diclofenac

Amino acid alteration Kn (Wmol/L) Vmax (pmol/min/pmol P450) Clearance (Vmax/Km) (LL/min/pmol P450)
Wild-type 3.4+0.17 79.8£6.6 23.4+0.81

Argl32GIn 1.8+0.05%* 7.8£0.4** 4240.31%*

Arg335GIn 3.0+0.10* 65.4+2.1* 22.0+0.06*

*p<0.05, **p<0.0001 vs. wild-type. One-way analysis of variance, post-hoc test: Scheffe. Data are represented by means®SD.

tein expression levels were significantly different among the
wild-type and two variants (p=0.77 for CYP2C9, p=0.64 for
OR). Catalytic activities of the wild-type and variant
(Argl132GIn and Arg335GIn) proteins were assessed using
diclofenac as a substrate. Diclofenac 4’-hydroxylation exhib-
ited typical hyperbolic kinetic profiles in both the wild-type
and variant proteins (data not shown). The kinetic parameters
are summarized in Table 2. The Argl32GlIn protein showed a
90% decrease in the V.« value and a partial decrease in the
K., value, resulting in fivefold lower intrinsic clearance rela-
tive to the wild-type (Table 2). A slight diminution in intrinsic
clearance (6%) was observed for the Arg335GIn protein with
slightly decreased K and Fax values (Table 2). The forma-
tion of 5-hydroxy diclofenac was observed in neither the
wild-type nor variant (Arg132Gln and Arg335Gln) proteins
(data not shown), suggesting that these substitutions do not
alter the regioselectivity of diclofenac hydroxylation.

CYP2C9 Polymorphisms and the Effectiveness of
Losartan in 39 Hypertensive Patients

Among 39 patients taking losartan, 34 patients carried the

wild genotype of CYP2C9*1/*1], and the other 5 patients car-
ried missense mutations, including CYP2C9*1/*3 in 2
patients, CYP2C9*1/*30 in 2 patients, and Arg132Gln muta-
tion in one patient. The changes in systolic and diastolic blood
pressure with respect to genotypes at 3 months of losartan
treatment are presented in Table 3. Losartan obviously low-
ered systolic blood pressure in 2 patients with CYP2C9*3 and
in a patient with the Argl132GIn mutation. However, losartan
was not effective in 2 patients with CYP2C9*1/*30.

Discussion

In the present study, the large-scale direct resequencing effort
of the CYP2C9 allowed us to detect 31 genetic variations in
724 Japanese individuals. We also obtained accurate frequen-
cies of the known variations, CYP2C9*3, *13, *14, *27 and
*30), that are specific to Asians, except for *3. As for the novel
alleles, Argl132GIn and Arg335Gln, their effects on both pro-
tein expression levels and enzymatic activity were assessed
using a baculovirus expression system.

The most frequently identified missense mutation in the
present study was CYP2C9*3 (Ile359Leu), with a frequency
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Table 3. Patient Characteristics and Blood Pressure Response to Losartan with Respect to Genotypes: Essential Hypertensive

Patients Taking Losartan

CYP2C9 genotype
*1/*] *[/*3 *1/*30 Argl32Gln

Case number 34 2 2 1
Sex (male/female) 21/13 0/2 2/0 1/0
Age (years) 65.10+£7.04 70 67 77 71 70
BMI (kg/m?) 25.10+3.07 21.47 24.20 2433 25.59 20.7
SBP

At baseline (mmHg) 151.10+14.75 130° 156 155 172 157

At 3 month (mmHg) 142.80£16.23 119 141 151 173 128

Change (mmHg) -8.70+£14.35 —~11 -15 -4 1 -29
DBP

At baseline (mmHg) 88.801+9.26 712 104 81 98 82

At 3 month (mmHg) 84.901£9.98 75 96 83 95 70

Change (mmHg) —-4.20£6.91 4 -8 2 -3 -12

Values are mean£SD. BMI, body mass index; SBP, DBP, systolic and diastolic blood pressures. *Office blood pressure in this patient
with CYP2C9 *1/*3 was 130/71 mmHg. Losartan was prescribed because this patient had higher home SBP (over 150 mmHg).

of 0.033, which was in good agreement with the previously
published results in Japanese populations (//, 36, 37). The
frequency of CYP2C9*/3 (LeuS0Pro), 0.0014 in the present
study, was comparable to that recently reported in a Japanese
population (//) but much lower than those in previous studies
of other Asian populations (6, 9). CYP2C9*/3 was first iden-
tified in a Chinese individual who showed poor metabolizer
phenotype for both lornoxicam and tolbutamide (6). Func-
tional analysis of the CYP2C9*13 protein showed decreased
enzymatic activity for tolbutamide and diclofenac (10).
Another recently published allele, CYP2C9*14 (Argl25His),
was detected in an individual in the present study. This allele
was first identified in an Indian patient, and the variant
protein exhibited 80-90% lower catalytic activity toward
tolbutamide (7, 8). CYP2C9*27 (Argl50Leu) and *30
(Ala477Thr), both detected recently in a Japanese population
(11), were also identified in 3 and 2 individuals in the present
study, respectively. The in vitro study revealed that the
CYP2C9*30 protein had a twofold higher K, value and a
threefold lower V. value than the wild-type towards
diclofenac, whereas the catalytic activity of the CYP2C9*27
protein was similar to the wild-type (/7).

The novel Argl32Gln variant exhibited a 90% decrease in
the Vi value toward diclofenac 4’-hydroxylation (Table 2).
Arg132 is located in a loop region between the C and D heli-
ces (Fig. 1) and is highly conserved in the CYP2C family
(http://drmelson.utmem.edwhumP450.aln. html). Argl33, the
corresponding residue of CYP2B4, is suggested to play a
prominent role in binding its redox partners, cytochrome b5
and P450 reductase (38). Accordingly, the loss of catalytic
activity of the Argl32Gln variant might reflect the altered
affinity of variant protein to these redox partners due to elec-
trostatic changes as proposed for *2 (Argl4d4Cys), *i4
(Argl25His), and *26 (Thr130Arg) (8, 11, 39).

The Arg335GIn variant showed a similar holo-CYP2C9
content to wild-type in insect cell microsomes. Furthermore,
the intrinsic clearance of the Arg335Gin variant was only
slightly lower than that of the wild-type. In contrast to
Arg335GIn, a substitution in the same position, Arg335Trp
(*11), was reported to exhibit a threefold increase in K, and
more than a twofold decrease in the intrinsic clearance for
tolbutamide when expressed in a bacterial cDNA expression
system (40). In addition, catalytically active CYP2C9*11
holo protein was expressed at a very low level due to its
decreased stability in insect cells (4/). To confirm whether or
not the protein stability of the Arg335GIn variant might be
influenced by the in vitro expression system used, the wild-
type and variant proteins were expressed in a mammalian
expression system using COS-1 cells. The protein expression
level of Arg335GIn variant in COS-1 microsomes was
decreased by only 30% compared with that of the wild-type
(data not shown), indicating that the protein stability of the
Arg335GIn product was not substantially different between
mammalian expression systems and baculovirus/insect cell
systems. Thus, the substituted residues (Trp vs. Gln) at this
position might quite differently influence the stability of pro-
tein as well as catalytic activities.

