(TEHKER - 7196 5) REBH v iOT ) L EEEANREY L L BRURERE 563

R
H3 RKEFy<r7o7) ABERERHZOBRKRRS
At KREFywru7) SEEEE(AKIIHE)
b:REFV=ru7) YEEEER(AKRSIEE. BHEBEGEHCE S BEHEKCEERLS
B LEAPEBEATYS

LERRY180mg/B
PSL |
(mg/day) = ke
90— DFPP DFPP /;{J[.,i,fh KBy T OTY g%
- o '
o= A oum
so= ¥ ) <

507
407

AR1BE 4HE 2088 3488 39HE 4788 60HE 6288 6588 77AE~81HH 96REB 103AE 110H8 11588 13288 13988
900 ~ 4088 61HE 630E

6488
800 — Total = 4000
700 — HDsg3iik IgG
600 — - 3000
500 —
300 -

- 1000

200 -

RDsp AR
100 — e
AR188 20BE 34HH39HE 4780H608H 62RH 65HB 7788~81BH 9688 10388 11088 13988
4088 618H 6388 :
6408
&2

4 HELER

mg/kg/ B x 5 ARERSEN, 77 RESFHICLRL S RELWEHEL-BETHS,) 20 L) RERABOE
Dha—n - F7ETCORABEFEEILEL, KEF V=T BEL LT, 2008E 10 LY, i oR=2®-1 -
07y YyEEREOFSRSERE SN, (O b ZF X7 400 mg/kg/ B x 5 BEPEEEREE K LT
Vo T ERBREROFE T BB LI Y AFEAF BBERIC o /2. HEROBERCEREOSERREED
o, WEOEE, F/-3thoBMEEE2ERTSS BEIHRENT, BERRERLEZOND,
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AN, BRAKEATFOA FAR, mEEcpEE o
70 ARY VRREE, AT DA FOOVABEER TV,
PSL 90mg/BiciEE LT HEIIERE T, ¥ Dsgd3 L
HEELET LAV, FFEICERLENTH 7. LL,
KEA w707 YEEFRERER, B CTEBEOWE
BRONI, Hr<er7ur) y#5F1237.6 BEOERE
1 BRRD 72, FICERE T8I, Z0%H Dsg3 i
ABDIR LR T Uiz, KETy<7a 7)) S BiEE
BOEY LI EZI,

F 7z, ARFEFIIED THAREL P E 720, DFPP #ic
Ty ARY YHIREE, AFOAL 3V AEE, PSL
Omg/ BRRZHATE2 5B »o7. L L DFPP
BOBT a7y s ER, WAREINEEREE TN
2301, HMRABEOYAIBET LD, F0OYAS
2HLTATFTITABERIIBVWTAKRES y~r7o7) V&
HEREIEREL LTHATHL LEZ L, 861
Aoyama 52 BHEL TS X H 12, DFPP & D) Ny
VERHES L TAREN Y0 YEIEERITERER
BEETHLEELT,

KEV <707 VEEREOA DAL, 8F&
F R ESERELNTVRERVEERHTH L, KEICH Y
25T v ERSTAIEICE.T, Avwrusy v
DRAHTEL, W Dsg3 AL DM INDLE VI ELD
H20, BEMDL, BIgCEMET L LD, THEH,
I Ds@d FLiEMi b T L7ze LML, BEFIOD H—D
DR E LT, KEF Vv~ 707 VENEREERIC BE
bz YOS PLREEFALNTEBY, B Dsgl HriEfio
B GNEOIEHBEIFETA I LV ELLNS, &
B8O AEAOERD, BEDEOHER AN =X 4
DI BVTHETHS I,

FRLDEE O—BILE 30 BAJEMEMZES (20084 10 A, #3D),
FOEEEMAR(N09FIE1H, BE), $108HH AR
K5 (20004 4 A, BET KBV THE LK,
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Successful Treatment of Severe Intractable Pemphigus Vulgaris with
High-dose Intravenous Immunoglobulin

Manami ISHIKAWA, Yuji SHIRAKATA, Shinji MURAKAMI, Mikiko TOHYAMA,
Keiko TANIMOTO, Yukari URABE, Naoki SATO, Saori MIYAWAK],
Hidenori OKAZAKI, Satoshi HIRAKAWA, Sho TOKUMARU, Yasushi HANAKAWA,
Koji SAYAMA and Koji HASHIMOTO

Department of Dermatology, Ehime University Graduate School of Medicine
Toon 791-0295, Japan (Director : Prof. K. Hashimoto)

We report a case of a 46-year-old Japanese female with severe pemphigus vulgaris successfully treated with high-dose
intravenous immunoglobulin. Oral high-dose corticosteroids and double-filtration plasmapheresis (DFPP) was unsuccessful in
suppressing her disease activity. Addition of cyclosporine and DFPP, immediately followed by pulse therapy with
intravenous {IV) methylprednisolone (1,000 mg/day for 3 days), was only partially successful. We decided to use intravenous
immunoglobulin (IVIG; 400 mg/kg/day for 5 days). After IVIG therapy, erosions began to heal rapidly, and the bullae
completely disappeared, along with a decrease in anti-Dsg3 antibody titer.
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AR BOERE R (DIHS) O 2B op & & HHV-6 BIGEL L ©

Hy [ ) A £
Ml FHH BEIL BT HE EF ANEZRSE
ek AR BEBHIBY HAa B o NN
g & R4 B

2001 &4 5 2007 40 BT YA THRER L 72 DIHS ¥
FloHH, DIHS OEE KM EE LR, HHVS
DFEEHALOB 2 HET 2L DTELZ6HlIcow
T, WE DR IR BIAR % 41T L 7=, 6 PIapl CRiE o4
B 5 OB HHV-6 BiFbicBiT L Tw b o
LR IR

DIHS DEEE OISR 5 1, DIHS OZRTOFE
i her bic, HHV-6 OFEMILL, Tk 59
ROBREFHUTIEELFSNICRLLEZON
7.

£ 207210

drug-induced hypersensitivity syndrome (DIHS) &
B, ) UNERERR, ITARREEE, MBEBEZMHOE
RS O—MT, L IAVRATA VA G(HHVE) D
FiEtib e BREROBRERONS. HBEAKE
BE, STALHR CH 528, EEIC DIHS I4#n & 8
NBHEEER, TRbbEEOKK, #E OO
RS, BE AKE BERALNLI LT H 5.
481 4 1 DIHS O EEE O35 L HHV-6 BiE
AL ORF R RYBR 2 BaT L 72,

iE  #l

2001 42 & 2007 DI YR CRER L 2-MiEH
HHV-6 DNA O, & 5\ i3£&iud o HHV-6 Q31
&b, BIEEAoRESITITEEETE 5 DIHS EH
Iz DWTIRET L2 BT, EF 1 ofs8 % i,
JEB) 2~6 12 DW TS 2 R 5,

BIRRKZRFREEZRTENRELFES (24 5

FATEHID)

FR21F2A 12BN, FR2E4P 2 HBREE

BURIEERSG ¢ (F791-0205) FBERRTER) FiR
REXZFREZRIENRELBESZ ME FH

BEAERE @ BEMRERIE.

