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(1)

EF 408 B

EER: BRE - 285ER
BXTEEE : miftfEtbmE R
RIRE i KSR ) RiREE. MEREOREAERIT 2L,
R EEREEDE (TA77—2)
REDF : ATGE A3 RIFRE. BUE 504/ H 20 F£MH.

BBoni 7L F—-RIxl.
NEE: FRI4E6F 1 AEELDEE WERREOD ‘E'H:{itil)“ﬁ 13
L. B4 H»D 8CEDRAZIRD--OEEEZZEL " L REREE
W THERASFOLF T ASEL Y, 6 A8 BIZRREE
L7z MU ERTETH - HE '%E%%@iﬁi’iﬂiﬁ. TR TroBE s
TIEREN T, ZDEDH '. EXAPZEL vz, 6
A 19 B 45BNt {“ i f?*ﬁtf'ﬁa_t r"J—lTL e, B
FEREEE, BEEEZTED D#“E_UD E*EiEI'J CARE -7z,

>r+ r%f
\\\ H’L\
G
tT;EF
r]]l

L

2)

ABRFIRIE (6/19)

R :175cm #E 76 kg ME : 136/90 mmHg
A48 ; 108 bpm &R : 40C
$R3RE - FEY BT, BEEER (+) KiE (-
OFEA : MENEEL (M) %% (+) Frosion (+) 5% (—)
ERIRER ; FRIREL (-)
fasgh . LF - FRERS
BRER . FFREKHYD (BEMTIZHZ 3 Bistm
fEfiE A 53;,"1?(’;/#[ \
AR MRERRMEREELRL

IREFEIIIRL, EFETIZT-Bil 2 8.1, D-Bil 7 6.32 & & 43, AST A

80,

ES

+—

-z

(4)

-

9 a

=P ad/

ALT 153, ALP1280. 7-GTP 143 &L HF-MEERFHEED LR ZZHEL /-,
BEREEIZGETLEIDAZVLWELDD. CRPA 92 FSE»RL THN

= VFr 651 EPFFEEFARLTEDEL =,

KIZBHERMATY. AR EMAEE T3 A #2320

F 7.

IE CT TIRFRIE= RD £+, MBI T - 2 ES8SETH
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ABREHRERR (6/19)

WBC (/L) 23600 T-Bil (mg/d) 81 Na (mmolD 136
Myelo (Po) 1 D-Bil (mg/dl} 6.32 K (mmol/D 4.2
Band (%) 30  AST (UL} 80  Cl (mmol 99
Seg (%) 7 ALT (UL} 153 Ca (mg/dh 8.4
Eosino (%3} 6 LDH (UL 418  ESR {1 hr) (mm) 6
Mono (%} ALP (U/L} 1280 CRP {mg/dD 9.2
Lympho (%} 11 LAP (U/L) 134 T-cho (mg/dl) 116
Aty.LY (%) 45 y-GTP (UL) 143 TG (mg/d) 353

RBC (/L) 534 BUN (mg/dl} 16.2 BS (mg/dl 121

Hb (g/dl) 15.6 Cr (mg/dD 0.95 CEA (ng/ml) 3.1

Ht (%) 45 TP (g/dl 3.5 CA19-9 (ng/ml) 13.6

Plt {x 10%ul)  11.7 Alb {g/db 3.1 Ferritin (ng/ml) 650.9

PT% (%! 92 IgG (mg/dl 833

APTT (sec) 38 IgM (mg/dD 129

HPT (%) 97 IgA (mg/dl) 224

Fibrinogen (ng/di} 195
FDP (pg/ml) 103
D-Dimer (gyg/ml 4.3

) E&MR

Fofn B X 52 (6/24) BEELCT (621

JROFTRTL 7=
JeBh « IHSRR 2 & OEEREER &, MERREMRE L £ U /SBROHR,
HERELZEHIZENOYTEB VANV A EHEORGRRELEER, BRE

o
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(5) MFRERRR (7 1)L ZAFLE)

EBV B&:E :
EBVCA IgG 640 (< 102
EBVCA IgM < 10 {< IO
EBNA 10 (< 10}

CMV BE:E .
CMV IgG 8.1 (< 2.05
CMV IgM 8.42 (< 0.80)
CMV (C7-HRP) HiE

{(I5{EMAzE 94/45000)

HIV BE:E -
HV (—) HIVRNAE®= (—)

PRI X AMEREEL 2L A AEST2 5 m/RAE[E (107 x 107
uLl)ZRL Tz, DICOFEZEFEL FHI %A T - 72 & Z 5 DIC score 3 &
THOELZA. ARIEA-AOFOYDEAZEHGL L 2, MEDX D
BABIZ X » TIHRERR L. IFEISEER 2R CRP L EAREZT
LTEBVEL D qEHA3ITIS 4 FOMTHERSZL, 2L /385G
ABEOZETEBL I/ BERERS R EETE SEHL TSV EL
720
() RiZ, ABREBRELZEEY IV AT—F—DEREBTLL E7,

EBVA{IBERLE /Sy —>, CMV IZBEIL T2 IgM A BEBIEERL TEY, SinTH
HUIECMV 7y 7 2ITHBETH -2 05, —EOBEKIER. MK
DREFRFEOFERRIZICMVRBRIZXZEDE %2, F13HA»S 4 HECMV 7
suZ e ERLEL .

