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TABLE IV The difference of TAP phenotype frequency among different ethnics

Behget's discase Controls
- H e = t = Ty = 58)
Fapanese {n = 46) Spanish*(n = 58) Japanese (n = 95) Spanish*{n = 116) UK'(n
e ) @) @) ®

TAP]

A 100 100 96.8 - 939 99.3

B 21.7 24.1 263 26.7 15.0

C 43 0.0 0.0 12.1 18
TAP

A 2 652 83.8 653 78.5 814

B 54.3 500 60.0 57.8 548

C 23.9 224 232 24.1 10.1
UK:United Kingdom

* Gonza'lez-Esccribano ef al.l!']
¥ Wordsworth er ar, 124

In this study, no significant differences were observed
between patients with BD and control population in the
frequencies of each TAP genes. Our result suggests that
TAP1 and TAP2 gene are not primarily involved in the
pathogenesis of Japanese BD. However, the weak
association between allele frequency of TAP2C and
erythema nodosum indicates the possibility that TAP2C
may be associated with the formation of erythema
nodosum, specific symptom of BD. Our result supports
the possibility that the existence of TAP2C influences
merely on formation of erythema nodosum, because the
difference became indistinct, when the patients who had at
least one kind of skin lesion (including erythema
nodosum, subcutaneous thrombophlebitis, folliculitis and
cutaneous hypersensitivity} were compared with controls.
Further study about peptide fragment which is trans-
located from the cytosol to the ER by TAP2, would make
elucidation of pathogenesis of erythema nodosum in BD
possible.

We observed increased frequency of HLA-B*5101 in
Japanese patients with BD and the tendency was still
significant even if p value was corrected. Considering the
presence of many studies (18,19} which similarly report the
correlation between HLA-B*5101 and BD, HLA-B51 is
the most plausible candidate of susceptibility. However, it
is not clarified whether the HLA-B51 itself is the primary
susceptibility factor of BD or some other geme in a
linkage disequilibrium to HLA-B51 is involved in the
Pathogenesis of the disease.

We observed a high frequency of TAP2C allele in HLA-
B*5101 positive patients with BD compared with HLA-
B*5101 negative patients, even though this difference did
not reach statistical significance. There remains the
problem whether this result is caused by linkage
disequilibrium between TAP2 and HLA-B51 or not.
Ishihara er al.?® have reported that they observed no
linkage disequilibrium between TAP2*0101 and HLA-
B51. (TAP2*(101 correspond to the total of TAP2A and
TAP2C in our context) Making use of their result, the
Presence of TAP2C might be involved in the formation of
erythema nodosum independently of the HLA-B*5101.

Although Gonza'lez-Escribano et al"™ showed an
absence of phenotype frequency of TAP1C in the patients

with BD by ARMS-PCR method, we observed low
phenotype frequency of TAP1C not merely in the patients
with BD (4.3%) but also in Japanese normal subjects
(0%). We suppose that the low frequency of TAPIC in
Japanese BD was caused by ethnical background of
Japanese independently of pathogenesis of BD (Table IV).

Additionally, our results of phenotype and genotype
frequency of TAP2 indicate the relation between TAP2H
and skin lesion of BD. In order to clarify their
susceptibility, further study is required which analyses
their frequency classifying the patients who have skin
Iesion into each symptom.

In HLA classII typing, we observed a high frequency of
HLA-DR6 in patients with BD. Although the disease
associations with HLA classIT are generally considered
weaker and more complex than those seen with HLA-B51,
some studies™”*! have already reported high frequency
of HLA-DR in patients and Jorizzo™* has reported that
HLA-DR1 and HLA-DQw1 positive patients might have
an innate resistance to the development of BD. Our result
confirms the association of HLA-DR6 with BD.,

As previously reported, ™ not only the genetic
background but also environmental factors may play
some part in the pathogenesis of BD. The biological and
genetic mechanisms underlying the pathogenesis of BD
are still indistinct. The hypothesis that the presence of
TAP2C allele is involved in the formation of erythema
nodosum in BD is interesting and requires further study.
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Abstract Rheumatoid arthritis (RA) is a chronic joint
discase that can be complicated with extra-articular
manifestations due to vasculitis. We describe a patient
with RA who developed systemic vasculitis and died of
myocardial infarction. Autopsy demonstrated vasculitis
of the left anterior descendent and circumflex coronary
arteries, which were narrowed or occluded with orga-
nizing thrombosis. Formation of granuloma with mul-
tinucleated giant celis was also observed in media of the
circumflex artery. There was no microscopic evidence of
atheroma formation in the coronary arteries. Of note,
there was a follicle-like infiltration of CD45RO-positive
T lymphocytes in interna of the left coronary arteries
and the right renal artery. Although not frequently re-
ported, coronary vasculitis as a cause of myocardial
infarction should be considered in patients with RA.
Moreover, our results suggest that infiltration of T
lymphocytes might be involved in the development of
rheumatoid vasculitis.

Keywords CD45RO - Coronary artery - Rheumatoid
arthritis + T lymphocytes - Vasculitis

Introduction

A variety of extra-articular manifestations have
been found to occur in patients with rheumatoid
arthritis (RA), including subcutaneous nodules, episcie-
ritis, mononeuritis muitiplex, serositis, petechiae, and
skin uleers. Several of these manifestations are consid-
ered 1o originate from systemic vasculitis, which has
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been reported to result in mortality rates as high as 30%
(I, 2, 3]. On the other hand, coronary vasculitis as a
cause of myocardial infarction has rarely been reported
in RA patients [4, 5, 6, 7, 8]. However, review of the
autopsy material of 169 patients with RA revealed that
coronary arteritis with multiple cardiac infarction was
the direct cause of death in ten cases (5.9%) [9]. There-
fore, coronary vasculitis is not as rare as has been ex-
pected. Although there have been a few reports on
definite fatal coronary arteritis in RA [6, 7, 8], either the
pathogenesis or the histological characteristics have not
been clearly delineated. In this report, we describe an
RA patient who died of myocardial infarction secondary
to rheumatoid vasculitis, proven by autopsy. More im-
portantly, immunohistological analysis disclosed a fol-
licle-like infiltration of CD45RO-positive T lymphocytes
in interna of branches of the left coronary artery, which
might be involved in the development of the vasculitis.

Case report

A 74-year-old man had been in good health until October 1998,
when he developed stiffness and painful swelling in his shoulders,
knees, and hands, with mild elevation of serum rheumatoid factor
(rheumatoid arthritis particle agglutination, or RAPA, 1:40, normal
<40). He was diagnosed with RA according to 1987 American
College of Rheumatology criteria [L0]. Laboratory tests at that time
revealed erythrocyte sedimentation rate (ESR) (Westergren) of
98 mm/h and C-reactive protein (CRP) at 9.3 mg/dl. Thus, treat-
ment with prednisolone (7.5-15 mg/day), nonsteroidal anti-
inflammatory drugs, and sulfasalazine (] g/day) was started.
However, the patient developed subcutaneous nodules along with
exacerbation of the polyarthritis in July 1999. Laboratory tests at
this time showed ESR 115 mm/h, CRP 10.6 mg/dl, and RAPA
1:2560. In August 1999, sulfasalazine was discontinued and
D-penicillamine (100 mg/day} was started, On August 27, 1999, the
patient suddenly noted right visual disturbances. Qphthalmological
examinations revealed no abnormalities in optic fundus, lens, inis, or
anterior sclera of the right eye. He was admitted to the Department
of Ophthalmelogy of our hospital for evaluation on September 29,
1999 and diagnosed after extensive ophthalmological examination
as having retrobulbar optic neuritis. He recovered sight after
treatment with intravenous alprostadil (prostaglandin E1} for
7 days, followed by therapy with intravenous administration of
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methylprednisolone (1 g/day) for 3 consecutive days. However, ke
developed fever with pulmonary infiltration on November 3 and
was admitted to our department on November 5, 1999,

On admission, physical examination showed wheezing over his
chest wall. Laboratory data showed a white blood cell count of
23.6x10°/1 with 20% band forms and 71% segment forms, CRP
20.16 mg/dl, RAPA 1:2560, total hemolytic complement 23 U/ml
(normal 29-41 U/ml), and circulating immune complex 5.0 ug
Eq/ml by Clq binding assay (normal < 3.0). Antinuclear antibody
and antineutrophil cytoplasmic antibody were both negative. Chest
X-ray revealed diffuse pulmonary infiltrates in the lower lobe of the
right lung. The patient was thus diagnosed with bronchopneumo-
nia, and treatment with antibiotics was started. Although recovering
from the pneumonia, he presented a minor attack of myocardial
infarction, as evidenced by a transient elevation of creatine kinase
and STT changes in electrocardiography on November 10, which
improved in 3 days with conservative treatment. However, he died
suddenly of heart arrest on November 18, 1999,