IR P I6EGHI6HI VT L —% o
hIUCPHREAME. 7 H 10 BE L Y &BEER T
DRLBEASHI. 7 A 15 HE X AL, EREICRIBEATHE
KU, BEREAE D 7R 18 HIC 39T DFEHAS
»h, YEHESNRES, AHURARE 27

PIRBE LCER 144E8 B 20 BB 8% 2 V8, 5
NAB G5 YRRV Vot y s A® ER 14410
Al1E»Sh<7® FRICFECRAIGENLLT L
P—® a2 R UP(ar b3 VRRERTAE S
TBY, BERALZOR) THH, Tho0EAD
RTH L TARX YAIREIB L Tl 7 7L b= VB,
IVFIVORERYE LTEo . &FAEARB 7
R 18 H X hHIE L7

ABRRFERARIR (R 1) @ BCREER, BEICIARE, R
BEBFESE BE L, HE, BM2EZR07%.
AREFIC I 2 0oz, E-8LFH, SE
BICIEBEOAKE 2D, NEASICIEEL—%H
DREBNFES, maELTw B2k REBREIEY
<, OFEWCIREOFI 2mm KOALHEE, T oO4RIC
WBEZE 2mm KOFEWT 7 7 287 F-EAH%ER
Y U SENGIERR LT,

BRRRERMR (AR 3 HE) : MM : WBC 22,400/
ul (stab 16.5%, seg 48.0%, lymph 55%, mono 45%,
eosino 25.5%, baso 00%., atypical lymph 0.0%), RBC
580x10°/ul, Hb169g/dl, Ht504%, PLT 255x%10%/
pl. MiEA{b% 5 T.bil 05mg/dl, D.bil 0.1mg/dl, GOT
4910/1, GPT 1751U/I, ¥GTP 490IU/1, LDH5771U/1,
ChE 1431U/1, ALP 4661U/I, LAP 1251U/I, AMY 83
1U/I, CRP6.21mg/dl, TP59g/dl, Alb32g/dl, Glo
25g/dl, BUN 7mg/dl, Cre0.7mg/dl, Na140mEq/!
K 41mEq/I, Cl103mEq/l, 1gG 842mg/dl, IgA 132
mg/dl, IgM 21mg/dl, IgE 30IU/ml, T a5 1H ; CD4
31%, CD842%. JiB X # & LBERICEE AL
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TIREHSHRARER

IS, OF%&UHEEICIREESEPESE, Be L, Bl BFMc@dEeRok. )R
AT 2 R0 o . TRAHICEBIL—BEORBEEFEH, BEL

Wiz,

2 RIEEAE GRINK)
EECIRRENE, SROEMRER Y, EE BT
Y UrERORE RO HRBRRERRD Lo

otz
HERE (®2) FROEBIW LU CREERZ
17 U7z, R bl oA B OB R EREE & IR,
BEREFBLLFEICATTHOY Y HKORE 2 RD
HRBFE I E MBS TH o 72

~ 119 -

8 (®3) : AlkH (TA18H) »o 7L F=vn
> (PSL) 40mg/ B D PIik%E GG L 72 43K 8K 37~38T
BORBERD, EHE, EBOREIMRAICHEEL
BELE (Sp0,98%) #ikzx7: (K4a). E%—ﬂ"%ﬁé)
L72& ZAIREE T 7 4 /XN — O R Tl MEIEA BN g
2D, BREOSLRIBEPALNIIREDHRD
PEERBEDIEThotz, Z2 T2 HEY PSL
% 80mg/H (08mg/kg) WHWELLE A, HE#TA
bz, EELEMORE BELE, £F0NE
BIRAWCER L (R4b). LAL 26 HEIL YD 39T &

ORBLFREREOHMEL RO, MEFICLED
HHV-6 DNA »SHEEE &, PSL 2¥i L7>. RBIL2
BRI, FFISEE D 8 B2 Y — 2 ICIERILL
TWwo 7z, u@&%ﬁ&%@%%#&ﬁ%u&#ot

7, 8 A8 HnbFE, RECHE LB OHFELRD
72. PSL PBRIZ 8 A 24 HCHIE L, REEEEICHR
L, &@BER7HEBTH 7.

%A JV A% : HHV-6DNAcopy #i3, T3 7
B 23 H %5 8 (3,300copies/ml) &, 26 Hi<id 240
75 copies/ml \CF THEM L%, FlE & DIETL
7=, HHV-6 IgG Hifafiiz 7 H 26 HE TIX 80/ TH o
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Bomg/H )

omg/A

Hmg/B

e o S = b

7110 18 20 21 23 26 28
8 39—
(oé) 38—
37 oMo Nmcsmsosho e Nossmsaesrcen e
- 500 =
GPT ~u0 =
(uman 300z
wo- T
wie 20000 —
/) 10000 —
ik 10— e 10240
HHV-6 DNA 104 ! _ HHV-6
(copy/ml)  100= K G40 1 GIAEAE
e T e . R0 -
7/10 18 20 21 23 26 28 30 #/3 113

3 HRERBBRSRUMARROHER

H 4 BEEORKE
CEFORS, EEORESIERAThH . BEOBED
7 OREONRBEREELE LTV, BILCREAHEZED L. NHCRFREESEEH
L, BAE ik SEoNELIFRDL.
b:7H24B (HI55%A)  MALTBY, BROBEERELERN €305
BRPELTETCVES. DHREZEDHE - BONE2RD 5.

a:7H2LH (#H12%H)

7225, 28 HiZid 320 4%, 30 HiZid 10240 f5¥ CTER L a2v k3

»®0 stimulation index (SI) W ¥ &1

7z

FEFNCEBY A BRAUBER (DLST) @ FEER L
E2ONBF7L =8 VI UOTRHITLE.
#11%H (7A208) ®DLST TiXF 7L b — 0%

139%, 134% LB TH o 7205, FH48WH 8
H 26 B)TREN+FNn315%,88% THH, 771 b—
MNOTCBEHTHo7. ThICEYF7 L b=V ERE
A ThBEEL)
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5 DIHS4 BIDEREDISHNEE
BEIRL22 o0, OFEOKRGES, 88, MEOMNE BILOKHE, HilioRE
R0 L.

fEF2 33, & =¥ T CRRREMATA 15
HEB L THBHE T010HBRKE 7=/ /3—1°
PIRICZEE S NEBEBIR L2, BAEERT B
BLUTHEE, BBOHR. BREREREIEE &
4B YRS, Ak P EE FEIB0R
WiRIE L 8IUER O, DOROSEOFRBRES (K
5a) ZROTW (BERHZOEIMBDOEETY,
OFROERBRAD o7, BI7THBCELD
T 4 [ 12 HHV-6DNA 7% i 3 L 72 (200copies/
ugDNA) 2%, MiFwH Bl & g, it HHV-6 1gG
PAEED LB Eb o Tr. FRRBCHEBEED
FRARRBOBEDHRLBDOLOATH o7

FEH 3128 B 77V F—VCRRBIAT 23
HECHS, HEROAMSHE. $2RB0oYNaOE
BCIECBRWAREZEDLIDOATSH - 7245, PSL
ORIk HEH 554 SR E IO OKLE k&5
FENZ(E5h). ZOBEREY, M BRERN
Who7=7 E12WALSIFEENBRL, £15K
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B 51 39 BEEORRE EBEFHR L. FE &M
H ¢ HHV-6DNA D HH (4,500copies/ugDNA) A5kEE2
SN, MIFEHICIEBB S N 2.