6) F/FUHICEEEREY, Hb O25U2ET (6.5 g/dl) RL =79,

RELHHELEAREZETL-E 25, BEPHGEIBHLEYE -k
Baemidl, LMz TwEL, /- BEFROROHOF{T- TEDET,
BT CMV O DNA ZHEL & TABBIETL 7.

(1) CMV BT DRI L - € BIRBES LU EL, BE

ZE
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(6) EREECH{LEANSRRE

7 ¥R CMV DNA B 1%

(7) BEERIEB (Fy)
CMV 7 globlin
{11
: 1Y e72p
C) ] * o * 254 K@)
40 Ba MAP4U X 3 !:
39
2 VTN _
37 T
36
35 nGPT
200 10 |t
100 * A 5
50— AR . o, s, o1
1 35789 11 1315171921 232527 (sq)
CMV 1gG (+) (+)
CMVigM (+) (+)
CMV-Ag (+) (—)

HERBIZANIZBEL L TEDEL A

H D S T 1B,

y7uo7 ) x5 12 iR 5B 2845
R DR A RS, SUEAOZ0RSEMBL £L

Joi BRAIDHKES B ER T RL TEOLD R L.
@) Hostaiad X AR Tl BT RE ICEIR R E 2D,

CTTCHUFAEOBAE XD

R ARHT a2 3L b L PIEAERRAE <REil. F41MHBTHDHTH29H

12l A AR i 2 B AT
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8 E&FTR
fig 51 & 48 X-P 7 F9ih CT

2002.6.24

© B R

iR - I IR
- CMV DNA &%

2

12z

(@) BEMSEINTCMERORESRTIE. [FYEE Rk
wiedh, FREATR LI PIEERBEIFEL o IRERMRTL ., £ 1
AT OT7 AN ARBFRET DI LHEEH AGPEHAKTIRESN Y
TU 7z SERENmETO CMV DNALIEMETL 7=,

0 ARFOERZEETTA. FSHUHEEILAFOAINDOEI/NL2HE
ZHTL, BEELILTCILIFZ % 60mg A SEAL THroHmg:, SR
RIEL., MBFT AWM THUFEFRDZRL ZL /-, E-EHEMRELLY
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0) ESEREEA
CMV r globlin mPSL
11” SDOlmg
a ¢ C)] F(O;EZZ g AMPC | Hse PSLGOm -1
40 P B IE T S me—)
39 MAP4LJX3 20mg
38
= //\ —
36
35 274 F6) Cough dyspnea
1 4 7101316192225 28 31 3437 40 4346 49 52 5558 61 64
(X 10%) w8)
= : =weC 138 (x 107
20" = T * Fosino 20
10 —nE '_'_-== T e 10
(0} 00—+ «—2 ——l
1 11 21 31 41 51 6l
CMVigG (+)8. (+337.3 (+)61.5 (+)55.4
CMVigM (+)8. 42 {(+)5.18 (+)6.01 (+)5.27
CMV-Ag (+) (=)
Aoh-2MmFicb-sREEOBEESHKLZZD, 7LDy
mg FTWMEL, F66R/ETHH8A23BILERELAVEL 7=,

)
LTHVELA

FLm LIESKHETHRaEEINTH
CRT &I, EONEONEDREY

BEER9 1 9 A (&R

TMEHROERBZRITLEL 2. Z2I2X0

A,

., EMBOHIRIZHEETE

A2 hTL-. HIEESRAEDE

Z % 20mg IZEL., TOHRERND
M

H\ﬁEfiRH N 3 -
T, SEbbiEH Ak

mAEDAEEIZmeTRAZEL, MEDFBE X
ZOLOORITEENREDOFTR

:)a{'"

AH O 4N ARG & AITHEERER 3
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Y, HEEhdE AR
CEOREBABSERL T
UMHHEIC R O ZTE
ZFELWWEDD
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DIERIR e EERZRL.
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i BISEEIRAT R

wilc U C. PIEEGRE L AIEEEIRAE WD oD &E/e - 7 REE RIEL -ER]

ERLFEL
9, ARBICAONIIFREREZIZ ST TTA. ZUHIETFORREL
TEBY7ANRIZEDEDEZEZMEMNIINETT->TESDEL~, ZhET

TIEARBHIZAONT, FA AT ODT #7577 ITHBIETH D &%
LIS ATHEZT - EZDMEMSESNZL 7=,

KIZ, CMV IZ3 3 Bi6E2ME L I S8 E 2300, Biltx -7~ i
BZWRLELA BELS»SELN-SHEDERIEET CMV @ DNA
ZRNT A E ZOBEDBRESBL N /2. CMV BIRIZBEEL 7- S i,
EREEEREEZONE L. ARBEAS NSAIDs #HEBA L TED L 7-
DT NSAID AEBEORERRH AW EIHERFEL L THEL TOH-TERLTE
TEWhEEBEbhEs

mu.lﬁ&ﬁwﬁ“c%ﬁ TOFEEERMER R DWW T T8, RSt

ETHHEDOBWIEBEEES ZEASEHESE L THA, CMV MisEsER
IZANEL 722, Hﬁ]i#ﬁffﬁ"rb NICREBEBCIITREOZEAEETH - -
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B, MO R2E»SEFENE BN EL 7, EAPEOITESERER BiIz -
WTERFELFHEBL THZEANZ DIV TDLST%5ET L L -2t R