Thirty-nine patients were taking losartan, which is known
to exhibit considerable inter-individual variation in its anti-
hypertensive effects. Losartan is primarily oxidized by
CYP2C9 to an active carboxylic acid metabolite, E-3174 (/4—
16). CYP3A4 also plays a limited role in the metabolic acti-
vation of losartan in vitro; however, its significance in vivo
has not been demonstrated (3, 15, 16). We evaluated the
impact of CYP2C9 variations on the antihypertensive effect
of losartan based on the patients’ average resting blood pres-
sure measured before and three months after losartan treat-
ment.
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Two Japanese hypertensive patients camying the
CYP2C9*3 heterozygous allele showed lowered systolic
blood pressure by losartan (Table 3). This is in line with the
previous report that no significant differences in the pharma-
cokinetics of losartan and E-3174 were observed between
CYP2C9*%1/*%3 and *1/*1 (42). Contrary to our result, a Dan-
ish prospective study of optimal monotherapy with losartan in
type 1 diabetic patients with nephropathy showed that the
reduction in systolic 24 h blood pressure was signitficantly
greater in wild-type patients (n=48) than in CYP2C9*3 carti-
ers (n=12) (43). Furthermore, similar changes in diastolic
and systolic 12 h blood pressures were also observed between
CYP2C9*1/*] (n=4) and *I/*3 (n=3) Japanesc patients
(20). The role of heterozygous CYP2C9*3 in the blood pres-
sure—lowering response to losartan in hypertensive patients
should be further studied in a large cohort of patients.

Inconsistent with our in vitro study, systolic blood pressure
in a patient with Arg132GlIn was obviously lowered by losar-
tan (Table 3). For this variation, the substrate-dependent dif-
ferences between diclofenac and losartan oxidation are
unlikely because Argl32 might interact with redox partners
but not with substrates as described above. However, the
change in enzymatic activity toward losartan should be fur-
ther analyzed.

However, losartan was not effective in 2 patients carrying
the heterozygous CYP2C9*30 (Alad77Thr) allele. A serious
impact on the pharmacodynamics of losartan was not demon-
strated statistically because of the small sample size of indi-
viduals with *30. Ala477 is located in the substrate
recognition site-6 region in the B2 sheet, which shows very
strong hydrophobic interactions with the substrates (44), sug-
gesting the importance of this residue in metabolic activity of
CYP2C9 toward various substrates. Therefore, insufficient
conversion of losartan to E-3174 by this defective mutation
might be responsible for the therapeutic failure of these
patients. Pharmacokinetic analysis of CYP2C9*30 towards
losartan would be necessary to further elucidate its clinical
relevance.

In conclusion, multiple rare functional variations of
CYP2C9 were detected in a Japanese population. Approxi-
mately 7% of the Japanese individuals analyzed (53 of 724)
carried one of the functionally deleterious alleles
(CYP2C9*3, *13, *14, *30, and Arg132Gln). In addition to
CYP2C9*3, CYP2C9*30 might also be used for determining
inter-individual responses to losartan treatment in Japanese
hypertensive patients.
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ADAMTS13 P475S polymorphism causes a lowered enzymatic

activity and urea lability in vitro
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von Willebrand factor (VWF) is a plasma glycoprotein
synthesized primarily in vascular endothelial cells and megak-
aryocytes [1]. VWF is released into plasma as ultra-large
multimeric forms that are highly active in platelet aggregation.
A plasma metalloprotease ADAMTSI3 specifically cleaves the
Tyr'%%.Met'®® peptidyl bond within the A2 domain of VWF
[2]. Deficiency of the ADAMTSI13 enzymatic activity, caused
by genetic mutations or acquired autoantibodies against
ADAMTSI3, results in the accumulation of ultra-large VWF
multimers in plasma that lead to the hyper-aggregation of
platelets. This prothrombotic condition can cause thrombotic
thrombocytopenic purpura (TTP) [3]. A number of non-
synonymous mutations and polymorphisms of ADAMTSI3
have been identified [4,5]. Among them, the P475S
(c.1423C > T) polymorphism is noteworthy.

The allele frequency of ADAMTSI13 P475S was 5.1% in
Japanese subjects [6], 4.0% in Koreans [7], and 1.5% in Chinese
[8], but absent in Caucasians [9]. The recombinant P475S
mutant was normally secreted from cultured cells but showed
greatly reduced enzymatic activity (~10%) in the VWF-
multimer assay [6]. Recently, we have developed a quantitative
ADAMTSI13 activity assay using a synthetic fluorogenic
substrate FRETS-VWF73 [10] and it is now widely utilized
[11-14]. The assay can be performed in the absence of urea that
is required for the VWF-multimer assay. In this study, we
evaluated the activity of the P475S mutant using FRETS-
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VWF73 and found that the mutant exhibited the more
profound loss of activity than the wild-type in the presence of
urea.

‘We have prepared four forms of recombinant ADAMTSI13
using a transient expression system of HeLa cells: the full-
length form (Met'-Thr'**") with the wild-type sequence (FL) or
with the P475S polymorphism (FL-P475S), and the C-termi-
nally-truncated forms (Met'-Ala®*) with the wild-type se-
quence (MDTCS) or with the P475S polymorphism (MDTCS-
P475S). FL and FL-P475S were tagged by the C-terminal
FLAG sequence. MDTCS and MDTCS-P475S were tagged by
the C-terminal 6xHis sequence. The culture media of cells
expressing FL and FL-P475S were collected and concentrated
5-fold by centrifugal filtration (Ultrafree-MC; Millippore,
Billerica, MA, USA). The media of cells expressing MDTCS
and MDTCS-P475S were collected, and the recombinant
proteins were purified by the Ni-NTA column chromatogra-
phy. The relative amounts of the recombinant proteins were
adjusted by their band intensities of Western blotting analysis
using anti-FLAG or anti-6xHis antibodies, within the linear
detection range. Enzymatic activity of each protein was
measured by the FRETS-VWF73 assay [10] in the absence or
presence of urea.

First, we compared the enzymatic activities between FL and
FL-P475S in the absence of urea, and found that FL-P475S
showed 71 + 3.6% (n = 3) activity of FL. We previously
reported that FL-P475S showed only approximately 10%
activity of FL in the VWF-multimer assay [6]. This paradoxical
observation led us to further study in order to understand the
effect of P475S. We hypothesized that 1.5-M urea in the VWF-
multimer assay [15] may affect the FL-P475S activity more
severely than FL. Then, we added a series concentration of
urea up to 2 M (final concentration) in the FRETS-VWF73
assay and measured the activity. Addition of urea inhibited the
enzymatic activity of FL-P475S more severely than that of FL.

© 2008 International Society on Thrombosis and Haemostasis
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Fig. 1. Inhibitory effect of urea on the ADAMTSI3 activity. (A) The
enzymatic activities of recombinant full-length (FL, open bars) and its
P475S mutant (FL-P4758, closed bars) were measured by the FRETS-
VWF73 assay in the presence of urea at the indicated concentrations. FL-
P475S showed 71% activity of FL in the absence of urea. The respective
activities of FL and FL-P475S in the absence of urea were represented as
100%. Values are shown as mean with error bars indicating range (n = 2-
3). (B) The enzymatic activities of C-terminally-truncated ADAMTSI3
(MDTCS, open bars) and its P4758 mutant (MDTCS-P475S, closed bars)
were measured by the FRETS-VWF73 assay. MDTCS-P4758 showed
66% activity of MDTCS in the absence of urea. The respective activities of
MDTCS and MDTCS-P475S in the absence of urea were represented as
100%. Values are shown as mean with error bars indicating range (n = 3).

Compared with the urea-free condition, 1.5-M urea lowered the
activities of FL and FL-P475S to 46% and 20%, respectively
(Fig. 1A). Thus, it was suggested that FL-P4758 showed 71%
activity of FL in the absence of urea and 31% in the presence of
1.5-M urea.