EBl 466 B 77V b—VOPREREIMATE 37
REREFHE £1LHACSEDD, Ak £12
HHICEORORE RS HERINE 18 A &M
H1i2 HHV-6DNA (380copies/pngDNA) ASHER L T &
72 E2A MBI BOBRLEITRBREOHELZR
%, AR OME, 4 ¢ HHV-6DNA #5588 v/,

FEF5 48 8%, Kt 7TULET7F UONIRMME 2
ERRLTHRE REZAELZO2HBIVESEN
HE BBEEE»S R LI VIALE £16HED
LR B G HE OSBRI S 2 3D (K 5¢), £ 20
#5 B 1213 &z 1,200copies/pugDNA @ HHV-6DNA
FRHER, £ HAKRDE R REEhZ %
FEA B BV TV 7258,k HHV-6DNA A 7 & 15
T5HEE DI, MPEFNCIFEEOBRIED
bh7-.
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1 DIHS iEBIDEAEDHHANIKRE & HHV-6

EEEEDFEED
b BRI ORI 5 HEV-6 FEtEL

MRS NI HE % B 7-FHH

1 11 14 (ifni#)

2 4 17 (%)

3 8 15 (&)

4 12 18 (&)

5 16 (W8H) 20 (&)

6 12 (&H) 19 (i)

fEW 6 48 &, ik AN LY L Tz ) N—
WORBREIE D 2 EEB L TRIE L. £ 12%H
DYUFMBHIFEROBBNEERED L (K
5d). A7 04 FRIDEEFES X )L, &5KRE
BB L T2, F9WBICEME £mLb
HHV-6DNA (39,000copies/ml, 71,000copies/pgDNA)
P E N B 23H A KIREBOFBREA LN, B
WTRB OB, MEFNCIFEEOFBRIRD
b7z,

FER) 1 W, BT & SEERORIEATRE R RS &
o222 LANERTH- 7. EETCRFEL LIS
L, SEBOAR, OFoRe Ry, &8, HEoft
ENHLNTHEY (M 4a), Vb b DIHS iCHBHE%
HEEOFREZE L. COEBOBENEEBIETA
200 (B11KA) KIEFEShLR, tO3HE (F
14 % H) i miE Az HHV-6 DNA 25 8z, 2
T, HEERES MRS, HHV-6 OBEELIC
SHETLTRDONZEWI T LIRS,

FEW) 2~6 12oW T L BERER 2 00, OFOR
mEE, S8 WEONE SILEBEORE, HEO
BEZ D7 RBMBE 2EETE L 3 GER 2~
4) TR, WTh LRI E HBAIC HHV-6 O
PALZEDTHEY, FOMOABIFNENILZT7.6
BCHo7 JERS 6BV TIE, WERIIIEEICHE
HOB MBI N Tnzds, TORETIEM
Wb HHV-6 DNA W ST, 2h 24, 7HRE
LT HHV-6 OFEBAL PR SN BEEE]
ZE LD

£z E

DIHS O 2 B, EESEHEWEHOZH
HEOZEFRIKBWC [BEROFRE HDEOMLER
%, IBE, AKE, SEBEMMTH L] LEREIN
TWAY, COEROEBICOWTEMIME Y b T

B, 1996 £ Callot D2 WCEHEEIBDOIZIE, /N
Jk¥E, JB¥EAS Hypersensitivity Syndrome @ EEE IZ A

LILAFRRE LT ENTv 5. $72 Drug Rash with
Eosinophilia and Systemic Symptoms (DRESS) D3 &
A AHRIB S 1L TH 5 1%, DRESS CREREDRE L K
BAHLZENEHTHALRBREINLTWAEY?, Dk
DX HICZ DEEOAGEAS 2 b ibE L T
5.

WK X ) EEOSBNE S % RO ER 5,6 12D
WCIEF D 4,7 BRI HHV6 OFEEM L 2R L,
SR 1~4 12 BV BN BOMRr 5, HHVE O
Wim% R 5 TOMMIES,13,7,6 B Th o 72 EH
2 BB RS MBS 5 HHV-6 BitE{b E COHM
RIBHEELED o7, 2 OERN HHV-6 HARmD
FR2EPY, ¥/, HHAV-6 Bt bic X 2EROFH
ME RSN ozl & kY, &fid o HAV-6 DNA
OBEA e SN TWirlF U FERE] DIHS OF & %
B, ZOEAERDE EBTHERL LEMRET
HHV-6 SEEEILL T 5.

DIHS T, HHV-6 DFERALIC R, BRER, M
WEWEREISBRT LI ENDS. BILELALND
DEFBE FREZTH 5. ZOEROFRIE, 5%
ERPESTRERT A LS. YR o6ERAIICE
WO 5 BUCIFREZ O TR, 4 P RBEDOFRA A
BN, wFRY AT O FELMETAI L 2L,
BEHTER L, LAL—EBRLAZEBZLIAKC
R RBLITFEEE, FAPREBECAZLRAIE
5. ¥7-, DIHS 2B} 5 HHV-6 OFEHbick 5 L
BbN AR - PRMEEEY "B | BUEREY D
L) RBEEOHBOBEDRE SN TS, HEOHK
B R 2ROBET, SHORBLEHRET S
ZERTENRR, FBREPZELLLEORERZEREE
AILHEURTHL. T, BETAHARBVWTY,
HHV-6 DFEHALE FHET A28 T, EELWEOR
HZDEEZIIEDPTRTHS.