ZHTHY, EEOEZRLTEN Ty . PIEEEREE CMV RSOz -
WL WEBRARTO CMV @ DNA IZEEL TIIEETH Y, HEARAR
EAR 2252 LW S S EHENT A, FETHRIMIBOSN THFEEA Y,

RRIRERIZBEL ZREEENRZIZDWLWTTT A, 25 5 I3 AV BER
RS ICEEREARBEZ RS THRTSHMINEL /2. BEMETREMNE
DHFEENEZETEZEATL A, BEBIRRICFEL VIR TL /2, KIE
Tl EEAEH IR E A S CMV O DNA I I T, mZEOBEEIZ -
TETWTTH, BAOXETIIAEHRAOERAZFIZEREIZCMV D
DNA A EN-EDHiELH Y. PIEEEFOSESEERIIFLIZEET D
FMZELSN T AL E By ?.,

.  ®)

1) Ballotta, M. R.. Borghi, L., Borin, P. : An unusual case of cytomegalovirus infection.

Pathologica, 87 (6) : 682-684, 1995,

2) Crowlev, B., Dempsey, J., Olujohungbe, A., Khan, A., Mutton, K., Hart, C. A. :
Unusual manifestations of primary cytomegalovirus infection in patients without
HIV infection and without organ transplants. J. Med. Virol., 68 (2) : 237-240, 2002,

3) Helweg-Larsen, J., Tarp, B., Obel, N.. Baslund, B. :No evidence of parvovirus B19,
Chlamvdia pneumoniae or human herpes virus infection in temporal artery biopsies
in patients with giant cell arteritis. Rheumatology, 41 (4) : 445-449, 2002.

(EEISE)

EE S ZNETERES-TI0EOBHERATEZ »7- BRFhxt
Y — K EEBOWMETT. JiESBEVLEL 7.

£F (EREAFEFIMEERREFLTHEASD WREIBTHIIZIEEL
WOlL, BHITTH AL A H Ty 1L 2D IgM ¥ EBIE. C7T-HRP Bt & 1,
T B2 A L ZAMENRE =& W DB T v -globulin 72T DEREZET - 72D
. HrL 2O L EEDEHT AN AFEEET O ZENE TS
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s

HE ZOBETHE. Hri ol B3 HERAL TEDEEA. TOEBT
TH DT AN ZBEEEOHEBES TR TEEENThAah-7c&bh Dz
ET. 7 y-globulin 5 EAREGBL £L 72,

£F 5B, CD4 BBl T Mlasa s 25hbh L 2w

BE OIET->ChWzeBLWETA BHFERETR M-8 ET.

EE SAETELL DI 72D TTH, RKEOFEEEREA IO
BAHBEELITITFRERAEE L T B XIIZSAZETLEL K, /-t
b, »AVIRIBECSWETHEZ 7-0N, HAHWE, RIZHEEEIR L DIERA
HimExind, REIOHEROESLEH - OOV TBEVWLZLWDOTY

HE PIEAHIET AEFWENL, WBC 15 2000 ~ 3000 D5 %. 70 ~ 80%
CHOWTHFEBEARLN EL 7. RIFEIRAZEEL 72¥KF3. eosino IZEAL

T LEBZEDTEVELA.

EER ANCA IZL:IAs T,

FE ANCA!Z. p-ANCA., c-ANCA & &fai:TUl 7.

FER DLSTEEWHZE&TT PESOMBENR-E &, FEiXA%
fEoTihd oL »WhhvFEL 2,

HBE H.7oyh— fEREHE, HEHTHF—2 UYHRA->TOHDT
IO BHZHEEERA EA - TE/ERIZEVIEDZL0TT 5, BEFEEIEN
EBESTWET,

FEfR DLST TERMEAHAH I EDEHIMAEZ VW EBINEFTOT, DLST
PR 2R THEER EENA0E, PLELOLMERWLET,
BE FOTdi, £ ZF0 AR L 2AEEOMETTF-THWET0
T, REE-L»BLSITHWEESTEROLWEBI =5,

BE (EREHEHMAFEFEEREE 291 8TT2 MESHRER
PIEJEMREED,. 4 b AT O EDEIEATELON A EE-L e -THEL
e, Stk MERASL PIEEBERTHSARON-L&0IE. 2570 /K #
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BTHREZENZDD. FNELH A A HF 0D IgMBHELRSKE LTS Z 1S
ZET, SBREGTYL 700N DERLELI TS L 2300 % BB 8 <

o,

HE IBMOATH A M AT AP TOENE S10HIHIEL W &
BOET TVyFY2ITEH, BErOBREERZT - LTHAL-VWERNWE
ER

HE 5143 REEEMEOEMT %4%XﬁD®Dmﬁuﬂm%én
cEEDNELLDY BHEEHAGTEDEBVLET., HAKEEN, 20
IWA@%%E@@EﬁE@@E#KoM(ﬁit<ﬁém:

HE ORFERE OBREIIEL UL EAXTSDIHEA,

BE ZNABETHNL. TN AT oBEEmIE YLD IETES
LLDTL 295,

RE L BRLTBDET.