To confirm the above results, we next compared the activities
of purified recombinant MDTCS and MDTCS-P475S.
MDTCS-P4758 showed 66 + 3.8% (n = 3) activity of
MDTCS in the absence of urea. Urea again inhibited the
activity of MDTCS-P475S more severely than that of MDTCS.
Compared with the urea-free condition, 1.5-M urea Jowered the
activities of MDTCS and MDTCS-P475S to 55% and 22%,
respectively (Fig. 1B). Thus, it was suggested that MDTCS-

© 2008 International Society on Thrombosis and Haemostasis
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P475S showed 66% activity of MDTCS in the absence of urea,
and 26% in the presence of 1.5-M urea. This was consistent with
the data of FL and FL-P475S described above.

In the present study, we showed that P475S polymorphism
of ADAMTSI3 resulted in moderately lowered activity
(~70%) in the FRETS-VWEF73 assay without urea, and that
the P475S mutant was more labile to urea than the wild-type.
These results suggested that the greatly reduced activity of
P475S mutant in the VWF-multimer assay (~10%) was partly
explained by combined effects of the intrinsic lowered specific
activity and lability to urea. In the VWF-multimer assay,
denaturants such as urea must be present in the reaction
buffer for efficient proteolysis of VWF by ADAMTSI13. It is
believed that urea can unravel the molecular conformation of
VWEF, resulting in exposing the scissile bond in the VWF A2
domain. At the same time, urea may partially disrupt the
conformation of ADAMTSI3. Substitution of Ser for Pro*’
may enhance the denaturant effect of urea against ADAM-
TS13.

It is estimated that approximately 10% and 0.25% of the
Japanese population are heterozygous or homozygous for
P475S, respectively [6]. The frequency of hereditary TTP,
however, is not so high in Japan [16], and no homozygotes of
P475S have been so far identified as patients with hereditary
TTP. Although P475S causes the lowered ADAMTSI3
activity, the resultant activity seems sufficient for prevention
of TTP onset. Further study will be needed for understanding
the potential implication of P475S for acquired TTP or other
thrombotic diseases.
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Multiple anti-atherosclerotic treatments impair aspirin
compliance: effects on aspirin resistance
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The antithrombotic effect of aspirin has been well documented
in patients with acute and chronic coronary syndromes [1].
Recently, the term ‘aspirin resistance’ was coined to describe
aspirin-treated patients who respond to platelet agonists in
aggregometric tests (residual platelet reactivity), or who have
recurrence of cardiovascular events (CVEs) [2]. In a recent
meta-analysis, a mean prevalence of aspirin resistance of about
25% was reported in CVE patients [3]. However, the definition
of aspirin resistance has been based essentially on laboratory
tests, which only in part depend on the platelet formation of
thromboxane (Tx) A,.

In clinical studies in which arachidonic acid (AA)-induced
platelet aggregation (PA) and/or serum TxB; were investigated,
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the rate of aspirin resistance ranged from 2% to 43% [4,5]. The
reason for this large variability remains unclear. An important
issue, which so far has not been fully explored, is whether poor
aspirin compliance might play a major role in aspirin resistance
[6]. Two studies that specifically addressed this issue demon-
strated that compliance had a major role [7,8]. Thus, in patients
who were resistant to aspirin, inhibition of PA was fully
restored when analysis of patients’ adherence to aspirin
treatment was performed. However, in these studies only
AA-induced PA was used to explore aspirin resistance. No
direct measure of platelet TxA,, considered a prerequisite to
analyze the rate of COX1 and eventually aspirin resistance, was
provided [9]. Here, we undertook a prospective study to further
evaluate the role of compliance on aspirin resistance intended
as residual platelet reactivity.

An exploratory study was performed in 20 aspirin-treated
patients at risk or with stable cardiovascular disease. AA-
induced PA and serum TxB, (a stable metabolite of TxA,) were
measured after seven days of controlled aspirin (100 mg)
intake. Aspirin was given by a doctor or a nurse to each patient.

AA (1 mm)-induced PA and serum TxB, were determined as
previously described [10). Briefly, PA was expressed as light
transmission difference (% LT) between platelet-rich plasma
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Autoreactive T cells are thought to be involved in the pathogcnesis of autoimmune diseases, but evidence for their direct patho-
genicity is almost lacking. Herein we established a unique system for evaluating the in vivo pathogenicity of desmoglein 3 (Dsg3)-
reactive T cells at a clonal level in a mouse model for pemphigus vulgaris (PV), an autoimmune blistering disease induced by
anti-Dsg3 autoantibodies. Dsg3-reactive CD4* T cell lines generated in vitro were adoptively transferred into Rag-2~'" mice with
primed B cells derived from Dsg3-immunized Dsg3 ™'~ mice. Seven of 20 T cell lines induced IgG anti-Dsg3 Ab production and
acantholytic blister, a typical disease phenotype, in recipient mice. Comparison of the characteristics between pathogenic and
nonpathogenic Dsg3-reactive T cell lines led to the identification of IL-4 and IL-10 as potential factors associated with pathoge-
nicity. Further in vitro analysis showed that IL-4, but not IL-10, promoted IgG anti-Dsg3 Ab production by primed B cells.
Additionally, adenoviral expression of soluble IL-4Re in vivo suppressed IgG anti-Dsg3 Ab production and the PV phenotype,
indicating a pathogenic role of IL-4. This strategy is useful for evaluating the effector function of autoreactive T cells involved in
the pathogenesis of various autoimmune diseases. The Journal of Immunology, 2008, 181: 1526-153S.

utoreactive T cells are thought to play a central role in
the pathogenesis of various autoimmune diseases (1). A
number of studies using patient samples and animal
models have identified and characterized the autoreactive T cells
that potentially exert the pathogenic effector function. Recent re-
ports using autoreactive T cell clones generated from patient sam-
ples indicate that a subset of autoreactive T cells has a pathogenic
effector function in vitro (2). However, it has been difficult to eval-
uate whether the individual autoreactive T cells analyzed in vitro
are actually involved in the autoimmune pathogenic process of
patients in vivo. Autoreactive T cell clones have been shown to
induce tissue damage in @ mouse model for multiple sclerosis and
insulin-dependent diabetes mellitus (3, 4), but the in vivo helper
activity of autoreactive T cells has never been analyzed at a clonal
level in mouse models for autoantibody-mediated autoimmune
diseases.
Pemphigus vulgaris (PV)? is a life-threatening blistering disease
involving IgG autoantibodies directed against desmoglein 3
{(Dsg3). Dsg3 is a cadherin-type glycoprotein expressed on strati-
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fied squamous epithelium, including the skin and oral mucosa, and
plays a critical role in cell-cell adhesion (5). Anti-Dsg3 autoanti-
bodies bind to keratinocyte cell surfaces and induce cell detach-
ment, resulting in blisters and erosions in the skin and mucous
membranes as well as characteristic histological findings, such as
suprabasilar acantholysis (6, 7). Dsg3-reactive CD4™ T cells have
been detected and characterized in PV patients and healthy indi-
viduals, but it remains unclear whether these autoreactive T cells
can induce the PV phenotype in vivo. In this study, we developed
a novel experimental system that evaluates the in vivo pathoge-
nicity of individual Dsg3-reactive T cell clones. In this system,
Dsg3-reactive T cell lines generated in vitro from Dsg3™/~ mice
were adoptively transferred into recipient immunodeficient Rag-
27/ mice (Dsg3™'") to examine whether T cell lines have the
ability to induce the PV phenotype after adoptive transfer. Using
this system, we identified IL-4 as a critical T cell-derived factor
involved in the pathogenesis of PV.