BlEo &9, Bax 3, DIHS BV 5 558R0 72 BHH
OB O BB L HHV-6 0B SR Lo Z2 Y A
VA DNA OEEE W) FEz v CERCHEST %
SEIED, BIESBRECETTAIL LML
7z,

HEO RS ORERF IR RCEARHTH 64
&8 0 HAV-6 O F %A A Mg iz 54 5 HAV6
DOWBEOM, T72bb HHVE 7 A W AMEE, KX 5
EERLTWAILEERT AL, ROXI WM
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PEZHN%. HHV-6 1L T 0T 7R
L, v TR cEE L THRICEREL, €50
HHV-6 BIEHALICW 5 L BESRTWS, fEoT,

AT LUV — 12w, $FEE T HHV-6 OFE
LB &, MEPICERTILVW) I EREz b
B, ORI, 0 EE O RS HHV-6 OFE
AL AT T AR R RIBIAR % BT 2 AR T
WedboThs LirL, EEOKSE L HHV-6 OFE
BB CERZWTRELEZETE 2\, DIHST
ABN D L EEORE R acute general-
ized exanthematous pustulosis % Stevens-Johnson
syndrome 72 COEEMES L L CTHAREDONDE T
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The Relationship between the Appearance of the Characteristic Skin Eruption and HHV-6
Reactivation in Drug-induced Hypersensitivity Syndrome (DIHS)

Hidenori Okazaki, Mikiko Tohyama, Shinji Murakami, Manami Ishikawa,
Naoki Satoh, Saori Mivawaki, Ken Shiraishi and Koji Hashimoto
Department of Dermatology, Ehime University Graduate School of Medicine

(Received February 12, 2009; accepted for publication April 2, 2009)

We studied the relationship between the appearance of the characteristic skin eruption and HHV-6 reac-
tivation in DIHS. Six patients with DIHS, who were treated in Ehime University Hospital from 2001 to 2007,
exhibiteded the characteristic skin eruption pattern that included erythema and edema in the face and pe-
rioral red papules, pustules, vesicles and scales. HHV-6 reactivation was observed in all six patients. The exact
date of HHV-6 reactivation was confirmed by quantitative real-time polymerase chain reaction assay of serial
serum or whole blood samples. In all DIHS six patients, the characteristic skin eruptions in the face always
preceded HHV-6 reactivation. This is the first time that this characteristic sequential response has been eluci-
dated.

(Jpn ] Dermatol 119: 2187~2193, 2009)

Key words: drug-induced hypersensitivity syndrome (DIHS), facial characteristic skin eruption,
HHV-6 reactivation
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Abstract: Elevated serum concentration of soluble tumor necrosis
factor receptor p55 (sSTNFRp55) is known to correlate with the
severity of systemic sclerosis (SSc). However, it has not been
verified whether this increase contributes to the pathogenesis of
SSc. In this study, we found that sTNFRpS55 also is increased in
the bleomycin (BLM)-induced murine model of SSc. Therefore,
we examined the effect of tumor necrosis factor-o. processing
inhibitor-1 (TAPI-1), the inhibitor of TNERp55 sheddase, in this
model. TAPI-1 was administered weekly to mice with skin
fibrosis induced by daily BLM injections. TAPI-1 significantly
suppressed BLM-induced skin thickness and the number of

myofibroblasts. It also inhibited the increase of serum sTNFRp55
after 3 weeks of BLM injections. The mRNA expression of
collagen type I «l, transforming growth factor-f#1 and alpha
smooth muscle actin were decreased by TAPI-1 administration.
Taken together, these findings indicate that targeting the TNFo
converting enzyme might be a new type of therapy for patients
with SSc.

Key words: scleroderma — TAPI-1 — tumor necrosis factor-o —
tumor necrosis factor-o converting enzyme — tumor necrosis
factor receptor p55
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Introduction

Systemic sclerosis (SSc) is a disease characterized by pro-
gressive fibrosis of multiple systems including the skin.
Although a small number of studies have observed statisti-
cally significant benefits from immunomodulatory treat-
ment, none of the major clinical trials using skin fibrosis as
an endpoint have been clinically superior to placebo (1,2).

Skin fibrosis is caused by massive production of fibrous
connective tissue in the dermis, which exceeds the rate of
degradation (3). Transforming growth factor-f (TGEp),
tumor necrosis factor-o (TNFo), various interferons and
interleukins are known to induce or inhibit the expression
of extracellular matrix genes or enzymes (4). One of the
major cytokines involved in skin fibrosis is TGF. It is the
most potent inducer of connective tissue growth factor
(CTGF), which promotes matrix deposition and fibroblast
proliferation (4,5). Disruption of TGFfS prevented the
occurrence of fibrosis in ‘tight skin’ mice (6).

On the contrary, TNFo is known to have an antagonistic
effect on TGFf by suppressing the induction of CTGF (7—
9). We previously reported that wild-type mice with a dis-
rupted TNF receptor p55 (TNFRp55) gene exhibited severe

skin fibrosis following bleomycin (BLM) treatment (10).
The TNFRp55~/— mice exhibited skin fibrosis starting on
day 3 vs day 14 in wild-type mice. This result indicates that
the TNERp55 signalling pathway plays an important role in
the mechanism of skin fibrosis induced by BLM.

Several previous studies have demonstrated the associa-
tion of TNFo and TNFRp55 with the clinical symptoms of
SSc patients. Expression of TNFu is detectable in the serum
of patients at very early stages of SSc (11}. The serum level
of TNFa increases with the clinical severity and biological
activity of the disease (12) and the serum level of soluble
TNERp55 (sTNFRp55) correlates with the severity of dis-
ease (13-15). sSTNFRp55 is known to neutralize TNFo and
inhibit its effects (13). Therefore, we assumed that an
increase in STNFRp55 (which results in TNFo neutraliza-
tion and reduction of the TNFRp55 signalling) plays a key
role in the pathomechanism of SSc.

In this study, we focussed on TNFo converting enzyme
(TACE). TACE is a member of the disintegrin and metallo-
proteinase family that is responsible for the processing of
pro-TNFo and TNF receptors (16,17). We hypothesized
that TACE activity might be increased in SSc patients,
which might result in an increase of serum TNFE¢ and
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STNFRp55. We examined the effect of a TACE inhibitor
(TNF-o processing inhibitor-1, TAPI-1) to see whether it
has the ability to inhibit BLM-induced skin sclerosis in
C57BL/6 mice. TAPI-1 significantly suppressed skin sclero-
sis induced by BLM and reduced fibrogenic cytokines.
Therefore, it has the potential to be a new type of therapy
for skin sclerosis in SSc patients.

Materials and methods

Cell culture

Isolation and culture of mouse keratinocytes and mouse
fibroblasts were carried out as previously described (18,19).
Full-thickness skin harvested from day 2 to day 4 newborn
mice was treated with 4 mg/ml of dispase (Gibco; Invitro-
gen, Paisley, UK) for 1 h at 37°C. Next, the epidermis was
peeled from the dermis. The epidermis was trypsinized to
prepare single cells. It was then incubated in Human Kerat-
inocyte Serum Free Medium (DS Pharma Biomedical,
Osaka, Japan) for 6 h at 37°C under an atmosphere with
5% CO,. This atmosphere allowed the cells to adhere in
the culture dishes precoated with type-1 collagen (Asahi
Techno Glass, Funabashi, Japan). Non-adherent cells were
washed away with phosphate-buffered saline (PBS) twice,
then cultured for 2-3 days in human keratinocyte serum-
free medium before use in experiments.