ME B AMAFODEBLIE, TUoFr2ITHABMEIZARRZ Sl b
EEWET, Sk MBEBMRAIFRLI-E &I, RIS 1ERRES
1T\, DNAZH|ETAEWS ZEIZRYETH

RHF GERAEE) REPB-L25HEDIT, 34 M AFOT AN DR
HEIDIMN, FNHERIEDIPENSHITEE. NAFLO—FEYTNLY AL
PCR T, ZO/4 7L a—FOIZE->THETAHENDDET, 2O
SEFID &L 2, FRUTLY A LPCRALI-EDEZATREETIE M -7
D&, BIEFAATRWIENLREFL THVEHA, 7272 S§ERIE/ 150
o— R &Y, ZOMEEZHL TEROERZTHI I &IZRE 0 BN
e
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HXERE 63 (7, 8): 299-304 (2004)

HE O L REREOHBEDE LT

NIRRT A W A BERGEAE O il {Hl—Epstein-Barr
AV AR b RERE F X 2 5 EGT (SAP/SH2D1A)

aiE ERY  =ZEH B0 e BEY
#H #IE
DB AR TR B P B RS L ¥ B P 5P
DHAAFEFHES KA EREAY
MR REE LR RN

BH ExY

Herpes Virus Infection, Epstein-Barr Virus, Signaling Lymphocytic-Activation
Molecule associated protein (SAP/SH2D1A)

Masami TAker", Akiyoshi IsurwaTa®, Ko Mrramura?,
Kenji Yamacami" and Shigemasa Sawapal-?

"Division of Hematology and Rkeumatology, Department of Medicine, Nikon Universiry School of Medicine
DDepartment of Internal Medicine, Nerima Hikarigaoka Hospital
NTokyo Research Laboratories, Kyowa Hakko Kogyo Co.

Herpes virus group viruses include cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpes simplex virus 1 or 2
(HSV), varicella zoster virus (VZV), and human herpes virus-6, 7, and 8. These herpes viruses are transmitted by human
contact, cause primary infection, and may exist for several years in a latent state in heaithy individuals. These viruses may
be reactivated by the dysregulation of the host immune system or possibly by virus mutation. In the present paper, we
describe the treatment and diagnosis of HSV, VZV, CMV, and EBV infection and discuss possible future treatments. Qur
proposed therapy is based on SAP (signaling lymphocytic-activation molecule associated protein) or SH2D1A (Src ho-
mology 2 domain-containing protein). SAP (or SH2D1A), an adaptor-like molecule expressed in immune cells, is com-
posed almost exclusively of a Src homology 2 (SH2) domain. In humans, SAP is mutated and either absent or non-
functional in X-linked lymphoproliferative (XLP) syndrome (Duncan disease), a disease characterized by an inappropri-
ate response to EBV infection. SAP is essential for late B cell help and the develepment of long-term humoral immunity.
The regulation of this molecule (SAP) could become the basis of a new therapeutic approach to the treatment of infections

299

caused by the herpes virus group,

Key words: signaling lymphocytic-activation molecule associated protein (SAP)
NIV A N ABRYEE, Epstein-Barr 7 4 VA

E-mail: numtakei @ med.nihon-u.ac.jp

I BENER

W, MR TCOEBFERBEOEBLEIGRAT
DANNARRATANAREOQEEL, HIV REE, Wi
HoisRGs, BERY v FERR EADREDH
EOHERICLEAAZYM LARERBOREENTE
OEROBTIEETIZENS(LaTw3, AZIX
Btk 4 0 ABRIEOS  (3BHEK 180 BUPUZAE L
3. B, 30ouEAT A EATE, Bk o308
DRFITBEH AN AR 4 VA (HSV: Herpes simplex

(J. Nihon Univ. Med. Ass., 2004, 63 (7, 8): 299-304)

virus) DEEMEEATE LS. 30-180 HOBRMMIR, F
OB, MENAIZIZ 714 VAEERINSS.

470240, RS 742 (Respiratory
syncytial virus), 77/ % A VA, NS4 7 N1
TARAREDHERY A VABRERESL EB w4 VA
(EBV: Epstein Barr virus), ¥4 F 2 AT 74 LA (CMV:
Cytomegalovirus) K& - HWREF 74 LA (VZV:
Varicella zoster virus) (& Z OB IR —FY -5 &
A, £7:, 130 BLAEOERBIZG CMV BEEIRITFY
REQOE—7HHL. ZOBFHIZEBV RENBHERY

S 2004 E9F16H, FE2004E9H27H
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300 B OE=E -fie4%

> 7{IRYETEESRE (PTLD: post-transplant lymphopro-
liferative disorder) b R 6N 2, ZOE TIIBRR OB THE
BTLBEOZVALARAT AL NV AEED HSV, CMV,
EBV,VZV IZDWWTHH T3,

L DA NZADEE ARG IR

ANNRATANATTARYEDNA 7 A VAT, 20K
MErTaL, MiEEhRorrxa—-7EvH T
ERRL, BIIBEMELYAVATHEEETA S LN
A, HSV, VZV IIHEBICEBRREL, 1V 238k
EBV & CMV I TERLT 2,

A. HSV

HSV (23 2 0o@EAH Y, HSV-1 G EICORE L,
HSV-2 3SRV RAETRIT. B8, BETHEE, HE
HOEBONEIYFHE T, SAREEEIERTLIZE
bHAH., HOZHE, FIOKEERETEAL, B
I~SBRITET Y EERL 10 B CHERT 2. BB
Y rAEIoER, A, ODOEABEEBIIREAI LPS
5. NEREL LTIRITAIRL S (HEE, Rk, M
KLEIT,

B. CMV

CMV i DNA 7 £ WA T, BEAD OBLLEAIE
RISt B, B IAARPIIEL L, SEImRET
FiEttftaha o tdd s, CMVIE, HIV EiEE,
BRGBHEORLZVWIA NABREETTRIIEEY
52%. BHBETII -3 FOMERET S5, £
PSR DRI ERD 6 7 BURIC O RET 2 WHEHE
FhHb, ERE, BE, MEMMNE R REEE,
HEIRE, KR Hh, BIEtECRSEEIL
HILERMERTZI &0 5. MESEMNEL, £60F
BEEATDH. CMV REE, RELEIE®L
5.