Postmortem examinations revealed a well localized area of
yellow discoloration in the left Jateral ventricular wall and the
septum. Macroscopically, the anterior descending artery was al-
most patent, but the circumflex artery was almost totally occluded
without characteristics of atheroma or calcification. Microscopi-
cally, a cross-section of the circumflex artery showed occtusion of
the lumen with organizing thrombus and fibrinoid necrosis, infil-
tration of mononuclear cells in all three layers, and formation of
granuloma with multinucleated giant cells in media (Fig. 1). Of
note, there was follicle-like infiltration of CD45RO-positive

- '.-'- - k‘ﬂ‘
Fig. 1A-B Cross-section of the circumflex artery. The lumen is
occluded with organizing thrombus and fibrinoid necrosis, and all
three layers are infiltrated with mononuclear cells (A) and
formation of granuloma with multinucleated giant cells in media
(B). H&E staining, original magnification of A %10, of B x50

T lymphocytes but no CD20-positive B lymphocytes or CD68-
positive monocytes (data not shown) in interna of the circumflex
coronary artery {Fig. 2A, B). The anterior descending attery
showed only narrowing of the lumen with thickening of interna,
whereas the follicle-like infiltration of CD45RO-positive T lym-
phocytes was more marked than in the circumflex artery (Fig. 2C,
D). Moreover, similar follicle-like infiltration of CD45RO-positive
T lymphocytes was also demonstrated in interna and media of the
right renal artery (Fig. 3). There was no microscopic evidence of
atheroma formation in the coronary arteries. Taken together, these
findings demonstrate that the myocardial infarction in our patient
was caused by rheumatoid vasculitis. In addition, the results of
immunohistological staining indicated that infiltration of activated
T lymphocytes was involved in the development of not only cor-
onary arteritis but systemic vasculitis.

Discussion

Recent studies clearly demonstrated that the incidence of
cardiovascular events in RA patients is higher, indepen-
dently of traditional cardiovascular risk factors, presum-
ably from accelerated atherosclerosis due to a wide range
of inflammatory mechanisms [11, 12]. Since the incidence
of coronary vasculitis has been found to be relatively high
[9], it is possible that it might also be a risk factor for the
more frequent cardiovascular events in RA patients. Of
note, the circumfiex coronary artery of our patient proved
to be occluded by organizing thrombus with fibrinoid
necrosis due to inflammatory lesions without the presence
of atheroscierosis. In fact, our patient had no risk factors
for atherosclerosis. Moreover, formation of granuloma
with multinucleated giant cells was also observed in media
of the circumflex coronary artery of our patient. It is
therefore most likely that his myocardial infarction was
caused by necrotizing granulomatous vasculitis secondary
to RA. In fact, there have been a few reports on cases with
histological evidence of rheumatoid vasculitis that lead to
myocardial infarction without atherosclerosis [6]. Taken
together, these observations confirm that coronary
vasculitis as a cause of myocardial infarction should be
considered in patients with RA unless accompanied by
risk factors for atherosclerosis.

Similarly to other cases with histopathologically
proven coronary vasculitis as the cause of myocardial
infarction [6, 7, 8], our patient had progressive rheu-
matoid disease and subcutaneous nodules with marked
elevation of serum rheumatoid factors, increased levels
of circulating immune complex, and hypoecomplement-
emia. Of note, he suffered from retrobulbar optic neu-
ritis prior 1o developing myocardial infarction. There
have been several reports that optic neuritis might be
induced by vasculitis in RA [13, 14]. It is therefore likely
that retrobulbar optic neuritis is one of the manifesta-
tions of rheumatoid vasculitis in this case. In this regard,
our patient had risk factors for the development of
myocardial infarction due to rheumatoid vasculitis, as
was suggesled in the previous study [6, 7].

Several studies have reported the histopathological
features of coronary vasculitis due to RA, including
intense mononuclear cell infiltration of all three layers,
narrowing of the lumen with fibroblastic proliferation,
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Fig. 2A-D Cross-sections of the circumflex artery (A, B) and the
anterior descending artery (C, D). A, C The follicle-like infiltration
of CD45RO-positive T lymphocytes is observed in interna (H&E,
original magnification x25). B, D Immunohistological staining of
paraffin-embedded section with UCHL-1 (anti-CD45R0O) followed
by counterstaining with peroxidase-conjugated goat antimouse
1gG. Original magnification x25

fibrinoid necrosis, and organizing thrombus [4, 3, 6, 7,
8]. In addition to these features, the present study dis-
closed the formation of granuloma with multinucleated
giant cells in the circumflex coronary artery. More im-
portantly, a follicle-like infiltration CD45RO-positive
T lymphocytes was demonstrated in interna of the cir-
cumflex and anterior descending coronary arteries. This
infiltration was more marked in the anterior descending
coronary artery, where the occlusive changes were less
marked. It is therefore likely that such infiltration might
take place in the early stage of vasculitis and thus trigger
the occurrence of rheumatoid vasculitis. Of note in our
patient, follicle-like infiltration of CD45RO-positive
T lymphocytes was also observed in interna and media
of the right renal artery. It is thus suggested that
memory T lymphocytes might be invelved in the

>

Fig. 3A-B Longitudinal section of the right renal artery. A The
follicle-like infiltration of CD45RO-positive T lymphocyles is
observed in interna and media. H&E, original magnification x10.
B Immunchistological staining of paraflin-embedded section with
UCHL-1 (anti-CD45R0) followed by counterstaining with peroxi-
dase-conjugated goat antimouse IgG. Original magnification x10
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development of not only coronary vasculitis but sys- 7.

temic vasculitis in RA. Further studies to delineate the
clonality and antigen specificity of these T lymphocytes ¢
would be important in ascertaining mechanisms of the
development of rheumatoid vasculitis.
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Viruses in Rheumatic Disease

Ko Mitamura®, Masami Takei" and Shigemasa Sawada"?

" First Department of Internal Mdicine, Nihon University School of Medicine
BNerima Hikariganka Nikon University Hospital

Various genetic factors and environmental factors are intricately intertwined in the pathomechanism of rheumatic
diseases. An infectious cause has long been postulated to explain the development of autoimmunity. Several study groups
demonstrated viral structures exist in the target tissues. We have also reported the expression of Epstein-Barr virus (EBV)
DNA, RNA or associated proteins in synovial tissue specimens or synovial cells from patients with RA. And recent
progress in molecular biology reveal mechanism caused by viruses in the diseases. Infections of target tissues could result
in the release or expression sequestered antigens or in the ability to present self antigens that are normally prevented from
being exposed to the immune system. Molecular mimicry is one mechanism by which infectious agents may trigger an
immune response against autoantigens. In this review, we describe the relationship between viruses and rheumatic dis-

eases as autoimmune diseases.

Key words: virus, rheumatic diseases, autoimmunity, Epstein-Barr virus, molecular mimicry
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Fig. 1 Evasion of immune responses by viruses in human major mechanisms used by viruses to evade immune
responses in human are illustrated. (3CHR? £ 1)
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ENDETHAHIN? OFIERERORIOBEEIZD
IMHT S,

I T4 NADEEBRROMRIEE

—AZEEHT I NABRENBISE, YA VAH
RILFIIAREAN TR S N, teansporter in antigen pro-
cessing (TAP) (- & h HmE/MRatkicigtsh, f2-3 70
Fa7Y EREI)MHC 2 5 AL EHELINVVEE
(SRR, T2V YA DHRERICKRRAS
N3, FOSFEEMILTIA VAFERES MR
PEEY T MR (CTL) AF 8 S, /S— 74 Y Fas i
EROBBIIL o 4 L ARBHABOHRSRAAGR
A —HE9ANAAITRIALGHLOERS DL, BH
¥ERL, BELMANOHRERILSET AN AR
IhEhl3EL, UToHE 2 RADD,

BWEETHINIS A ]/E US2,3,11 & &l LT/ EA~O B
WA HOH LB 5 3 (human cytomegalovirus
HCMV)". Human immunodeficiency vicus (HIV) i, nef
FEAEHIZL H MHC class I DRBIM % TV, T/
BRFRZLDVANAHEED L DEELSEIINTE
ZERIDCTLOHREREBEMALL S 159,

B: PHRI—SREMM I YANAEEFHAICLY R
REROTE - ALERITS. thid, ERE@EO
TNF receptor family % f+ L 7: 7 # b — & A 0¥ (HIV
@ nef) %, Bel2family 42 &2 3 b3 FYUTHTDE
BENHT240T, ThbREBETRIN - A%H
%% % caspases IEHEILOIISIE ¥ 2%lHEB Lo
Tvy% (HIV, Kaposi's sarcoma-associated herpesvirus:
KSHV (2& 2 vFLIP kv b it 3 caspases 8 HIHIEF,
EBV #).