The dermis was placed in PBS + 0.05% type-1 collagenase
{Sigma-Aldrich, St Louis, MO, USA) and incubated at 37°C
for 30 min with vigorous agitation to prepare single cells.
After filtration, cells were centrifuged at 200 g for 10 min,
resuspended in Dulbecco’s Modified Eagle Medium
(DMEM) + 10% Fetal Bovine Serum (FBS) and incubated
at 37°C and 5% CO,. Passage one or two fibroblasts were
starved for 2 h and then used for experiments. For isolation
of splenocytes, C57BL/6 mouse spleens were removed asep-
tically and passed through a sterile nylon 70 um cell strainer
(BD bioscience, Bedford, MA, USA). The red blood cells
were lysed by adding lysis buffer (0.15 M ammonium chlo-
ride) followed by centrifugation. The cell pellet was washed
with PBS and cultured in RPMI-1640 medium containing
10% FBS. A mouse C3H muscle myoblast cell line (C2C12)
was obtained from ECACC (Salisbury, UK), cultured in
DMEM + 10% FBS and incubated at 37°C and 5% CO,.
Cells were starved overnight before the experiment.

BLM and TAPI-1 treatment

Six-week-old female C57BL/6 mice were obtained from
Clea Japan (Osaka, Japan), Inc. Animal care was in accor-
dance with the institutional guidelines of Osaka University.
BLM (Nippon Kayaku, Tokyo, Japan) was dissolved in PBS
at a concentration of 1 mg/ml. Daily injections of 100 zl
of BLM or PBS were administered subcutaneously to the
shaved dorsal area for 3 weeks.

inhibition of skin fibrosis in scleroderma |

One micro mol of TAPI-1 (Biomol, Plymouth Meeting,
PA, USA) was diluted in 25 ul dimethyl sulfoxide (DMSO)
and further diluted with 275 gl of PBS and was given by
gavage to mice on day 1, 8 and 15. As a vehicle control, 25 pl
DMSQ diluted with 275 pl PBS was given on the same day.

Histopathological analysis

The dorsal skin was removed 1 day after the final injection.
The skin pieces were fixed with 10% formaldehyde for 24 h
followed by embedding in paraffin and sectioning using a
microtome. Slides were stained with haematoxylin and
eosin (H&E). For immunohistochemical analysis, sections
were hydrated by passage through xylene and graded
ethanols. Next, slides were blocked with 2% bovine serum
albumin for 10 min, stained with primary antibody for
60 min (anti-smooth muscle actin 1:50 dilution, DAKO-
Cytomation, Carpinteria, CA, USA and mouse monoclonal
anti-TACE antibody 1:200 dilution, R&D Systems, Minnea-
polis, MN, USA). After washing with Tris-Buffered Saline
(TBS) containing 0.05% Triton-X100 (TBST), slides were
developed using the DAKO ChemMate Envision Kit/HRP
(Dako-Cytomation, Carpinteria, CA, USA) followed by
counterstaining with haematoxylin. Rabbit IgG was used as
the isotype control.

Determination of sTNFRp55, SINFRp75 and TNFa
Serum samples were obtained from mice before the first
injection (day 0) and 1 day after the last injection (day 22).
STNFRp55, sTNFRp75 and TNFo were measured using an
enzyme-linked immunosorbent assay (ELISA; R&D Systems).
For the in vitro assay, mouse primary keratinocytes, mouse
primary fibroblasts, mouse splenocytes and C2CI2 cells were
deprived of serum for 12 h. Variable doses of BLM (100 nm,
1 um, 10 puM) were added and the cell culture supernatants
were collected 24 h later for sSTNFRp55 analysis.

In sity hybridization

Tissue sections were de-waxed with xylene and rehydrated
through an ethanol series and PBS. The sections were fixed
with 4% paraformaldehyde in PBS for 15 min and then
washed with PBS. For antigen retrieval, the sections were trea-
ted with 10 pg/ml Proteinase K in PBS for 30 min at 37°C.
Next, slides were washed with PBS, refixed with 4% parafor-
maldehyde in PBS, again washed with PBS and placed in
0.2 M HCI for 10 min. After washing with PBS, the sections
were acetylated by incubation in 0.1 M triethanolamine-HCI
(pH 8.0) with 0.25% acetic anhydride for 10 min. After wash-
ing with PBS, the sections were dehydrated through an
ethanol series. Hybridization was performed with probes at
concentrations of 100 ng/ml in Probe Diluent (Genostaff,
Tokyo, Japan) at 60°C for 16 h. After hybridization, the
sections were washed in 5x HybriWash (Genostaff) (equal to
5xSSC) at 60°C for 20 min. Subsequently, slides were washed
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in 50% formamide (2x HybriWash) at 60°C for 20 min
followed by RNase treatment (50 pug/ml RNaseA, 10 mm
Tris~HCl, 1 M NaCl, 1 mm ethylenediaminetetraacetic acid
(EDTA), pH 8.0) for 30 min at 37°C. The sections were
washed twice with 2x HybriWash at 60°C for 20 min, twice
with 0.2x HybriWash at 60°C for 20 min and once with TBST
(0.1% Tween20 in TBS). After treatment with 0.5% blocking
reagent (Roche, Indianapolis, IN, USA} in TBST for 30 min,
the sections were incubated with anti-DIG AP conjugate
(Roche) diluted to 1:1000 with TBST for 2 h. The sections
were washed twice with TBST and then incubated in 100 mM
NaCl, 50 mm MgCly, 0.1% Tween 20 and 100 mm Tris-HCI
pH 9.5. Colouring reactions were performed with BM purple
AP substrate (Roche) overnight and followed by washing with
PBS. Sections were counterstained with Kernechtrot stain
solution (Mutoh, Tokyo, Japan), dehydrated and mounted
with Malinol (Mutoh).

RNA isolation and real-time polymerase chain
reaction

Sections of skin lesions removed 1 day after the final injec-
tion, and cells incubated with variable doses of BLM
(100 nM, 1 pm, 10 uM) for 6 and 24 h were collected. Total
RNA was isolated using the SV Total RNA Isolation System
(Promega, Madison, WI, USA). The product was reverse-
transcribed into first-strand complementary DNA (¢cDNA).
Thereafter, the expression of collagen type I ol (Collal)
and TGF-pB1 were measured using the Power SYBR green
PCR Master Mix (Applied Biosystems, Foster City, CA,
USA) according to the manufacturer’s protocol. Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used to
normalize the mRNA. Sequence-specific primers were
designed as follows: Collal, sense 5’-gagccctegettcegtacte-
3/, antisense 5’-tgttccctactcageegtcetgt-3"; TGF-f1, sense 5'-
cgaatgictgacgtatigaagaaca-3’, antisense 5'-ggagcccgaagegg-
acta-3’; GAPDH, sense 5'-tgtcatcatacttggcaggttict-3’, anti-
sense 5’-catggccticegtgticeta-3'. Real-time PCR (40 cycles of
denaturing at 92°C for 15s and annealing at 60°C for
60 s) was run on an ABI 7000 Prism (Applied Biosystems).