Materials and Methods
Mice

Dsg3 ™/~ mice with a mixed genetic background of 129/SV (H-2") and
CS7BL/6J (H-2") were obtained by mating male and female Dsg3 ™'~ mice
(The Jackson Laboratory) (8). C57BL/6 mice and C57BL/6 Rag-2~'" mice
were purchased from the Central Institute for Experimental Animals (To-
kyo. Japan). OT-II (OV A-specific) TCR transgenic mice (H-2") were orig-
inally generated by Barnden et al. (9), and Rag-2~/~ OT-II transgenic mice
(H-2") were kindly provided by Prof. S. Koyasu (Keio University). The
Keio University Ethics Committee for Animal Experiments approved all
experiments in this study.

Antigens

A baculoprotein rDsg3EHis, which includes the extracellular domain of
mouse Dsg3 (amino acid residues 1-565), an E-tag, and a His-tag, was
produced as described previously (10) with some meodifications. In brief,
the puritication was improved by serial procedures using Talon aftinity
metal resin (Clontech Laboratories) followed by a HiTrap anti-E Tag col-
umn (GE Healthcare). Five mouse Dsg3 fragments (rDsg3-1-5) expressed
in Escherichia coli were prepared as soluble maltose-binding protein
(MalBP)-Dsg3 fusion proteins as described (11). The Dsg3 fragments en-
compassing together the entire 565-aa sequence of the extracellular domain
of mouse Dsg3 included rDsg3-1 (aa 1-119), rDsg3-2 (aa 99-230),
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Table 1. Primer sequences, optical annealing temperatures, and amplified sizes of genes analyzed in PCR

Genes Primers (5’ to 3°) Annealing Temp. ("C) Sizes (bp)

1L-2
Sense TGATGGACCTACAGGAGCTCCTGAG 60 168
Antisense GAGTCAAATCCAGAACATGCCGCAG

IL-4
Sense CGAAGAACACCACAGAGAGTGAGCT 60 181
Antisense GACTCATTCATGGTGCAGCTTATCG

1L-6
Sense CTGGTGACAACCACGGCCTCCCCT 60 601
Antisense ATGCTTAGGCATAACGCACTAGGT

1L-10
Sense TGAAGCTTCTATTCTAAGGCTGGCC 60 178
Antisense CTGAGCTGCTGCAGGAATGATCATC

IL-17
Sense GGTCAACCTCAAAGTCTTTAACTC 51 396
Antisense AAATACAAGTAAGTTTGCTGAGAAACG

IFN-v
Sense GCTACACACTGCATCTTGGCTTTGC 60 939
Antisense CCTGTTACTACCTGACACATTCGAG

TGF-3
Sense GCTCACTGCTCTTGTGACAGCAAAG 60 362
Antisense CAAGGACCTTGCTGTACTGTGTGTC

CCR4
Sense GACTGTCCTCAGGATCACTTTCAGA 60 255
Antisense CCCAACAAGAAGACCAAGGAGTAG

CCR7
Sense AACCAAAAGCACAGCCTTCCTGT 60 299
Antisense TGTACGTCAGTATCACCAGCCC

CXCR3
Sense AAAGGCAGAGAAGCAGGCA 60 1275
Antisense TTCAGGCTGAAATCCTGTGG

CXCR5
Sense ATGGATGACCTGTACAAGGAACTG 60 282
Antisense TGCAAAAGGCAGGATGAAGAC

CRTH2
Sense GACAACTGCTCTCTAGGAGGAACT 60 1263
Antisense ACCACABACAGGATGAGTCCGT

B-actin
Sense TGGAATCCTGTGGCATCCATGAAAC 60 227
Antisense TAAAACGCAGCTCAGTAACAGTCCG

rDsg3-3 (aa 210-345), rDsg3-4 (aa 325-455), and rDsg3-5 (aa 428-565).
These recombinant proteins were dialyzed against PBS containing 0.5 mM
CaCl,. filter-sterilized. and stored at —80°C until use. The expression of
recombinant Dsg3 fragments was evaluated by SDS-PAGE followed by
Coomassie blue staining or immunoblotting probed with an anti-mouse
Dsg3 mAb (AK7 or AKI18) (7).

Recombinant adenovirus harboring Dsg3 and soluble cytokine
receptors

Adenoviral vectors harboring the entire extracellular domain and trans-
membrane region of mouse Dsg3 (rDsg3AIC: aa 1-590) or the extracel-
lular domain of cytokine receptors (IL-4Ra, IL-10Ra. and IFN-yR1) were
constructed using the AdEasy adenoviral vector system (Stratagene) ac-
cording to the manufacturer’s instructions. rDsg3AIC was adenovirally ex-
pressed in COS cells. which were subjected to sonication in PBS contain-
ing 0.5 mM CaCl, and 0.01% Triton X-100. The cellular lysates were
filter-sterilized and used in T cell cultures as a source of Dsg3. The ex-
pression of Dsg3 was evaluated by SDS-PAGE followed by immunoblot-
ting with anti-mouse Dsg3 mAb and rabbit anti-actin polyclonal Ab (Sig-
ma-Aldrich). For soluble cytokine receptors, the ¢cDNA for the entire
extracellular domain of each cytokine receptor was cloned from a spleen
¢DNA library and used to construct recombinant adenoviruses. Each re-
combinant adenovirus harboring a soluble cytokine receptor was concen-
trated by CsCl, density gradient centrifugation, dialyzed against PBS, and
stocked at —80°C until use. The in vivo expression of soluble cytokine
receptors was confirmed by immunoblotting plasma obtained from adeno-
virus-infected mice with goat anti-IL-4R ¢, anti-IL-10Ra, or anti-IFN-yR1
polyclonal Abs (R&D Systems).

Ag-specific T cell lines

Footpads of Dsg3 ™'~ mice were imununized with 5 ug of rsg3EHis emul-
sified with CFA (Sigma-Aldrich). After 7 days, a single-cell suspension

(3 X 10%well) was prepared from the popliteal lymph nodes and cultured
in 24-well plates with a mixture of rDsg3-1-5 (5 pg/ml each) in complete
medium (RPMI 1640, 2 mM c-glutamine, 1 mM pyruvate, 50 U/ml pen-
icillin, and 50 pg/ml streptomycin) supplemented with 1% C57BL/6
mouse serum. The cells were stimulated twice with the mixture of rDsg3-
1-5 in the presence of 10° autologous 40 Gy-irradiated splenocytes in
complete medium containing 10% FBS (Cambrex). T-STIM without Con
A (BD Biosciences) was added to a final concentration of 1% twice a week
as a source of growth factors. T cell blasts were subsequently subjected to
limiting dilution using round-bottom 96-well plates in the presence of ir-
radiated autologous splenocytes (2 X 10*/well), antigenic Dsg3 fragments,
and 1% T-STIM without Con A.

T cell proliferation assay

Dsg3-specific T cell proliferation was measured by [*H]thymidine uptake
as described (11). In some experiments, bone marrow-derived dendritic
cells, which were prepared by culturing C57BL/6 bone marrow cells with
10 ng/ml GM-CSF (PeproTech) for 7 days. were used as APCs. Before the
coculture with T cells, the bone marrow-derived dendritic cells were pulsed
with pAd-rDsg3AIC or mock vector-transduced COS cell lysates (100 g/
ml) and maturated with 10 wg/ml LPS (Sigma-Aldrich) for 24 h. MHC
class 11 restriction was determined by evaluating the inhibitory effect on
Ag-induced T cell proliferation of 4 ug/ml rat anti-I-A” mAb (clone M5/
114; BD Biosciences). An isotype-matched rat mAb to an irrelevant Ag
(BD Biosciences) was used as a control.