C:VANIDOREE FasL #® TRAIL ¥4 LT, 74
NAMEFRBLACTL #87#H - A%RT
s&¢, CTL 6 DRBIZRE:+ % (HIVS, HTLV-1,
CMV, BRiE 7 1 W 2%} (Fig. ).

THhEQEIEIZLN, Y42t b oA VAR
DREREN O ENBRELTFRSE, ) IIFIHEE -
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HOREREORBITMEST LI EMHASLODSH

A,
RIZEEMHIZWLC 2D AN AL OAESEE s h

TLAEBIZISWTEELTW .

N A IWNZERLDESR

1. JSFEIAL LI BIY

SNETALIVABI9IE, DNAYALAD—ETE b
EENEFOME—DNRIVE T A WA THD, —i%is
WESANABIY OBREGIEERTTOLI EASL. )
ECRIERBHARELRIT9I VAL LTELTH
2. WATHEELNL LS, TOHEOKEIILS
B TFTF—FAGSLEBRDOARTHE, HADRE
BATRERMMA AL L(VEBIL, BSERLT
ENE L, ASOBREFDIDIED LV 7=
FRABTHS, 1~2 A THEBRIIBETLIEN
SnH, HOASLOHELL LY BEFT LI LD B
L. EEAOM~ PR LSRR SR Lk
BEELBIENDL, F/-BHMTORFRAME~OR
B FRFRBECBETRBEQN L E AT L2
L, F-EENOL,IIE, BREMBATREL, A
MEREA, 7—sxBEOBENMER, MMKRY, B
CHEREYE, anti-dsDNA $THIGM, (KA,
LMSLED B EM F /L, SLEL LTAFOA NG
WMEBIDONIEALBESATHWED, 2046
AZFNFD Ofbe, BERTHRS SRGRDIGEE,
WEEDFHO T PCRIEITRBSATVS, 1
MIRAREREED 2 RELLFACHRELH Y, 40K
BEOMALINBLLATWS, LALIALDE (it
PR LA EOMELIIHL b TEL{, KB
ELTONET VA B9 DRESOREHIISHOBR
FELINE. —KF, RAODKBELTONLEI L LA
B9 #ERIER SNRLIOFRVRE STV, B
REROBN AL OHEZL b ) SRIEME £HEL
L, BESHLBFUOALE) BEIEL RA T RET
SPNBE SN TVED, Sasaki i RA BIEIBEICE
VT DA BI9RNA, BI9 EH VP-1 AR TE, RAMA
ERAIRD A B19 AEMIL LIFHR 4532 Lt b
HELTWEY, B EORERBEIATCRERMIZE
74 X DNA & VP-1 D BEMICFIEL, DMARDs &5
Bt Lol yror) » REMELBITLAE
25, BRERORXLEMTO VP BiEEROED
VEOLNTEHRESR TV, S512B19FH VP-1
i, RAGBRIZREBLTWS TR, B@RE, <0
77—V, BRSNS TS, BEEEER,
WFEk, MEPIEARIZIZED - 7'M, RA M
fadr b =2 077 — JHARE U937, THP-1 Womg s
¥HEIEBTE, TNLDEAD TNF.o, IL6OELES
ML/, NVEY AR BIY DS ER NSI L,

FANALY T FHES 635

NE-kB DiEHALE /L IL-6 BIETF O RIVMEIER HTH -
O, 7R A%FETEY, STTE/ALEYALL
A BI9 W, RMOMEMECHL piiBErL 7y —&
LTHRFHRAMR~DERET LI E LSRR TL o7
A, G0 LRI DRE AT L M E R RIFEIE Y A
PHAYOEETLER TR -2 A BN+ 22 A1
Laldh, VT FHEE - BCRBEEE~DKRM
S0MEERIZ 2N ELDOTHE,

2. Epstein-Barr 7 {4 N2

(1) RA £ EBY

EBV IM{ZRMEHIRELFIZRI L, #ImikiEER k
HELT oM hTEY, Uy vFHERLED
R XMLLETL BHEi STV 5. Alspaugh HiE RA &
ERIEAPIZ EBV BREMBIHEE S 244 2446  RA
nuclear antigen fifF (RANA) ¥ RELTWw2'% 20ik
RANA B2+ 5 £ = ¥ b — 713, EBNA (EBV
determined nuclear antigen)-1 @ glysine-alanine {575 T#
LI EAHEBHLAT, F7 RAWEIZIE, EBNA-1 &—
LI U TV IRANREINTHLY,

RA BAET/RIRMRICTFEEY 5 EBV

§&4 14, insitu hybadization {42 X ) RA B 34 §h
8 ¥ (23.5%) {Z EBV encoded small RNA (EBER)-1 % #&
WL, ERMMEEDMRIE 20 ORI CIIemiRtET
Ho7: (p<0.05). RABRIZBITS EBER-1 DRI
friz, BRARIHELIIMBOLOhIAEOLEZ A
TR TH o 72, EBV RLELLE latent membrane protein-
1 (LMP-1) ©DFEHiL, F—FED EBER-1 ORMEML IS
—E L7, Takeda %3 RA 3HMIB1 T EBER-1
EBVDNA ORFLHFH LY, EB, YIS RAKE
TADHILIRIZ EBV DIFETE ¥ in situ hybridization iE,
REAMLEETO LMP-1 ORBEAROELE % SFH
LA (EHBTEBERY Y= FE5404 FRa-4, 1999),

RA BIENRIR4REIAN O EBV B ITHF
EBYOLtETy—k LTIACD2I(C3 LT % —) At
HHENTWBAY, EBV Gt RA MEFFMAIZ CD2 RS
BThHo/. NFEB SN TWD EBV (51t HIATARS,
AEMRL CD2IBEHRTH Y, TORMEFUIBELIT
{37\, Hirohata 313, RA ¥ 3L EMMSE (OA)F
EEE CD34 ttMla & 348 L, EBVIAMESE B @R
ERHFEEET LI LT RA BHEED CD34 Mk
EROZRDHI EBV BHARE BT T X205 0A
DLDOIFEGN LD o ERE L2, Heid,
Hirchata A7 L7: B #ifadk & BERIM®ED EBV
BFEHRO T 4 L ABRIIBWT, EBNA3C @ DNA A5 %
WETAHAIEIZLY, BEOERELENELBEN—D
DEEEREBRVTESII—RLAZE2BHL 0L
7:. THIZRA BHOH 2 /hNREATEBYV OER 224
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Fig.2 The expression level of SAP transcripts in peripheral CD2* T cell of RA patients is decreased. The
expression leve] of SAP transcripts normalized with that of GAPDH transeripts in CD2* T cells is indicated.
The expression level of SAP transcripts in peripheral CD2* T cells of five RA patients (0.0182 x 0.011) was
significantly lower than that of five normal individuals (0.0779 + 0.01)
{p < 0.005, RA patients versus normal, Student’s t-test). Values are mean + SD.

(PS5, fTdh TR LAIEY ¥/ SEARDHIR A 2
ERMEIDY U~ P SNMELICHMETETREER
WH L7 (B EIERY YR ESRES LRI L,
2000). Blaschke #{3r3RMAOEBORFHEUOET
IZEBV OB KL TS I &% EBER-IZ D
in situ hybridization fE CHE L7220, TORRIELEL
RERPEMTATHEEYD H EROZSBEOHRERIZ
T LRRYRATVWALLELLORS,

RATOHEBVICHT AR FFL 721 ANORE

EBV @ EBER-1, LMP-1 275 =B AR O & 19l %
BEILTwARHEEEENATMIIRRL Ty 05
LMP-1 it 405 ENE T MROENSFTHY , BFO
BEBRLAFLTORIIEEI LR ESRTLE ).
RA 5T EBV BREEMAP R S h T FET 21850
EHARAEHTH /.