Western blot analysis

Skin samples were frozen in liquid nitrogen, then solubi-
lized at 4°C in lysis buffer (0.5% sodium deoxycholate, 1%
Nonidet P40, 0.1% sodium dodecyl sulphate, 100 pg/ml
phenylmethylsulphonyl fluoride, 1 mym sodium orthovana-
date and protease inhibitor cocktail). Ten micrograms of
protein were fractionated on SDS-polyacrylamide gels and
transferred onto PVDF membranes (Bio-Rad, Hercules,
CA, USA). Non-specific protein binding was blocked by
incubating the membranes in 5% w/v non-fat milk powder
in TBST (50 mm Tris-HCl, pH 7.6, 150 mm NaCl and
0.1% v/v Tween-20). The membranes were incubated with
mouse monoclonal anti-TACE antibody (R&D Systems) at

a dilution of 1:1000 overnight at 4°C or with mouse mono-
clonal anti-f-actin (Sigma-Aldrich, St Louis, MO, USA) at
a dilution of 1:5000 for 30 min at room temperature. After
three 5-min washes in TBST, membranes were incubated
with Horse radish peroxidase (HRP)-conjugated anti-
mouse antibody at a dilution of 1:10 000 for 60 min at
room temperature. Protein bands were detected using the
ECL Plus kit (GE Healthcare, Buckinghamshire, UK).

Collagen analysis in the sclerotic skin

Six-millimeter skin punch biopsies were homogenized in
acetic acid at 4°C to extract collagen. One milligram of
pepsin was added to each homogenized sample, which was
incubated at 4°C for 24 h with shaking. The pepsin-solubi-
lized material was collected after removal of the insoluble
residue by centrifugation at 35 000 g for 60 min at 4°C. The
extracted collagen was analysed using 5% polyacrylamide gel
electrophoresis, and the gels were stained with Coomassie
brilliant blue to identify the pepsin-resistant collagen band.

Statistical analysis

The data are expressed as mean values * standard deviation
(SD). The unpaired Student’s t-test was used to determine
the level of significance between the sample means.

Results

Serum sTNFRp55 is increased in BLM-treated
wild-type mice

Initially, we investigated serum concentration of sTNFRp55
in a murine model of skin fibrosis induced by subcutaneous
BLM injection. The BLM-treated group started exhibiting
skin sclerosis after 2 weeks of BLM injections, meanwhile
the PBS-treated group did not. On day 22, a significant ele-
vation in serum sTNFRp55 was observed in the BLM-trea-
ted group. Serum sTNFRp75 also was moderately increased
in BLM-treated group (Fig. la,b). As TNFRp55 and
TNERp75 are processed by TACE to become soluble, we
postulated that BLM might have increased the expression or
the activity of TACE. We compared the protein expression
of TACE and found higher levels in BLM-treated skin com-
pared with skin from PBS-treated mice (Fig. 1c). Therefore,
we next investigated whether the TACE inhibitor, TAPI-1,
is able to reduce skin fibrosis induced by BLM injection.

Low dose of TAPI-1 inhibits BLM-induced
shedding of TNFRp55 but not TNFRp75

We first examined the effect of TAPI-1 alone. As the inhibi-
tory effect of TAPI-1 depends on its dosage (TNFRp55:
1C50 = 5-10 pm, TNFRp75: IC50 = 25-50 um, TNFx
1C50 = 50-100 pm), we started with a very low-dose TAPI-1
that is supposed to inhibit proteolytic release of sSTNFRp55
specifically. Administration of 1 ymol TAPI-1 significantly
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Figure 1. Serum levels of STNFRpS5 and sTNFRp75 in BLM-treated
mice. Serum levels of STNFRpS5 (a) and STNFRp75 (b) were measured by
ELISA from mice subcutaneously injected daily with PBS 100 pl/day, or
BLM 1 mg/ml, 100 yi/day with or without TAPI-1 administration. Three
mice in each group were examined. Each histogram shows the mean
(£SD) of each group. *P < 0.05 versus PBS group, **P < 0.05 versus
BLM group. (c) Typical western blot of TACE in PBS-treated and BLM-
treated dorsal skin at day 22. (d) Changes in the serum level of sSTNFRp55
after administration of TAPI-1 on day 0. (e) Collagen analysis of sclerotic
skin. Collagen was extracted from skin lesions and analysed using 5%
polyacrylamide gel electrophoresis. (f) Treatment schedule.

reduced the serum level of sSTNFRp55 and was effective for
up to 7 days (Fig. 1d). Thus, we decided to administer TAPI-
1 weekly in the BLM-induced skin fibrosis model. When
administered weekly, 1 yimol TAPI-1 reduced the amount of
collagen in skin lesions although 0.5 umol did not (Fig. le).
From these results, we developed our treatment schedule as
shown in Fig. 1f. Wild-type mice received daily subcutaneous
injections of PBS or BLM, with or without oral administra-
tion of 1 umol of TAPI-1 on days 1, 8 and 15. At this dose,
TAPI-1 inhibited the release of TNFRp55 (Fig. la) but not
TNFRp75 (Fig. 1b). TNFo was not detectable (<4.3 pg/ml)
during this experiment. From this result, we determined that
this dosage and interval of TAPI-1 were optimal to decrease
the serum concentration of sSTNFRp55 alone.

TAPI-1 inhibits BLM-induced dermal thickening
We next investigated the effect of TAPI-1 on skin thickening.
The dorsal skin of the mice was harvested 1 day after the last

Inhibition of skin fibrosis in scleroderma

BLM injection for histological analysis. As previously
reported, BLM-injected skin showed histopathological
features such as acanthosis, dermal thickening and adipose
tissue atrophy. To our surprise, BLM-injected skins of
TAPI-1-administered group were easy to pinch, which
indicated improvement of the skin sclerosis. Histological
examination also revealed the symptomatic relief from the
BLM-induced events. In particular, TAPI-1 significantly
inhibited dermal thickening induced by daily BLM injection
(Fig. 2a,b). Administration of TAPI-1 alone did not alter
skin thickness (P = 0.18, 0.27 + 0.058 mm in Vehicle + PBS
group versus 0.36 £ 0.075 mm in TAPI-1 + PBS group).