Passive transfer

To evaluate the pathogenicity of Dsg3-reactive T cell lines, Dsg3-reactive T
cell lines (10%) and splenic Dsg3 ™'~ B cells (5 X 10%) were transterred into
Rag-2~'~ mice via the tail vein. In vivo-primed Dsg3™'~ B cells were pre-
pared by depleting CD4™ and CD8™ cells from the splenocytes of rDsg3EHis-
immunized Dsg3 ™/~ mice (10), followed by the positive selection of B220™
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FIGURE 1. Recombinant mouse Dsg3 proteins. A, : : rDsg3-3 (E.coli)
Schematic illust.@tion of tl.1e mguse Dsg3 and recombi- 55 i rDsg 3-4 ( E'vo ”,)
nant Dsg3 proteins used in this study. rDsg3-1-5 are —
bacterial recombinant Dsg3 fragments fused to MalBP. I"DSQS-5 ( E. CO”)
rDsg3EHis is a baculovirally produced Dsg3 extracel- 1 . 565 ] )
lular domain with an E-tag and His-tag at the carboxyl | | | ) | o= rDsg3EHis (baculovirus)
terminus. Dsg3AIC is adenovirally produced Dsg3 1 g590 .
lacking the intracellular domain. The numbers indicate { ) | | 1 rDsgSAIC (adenovarus)
the positions of amino acid residues in Dsg3. TM, trans-
membrane domain. B, rDsg3-1-5 and MalBP visualized mMaIBP ®ME-Tag ®His-Tag
by Coomassie blue staining. Lane I, molecular mass
markers; lanes 2—6, rDsg3-1-5; lane 7, MalBP (lane 7 Lane
is a different part of the same gel). C, Immunoblots of B o e e C
lysates from cells infected with the rDsg3AIC-harboring 1234567 \}0
adenovirus vector or mock virus. Fractionated proteins (kDa) - ‘a&') (\)L.
ere probed with anti-mouse Dsg3 or anti-actin Ab. - (o)
e * N e
75 - Dsg3 W
50 o ————— Actin ===
- -
cells using the MACS cell separation system (Miltenyi Biotec). A portion of RT-PCR

the separated CD4™ and CD8™ cells was used as unfractionated Dsg3™~ T

cells. In some experiments, recombinant adenovirus harboring sIL-4Ra, sIL-
10Ra, or SIFN-yR1 (10 infections units) was directly injected into Rag-27"~
mice via tail vein 5 days before the passive transfer of pathogenic Dsg3-
reactive T cell clones and Dsg3 ™ ~-primed B cells. It has been demonstrated
that recombinant adenovirus injected from tail vein mainly infects hepatocytes,
resulting in expression of recombinant protein (12).

A C

T cell lines were stimulated with 25 ng/ml PMA (Sigma-Aldrich) and |
wg/ml ionomycin (Sigma-Aldrich) for 3 days, and isolated using anti-CD4
mAb-coupled magnetic beads (Dynal Biotech). Total RNA was isolated
from individual T cell lines using the RNeasy mini kit with RNase-free
DNase (Qiagen). For the analysis of TCR V3 gene usage. aliquots of the
synthesized cDNA (5 ng of total RNA equivalent) were amplified using a

6000 1] 10000
g 4000 3w g
e © = 5000
2000 =1 o .
FIGURE 2. Characterization of representative Dsg3-
0 % - . - ) 0 reactive T cell lines. A, Dsg3-specific proliferative re-
MalBP 4+ - - e CE)DZB % Controlvius + - - sponse of T cell line 145#27, which responded to
Dsg3-2 - + + PAd-Dsg3AlC -+ + rDsg3-2 in an [-A"-specific manner. B, Surface expres-
leatipe control 4+ 4+ - 129#30 An?‘:zge C::‘o';' oy sion of CD4 and CD8 by T cell clone 129#30 examined
Anli-1-A>antibody - -+ ik * by flow cytometry. C, Proliferative responses of T cell
145827 161#100

D TCRVps

151#10

line 161#100 to DC pulsed with cellular lysates infected
with either rDsg3AIC or control adenovirus. D, Expres-
sion of a single functional TCR V3 gene V5.1 in
Dsg3-reactive T cell clone 151#10, analyzed by family
PCR using a series of TCR V3 gene-specific primers.
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(right) on day 22. Erosions and hair
loss (arrows) were apparent in the
periorbital area, nose, head, ears, and
shoulders of mice treated with 154#33
or Dsg3 ™/~ T cells. C, Histology (up-
per panels) and IgG deposition (lower
panels) in the palate from recipient
mice. Acantholytic blister (arrow-
heads) and 1gG deposition on keratin-
ocyte cell surfaces were observed in
the 154#33-weated mouse, as ob-
served in the Dsg3 ™/~ T cell-treated
mouse. Dotted lines indicate the base-
ment membrane. Bars: 50 pwm.

panel of TCR V 3 region-specitic primers in combination with a C§ region Flow cytometry

primer for 37 cycles. Primers for VB1-20 and Cf3 were designed based on

previous reports (13-15). The expression of cytokines and chemokine re- Surface markers of the Dsg3-reactive T cell lines were analyzed using
ceptors was also examined by PCR using the specific primers listed in FITC-conjugated anti-mouse CD4 mAb (clone GK1.5), FITC-conjugated
Table 1 for 38 and 40 cycles, respectively. anti-mouse CD8 mAb (clone 53-6.7), PE-conjugated anti-mouse TCRf3

Table 1I. Characteristics of Dsg3-reactive T cell lines according to their in vivo pathogenicity

Functional TCR Cytokine Expression Chemokine Receptor Expression In Vivo

Antigenic VB Gene Production of
Line Name Fragments Usage (V) IL2 04 [-6 IL-10 IL-17 IFN-y TGF-8 CCR7 CCR4 CXCR5 CRTH2 CXCR3 Anti-Dsg3 Antibody

T cell lines with in vivo pathogenicity”
6

140#27”  rDsg3-3 + o+ -+ o+ 4+ + - + - _ + "
147427 rDsg3-3 8.2 + o+ o+ o+ = & + + + + - + +
147#48"  rDsg3-3 8.2 e + - + + - + n
153#5 rDsg3-1 5,7.8.1 + + - + - + + + + - — + +
154#33”  rDsg3-1 32 + 4+ o+ o+ + + + + + + + 4
161#100 rDsg3-1 6,11 + + - 4+ - + + + + + + +
164#2"  rDsg3-3 6 + + = + — 4 + 4+ + _ _ + +
T cell lines without in vivo pathogenicity”
129430”  rDsg3-3 8.3 ¥ = = - - + + + + _ _ 4 _
1414#70”  rDsg3-1 6 + - = = = + + + — + + _
145#27  rDsg3—2.4 6. 14 + = = = — + - - — - _ _
145#28  rDsg3-1 8.2, 11 & + o+ + = + + - - —_ — + _
146#13  rDsg3-2 1.4 + +  + 4 + + + + + + + _
146#25  rDsg3-4 8.1.15 o= = = 4 - - _ 4 _ _
151#10”  rDsg3-1 5.1 - - - - — + + + _ + T _
152#25"  rDsg3-1 1 -+ - - - + + - + + _
159#11  rDsg3-1 3,4 + - - — — + + + + + + —
161#28"  rDsg3-2 6 + + - 4+ 4+ o+ + + - + - + —
161#29"  rDsg3-2 4 - + 4+ + o+ 4+ + - + + - + _
162#24"  rDsg3-1 8.1 + - - =+ o+ + + + + - + -
162#92"  rDsg3-2 8.2 + o+ o+ o+ -+ + + + + — + _