F4MVBARBEEMAOBEELL LD RABIE
OEFAFREZBVWTRRLIHEET (ARLRES
W098-24899, HS.12.5) %, /NEHIZ EBV OILFEAI
FErRoTIETH LR TS Duncan 73 (X-linked
lymphoproliferative syndrome: XLP) OERRZFTHE
signaling lymphocytic-activation molecule (SLAM) associ-
ated protein (SAPY® & Bl —#{EF TH > 7. Duncan %
B, COREFELLRROBTIZLN EBV IZHT S
BRI THEROFENTELZVEEZLORATY
4. RA BE XM T M35V T real time PCR i1
T, SAPmRNA ORBREEECHELAEILKT%

A L7 (Fig.2). LA L, 55 RA BEAMAMIRD
50 SAPcDNA IZRE(EREEDLI 7. RAT
EBV (2 5 B AP IR At iRAE ¢4, IR C O
FArRITEHELLT, SAPFFORAREIN5T5
EetEdtdH 22,

(2) Sjogren fEWREE (SS) & EBV

SS L EBV L OMEIZD X, Fox Hi1EBV RIHE .
EBV- encoded early antigen (EA-D) 23T 5E/ 20—
FAEEFRWT, SSBEOENRASAEMASSEat
BIZ%)E5TBIZEAD 2R L, ¥y 7oy MER
THTRHALD L EBVDNA 2 HE LI E2HELT
WAM, % /- Saito #13 PCR #iZ L o T 85 B RH50m,
BB TOYS VATV O LR,

EBV (342 B MBI R T 2%, Ry A4 LR
M7 AN AERIEIE L RS (ERR T2 L9440
ADFEFEBRLE VY, invitro TORRIZL Y, BiEEL
IZIZ EBV BB M #fZF BZLFI 8 X U BRLF1 ORIBIC
IhREsh, BERGEFAL EBV HBRMREZFORE
FHEET AN ZEAHTL TS, BZLFI BR{IEFED
Td 5 ZEBRA (Z1a, EBI, Z protein) {2 23U &l T R 801
EEsh, BEtoBRELLy 3 28E2EBTFTH
A, $7:8S (2B 5 HCREOMIEES 120kD o
T FYrThHAIENHSHIZEND®, Saito FiT SS
BEOEBRALET EBV BIRHE{LOMEO ZEBRA HF
ORBIEV 120D -7 # FY X ORBAFHERL L
EREIGAMIILAD,
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3) ME# & EBV

EBV iz~ R4 VA yBEHISHEEA, SRET
LiEIZ L ) EBV Sl y NIRRT A NV A D RER R E
ZTw5. SEFVOIRIIBGT, Weck Bt~
Ay~ RATL VA (YHVES) 24 » ¥ —T7 O
YLt 7y — KRBT ACERISLLIS, EELK
MEOMBELEHT LEREZ 4T TIIRE LA L8
L7230,

v hOMERERFIBENINEORESIILE-TH
Hah, KOEOMERKIIEMILME % (MEIRE) &
ERHRELS TS E. RALBVWTERV A2
LENEBTHRESHABS IV, Kikua i3, 8%
iGEITE EBV ERIAE O/ B 431 | 855 S 0 i 8 AR o 4
TR AL, KM EBNA BtEY ¥ RATFC
CDA+TABRRTH D Z L LB L TE B3I, Nakagawa %
&N RS IRV E EBV BE CRENRNE & KBRS
MEREDEFE T #H EBER-1 B THEZ & 44
HLTW3?,

3. RAT#HRAMNZFRY 1 ILX I HTLY-1

RA, SS & HTLV-1

HILV-1 2L FaS A L 2D—2Tohh, BEOHE
HBLUA) 7BEMBICERTLRA THEAMREL
HTLV-1 REHFRE (HAM) DEEY A VA E L THS
hTwid, HAMIZIZ RABRZRME RO SHAMPROR
FTOREHSRET ST & £, Epguchi i3, HTLV-1 i
FOSVEBHTO®RFICLD, HTLV-1 BEARA &
SSRECEREBFTHL Z L 2 EEMICEALLD, in
vitro DRI B WT HTLV-1 B T #02 & Bl £ 12
BT LIBREMRIC HTLV-1 AURE L, REMY A b2
AYHEFIIELSNEBET LM, IvakuraZiz L - T
HTLV-lenv-pX X BALL Y IV AV 2w oy
AT, Ny RAARRCHEESEIROORRARDS
RUNERAIHEL, MERBIICTORENEYS Fh 1
VOELHEMER, MHC 7 SALINOREME IR
IF-HrBTay P ERCMTIACHRAHEERTH
RORICAHEDEENR N3,

Terada %13, SS BEEMPOH HTLV-1 EMEHE
FUELAEIA, IgA 7 5 ADH HTLV-1 Hiikdtg
HTLV-1 $ithi51to SS BETEHIICHRB & h, B
BEITO HTILV-1 KT 2 RFEICEDFEENTIE S R
f:.\ﬁ)_ N

4. AEML FOTI LR

RIEMEL F O 4 L A (human endogenous retrovirus:
HERV) i, L3 LUIBRERVIOYSVATH T
b, #LOBIETHEIMLEMY / LBART AT
BANERTEENIBETFETHY, —0bnids
BHBIZEE (transposable genetic element : b 5 > 2K/
NBERLIb DL S FLONRTVS, Yoshiki Zidb

TANAEY) I TFHER 637

FSLEDET 77 AD NZB x NZWFI Tit, IFCto
ERV K izRIBEN, gp 70T 24EEEIZL S
RIFHEERONME RLHIRENDLEFRES R, K
EHELV PO AV ANEREIMSTAI ST LA,
REMHESHER (MCTD) DHCIETH 2 UL RNP O
K ZEBQI, CEL OIS LA (L OIS LALE
FLOKENS A B, C,DIZFHEENL) D p30 gag B
B EAERIME £ #5 5 cross-reactivity 252 L Tv 2 55,
Query I T DHEEL N HERV O gag EF T 24
A%, HUUIRNPIIROBREO M Y H—L 5L 0I5
%R A7, €7 Human T-cell lymphotropic virus-related
endogenous sequence (HRES)-1 (23F L T D464 UL RNP
@ TOK ZEAIIEERIC %R L, HRES-1/p28 234 B4
fEid SLE & EHERED 21 ~50% B 5 2™, B
AFWALFITEH A 5-Azacytidine (5-AZA) X7 7 ATk
W HERV-ERNACRIERV L b Oo f L RIZREE
METIIEMREShTEY, CIOEE) /38R
BWTIZHERV-ERNA EHEHET 2, 5-AZA 0EI
IO THIRDDNADAFLIEHETTSE LFAL D
EEIMREENECKIEEFTHEL TV A9, F /- SLE
BETHRTIE DNA DAF M LETHEE XA TH
heay, ZHFREHHERV ORBREIIHS L, RiERy
PELHThEMMH L.

Ebhb WL

PBE o4 RE) v FiEkS . RABEBLOD
MbhiZo&ddT 22 B%, STFEYFNEENE
FEREREC M LABITIIEY, EBICBIEYAN
ZORb N, FESYIIB2 FOFEETEHS T
RIESFY - BEFHNLFRE~ORSORALTEECL
TETWS, LrOLEFLEMERLY, BIENHSIERS
FEFILE O MO HERE - HORERE~NOR
BHRFHVILREHNAFEDLDE LTY A NADRH
A~ORENISHEELIBFTLET .
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O EDITORIAL O

Reactivation of Immanent Herpes Group Virus

Key words: herpes virus, Epstein-Barr virus, drug induced
skin rash, herpes zoster rheumatoid arthritis, hy-
persensitivity syndrome

Recent modern molecular biology techniques indicate the
involvement of herpes viruses in the pathogenesis of some
diseases. Herpes group viruses include cytomegalovirus,
Epstein-Barr virus (EBV), herpes simplex 1 or 2, varicella
zoster virus, human herpes virus (HHV)-6, HHV-7 and
HHV-8. These viruses are transferred by human contact and
cause a primary infection, which commonly does not show
clinical signs and may exist even for years in a latent state in
healthy individuals by means of suppressive immune regula-
tion. Nonetheless,. those viruses may be reactivated by the
dysregulation of the host immune system or possibly by
virus mutations. There is a great deal of evidence of the asso-
ciation of herpes simplex virus and recurrent erythema
multiforme. This association has been supported by clinical
and laboratory studies. Huff and Weston indicated that pa-
tients had a history of herpes simplex virus infection pro-
ceeding their as analyzed episode and their sera had anti-
bodies to this virus by enzyme immunoassay (i)
Furthermore, they demonstrated that herpes simplex virus
antigen was detected in the skin biopsy specimens by an in-
direct immunofluorescent technique with a monoclona! anti-
body tc the type common human simplex virus glycoprotein
gB around keratinocytes in the epidermis.

Brice et al demonstrated herpes simplex virus (HSV)
DNA in the cutaneous lesions of erythma multiforme, by
means of polymerase chain reaction and, by in-situ hybridi-
zation with *S-labeled HSV-RNA probe within the epider-
mis {2). Many reports have discussed the role of viral
infection and drug induced skin rash, and showed clinical
evidence that cutaneous rashes are observed in more than
90% of patients given ampicillin in patients with infectious
mononucleosis whereas usuvally are observed in less than
15% in patients without it (3) and that an extraordinary high
incidence of Stevens-Johnson syndrome in patients infected
with human immunodeficiency virus (4).

Kunishige et al (5) in this journal described that Salazo-
sulfapirigine induced hypersensitivity syndrome associated
with reactivation of human herpes virus 6.