C. EBV

EBV 2z MEBIMEOFRA L LTHS A, EIZBY
VGRICERER L, Burkiny v g LB S k2T
T. Foficd EBBVMSOBRERS(HELERTEY,
Hodgkin 7%, B-lymphoproliferative disease, Oral hairy
leukoplakia, EBVEREEEL L% 5, BEARATIE
80%LL EELRR S E 2 2. EBV REFREBHEOEE L
REHTH Y, BiEERE, ) /38, PTLD 251&&T
. PTLD i}, #f% 14EBIZRI 55, BHEKETE
ZAEREFbLHL, ME) T FRSREEE, NNE
D EBV OEE LR E T2 RESSERE (X #
B80) o IRMTEFEMREE | XLP £721E, Duncan @) & &
PR EBV BRMEL MO ATE Y, EML MK
BEERELTEITILL S5, BEOSMRIERE
E#, BHBEKRE, VomiEX, FEE, SRR
A, BEIY SR EHH D,

BKE:E

D. vZv

VZV R BRECIR ARSI L RkEL LTREEL,
BETY v/sEi TR, FFREIRL T T 2. 20k
SHEOEMOEMMNEA ML LS LA cEpt
5. BETOXKEOWRTEI L, KEEEEL, BE,
B L THHET 5, KERBERNEHMED, O ZTHE
EAFREESEN AR TERRET 2. BiEtt
SRSy AN AEROBESAERICKELER LT
REE & b, TRREHESE (post herpetic neuralgia,
PHN) 2852 £ L 5. S HEE, RERERE, S,
I, DT VEERKE T2 EORHES 2 Ramsay-Hunt
EBRBREIDHE. HRBEIS L CHERETAS.
B2 TCAREREDVESHE, BEFEIXARULTT
H5.

I EBhik - BREE (Table 1)

A. HSV

a. @M

FEROHRZH TIERN L EAAKOHABEMEDH S
NE, TANAGED DA BEOMBBERY T3,
MELETIRHATIFI L MEGO LR RS, IgMR
HAEER L TVWhITEEEE, R0 25,

b. A&

1. 7¥aney (JSE¥S v 7 RE)

FTyaAavEnEIALRARBEENE—ERTHL, B
EBREICIZERI S AV, DEOE, MEH
ErREBER s FREREICReFRE M T2bh
%, BEBCRERE S-10mgkg/8hr T, BET7H
BEts. EEEREALVARIL, 1000mgX 1 BSET
S HE#EED®RS T 5.

2. ¥V SEY (TS5 EF—A)

X7 VLA FEREORTANVAH, VYl
HSV fu#e, FRERjECIfE, DOMfE, PIRIRSE Iz
LTERSATWE, BROEEOA CRKEDOHHT
GHEEDHY, BEATII10-15mgke T1B1E7~10H
BadBET 5.

B. CMV

a. 2B

CMV O ZHflE, HSV LE L { MiEHRE, B
FBYAWABRE (¥ x W34 YA, BEAOY AL
ADNA DHEELFANL-OOE sy O— U HHEIZE 2
BHERORE (7 > F 4 4 3 ¥), polymerase chain
reaction (PCR) &, insitu " 7V ¥ AL ¥—L 3 v igd
W, BEEBETYALAORABERTIEINET
BB, TANAERETIEERBIICMY 2T 27
HIEBENCBEHE 2 B8 SV RELABRETREE
THhd. BIEWHLIIH CMVIgM HIEREFEFHTH
5.
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b. A

TLrOEN, oy rnENL T+ AN =37 D
LA NMAS, mAeRES O ) YRACLD
CMV OFF5, &, REBHEEOETFELZYSEL
AN

1. 7Y 70EN (VET v 7X®)

CMV BFEDTFIHZT ¥ 7 0 ¥V KEFREFDHEN
HoLEOWENHD, FIAE, FRBHEZ, 3200mg/
BoT7yruenrbswidsEzgnOcizs L, 772
TENOHEDEYE»- b OREe, BHBHEEIC
CMVFHHELT7 270N 500mg/m? % S EFfEIC
EEBEL ) A BEE 100 SUAOEFHEF X
Dol ¥ THHEY,

2. A omENn (T8

ST vOFHEET, TLo7O8 Lo LT
Wi, Smgkg ¥ 12 BMEICAEL, 14~21 BE&ET
L, EEFZISmgkg l B1 A TBLETH S,
CMV fELIZOWTRIEFICIZEREES I EALN
TWwa, TAAIVENECEERXETS. SICMVED
fbspgEsr 7)) »25~5¢/8, 3 QMO SHETHELER
TEZEbHAE, Friro¥rognixs (1000 mg
* 1H3ME, 28 HiE)AS, #FFEHE L TR EATY
5.