“ Identification of in vivo pathogenicity requres anti-Dsg3 Ab production, IgG deposition on the epithelial cell surfaces of the palate, and acantholysis.
" Clonality was confirmed by TCR B-chain analysis.
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FIGURE 4. Anti-Dsg3 Ab production, IgG deposition in the palate, acantholytic blisters, and skin phenotype induced by individual Dsg3-reactive T cell
lines with in vivo pathogenicity. 140#27. 147#27, 147#48, 154433, and 164#2 were confirmed to be clones. A. E. I, M, P, T, and W, In the anti-Dsg3 Ab
ELISA, the blue lines indicate mice with the transplanted T cell lines of interest, black lines indicate the positive control mice with transplanted Dsg3 ™/~
T cells, and red lines indicate the negative control mice with transplanted B cells alone (A and E) or B cells in combination with a nonpathogenic clone
161#28 (1), 152#25 (M, P, and 1), or 161#29 (W). Crosses indicate death. B, F, J, N, Q, U, and X, IgG deposition (green) in the palate was detected by
immunostaining with an AlexaFluor 488-conjugated anti-mouse IgG Ab. Dotted lines indicate basement membrane. C, G, K, O, R. V, and Y, Acantholytic
blisters (arrowheads) in the palate were evaluated by H&E staining. D, H, L, S, and Z, PC denotes the positive control mouse, and NC denotes the negative

control mouse. Bars: 50 wm. Asterisks indicate that images are unavailable.

mAb (clone H57-597), and Cy-Chrome-conjugated anti-mouse CD4 mAb
(clone H129.19), all of which were purchased from BD Biosciences. In
some experiments, T cell lines labeled with 1 uM CFSE (Molecular
Probes) were analyzed by flow cytometry after gating on the CD4 " TCR3™
population of the lymphocyte fraction.

Anti-Dsg3 Ab

1gG anti-Dsg3 Abs in plasma samples or culture supernatants were quan-
titatively measured using an ELISA as described previously (10). To

examine the capacity of B cells to produce anti-Dsg3 Abs in vitro, MACS-
sorted Dsg3™'~ B cells were cultured with 500 ng/ml soluble CD40L
(R&D Systems) in the presence of various concentrations of 1L-4, 1L.-10, or
IFN-y (R&D Systems) for 7 days.

Histopathology

Formalin-tixed palate tissue was stained with H&E and observed with an
inverted microscope TE2000-U (Nikon).
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Dsg3-reactive T cells

Dsg3 ™/~ mouse into Rag2™’~ mice. T cells were ana-
lyzed for CFSE dilution by flow cytometry after gating
on the CD4"TCRB™ population of the splenocytes 3
and 10 days after transfer. B, Immunostaining for B220
(green), CD4 (blue), and BrdU (red) in the spleen from
recipient mice 37 days after the transfer of Dsg3-reac-
tive T cell clone 164#2 (pathogenic), clone 162#92
(nonpathogenic), or OVA-specific T cells. BrdU-bear-
ing CD4™ T cells (arrows) were detected in the region
close to the B cell area in mice with transplanted Dsg3-
reactive T cell lines. C, Immunostaining for B220
(green), TCRB (blue), and Ki-67 (red) in the spleen
from recipient mice on days 10 and 37 after the transfer
of Dsg3-reactive T cell clone 162#92 or OV A-specitic T
cells. On day 37, Ki-67-positive T cells (arrows) were
detected in mice with transplanted Dsg3-reactive T cell
lines, but not in mice with transplanted OV A-specific T
cells. Bars: 50 um. Insets denote high-power views of T
cells positive for BrdU or Ki-67.

Immunohistochemistry

For direct immunofluorescent staining, 10-wm cryosections of the pal-
ate were directly stained with AlexaFluor 488-conjugated anti-mouse
1gG Abs (Molecular Probes) and observed using a fluorescence micro-
scope (Nikon) to detect IgG deposits. For indirect staining, 6-um
cryosections of the spleen were tixed with acetone and subsequently
stained with the appropriate combination of the following Abs: FITC-
conjugated anti-mouse CD19 (clone 1D3), PE-conjugated anti-mouse
TCRp (clone H57-597), AlexaFluor 488-conjugated anti-mouse B220
(clone RA3-6B2), biotinylated anti-mouse CD4 (clone RM4-5, BD Bio-
sciences), and anti-Ki-67 mAb (clone TEC-3; DakoCytomation). Sec-
ondary Abs included AlexaFluor 488-conjugated anti-mouse IgG, Al-
exaFluor 660-conjugated anti-rat 1gG, and AlexaFluor 488-conjugated
anti-FITC Abs, and AlexaFluor 568-conjugated streptavidin (Molecular
Probes). BrdU staining was performed using AlexaFluor 660-conju-
gated anti-BrdU mAb (clone PRB-1, Molecular Probes), as previously
described (16). Sections were observed under a confocal laser fluores-
cence microscope FV1000 (Olympus).

Pathogenic
(164#2)

Non-pathogenic
(162#92)

OVA-specific
T cells

- JCD4/BrdU

OVA-specific
T cells

Dsg3-reactive T
cells (162#92)

-

B

Statistical analysis

All continuous data are shown as the means = SD. Two-tailed repeated-
measures ANOVA, Fisher’s exact probability test, or the Mann-Whitney U
test was used as appropriate.

Results

Preparation of recombinant Dsg3 proteins

We prepared recombinant mouse Dsg3 fragments using three dif-
ferent expression systems (Fig. 1A). rDsg3EHis (10), a baculopro-
tein containing the entire extracellular domain of Dsg3, was used
to immunize Dsg3~’" mice. rDsg3-1-5, a series of recombinant
MalBP-Dsg3 fusion proteins produced in E. coli, were used to
expand Dsg3-reactive T cells and to evaluate antigenic regions in
vitro. The purity of each recombinant protein was >95% (Fig. 1B).
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FIGURE 6. In vivo homing of transferred Dsg3-reactive T cell lines in the spleen. A. A representative image of CD19 (green) and TCR (red) in the
spleen of mice with transplanted Dsg3-reactive T cell line 161#100. Based on the distribution of CD19 and TCRf3 staining, the Dsg3-reactive T cells were
classitied into T cells within the B cell area (pink arrowheads) and those residing outside the B cell area (yellow arrowheads). The T cell area (T) and B
cell area (B) are indicated with white outlines. B, The proportion of T cells within the B cell area of the total T cells in the spleen from mice with transplanted
Dsg3-reactive T cell lines, according to the presence or absence of in vivo pathogenicity. A total of 165 lymphoid follicle-like structures were analyzed.
Values were averaged in 23 individual mice and compared between the pathogenic (147448, 153#5, 161#100, and 164#2) and nonpathogenic T cell lines
(146#13, 152425, 159#11, 161#28. and 162#24). Statistical analysis was performed by the Mann-Whitney U test. Horizontal bars indicate the mean.

Lysates from COS cells infected with pAd-rDsg3AIC, an adeno-
virus vector harboring Dsg3 ¢DNA lacking the sequence for the
intracellular domain, were used to evaluate T cell reactivity to
native Dsg3 produced in mammalian cells (Fig. 1C). Serial use of
more than one Dsg3 preparation for T cell stimulation is useful to
eliminate expansion of T cells responsive to contaminant proteins
unique to individual Ag preparations.

Establishment of Dsg3-reactive T cell lines

To establish Dsg3-reactive T cell lines, the footpads of Dsg3 ™'~
mice were immunized with rDsg3EHis emulsified with CFA. Sin-
gle-cell suspensions of lymphocytes were prepared from the pop-
liteal lymph nodes and were subsequently stimulated twice with a
mixture of rDsg3-1-5 in vitro. The expanded cells that showed a
specific proliferative response to at least one of the Dsg3 fragments
were subjected to limiting dilution. From this selection, we ob-
tained 59 T cell lines that were specifically reactive with one of
tDsg3-1-4. All of these T cell lines were restricted by MHC class
II (Fig. 2A) and expressed the CD4 surface marker (Fig. 2B). To
evaluate whether these T cell lines responded to peptides generated
from native Dsg3 through Ag processing, randomly selected T cell
lines were cultured with bone marrow-derived dendritic cells
pulsed with pAd-rDsg3AIC-infected and control adenovirus-in-
fected cell lysates. All the T cell lines examined showed a specific
response to Dsg3-expressing cell lysates in a MHC class II-depen-
dent manner (Fig. 2C). The in vitro-generated T cell lines were
reactive to two different Dsg3 preparations, indicating that they
were specific for Dsg3. Eighteen Dsg3-reactive T cell lines were
confirmed to be clones based on their expression of a single func-
tional TCR V B-chain, determined by family PCR combined with
a direct nucleotide sequencing (Fig. 2D).