See also p 203.

A hypersensitivity syndrome has been reported with the
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administration of a limited number of drugs, such as alio-
purinol, dapsone, minocycline and phenytoin (6), suggesting
that the specified structure of drug involves a hypersensitiv-
ity syndrome or a latent virus reactivation. Even though the
precise mechanism by which viral infection causes the drug-
associated skin rash remains unclear, it has been suggested
that the regulatory gene mutation defines the reactivation of
herpes simplex virus latency (7).

A reactivation of immanent virus may be a crucial event
for the development of a severe drug-induced hypersensitiv-
ity syndrome,

The ampicillin rash appeared in patients only in primary
EBV infection but not in the recovery period (3). This report
suggested that skin rash may be incriminated by the EB virus
reactivation. We have often observed herpes zoster or
trigeminal nerve paralysis. which is thought to be reacti-
vation of herpes simplex virus in patients with rheumatoid
arthritis (RA). Indeed, it has been reported that there is an in-
creased subsequent risk of RA in patients diagnosed with
herpes zoster (8, 9).

Primary EB virus infection is characterized by atypical
lymphocytes which are the CD8+ T cell subset. These CD8+
T cells play the role of MHC-restricted virus-specific
cytotoxic T cell function. We examined the synovial tissues
from 34 patients with RA and from 20 patients with osteo-
arthritis (OA), and from one patient with psoriatic arthritis as
controls, for evidence of the EBV by in-sit hybridization.
The specimens were also tested by immunoperoxidase stain-
ing for expression of EBV nuclear antigen (EBNA)-2 and la-
tent membrane protein (LMP)-1. EBV-encoded small RNA-
1 (EBER) was demonstrated in synovial lining cells from
eight (23.5%) out of 34 RA patients but in none of 20 OA
patients (p<0.05} nor in the one psoriatic arthritis patient.
Furthermore, LMP-1 was also detected in synovial lining
cells. Nevertheless, EBNA-2 was not demonstrated in such
lesions. The incidence of EBV existence in synovial lining
cells with severely infiltrated lymphocytes tended to be
higher than that in moderately infiltrated ones (i0).

In a recent study searching for the causative gene of X-
linked Pymphoproliferative syndrome, the gene linked to
EBV-specific cytotoxic T cells or NK cell-mediated cyto-
toxic activity to EBV-infected cells was discovered, and its
product is now referred to as signaling lymphocytic-
activation molecule-associated protein (SAP) or Src homol-
ogy 2 domain-containing protein (SH2D1A) (11). We have
found that the expression level of SAP transcripts in periph-
eral leukocytes of RA patients was significantly lower than
that of normal individuals (p=0.0007), that of inactive syste-
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mic lupus erythematosus or that of chronic renal diseases.
There was no mutation in the coding region of SAP ¢cDNAs
derived from peripheral leukocytes of RA patients. The de-
creased expression of SAP transcripts in peripheral leuko-
cytes or T cells of RA patients might lead to the failure of the
immune system to eliminate the EBV-infected synovial lin-
ing cells in joints of RA patients (12).

Taken together, the reactivation of latent virus might be
due to the mutation of latent virus or due to the decreased
regulatory function of human genes for the drug-induced
rash,
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SgIGSF: a new mast-cell adhesion molecule used for attachment to fibroblasts
and transcriptionally regulated by MITF

Akihiko Ito, Tormoke Jippo, Tomohike Wakayama, Eiichi Morii, Yu-ichiro Koma, Hiroaki Onda, Hiroshi Nojima,

Shoichi Iseki, and Yukihiko Kitamura

Microphthalmia transcription factor (MITF)
is a basic-helix-loop-helix-leucine zipper-
type transcription factor. The mutant mi
and MM" alleles encode MITFs with dele-
tion and alteration of a single amino acid,
respectively, whereas the fg is a null
mutation. In coculture with NIH/3T3 fibro-
blasts, the numbers of cultured mast cells
(CMCs) derived from C57BL/6 (B6&)™",
BEMiwhMiwh and B6 mice that adhered
to NIH/3T3 fibroblasts were one third as
large as the number of B6*'* CMCs that
adhered to NIH/3T3 fibroblasts. From a

cDNA library of B6** CMCs, we sub-
tracted messenger RNAs expressed by
Be™/m CMCs and found a clone encoding
SgIGSF, a recently identified member of
the immunoglobulin superfamily. North-
ern and Western blot analyses revealed
that SgIGSF was expressed in B6++ CMCs
but not in CMCs derived from MITF mu-
tants. Immunocytochemical analysis
showed that SgIGSF localized to the cell-
to-cell contact areas between B6+/+ CMCs
and NIH/3T3 fibroblasts. Transfection of
B6™™ and B6Y CMCs with SgIGSF

cDNA normalized their adhesion to NIH/
373 fibroblasts. NIH/3T3 fibroblasts did
not express SgIGSF, indicating that SgIGSF
acts as a heterophilic adhesion molecule,
Transfection of B§®'% CMCs with normal
MITF cDNA elevated their SgIGSF expres-
slon to normal levels. These results indi-
cated that SgIGSF mediated the adhesion of
CMCs to fibroblasts and that the transcrip-
tion of SgIGSF was critically regulated by
MITF. (Blood. 2003;101:2601-2608)

€ 2003 by The American Sotlety of Hematology

Introduction

The mouse mi locus encodes a transcription factor belonging to the
basic-helix-loop-helix-leucine zipper family denoted hereafter as
the microphthalmia transcription factor (MITF).!2 The mutant mj
allele produces an abnormal MITF protein that lacks 1 of the 4
consecutive arginines in the basic domain (denoted hereafter as
mi-MITF)},134 The mi-MITF is defective in DNA binding, nuclear
translocation, and transactivation of target genes.¥ Another mutant
allele is the rg allele, which is the MITF gene bearing a transgene
insertion mutation in its 5’ flanking region.!® Although the coding
region of the MITF gene in C57BL/6 (B6)¥*® mice is norimnal,
significant amounts of MITF were not detectable in cultured mast
cells (CMCs) derived from the spleens of B6/3#¢ mice,'®

Both B6"#" and B6'*% mice show microphthalmia, lack of
melanccytes, and a decrease in skin mast cells.” B6"“" mice show
osteopetrosis but B6% mice do not.'? Most B6”# mice die upon
weaning due to the failure of tooth eruption caused by the
osteopetrosis, whereas most B6'/% mice survive to adulthood. Mast
cell numbers in skin tissues were comparable between B6"7™ and
B6&'s/¢ mice.!? However, only B6"%" mice showed a decrease of
heparin content in skin mast cells."

Gene expression profiles of CMCs were compared between
B6m#i and B&*** mice. The transcription of mouse mast cell
protease 2 (mMCP-2), mMCP-4, mMCP-5, mMCP-6, and mMCP-9
genes decreased severcly in both B6"# CMCs and Bé/#
CMCs.13-1% The transcription of the genes encoding c-kif receptor

tyrosine kinase (KIT), granzyme B, tryptophan hydroxylase, and
N-deacetylase/N-sulfotransferase 2 was reduced severely in B6nf
CMCs, but the reduction of transcription of these genes was not so
severe in B&'*% CMCs.8139% This indicated that the mi-MITF
possessed an inhibitory effect on the transcription of KIT,!®
granzyme B, tryptophan hydroxylase, and N-deacetylase/N-
sulfotransferase 2 genes 81319

We have shown that B6""" CMCs have a variety of abnormal
phenotypes.>® One is that they adhere poorly to fibroblasts.20 A
considerable number of B6** CMCs cultured on a monolayer of
fibroblasts adhere to the fibroblasts, 222 but significantly fewer
Bo™#n CMCs do this.?® In the present study, we examined the
number of B6'#* CMCs that adhered to NIH/3T3 fibroblasts, We
also assessed the adherence to fibroblasts of CMCs derived from
BoMivhMivh mice, which have a single altered amino acid in the
basic domain of MITE?* We found that B6®/2 and BGMiwkiivk
CMCs were as poor as B6™# CMCs in adhering to fibroblasts,
From a cDNA library of B6** CMCs, we subtracted messenger
RNAs expressed by B6™#" CMCs. By screening the subtracted
c¢DNA library, we identified a new mast cell adhesion molecule,
SgIGSF (spermatogenic immunoglobulin superfamily),®* whose
transcription was critically regulated by normal MITF (+-MITF)
in CMCs. The deficient transcription of SgIGSF appeared to be a
cause of the defective adhesion of CMCs derived from MITF
mutant mice to NIH/3T3 fibroblasts,
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Materials and methods
Mice

The original stock of B6*"* and B&6M"#* mice was purchased from the
Jackson Laboratory (Bar Harbor, ME). VGA-9*% mice were kindly
provided by Dr H. Amheiter (National Institutes of Health, Bethesda, MD).
All MITF mutant mice were maintained by consecutive back-crosses to our
own inbred B6 colony (more than 12 generations at the time of the present
experiment). Homozygous mice were produced by crosses between female
and male heterozygotes of each genotype and selected by their white coat
color. The WB*'*, WBWW WBB6F,**, and WBB6F *" mice were
purchased from Japan SLC (Hamamatsu, Japan).