Myofibroblasts were decreased in number in the
TAPI-1 group

Systemic sclerosis patients’ skin is characterized by an
increased number of myofibroblasts. These cells are active
forms of fibroblasts, which express alpha smooth muscle
actin (¢-SMA), and are known to contribute to the patho-
genesis of SSc (20). To investigate the effect of TAPI-1, the
number of myofibroblasts in the skin lesions was counted.
As a result, the number of o-SMA-positive cells was signifi-
cantly increased in the BLM-injected regional skin, while it

(a) PBS+ Vehicle

BLM + Vehicle BLM + TAPI-1

{b) Pyl (c) 2 *k
LI
Bl 5 3
£
LA A
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Figure 2. Histological analysis of the skin. (a-c) Haematoxylin and
eosin (H&E) staining of PBS + vehicle, BLM + vehicle, BLM + TAPI-1
treated mice skin on day 22 (original magnification x100), (d-f)
immunohistochemistry of ¢-smooth muscle actin {«-SMA) in
myofibroblasts (arrows; original magnification x100). The small box
shows a higher magnification of «-SMA positive cells. {g) Dermal
thickness of BLM (n = 6) and BLM + TAPI-1 {n = 5) treated mice
compared with PBS (n = 6) treated mice. Two sections from each
mouse were evaluated and five locations in each section were
measured. The average was calculated and shown as dermal thickness
in each mouse. (h) The number of «-SMA-positive cells. *P < 0.01
versus PBS group. **P < 0.01 versus the BLM group. Horizontal bars
represent the mean value and the mean + SD of each group.
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was decreased in the TAPI-1-administered group (Fig. 2a,c).
This result indicates that TAPI-1 might be effective during
the early fibrosing phase as the number of myofibroblasts is
increased in early lesions of skin sclerosis (21).

Expression of collagen-associated genes

Next, to evaluate the effect of TAPI-1 on the synthesis of col-
lagen and induction of fibrogenic cytokines, RNA extracted
from the dorsal skin lesions of mice was analysed for the
expression of collagen-associated genes. The expression of
Collal and the fibrotic cytokine TGFf1 were lower in the
TAPI-1 group than the BLM group (Fig. 3). These results
help to corroborate the efficacy of TAPI-1 in this model.

TACE expression is increased in keratinocytes and
muscle fibres in skin tissue

To determine the source of sTNFRp55 in our model, we
performed in situ hybridization (ISH) and immunohisto-
chemical staining (IHC) for TACE in skin tissue. ISH assay
revealed the increased mRNA expression in the epidermis
and muscle, which was remarkable in the skin lesions of
BLM-treated mice (Fig. 4). In support of this observation,
increased TACE protein expression in BLM-induced scle-
rotic skin also was observed by IHC and western blotting
(Pigs 1c and 5). To investigate whether BLM directly
increased sTNFRp55 in these tissues, we compared the
concentration of sTNFRp55 in the supernatant and the
expression of the TACE mRNA in the cell lysates of pri-
mary mouse keratinocytes, primary mouse fibroblasts and
mouse skeletal muscle cell lines (C2C12) after adding BLM
in vitro. We also added BLM to primary mouse splenocytes
in vitro because it was recently reported that macrophages
are activated in the skin of patients with localized sclero-
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Figure 3. Expression of genes up-regulated in fibrotic tissue. RNA was
extracted from the skin lesions. Three mice in each group were
investigated. Horizontal bars represent mean values and means + SD of
each group.

derma (22). We did not observe any increase in the level of
sTNERp55 and TACE in any of these culture cells (data
not shown). This finding suggests that the increase of
sTNFRp55 in BLM-induced skin fibrosis probably requires
multiple cell—cell interactions and some humoral factors.

Discussion

The skin is severely affected by fibrosis in SSc. Although
multiple cytokines and other factors are known to contrib-
ute to the development of fibrosis, there are no therapeutic
approaches that specifically interfere with any of these
factors (2). In this study, we focussed on anti-fibrotic
signals and targeted TACE, a sheddase of TNFRp55. We
showed that oral administration of TAPI-1 significantly
inhibited BLM-induced dermal fibrosis.

[t was reported by Bohgaki et al. that there was up-regu-
lated expression of TACE in peripheral monocytes of
patients with early SSc (23). The expression of TACE
protein in monocytes of early-stage SSc patients (disease
duration less than 3 years) was significantly higher than in
chronic SSc patients and healthy controls. Its expression in
SSc patients who received haematopoietic stem cell trans-
plantation (HSCT) was down-regulated 6 months after
HSCT. We investigated the expression of TACE in the skin
of mice, which was remarkable in the epidermis and mus-
cle, and was increased by BLM injections (Fig. 4). It is
interesting that TACE expression is prominent in muscles,

Figure 4. TACE mRNA expression was observed in epidermis and
muscle of PBS- and BLM-treated mice by in situ hybridization. (Scale
bar; 100 um) Positive reaction appeared as purple to blue colour, and
counterstaining reaction appeared as red colour. (a, b) Epidermis of
PBS-treated (a) and BLM-treated (b) mice. (e, f) Muscle of PBS-treated
(e) BLM-treated (f) mice. (), (d), {g), (h) are control sense probe of (a),
{b), (e), ().
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Figure 5. Immunohistochemical staining of the TACE in PBS- and BLM-
treated mice. {(a) PBS-treated and {b) BLM-treated mice. {original
magnification x100) (¢) and (d) are high magnification (x200) of (a) and
(b). () lsotype control. n = 6 in BLM and PBS group and n= 5 in

BLM + TAPI-1 group. Representative data are shown.

as fibrosis in SSc patients starts in the deep dermis. Further
investigation is needed to show the potential involvement
of muscle in skin sclerosis.

It is controversial whether blocking TNFx in SSc patients
is effective or not. Although not well-designed controlled
studies, there are some reports that mention the effective-
ness of anti-TNFo therapies in SSc patients (24,25).
Recently, it was reported that etanercept was effective in
BLM-induced SSc (26). On the contrary, Chizzolini et al.
reports that collagen type I production by dermal fibro-
blasts is inhibited by membrane-associated TNFe, which
suggests that TNFo blockade aimed at controlling fibrosis
may be unwise (27). Our data and our previous findings
(10) support the importance of TNFo/TNFRp55 signalling
as an anti-fibrotic signal. The TNFo/TNFR superfamily is
known to have a unique and non-redundant function (20).
As anti-TNFo therapies block both TNFo/TNERp55 and
TNFe/TNFRp75 signalling, its blockage may have adverse
effects. In fact, intraperitoneal injection of TNFa did not
reduce skin sclerosis in our BLM-induced skin sclerosis
model (data not shown). Therefore, we think that the
application of TAPI-1 at a very low dose only to block
TNFRp55 shedding or the use of molecules that block only
TNRRp55 may be effective in treating skin sclerosis.