In vivo pathogenicity of Dsg3-reactive T cell lines

Twenty Dsg3-reactive T cell lines, including 13 clones expressing
single functional TCR VB-chain, were further evaluated for their
in vivo pathogenicity. Since our previous study demonstrated that
splenic T cells and B cells are required to induce experimental PV
(17), the individual T cell lines were transferred into Rag-27'~
mice together with primed B cells isolated from the spleen of a
rDsg3EHis-immunized Dsg3 ™'~ mouse. In a representative exper-

iment, clone 154#33 effectively promoted the production of IgG
anti-Dsg3 Abs in vivo (Fig. 3A) and subsequently induced a PV
phenotype, consisting of skin erosions and hair loss (Fig. 3B).
Mice into which clone 154#33 was transferred showed acantho-
Iytic blisters and in vivo IgG deposition on keratinocyte cell sur-
faces (Fig. 3C). These PV features were also observed in positive
control mice, into which unfractionated Dsg3 ™'~ T cells had been
transferred instead of Dsg3-reactive T cell lines. In contrast, trans-
plantation of another clone, 152#25, failed to induce the IgG anti-
Dsg3 Ab production or the PV phenotype, indicating that only a
subset of the Dsg3-reactive T cell lines possessed in vivo patho-
genic activity. The PV phenotype was not observed in control mice
that received primed Dsg3 ™'~ B cells alone or in combination with
irrelevant OVA-specific T cells derived from Rag-2"'~ OT-II
transgenic mice (data not shown).

As summarized in Table II, 7 of the Dsg3-reactive T cell lines,
including 5 clones, induced the PV phenotype in vivo, and thus
were regarded as pathogenic lines; in contrast, 13 of the Dsg3-
reactive T cell lines failed to induce the PV phenotype. A total of
86 mice were used for this analysis. Results regarding the PV
phenotype induction were completely reproducible: none of the
nonpathogenic T cell lines induced the PV phenotype despite sev-
eral attempts. Detailed data on the anti-Dsg3 Ab production, his-
tological findings, and skin phenotype in mice receiving trans-
plants of six additional Dsg3-reactive T cell lines possessing in
vivo pathogenicity are shown in Fig. 4. Interestingly, the in vivo
production of IgG anti-Dsg3 Abs and the PV skin phenotype in
mice receiving Dsg3-reactive T cell lines were completely con-
cordant, suggesting a direct pathogenic role of the anti-Dsg3 Ab
response in our PV model.

In vivo behavior of Dsg3-reactive T cells

To analyze the fate of the transferred autoreactive T cells, we ex-
amined whether the transplanted Dsg3-reactive T cells proliferated
in vivo in the recipient Rag-27'" mice, using several different
systems. First, Dsg3-reactive or OV A-specific T cells were labeled
with CESE and transferred into Rag-2~'~ mice in combination
with primed Dsg3 ™'~ B cells. On the 10th day after adoptive trans-
fer, diluted CFSE was detected in the spleen of mice treated with
pathogenic and nonpathogenic Dsg3-reactive T cell lines as well as
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FIGURE 7. Role of T cell-derived cytokines in experimental PV. A, IgG anti-Dsg3 Ab titers in the culture supernatants of primed B cells. Splenic B
cells from rDsg3EHis-immunized Dsg3 ™'~ mice were cultured for 7 days with recombinant soluble CD40L in the presence of IL-4, IL-10, or IFN-vy at the
concentrations indicated. Values shown are the means and SD of 16 individual experiments. Statistical analysis was performed by two-tail repeated
measures ANOVA. *, p = 0.0002; #+, p = 0.008; *++, p = 0.01. B, Effects of cytokine blockade on anti-Dsg3 Ab production in mice with transplanted
Dsg3-reactive T cell clones. Serial 1gG anti-Dsg3 Ab titers in plasma from mice expressing adenovirus-borne sIL-4Ra, sIL-10R«, or sIFN-yR1 and
subsequently undergoing adoptive transfer of pathogenic Dsg3-reactive T cell clone 147#48. Values are the mean and SD of six independent experiments,
shown as a ratio to the Ab titer on day 28 in mock-treated mice. Statistical analysis was performed by two-tail repeated-measures ANOVA. *, p = 0.03;
i, p = 0.04; #xx, p = 0.02. C, Effects of cytokine blockade on the skin phenotype of mice 14 days after the adoptive transfer of pathogenic Dsg3-reactive
T cell clone 147#48. Note the lack of erosion or hair loss in a mouse pretreated with adenovirus vector harboring sIL-4Ra.

those receiving irrelevant OVA-specific T cells (Fig. 54), indicat-
ing that the transferred T cells were viable and expanded in vivo
irrespective of their antigenic specificity or pathogenic activity.
This early and nonspecific T cell proliferation was consistent with
homeostatic proliferation (18, 19), which is a proliferative re-
sponse of mature T cells in the lymphopenic environment to re-
store the lymphocyte pool size (20). Since it has been reported that
the influence of homeostatic proliferation is negligible beyond 30
days of transfer (21), T cell proliferation was evaluated on day 37
by BrdU incorporation in the spleen of recipient mice. BrdU-beur-
ing proliferating CD4™ T cells were frequently detected in mice
treated with Dsg3-reactive T cell lines irrespective of their patho-
genicity, but not in mice treated with irrelevant OVA-specific T
cells (Fig. 5B). The in vivo expansion of the Dsg3-reactive T cells
was further evaluated by the expression of Ki-67, a marker for cell
proliferation. In recipient mice, Dsg3-reactive and OV A-specific T
cells expressed Ki-67 with similar frequencies on day 10, but
Ki-67 expression was exclusively detected in the Dsg3-reactive T
cells, irrespective of their pathogenicity, on day 37 (Fig. 5C).
These findings together indicate that the transferred Dsg3-reactive
T cells persistently proliferate in vivo, independent of their patho-
genicity. Thus, the in vivo proliferative capacity did not account
for the presence or absence of the in vivo pathogenicity of indi-
vidual T cell lines.

Comparison of characteristics between Dsg3-reactive T cell
lines with and without in vivo pathogenicity

Table II summarizes the antigenic Dsg3 fragments, functional
TCR VB gene usage, and expression profiles of cytokines (IL-2,
IL-4, IL-6, IL-10, IL-17, IFN-v, and TGF-f3) and chemokine re-
ceptors (CCR4, CCR7, CXCR3, CXCRS, and CRTH2) in the 20
Dsg3-reactive T cell lines evaluated for their pathogenicity, which
included 13 clones. To identify T cell-derived factors associated
with in vivo pathogenicity, the individual characteristics were
compared between the 7 T cell lines with in vivo pathogenicity and
the 13 lines without it. This analysis showed that all of the patho-
genic T cell lines expressed IL-4 and IL-10, and the frequency of
lines expressing IL-4 or IL-10 was significantly higher in the
pathogenic than in the nonpathogenic group (p = 0.045 for both
comparisons). There was no significant difference in the other
characteristics between these two groups.