3. 72 Xh—3 v b (RIXHELS)

Ay OB TIMERTERZVES, 74
AA—F v b 60mgkg ¥ 8 BERIE 512 14~21 HREAH
BiEL, 90mg-120mgkg 1| B 1 BLEisHECHRFT 2,

C. EBV

a. 220

EBV OITEREIIBENDH Y, THFRIIENRYSH
B, 7 A NMAH T FHAE 1gG, IgM (VCA: Viral
Capside Antigen) 254 1), IgM &I EOWEE L, 126
RAENER LERT 2. —BHIIHYM L ARBIARK
& (EA: Early Antigen) #’Z® 6h, $LEBV MEKER
L5 (EBNA: EBV Associated Nuclear Antigen) #1664
HaE3ha, L EBV-VCA IgM itk &HE T, ¥ EBNA
EAEEOFSR, PREETY. EBVOBERIET
i3, L EBV-VCA IgG #ifh £ #1 EBV-EA kD & {H,
BHEBREERR T EBNA D RENZED N 3,
vANAOBEICIR, ¥, BEEEEO EBNA O
B, insitu A 7 F A E—-TarEGRIZTA VAR
#a ¥ —HH%E { BLENE Y EBER: EBV encoded small
nuclear RNA &) R PCREIZLL BT VARSI LD
BEETELAL, FEMOREY 72k 2 Paul-Bunnel
Kl EBV BB OBEII L S,

b. A&

EBV B PTLD B#i2id, BHEFICL D SEIH S
DRE, VA VAE, 1 v¥—-7z0, {LERED
—fICBVL AN, —EOERIE TV, IO

HAE:S

HBETIIEBV FEMMREEE THRELFEL TPID
DEFHNRALNT Y, ERIMIZIE EBV ERHLEIR
LY, ERLCETHECSOMEN, NRARER
BLEPHLEEICE, BIBEERAT DS FESLT MK
SE(ZRTFy FEY R EDIEFELLNELLND
A, GHROBHD NG,

D. vzZv

a. B2

NI L EESA L RSP L REHERIC R S
NZ. BHICREENS TEVESIRATMIEIC L 24Kk
BOE & PBIEHILOREI M 7 5 ADHAO LR %
ATHETS. ABARICTYAVADPTEETLIDYA M
ADGBLLELLBITT S,

. RE

1. 7TYaney(JEZ v 220

T AN ALRARENE—BIRTHL. &
WAFIIEOT4000mg #1850, 78T T, EiEk

10 Smgkg % SEFMETI B3N 7 O aBHET
.

2. WEEAS L7 OUL VT Ly )

3000mg # 1 H30E, HFRASESHRSBALATE
ZOHE5T5.

3. BREAOKED 2+ OBRINKEEOREY
FHTES.

V. BROESR

HEERERIGEALARBEY ZREL, BENR
AL TRELEORE S L TARIIRIG L TH
HERLLTWS, ZORMEERBIEIXZIIFH LR
EF0ORRF 2 ah, AFFoBENBRIEESND
DHDH, IORETRERMEE L THEREIC L5 REA]
#H %17 - TV BB {E T4 SAP (signaling lymphocytic acti-
vation molecule associated protein: SLAM associated pro-
tein) EFHIN TV 5, ZOREZFORBIINEDEB 7
AN OFFEN L RBETHFRETI2RELSERE
(X 35 > HERBSTHIEREE: XLP % 7213 Duncan 7)) &
EETLHILTHDTHRESALY, RARIOHE
5L b IgA BEDKBHRRNR BT ORAT % FDD (fluo-
ressein differential display &) TH#EMIZIT o 2B S Ol
EFERAL, FU—=rrEHVER, ERGFOH
I (B AHES W098-24899) # LTw 3, F4 1ZPNE
U F (RA) TEENZEB 71 VA LORS L
LT&7:37, SAPBEFOREFRAXKM TR TE
WZtEzERL (BEES PHII-154625)%, #0710
E— S -HRIZEEYFHLILEFRELTWAE,

SAP I SH2 FAA Y DRE2HTET Y75 —-KHEK
(128 73 /E) T#{LOBETEZK - T &7 natural
regulator £ b WX B L DT, YIFVEEORIEFEAL ¥
FELTEELZRELTRLCWS, TERE NK #a
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Fig.1 SAP is essential for development of long-term humoral immunity and killing of viral infected cells.

DA TEIRMIZEEL, SLAM (signaling lymphocytic
activation molecules, CD150)-family receptor (CD2 ¥ 7
7 7 ) — ; SLAM, 2B4 (CD244), LY9 (CD229), CD34,
NTB-A) O#EFA) Y BEF 0L ¥ (TIYXXV) 286
L, SRC ¥+—¥E®D" 7 — Fiz L 3 SLAM (CD150)-
family receptor O > ¥+ VGELHE L T 35510,
SLAMIZ, BREYINVAOLETS¥—Thh, B>
TFREREUBEIZLEAS LTSI EFRESRT
V5, SAP I, #MIBAMIZ B VT Dokl (RAS-GAP, CSK,
NCK L HEEATS) L L&A L, NF-xB OFEHL
BEELTwWaZELHELSRO,