Cells

Spleens from 2- 1o 3-week-old mice were first passed through a 23-gauge
needle and then cuitured in e-minimal essential medium («-MEM; ICN
Biomedicals, Costa Mesa, CA) supplemented with 10% pokeweed mitogen-
stimulated spleen cell-conditioned medium (PWM-SCM) and 10% fetal
calf serum (FCS: Nippon Biosupply Center, Tokyo, Japan). PWM-SCM
was prepared as described previously.? Half of the medium was replaced
every 7 days. Four weeks later. more than 95% of the cells were CMCs. To
examine growth kinetics of CMCs, 2.5 X 105 CMCs were suspended in 2
mL a-MEM supplemented with 10% PWM-SCM and 10% FCS and plated
onte 33-mm culture dishes. Various days after the plating, total cell
numbers were counted with a standard hemocytometer. MST mastocytoma
cells™ were kindly provided by Dr J. D, Esko (University of California, San
Diego, CA). W2 helper virus-free packaging cells, NIH/3T3 mouse
fibroblastic cells, and Jurkat lymphoid cells were maintained as described
previously.!9-37.28

Coculture of CMCs with fibroblasts and evaluation
of atachment

Coculture of CMCs with NIH/3T3 cells was performed as described
previously.?-2 Briefly, CMCs (1.0 X 109 cells per dish) were suspended in
2 mL a-MEM containing 10% FCS and added to a confluent culture of
NIH/3T3 cells in 35-mm culture dishes. In some experiments, PWM-SCM
was added to a concentration of 10%. After 3 hours of coculture, the dishes
were washed with warmed (37°C) a-MEM 10 remove nonadherent CMCs.
NIH/3T3 cells and adherent CMCs were harvested by trypsin treatment.
These cells were attached to microscope slides using the Cytospin 2
centrifuge (Shandon, Pittsburgh, PA), fixed with Camoy solution, and
stained with alcian blue and nuclear fast red. The proportion of alcian
blue—positive mast cells 1o alcian blue-negative NIH/3T3 cells was
determined. Each experiment was done in triplicate and repeated 3 times
with similar results.

cDNA libraries and isolation of clones

A cDNA library of B6*'* CMCs and the (+/+ — mi/mi) subtracted cDNA
library were constructed previously,”2* Sequencing and isolation of clones
from the libraries were performed us described previously.™?’ The DNA
sequences were used to search the National Center for Biotechnology
Information database using the BLASTN algorithm.

Northern blotting and hybridization was performed using standard
methods. Relative signal intensity was calculated with the BAS 2000
system (Fuji Photo Film, Tokyo. Japan). cDNA inserts of clones from the
libraries and the B-actin ¢cDNA frazment” were labeled with a-*2P dCTP by
the random labeling method.

Antibodies

A rabbit polyclonal antibody aguinst SglGSF was made in Kanazawa
University (by T.W. and S.1.). The method of preparation and the sensitivity
of the antibady are described in detuil elsewhere (T.W. and S.1.. manuseript
submitted. 2002). Briefly, rabbits were immunized aguinst the synthetic
pelypeptide containing 15 amino acids of the C-terminus of SglGSF. Four
months lfater, the rabbit sera were purified with an affinity column
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containing the synthetic polypeptide. The anti-MITF antibody has been
described previously. 30 Other primary antibodies used were specific for KIT
(M-14; Santa Cruz Biotechnology, Santa Cruz, CA), E-cadherin (Clone 36;
Transduction Laboratoties, Lexington, KY), N-cadherin (Clone 32; Trans-
duction Laboratories), ICAM-1 (KAT-1; Seikagaku, Tokyo, Japan), integrin
B3 (Transduction Laboratories), and a-tubulin (DM 1A; Sigma Chemical,
St Louis, MO). Secondary antibodies used were peroxidase-labeled antirab-
bit, antimouse, or antirat immunoglobulin G (IeG) antibodies (MBL,
Nagoya, Japan), and fluorescein isothiocyanate (FITC)-labeled antirabbit
IgG antibody (MBL).

Western blot analysis

CMCs and mouse tissues were lysed in a buffer containing 50 mM Tris-HCI
(pH 8.0). 150 mM NaCl, 1% Triton X-100, and | mM phenylmethylsulfo-
nyl fluoride. The resulting lysates were separated on 10% sodium dodecyl
sulfate (SDS)-polyacrylamide gels, transferred to Immobilon (Millipore,
Bedford, MA), and reacted with the primary antibodies indicated. After
washing, the blots were incubated with an appropriate peroxidase-labeled
secondary antibody and then reacted with Renaissance reagents (NEN,
Boston. MA) before exposure. After stripping, the blots were probed with
the anti—-tubulin antibody.

Enzymatic digestion of N-linked glycosylation

A 20-pL volume of CMC pellet was denatured at 100°C for 10 minutes and
then one tenth of the sample was incubated at 37°C for 1 hour in the
presence or absence of Peptide:N-glycocidase F (PNGase F;, 500 U)
according te kit instructions (New England Biolabs, Beverly, MA). The
samples were then separated on SDS-polyacrylamide gels and reacted with
the anti-SgIGSF antibody.

Transtection of CMCs with retroviral vector

The pCX4bsr vector, a2 modified pCXbsr vector,) was kindly provided by
Dr T. Akagi (Osaka Bioscience Institute, Osaka, Japan). A clone containing
full-length SplGSF ¢DNA was isolated from the B6*/* CMC ¢DNA library.
The cDNA insert was excised by EcoRI digestion and inserted directionally
into the pCXd4bsr retroviral vector via the EcoRI site. The resulting
pCX4bsr-SgIGSF vector or the empty pCX4bsr vector was then transfected
into the packaging cell line W2, and blasticidin-resistant ¥2 cell clones
were selected by culturing in o-MEM containing 10% FCS and blasticidin
(3pg/mL; Invitrogen, Carlsbad, CA). To obtain infected CMCs, a subcon-
fluent monolayer of the 2 cell clones that produce high titers of retrovirus
containing either the SgIGSF cDNA or no insert was y-irradiated at a single
dose of 30 Gy. A freshly prepared spleen cell suspension was then added to
the monelayer and incubated for 5 days in a-MEM containing 10% FCS
and 10% PWM-SCM, Blasticidin-resistant CMCs were selected by continu-
ing the culture in the presence of blasticidin (1.5 pwg/mL) for 4 weeks.
Transfection of CMCs with a retrovires vector containing the +-MITF
cDNA was performed as described previously.”

NIH/3T3 cells were transfected with the pCX4bsr-SgIGSF vector by the
calcium phosphate coprecipitation method. Blasticidin-resistant NIH/3T3
cells were selected by continuing the culture in the presence of blasticidin
(3 pa/mL) for 4 weeks.

Immunocytochemistry

CMCs were washed with phosphate-buffered saline (PBS; pH 7.4), attached
1o microscope slides by Cytospin 2 centrifugation (Shanden), and fixed with
methanol. For staining the coculture, an NIH/3T3 monolayer was estab-
lished on a cover slip placed at the bottom of a culture dish and CMCs were
pluted over this. Afier 3 hours’ coculture, the cover slips were washed with
PBS und fixed with methanol. Fixed samples were blocked with 2% bovine
serum albumin in PBS, incubated with the anti-SgIGSF antibody, and
stained with FITC-labeled antirabbit I¢G antibody, For double staining with
phalloidin. the coeulture samples were fixed with 3.7% paraformaldehyde
in PBS and permeabilized with 0.1% Triton X-100 in PBS. After staining
with the anti-SglGSF anmibody as described above, the samples were

—457—



BLOOD, 1 APRIL 2003 - VOLUME 101, NUMBER 7

Table 1. Poor attachment of B6™¥'™, BE'#', and B6 MM*/MM" CMCs
to NIH/3T3 fibroblasts

No. of adhering CMCs per NIH/3T3 cell”

CMC genotypa PWM-SCM-1 PWM-SCM*¢
+/+ 0.166 = 0.021 0.162 = 0.028
mi‘mi 0.042 + 0.017% 0.044 * 0.0221
tghg 0.044 = 0.010% 0.048 * 0.023¢
MMM 0.040 > 0.0114 0.046 = 0.012%

*Mean * SE of 3 dishes.