In this study, we demonstrated that TAPI-1 significantly
inhibits BLM-induced dermal thickening. Although addi-
tional experiments are necessary to find the site of action
of TAPI-1, therapy targeted at TACE may show promise
for SSc patients in the future.
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Case of schwannomatosis
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ABSTRACT

A 40-year-old man presented to our hospital with painful tumors in his left carotid space and left knee. He had no
family history of neurofibromatosis type Il (NF II), no history of hearing loss or vestibular problems, and no symptoms
of NF I. Magnetic resonance imaging (MRI) of the head revealed no intracranial tumors including vestibular schwan-
noma (VS). MRI of the left carotid and left knee demonstrated Ty-weighted mass lesions. They were excised and all
of them were pathologically diagnosed as schwannoma. Thus, this case was diagnosed as definite schwannomato-

sis in reference to the diagnostic criteria.

Key words:

INTRODUCTION

Schwannomatosis is a recently recognized third
major form of neurofibromatosis’? that causes mul-
tiple schwannomas without vestibular tumors. It is
sometimes difficult to distinguish schwannomatosis
from neurofibromatosis type Il (NF 1).>* In 2005,
diagnostic criteria for schwannomatosis was defi-
ned by MacCollin et al.> Some modifications were
added by Baser et al. in 2006.° We report a case of
definite schwannomatosis in reference to the diag-
nostic criteria.

CASE REPORT

A 40-year-old man was presented to our clinic. He
was suffering from painful tumors in his left carotid
space and left knee, and another tumor was found on
his sacral vertebrae lesion. He had no family history
of NF [i, and no history of hearing loss or vestibular
problems. He had no symptoms of NF | such as café-
au-lait spots and neurofibromas. Laboratory findings
were all normal. Cranial magnetic resonance imaging

diagnostic criteria, non-vestibular schwannomas, schwannomatosis.

(MRI) revealed no intracranial tumors including vestib-
ular schwannoma (VS). MRI of the sacral vertebrae
showed one more mass lesion that was thought to be
a schwannoma.

Magnetic resonance imaging of the left carotid
(Fig. 1a) and left knee (Fig. 1b) demonstrated
T,-weighted mass lesions. Al the Ty-weighted
images showed highly intense peripheral rim.

The tumors of the neck and knee were excised
and all of them were pathologically examined and
diagnosed as schwannomas. They were encapsu-
lated and well circumscribed. The tumors pathologi-
cally consisted of two components. Antoni A areas
were of a highly ordered cellular component
(Fig. 2a). Spindle cells were arranged in short bun-
dles, and showed nuclear palisading, whorling of the
cells. Verocay bodies were found in the area. S-100
protein could be demonstrated particularly in Antoni
A areas (Fig. 2b). Antoni B areas were far less
orderly and less cellular, and had some mucinous
changes (Fig. 2c). According to these results, the
tumors were pathologically diagnosed as schwan-
nomas.
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Figure 1. (a) T4-weighted magnetic resonance image (MRI)
of the left carotid space. (b) T1-weighted MR of the left knee
shows an oval mass continuous to the nerve.

DISCUSSION

Schwannomatosis is an autosomal dominant heredi-
tary disease characterized by multiple schwannomas
without VS. The locus of the disease is placed proxi-
mal to NF Il locus on chromosome 22q.” Although it
is a hereditary disease,?” ™ the number of hereditary
cases is small® because of low penetrance and
incomplete heterogeneity.”® Thus, schwannomatosis
has been recognized as the third major form of NF.
Although schwannomatosis and NF Il are different
diseases, it is quite difficult to distinguish between
them from symptoms. However, it is important to
distinguish schwannomatosis from NF Il, because NF
Il would be accompanied by hearing loss due to VS.
The prognosis of NF il would be worse than that of
schwannomatosis.®> Pain would be severer in sch-
wannomatosis than in NF I1.% In 2005, MacCollin et al.
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Figure 2. Pathological findings of the tumor mass in the left
carotid space. (a) Hematoxylin—eosin (HE) stain in Antoni A
areas reveals spindle cells arranged in short bundles with
nuclear palisading and Verocay bodies. (b) S-100 protein
stain, which can be detected in the cells of the nervous sys-
tem, can be seen in this schwannoma, particularly in Antoni
A areas. (c) Alcian blue stain in Antoni B areas reveal spindle
or oval cells arranged haphazardly in the loosely textured
matrix. Delicate collagen fibers and irregularly spaced ves-
sels are visible. The mucin is stained blue.
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proposed a clinical criteria.® Then, in 2006, Baser
et al. recommended modifications of diagnostic crite-
ria for schwannomatosis.® We summarized the crite-
ria, and made the following flow chart to apply to
our case (Fig. 3). In our case, the patient had non-
intradermal schwannomas in the different anatomical
locations ~ left cervical space, left knee and sacral
vertebrae — and two of them were pathologically con-
firmed as schwannomas. He had no first relative
with definite schwannomatosis, and had no VS on

1) Never meet the criteria for NF2.
2)

MRI. He was over 30 years old. Thus this case was
diagnosed as definite schwannomatosis. Many
cases of schwannomatosis have been reported in
the last 11 years, but many of them did not meet the
criteria. In some cases, family history was not
referred or the patients were younger than 30 years
old."1%12 |n other cases, they had schwannomas in
the intradermal tissue. In many cases, all the schwan-
nomas were found in the same anatomical loca-
tions.""® Such cases should be diagnosed as

One or more schwannomas

are found in the different anatomical locations.

1st-degree relative

with definite

shwannomatosis

Yes

v v

One or more One or more

Two or more non-intradermal

pathologically non-VS Schwannomas,one or more of
confirmed non-VS schwannomas which is pathologically confirmed
schwannomas confirmed by MRI
{
V86 MRIC)
no symptoms
by MRI of VS
A
230yo < 30yo 2 45y0
) ' ' '
Definite Possible Definite Possible Possible
(This case)

VS; vestibular schwannoma

3) Segmental schwannomatosis is limited to one limb or five or fewer contiguous

segments of the spine.

Adapted from the Table by MacCollin on Neurology 2005; 64:1843.

Figure 3. Diagnostic criteria for schwannomatosis. MRI, magnetic resonance imaging; NF, neurofibromatosis; VS, vestibular
schwannoma.
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segmental schwannomatosis.® Although it had been
reported that approximately 2% of the patients with
schwannomas are that of schwannomatosis,'” it
should be fewer when we diagnose exactly. Only
seven authors have reported 21 non-segmental defi-
nite schwannomatosis.!®% 111820 |n japan, only two
authors have reported four non-segmental definite
schwannomatosis, 9%

In our case different anatomical lesions were
affected. It is important to determine multiple sch-
wannomas strictly. The tumors in the carotid space
were thought to be arising from the sympathetic
nerve because Horner syndrome appeared after
operation, and the tumors of the knee were thought
1o be arising from the tibial nerve because they were
attached to the nerve. Another tumor was also found
on his sacral vertebrae lesion. Thus, these tumors
were arising from different anatomical spaces, and
included the central nervous system.

Here, we reported a case of schwannomatosis that
meets the criteria of MacCollin and has schwanno-
mas in the different anatomical locations. This report
will be helpful for diagnosis of schwannomatosis,
because the disease is rare in Japan.
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