EiZ, SAP RERENGHEMEEEMIET 3004
ETHD3ErRARRE N RPMEETZ 79X
< AT - BARIIEOY LKEREEOETEL
MK THY, TLEFhEEKIELAYDTZF D5
ROTRHEERICL o TEDTEELLOTH S, SAP
29T FTIRADEFTNRE LT E o TRERGIZE T
% SAP OZEINMEIT EhTwa, SAPORBERL T
TATIE, 74 NAREDE, BLVWENO G KK
CREISZH, YA VAFENLEENEE 77 X<k
BIUFAT)-BEBRMFIIIZTLIIRELTWAI LS
LTS, BTBAERTH, SAP KIE B Ml
EETHY, RAAIICD4+THERICHZE ZEATRENRT
Wah. SAP (X, ¥IMERSIZHFS B MR T A HEE
Ry FTAA VFIZIIFETHIH, HHERO B MR
X S HBC R 2 PR REORILIZIERT R T
HEZENDhoTwE, ZNLIHIZSAP I, REDR
RBOREICHLEREEE B L TWS D (Fg 1),

T/, SAP R Th1 ~O &L, Th2 ~Da1{k

RFEETIERESNE. SAPD L/ v XTI ITYAT
i3, CD4+THRE»P LD IFN-yEENET D, whwd
Thl fBRE~OHEMBRBE IR, —F, SAPOFF R
T2y s TATE, IL4EEMET Y, Th2 i~
O EATH LN/, B E» S SAP Y, ~ A —~TH
BEROBEELEH2EH-TwaELILND.

% 7z, SAP Il dual functional role PBEENTH
W, 72 A7 7%~ SHP-2{24f L T SAP @ SH2 ¥ X
A ¥ @ phosphotyrosine-binding motif % £+ L. T SLAM @
MR AL yOFoL ) VB LRI TRERFEL
ThHiEE & SAP @ SH2 F 4 4 @ phosphotyrosine-
binding motif & (35 7% % second region ¥ 4~ L T FynT @
SH3 FXA4 > EHEEBL, FynT (PTK) @ SLAM ~®
N2 N— b+ EEGETET 75— L LTOHE (SLAM-
SAP-FynT complex % B8 — FynT @ Y Y EE (kiR nig
ENLETAZ AR, ) rEB{eREMEREERT
WL X FNADE) 2R LT B9,

HSV 22 CMV 2 EDAVSRR Y A b R St MRt 23t
FTAHERIMABLZL I A NVAESLRESOT)
Y TOEFIHEL SR TVD L, EBV T 5 iG#ER
T, BIShb0de{, ¥4 L2 EBV MERRE
FERBSROBMAENFLIATYWS,

EBV MEEBIIENY v e BE, 6 MRS EER
o HEEBHEOANREE, BEHR®RA, Y5
2 b—TR, Sjogren IEREFL &) OBHETHICE(EADL
3 hEtEA*S 1, XLP (Duncan %) DEZEEHAEZF
(SAP) DREH» LBRER LR REZBOETEOEN
RINGCEBOH - LEFEORR 222D EE L
Lhd., BEELFEL LTI SAP BIZF ¢ MmEr
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Fae il MR8 A 2 BIZTF5H# % SLAM (CD150)-
family receptor (SLAM, 2B4, CD48,LY9, CD84) D 7+
MZEE +~ | IR 2EH) (Th1/2 /35 ¥ ABHNE),
AT ANRENENL DT, 775 OMRLHER
Lch B\ T 254, SAP BEED{TERENL, ~
N—THRE»L0 L4 DEL EDHF 4 — 7 Tho 1
O Th2 MF~DOS{LZFE L, ThI/Th2 /37 » A% Th2
~METAERE LY, EtEREOS{LH, EBV EEEE
DEHE, THEELTORRNEZ LD, FANT
DL 5 BIZT (SAP) DHHEREL FRT
EBNBEFHRIIETILALTWAZ LI OFTFRH
ALAEB 2 BEEORBIIET LRI 52
%,
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Distinct roles of Smad pathways and p38
pathways in cartilage-specific gene expression
in synovial fibroblasts
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Toru Qgata,! Hisatada Hiraoka,' Hiromi Oda,' Kozo Nakamura,! Hisashi Kurosawa,? Ung-il Chug,®
Hiroshi Kawaguchi,! and Sakae Tanaka!

1Department of Orthopaedic Surgery. Faculty of Medicing, The University of Tekyo, Tokyo, Japan. 2Department of Orthopaedics.
Juntendo University School of Medicine. Tokyo, Japan. 3Division of Tissue Engineering, University of Tokyo Hospital, Tokyo, Japan.

The role of TGF-f/bone morphogenetic protein signaling in the chondrogenic differentiation of human
synovial fibroblasts (SFs) was examined with the adenovirus vector-mediated gene transduction system.
Expression of constitutively active activin receptor-like kinase 3 (ALK34) induced chondrocyte-specific
gene expression in SFs cultared in pellets or in SF pellets transplanted into nude mice, in which both the
Smad and p38 pathways are essential. To analyze downstream cascades of ALK3 signaling, we utilized ade-
novirus vectors carrying either Smad1 to stimulate Smad pathways or constitutively active MKK6 (MKK6%*)
to activate p18 pathways. Smad1 expression had a synergistic effect on ALK3%4, while activation of p38 MAP
kinase pathways alone by transduction of MKK6%* accelerated terminal chondrocytic differentiation, lead-
ing ro type X collagen expression and enhanced mineralization. Overexpression of Smadl prevented
MKK6CA-induced type X collagen expression and maintained type II collagen expression. In a mouse model
of osteoarthritis, activated p38 expression as well as type X collagen staining was detected in osteochon-
drophytes and marginal synovial cells. These results suggest that SFs can be differentiated into chondro-
cytes via ALK3 activation and that stimulating Smad pathways and controlling p38 activation at the proper
level can be a good therapeutic strategy for maintaining the healthy joint homeostasis and treating degen-

erative joint disorders.