$The coculture of CMCs and NIH/3T3 cells was done with {+) or without {-)
PWM-SCM (10%).

$P < .01 by Student rtest when compared with the values of B6*/* CMCs.

incubated with tetramethylrhodamine isothiocyanate (TRITC)-labeled phal-
loidin (1:5,000 dilution: Sigma). Cells were visualized using a confocal
laser seanning microscope (LSM510; Carl Zeiss, OberKochen, Germany).

Luciferase assay

The pEF-BOS vectors® containing +-MITF or mi-MITF ¢DNA, con-
structed previously,'® were used as effectors. The 5 flanking sequence of
the SgIGSF gene was obtained from the database of the Celera Discovery
System (Celera, Rockville, MD). The genomic region of nucleotide {nt}
—1501 to +19 of the SgIGSF gene was amplified by PCR and subcloned
into the upstream region of the luciferase gene in pSPLuc plasmid. A
reporter and an effector were electroporated together into MST mastocy-
toma and Jurkat lympheid cells as described previously.* The relative
luciferase activity was calculated as described previously.”

Electrophoretic gel mobility shift assay (EGMSA)

Glutathione S-transferase (GST) and GST-+-MITF were produced previ-
ously.® Two oligonucleotides were synthesized: E, 5'-GCTTTAATGTGTA-
ACTCATTTGATGGGTTGGCCGA-3" (nt — 1506 to — 1472 of the SglGSF
promoter), and mE, 5'-GCTTTAATGTGTAACTCTTTAGATGGGT-
TGGCCGA-3'. EGMSA was performed as described previously.”

Results

Poor attachment of CMCs derived from MITF mutants
1o NIH/3T3 fibreblasts

We examined numbers of B6*/+, Bewini Bowie and BeMiviMiv
CMCs that adhered to NIH/3T3 cells 3 hours after the initiation
of the coculture. The number of adhering B6™#, B6%%, or
BeMiwiMinh CMCs was one third that of B6*/* CMCs (Table 1). No
significant difference was observed among numbers of adhering
Bgmini Bz, and BeMakMirk CMCs. As we reported previously,2®
addition of PWM-SCM to the coculture did not affect the results
(Table 1).

Isclation of SgIGSF gene as a transcriptionally down-regulated
gene in B6™™ CMCs

We constructed a cDNA library from B6*/* CMCs and subtracted
from it mRNAs expressed in B6w# CMCs.” The (+/+ — nri/ini)
subtracted ¢DNA library proved to be enriched with clones that
were transcriptionally down-regulated in B6"#" CMCs.™® From
the subtracted library, we attempted to isolate cDNA clones whose
gene product might explain the deficient adhesion of B&"#" and
B&x CMCs to NIH/3T3 cells. We sequenced approximately 600
clones from the library and found a clone (no. 236) that carried part
of the cDNA sequence encoding SgIGSF. The ¢cDNA of SgIGSF
was recently cloned from mouse testes, and it has a putative
transmembrane domain and an extracellular domain consisting of 3
immunoglobulin-like loops.*
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We performed Northern blot analysis on RNAs extracted from
Be**, B6#¥ and B6'¢ CMCs, using clone 236 as a probe. Two
transcripts were detected near the positions of 285 and 18S in
B6&+* CMCs: the expression of the longer transcript was much
stronger than that of the shorter one (Figure 1A). This result was
consistent with the result reported by Wakayama et al** that the
SgIGSF gene has 2 transcripts of 4.5 and 2.1 kb in mouse testes. In
contrast to the case of B6*/* CMCs, no hybridization signals were
detected in RNAs obtained from either B6*#" or B6%* CMCs
(Figure 1A). We screened the original cDNA library of B6*/*
CMCs by using clone 236 as a probe and isolated 5 positive clones
carrying a ¢cDNA insert of approximately 2.1 kb. Sequencing
revealed that the ¢cDNA inserts of all clones were identical to
the reported full-length ¢cDNA of the SgIGSF gene (accession
no. AB052293).

Protein expression of SgIGSF was examined by blotting the
lysates of CMCs from various genotypes with the anti-SgIGSF
antibody (Figure 1B). Two strong bands of approximately 110 and
38 kDa and a weak band of approximately 50 kDa were observed in
the B6** CMC lysate. In the lysates of B6&™i B6&#%, and
BoMiwlMivh CMCs, the bands of approximately 110 and 38 kDa
were not detectable but the band of approximately 50 kDa was
recognizable (Figure 1B).

Western blotting was also performed on the lysates of intact
NIH/3T3 cells and NIH/3T3 cells that had been transfected with
full-length SgIGSF ¢DNA. No band was observed in the lysate of
intact NIH/3T3 cells. In the transfected NIH/3T3 cells, 4 bands
were recognized, and the bands representing the longest and
shortest proteins were positioned at mobility sizes similar to those
of the 2 strong bands observed in B6*/* CMCs (Figure 1B). Thus,
we considered that SgIGSF had 2 forms, of approximately 110 and
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Figure 1. Expressicn of §gIGSF and intercellular adhesion molecules in CMCs
derived from MITF mutant mice. (A) Expression of SgIGSF mRNAin Bg*/*+, B™m,
and BE'?Y CMCs. RNA (10 pg of total RNA) from CMCs of 3 genotypes was
electrophoresed and hybridized with the clone 236 probe. After stripping, the blot was
hybridized with the B-actin probe 10 indicate the amount of RNA loaded per lane.
(B) Expression of the SgIGSF protein and intercellular adhesion molecules in B6*/+,
BE™™, B2, and BeMwawt CMCs. Lysales of the indicated cells were electropho-
resed and blotted with antibodies against SgIGSF, E-cadherin, N-cadherin, ICAM-1,
and inlegrin B3, {C) Westem biot analysis of NIR/3T2 cells and those transfected with
SgIGSF cDNA (NIH/3T35¢657). The lysates of the indicated cells were electropho-
resed and blotted with the 5gIGSF antibedy and then probed again with the
anti-e-tubulin antibody to indicate the total amount of proleins loaded per lane. The
molecular weight scale is shown to the right of the blot.
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Figure 2. SgIGSF expression in CMCs derived from KIT mutant mice. Lysates
were prepared from CMCs derived from mice of the indicated genotypes and were
blotted with the anti-KIT and anti-SglIGSF antibodies. The molecular weight scale is
shown 1o the right of the blots, The blets were probed again with the anti-a-tubulin
antibody to indicate the total amount of proteins loaded per lane.,

38 kDa, in B6*/* CMCs, but these forms were absent from B Guimi,
B6', and B6-Mi*"/Mi*? CMCs. A weak band of approximately 50
kDa detected in all 4 types of CMCs remained uncharacterized.
Because there is no SgIGSF mRNA expression in B6"/ and B¢
CMCs, the approximately 50-kDa band appeared to arise from
cross-recognition of an unknown protein by the SgIGSF antibody
rather than its specific recognition of another form of SgIGSF.

We also examined the expression of several intercellular
adhesion molecules in CMCs with mutant MITFs. Expression
levels of E-cadherin, N-cadherin, ICAM-1, and integrin B3 in
Bemiti, Bé#i, and B6-Mit/Mi* CMCs were comparable with
those of B6*/* CMCs (Figure 1B).

CMCs were obtained from WB**, WB™W¥ WERB6F,*'*, and
WBB6F, "% mice, and the expression of KIT and SglGSF was
examined using anti-KIT and anti-SgIGSF antibodies. KIT signals
were detected in the lysates of B6*'*, WB*/*, and WBB6&F,**
CMCs, whereas no specific signals were found in the lysate of
WB*¥W CMCs (Figure 2). In WBB6F,-W/W" CMCs, KIT signals
were detectable at significantly reduced levels (Figure 2). Next, the
blot was reacted with the ami-SgIGSF antibody. WBB6F W
CMCs expressed SgIGSF as abundantly as WBB6F,*"* CMCs,
and WB"W CMCs expressed a rather higher level of SgIGSF than
did WB*"* CMCs (Figure 2). In the lysates of CMCs from WB and
WRBB6F, mice, the band of approximately 50 kDa was recognized
much more strongly by the SglGSF antibody than in the lysates of
CMCs from B6 mice.

Tissue distribution of SgIGSF

We examined the expression of SgIGSF in various tissues of B«
mice. Lysates of testes, spleens, lungs, and stomachs were obtained
from B6** and B6"'* mice and were blotted with the anti-SglGSF
antibody. In spite of the remarkable difference in SgIGSF expres-
sion between B6*/* and B6*" CMCs, the expression was compa-
rable between teslis, lung, spleen, and stomach tissues of B6%/* and
B& mice (Figure 3A). When the lysate of +/+ CMCs was
treated with PNGase F, the mobility size of the approximately
110-kDa SglGSF decreased 1o approximately 70 kDa, indicating
heavy N-glycosylation (Figure 3B). On the other hand, the
approximately 38-kDa form was not influenced by the PNGase F
treatment. Similar results were obtained when the lysate of B6*/*
testes were treated with PNGase F (Figure 3B). The variability of
the molecular weights of SglGSF observed in CMCs, NIH/T3
transfectants, and tissues seemed to reflect the presence of various
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forms of SgIGSF that have received cell and tissue type-specific
glycosylation.