To examine the in vivo homing profiles of the transferred Dsg3-
reactive T cell lines, spleen sections were stained with TCRf for
Dsg3-reactive T cells and with CD19 for B cells. Both the Dsg3-
reactive T cell lines and the B cells had accumulated in the spleen
and formed a lymphoid follicle-like structure. The Dsg3-reactive T
cells were mainly detected in the T cell area, but some had infil-
trated into the B cell area (Fig. 6A). There was no difference in the

1102 ‘8Z &mmqa:[ uo gJO'[OUnUJLIJ}.["AAAAAA wioIj papeojumo



1534

number of T cells within the B cell area between mice treated with
pathogenic T cell lines and those treated with nonpathogenic T cell
lines (Fig. 6B), indicating that the presence or absence of patho-
genicity in the Dsg3-reactive T cell lines was not due to a differ-
ence in the in vivo homing profiles.

A role of IL-4 in the pathogenesis of PV

We next assessed the roles of IL-4 and IL-10 released by Dsg3-
reactive T cells in the mouse PV model, in vitro and in vivo. First,
the IgG anti-Dsg3 Abs produced in vitro were measured in the
culture supernatants of splenic B cells from rDsg3EHis-immu-
nized Dsg3™'~ mice stimulated with soluble recombinant CD40L
in the presence of exogenous IL-4, IL-10, or IFN-y. As shown in
Fig. 7A, IL-4 significantly promoted the production of IgG anti-
Dsg3 Abs from primed Dsg3™' B cells, but neither IL-10 nor
IFN-+ had such activity. Next, recombinant adenovirus harboring
soluble cytokine receptors (IL-4Re, IL-10Ra, or IFN-yR1) was
administered to Rag-2"/" mice via the tail vein to neutralize IL-4,
IL-10, or IFN-v in vivo. Five days later, the pathogenic Dsg3-
reactive T cell clone 147#48 and primed Dsg3™'~ B cells were
adoptively transferred into immunodeficient mice. The in vivo ex-
pression of soluble IL-4R« significantly suppressed the IgG anti-
Dsg3 Ab production (Fig. 7B) and the PV skin phenotype (Fig.
7C), but the expression of soluble IL-10Ra or soluble IFN-yR1
had no effect. Concordant results were obtained from six indepen-
dent experiments using clone 147#48, and from four experiments
using another pathogenic clone, 164#2.

Discussion

We successtully established a novel evaluation system for the in
vivo pathogenicity of Ag-specific T cells at a clonal level, by per-
forming the adoptive transfer of in vitro-generated Ag-specific T
cell clones into immunodeficient Rag-2~'" mice in combination
with in vivo-primed B cells. We confirmed that the trunsferred
Dsg3-reactive T cells proliferated persistently and homed to the
secondary lymphoid tissue in vivo, but only a subset of the T cell
lines were able to induce the disease phenotype. Additionally, the
capacity of Dsg3-reactive T cell lines to induce anti-Dsg3 Ab pro-
duction was completely concordant with the PV phenotype ex-
pression, confirming previous reports showing that the anti-Dsg3
autoantibody has a direct role in inducing PV in human patients (6)
and in a mouse model (7). More importantly, this study directly
demonstrates that a single Ag-specific CD4™ T cell is capable of
inducing autoimmune diseuse phenotype through pathogenic au-
toantibody production. Finally, the classification of Dsg3-reactive
T cell lines into pathogenic and nonpathogenic lines enabled us to
identify T cell-derived I1.-4 as a critical molecule driving PV in the
mouse model. OQur experimental system is applicable to other au-
toimmune diseases in which the autoimmune targets are identified,
and it is useful not only for screening the in vivo pathogenicity of
autoantigen-specific T cells, but also for identifying molecules and
pathways critically involved in the pathogenic autoimmune pro-
cess. The in vitro establishment of autoantigen-reactive T cell lines
is the most time-consuming step in our procedure, but once spe-
cific T cell lines are available, their in vivo pathogenic activity and
behavior can be readily evaluated.

Our in vivo finding that T cell-derived IL-4 plays a critical role
in this mouse model of PV may also be relevant to human PV,
because a previous report demonstrated the presence of Dsg3-re-
active T cells capable of producing IL-4 in PV patients, but not in
healthy controls (22). Since we showed that exogenous IL-4 di-
rectly stimulated B cells to produce anti-Dsg3 Abs in vitro, IL-4
produced by Dsg3-reactive T cells is likely to play an essential role
in pathogenic anti-Dsg3 autoantibody production. Qur results fur-
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ther indicate that IL-4 is essential but not enough to induce PV
phenotype, because some of the nonpathogenic Dsg3-reactive T
cell lines express IL-4. The pathogenic role of T cell-derived IL-4
has been previously investigated in mouse models for several au-
toantibody-mediated autoimmune diseases. For example, in exper-
imental autoimmune myasthenia gravis, the disease phenotype is
more severe and lasts longer in IL-4~'~ mice, indicating a role for
IL-4 in preventing the disease (23, 24). In this regard, it has been
shown that acetylcholine receptor-reactive T cell clones generated
from myasthenia gravis patients fail to secrete IL-4 (25), and that
acetylcholine receptor-stimulated IL-4 secretion from PBMC is
rarely detected in myasthenia gravis patients (26). Additionally,
experimental Graves' disease can be induced in IFN-y™'~ mice,
but not in IL-4~'~ mice, indicating a requirement for IL-4 in dis-
ease induction (27), while IL-4 was shown to exert an inhibitory
effect in another mouse model for Graves’ disease (28). These
inconsistent results suggest that the roles of IL-4 in the pathogenic
processes of autoantibody-mediated autoimmune diseases are
complex, but they may also reflect the limitation of studies using
gene-deficient mice to evaluate the roles of cytokines in autoim-
mune pathogenesis. Congenital defects in systemic cytokine pro-
duction are known to affect the physiologic development of the
immune system. Moreover, IL-4 secreted by non-T cells could
potentially regulate the autoimmune pathogenesis. Our system en-
ables the in vivo effector function of autoreactive T cell clones to
be evaluated without the influence of these factors.

It is unclear what determines the nature of Dsg3-reactive T cells
in terms of pathogenicity. Our results clearly show that there were
a wide variety of gene expression profiles among Dsg3-reacive T
cell clones. This heterogeneity is probably generated in 4 hierarchy
during T cell development, and Dsg3-reactive T cells with all of
the quantitative and qualitative features required for the PV phe-
notype induction in our experimental system were regarded as
pathogenic clones. Therefore, it is probable that nonpathogenic
Dsg3-reactive T cell clones may be able to induce the PV pheno-
type when missing factors would be supplemented with an appro-
priate microenvironment. In this regard, it would be interesting to
examine if transfer of a large number of the nonpathogenic T cell
clone or transfer of the nonpathogenic T cell clone in the presence
of exogenous IL-4 would induce the PV phenotype.

Although systemic corticosteroids and other immunosuppres-
sants have been shown to reduce the mortality rate in PV patients,
some cases are still refractory to these conventional therapies (29).
Recent reports showing remarkable effects of biologics targeting
molecules critically involved in the pathogenic process, such as
TNF-o and IL-6, have resulted in dramatic changes in the treat-
ment algorithms of several inflammatory diseases, including rheu-
mateid arthritis and Crohn’s disease (30-32). Therefore, anti-IL-4
biologics are a potential therapeutic strategy for refructory PV. In
this regard, humanized anti-IL-4 mAb and soluble IL-4Ra have
already been manufactured for the treatment of allergic diseases,
such as asthma, and shown to be well tolerated in clinical trials
(33, 34). Further studies are necessary to evaluate the efficacy of
anti-IL-4 biologics in patients with severe PV.
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