Localization of SgIGSF

CMCs of various genotypes were cultured in suspension in the
presence of PWM-SCM. Cytospin preparations of the suspension-
cultured CMCs were made and stained with anti-SgIGSF antibody.
When aggregates of B6** CMCs were observed, the SgIGSF-
specific fluorescence was detected in the area of cell-to-cell contact
(Figure 4A). The SglGSF-specific fuorescence was not detectable
in B6*'* CMCs that were isolated from each other. Even when
aggregates of B6®" CMCs were observed in cytospin preparations,
no SgIGSF-specific fluorescence was detectable (Figure 4B). No
SgIGSF-specific fluorescence was observed in aggregated Bgmiti
CMCs, either (data not shown), We also examined the localization
of SgIGSF in the coculture of CMCs and NIH/3T3 fibroblasts.
CMCs of various genotypes were plated onto the monolayer of
NIH/3T3 cells that had attached to a cover slip. After 3 hours’
coculture, the peripheral margin of B6** CMCs adhering to
NIH/3T3 cells was clearly demarcated with the anti-SgIGSF
antibody (Figure 4C). The peripheral margin of neither B6'** nor
Bgmmi CMCs cocultured with NIH/3T3 cells was demarcated with
the anti-SgIGSF antibody (data not shown). A sectional view of the
coculture revealed that SgIGSF-specific fluorescence was concen-
trated on the Jateral membrane of CMCs that faced the NIH/3T3
cells (Figure 4C). When the polymerized actin filaments in the
coculture of B6+/* CMCs and NIH/3T3 cells were visualized with
phalloidin, densely stained actin filaments were detected in the
peripheral margins of adhering B6*/* CMCs. These stains colocal-
ized with SgIGSF (Figure 4D-F). This indicated the localization of
§gIGSF in lamellipodial structure. The immunocytochemical find-
ing that NIH/3T3 cells were not stained with the anti-SgIGSF
antibody was consistent with the result of Western blot analysis
(Figures 1C and 40).

Transfection of cDNAs encoding SgIGSF or +-MITF

Spleen cells of B and B6™#" mice were cocultured with ¥2
packaging cells transformed with the retrovirus vector containing
the SgIGSF cDNA. As a control, B6%% spleen cells were cocul-
tured with the packaging cells transformed with either the retrovi-
rus vector containing the +-MITF cDNA or the empty vector. All 4
types of cocultures were maintained in the presence of PWM-SCM
and the selective drug. Four weeks after initiation of the coculture,
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Figure 3. SgIGSF expression In various tissues of B6 ¥ mice. (&) Expression of
the SqIGSF protein in leslis, lung, spleen, and stomach tissues of B6*/* and BE%®
mice. Lysates wers prepared from the indicated tissues and were blotted with the
ant-SglGSF antibody. (B) N-linked glycosylation of SgIGSF proteins in B6*/* CMCs
ard testes. Lysates of B6*/* CMCs and lesles were incubated al 37°C for 1 hour in
the presence (+) or absence {—) of PNGase F and blotted with the anti-SgIGSF
antbody. The molecular weight scale is shown to the right of the blots, The blots were
probed again with the anti-w-tubulin antibody to indicate the total amount of proteins
oaded per lane.
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Figure 4, Immunolocalization of SgIGSF in CMCs. Immunocytochemical analysis
of B&/* (A} and BEWW (B) CMCs. Cytospin preparations of CMCs were fixed with
methanol, reacted with the anti-SgIGSF antibody, and stained with FITC-ltabeled
secondary antibody. Bar, 1 wm. {C) Immunocytochemical analysis of the coculture
of B&** CMCs and NIH/3T3 cells. CMCs were cocultured on the monolayer of
NiH/3T3 cells for 3 hours. The coculture was fixed with methanol, reacted with the
anti-SgIGSF antibody, and stained with FITC-labeled antibody. A representative set
of X-Y and Y-Z sections is shown. A red line indicates the plane of the Y-Z section.
(D-F) Colocalization of SgIGSF with polymerized actin filaments in the peripheral
margin of B6*'* CMCs that have adhered to NIH/3T3 cells. After CMCs were
cocultured on the monolayer of NIH/3T3 cells tor 3 hours, the coculture was fixed with
paraformaldehyde, reacted with the anti-SgIGSF antibody, and stained with FITC-
labeled secondary antibody (D). Subsequently, the culture was stained with TRITC-
labeled phalicidin (E) and the FITC and TRITC images were merged (F). *B6*/* CMCs:
HNIHATI calls. Bars, 10 pm.

more than 95% of the floating cells were CMCs in all 4 types of
coculture. Thus, cocullture with the packaging cells did not
influence the purity of CMCs. Obtained CMCs were examined for
their expression levels of SgIGSF by Western blot. Prominent
expression of SgIGSF was detected in the lysates of B6®* and
B&#imi CMCs transfected with SgIGSF ¢DNA (Figure 5). When the
band intensity was normalized with the immunoreactivity to the
antitubulin antibody, the expression levels of SgIGSF in B6™* and
Bé#m CMCs transfected with SgIGSF ¢DNA were more than
10-fold higher than the level of B6*'* CMCs. When the protein
samples were loaded equally per lane, the approximately 50-kDa
band was detected in the lysates of B&** and Be™" CMCs
transfected with SeIGSF eDNA as strongly as in the lysates of
B& ¢ and Be™m CMCs (data not shown). The expression level of
SzIGSF in B6*™ CMCs transfected with +-MITF ¢DNA was
comparable with that of B6** CMCs (Figure 5). The blot was
probed again with the anti-MITF antibody. Although the expression
level of the endogenous +-MITF in B6*/* CMCs was below the
limit of detection, the expression of +-MITF was detectable
B6%ix CMCs transfected with +-MITF ¢cDNA (Figure 5). Neither
SgIGSF nor MITF expression was observed in the original Bo™*
CMCs or those transfected with the empty vector (Figure 5). Be™"
CMCs transfected with SgIGSF ¢DNA started forming macro-
scopic aggregates beginning 4 weeks after culture of B6%* spleen
cells was initinted (Figure 6A-B). Similar aggregates were formed
by Be"# CMCs transiected with SplGSF ¢DNA (data not shown).
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Figure 5. Expression of the SgIGSF protein in B6%' and BE6™'™ CMCs
transfected with SglGSF cDNA. B6%% CMCs were infected with the empty
retroviral vector (tg/tg CMCYe') or the vector containing either SgIGSF cDNA (1g4g
CMCSSISSF) or +-MITF cDNA (tgg CMCMTF ") B6msm CMCs ware infected with the
vector containing the SgIGSF cONA (mi/mi CMCS9/GSF), Lysates of the indicated cells
were elecirophoresed and blotted with the anti-SgIGSF and anti-MITF antibodies.
Afer stripping, the blot was probed with the amti—a-lubulin anlibody to indicate the
total amount of proteins loaded per lane.

On the other hand, B6*"% CMCs transfected with +-MITF cDNA
did not form such aggregates (data not shown). The appearance of
Bé&+¢ CMCs transfected with +-MITF was similar to the appear-
ance of B6*/* CMCs.

In the culture of B&*®* and B6™™ CMCs transfected with
SgIGSF cDNA, both the number of aggregates and the number of
cells in each aggregate continually increased after the fourth week
of culture. In the fifth week of culture, the number of cells forming
aggregates reached more than half the number of total cells in each
culture, and some aggregates contained more than 100 cells. The
aggregated CMCs did not appear to grow as fast as intact B6** and
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Figure 6. Phenotypes of B6%1¢ CMCs transfected with SgIGSF or +-MITF.
[A) Phase contrast image of B6%% CMCs translected with 5giGSF ¢DNA, Aggre-
gates o! the CMCs were floating in the medium. Bar, 50 pm. (B) Aggregates
composed of numerous alcian blue-positive cells. Cytospin samples of BE%"? CMCs
transfected with SgIGSF cONA were stained with alcian blue and nuclear fast red.
Bar, 50 pm. (C,D} Immunccytochemical analysis of B6%" CMCs transfected with
either SQIGSF cDNA (C) or +-MITF cDNA (D). Cylospin preparations of either type of
cells were fixed with methanol, reacled with the anti-SgIGSF antibody, and stained
with FITC-labeled secondary antibody. Bar, 10 pm.

—460—