introduction

Injury to the articular cartilage oceurs under various pathological
conditions such as trauma, inflammation, and aging (1), and car-
tilage injury is followed by osteoarrhritic changes of the affected
joints, Osteoarthritis is the most common degenerative joinc dis-
order, affecting nearly half of the elderly population. Osteoarthri-
tis is characterized by degradarion of articular cartilage and over-
growth of cartilage and bone, known as osteophytes, ar the
periphery of the arcicular surface, which results in pain and loss of
joint funceion (1, 2). Microscopically, loss of proteoglycan and fib-
riliation of the articular surface are observed at the early stage of
arthritis. At later stages, clefts are formed, and at the end stage, ero-
sive changes in the arcicular cartilage appear. The high prevalence
of this disease results in high costs for treating patienss, and there-
fore the development of good therapeutics for osteoarthritisisa
matter of great urgency. Because of the limited capacity of sponta-
neous healing, the regeneration of intact articular cartilage is one
of the most challenging issues in the orthopedic field (3, 4). Trans-
plantation of autologous chondrocyres or mesenchymal progeni-
tor cells and autogenous osteochondral transpiantation {mosaic-
plasty) have been successfully utilized for the repair of focal
osteochondral defects (3, 5-11). However, the application of these

Nonstandard abbreviations nsed: anterior cruciare ligament (ACLY; bone
morphogenetic protein {BMP); consticurively active activin recepror-Like kinase 3
(ALR34); constirutively active MERG (MER64): hemagglucnin (HA), matox
metalloproteinase (MMP}; medial meniscus (MM); osrecarthritis (OA); receptor-
regulated Smad (R-Smad); synovial fibrollast (SF); TGE-f-activating kinase I (TAKI).
Conflict of interest: The authors have declared char no conflice of interest exists.
Ciation for this articles | Chn. Invest 113:718-726 (2004}, doi: 10.E 172/1C1200419833.
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technologies is limited to small defecrs due to the difficulty of
obtaining a sufficierit amount of cells or tissues.

Synovium is a thin tissue lining the nonarricular surfaces of
diarthrodial joints (12). Synovial tissues contain various types of
cells, including type A cells, macrophage lineage cells, and rype B
cells, which are specialized synovial fibroblasts {(SFs). Itis now wide-
ly recognized thar synovial tissues are involved primarily in the
pathogenesis of arthriric joint disorders such as rheumatold arthri-
tis by producing the matrix-degenerating enzymes cystein proreas-
es and marrix metalloproteinases (MMPs) and the proinflammaro-
ry cytokines interleukin-1 (IL-1) and cumor necrosis faceer-o
{TNF-¢t) (12). We previously reported that SFs express a high level
of recepror activator of NF-kB ligand, the osteoclast differentiation
factor belonging o the TNF-¢¢ superfamily (13). Ir: contrase to such
catabolicactions, there is accumulating evidence that synovial cells
have anabolic effects, leading ro bone and carrilage production.
Hunziker and Rosenburg reported that synovial cells can migrate
into partial-thickness articular cartilage defects, where they prolif-
erate and subsequently deposit a scar-Eke tissue (14). Nishimuraet
al {15) demonstrated SFs show chondrogenic differentiation after
being cultured in the presence of TGF-B, and de Bari er al. recently
demonstrared that multipotent mesenchymal stem cells could be
isclared from human synovial rissues, which differentiared inro
chondrocytes as well as osteoblasts, adipocyres, and myotubes
under proper culeure conditions {16, 17). Another dramaric clinical
manifestation of the chondrogenic potential of synovial tissues is
synovial chondromatosis, a tamor-like disorder characrerized by the
formarion of mulriple cartilaginous nodules, which is believed to be
benign reactive metaplasia of synovial cells (18). These observations
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lead us ro speculate that synovial tissues contain multiporent cells
with chondrogenic potential that might be involved in the repair
process of articular cartilage defecrs and therefore mighr provide a
good source for engineering articular cartilage.

There is accumularing evidence that TGF-B superfamily cytokines
play an essenzial role in bone and cartilage development. Wozney
and coworkers {19) reported that bone morphogenetic proteins
(BMPs) induce early cartilage formation, and various studies have
shown thae TGF-P induces chondrecytic differentiation of undif-
ferentiared mesenchymal cells (20-22). In the present study, we ana-
lyzed the role of TGF-B/BMP signaling on chondrogenic differen-
tiation of human SFs by using the adenovirus vector-mediared gene
transduction system. The introducrion of an activated mutant of
ALK3 (constitutively active activin receptor-like kinase 3 [ALK3%4]),
also known as BMP type IA recepror, induced chondrocyte-specific
marker expression in the cells. ALK3 signaling invelves two differ-
ent downstream cascades, the Smad pathway and the p38 MAP
kinase pathway. We used a combination of adenoviral gene delivery
and chemical inhibition to analyze the role of these two signaling
cascades in inducing differentiation of SF cells toward a chondro-
cyte pherotype and found thae borh pathways are essenciai for
chondrogenic differentiation. Interestingly, activation of p38 path-
ways alone induced markers of terminal chondrocyte differentia-
tion, type X collagen expression and mineralization, which was sup-
pressed by Smad1 coexpression. These results suggest thar both che
Smad and p38 pathways are necessary for chondrogenic differenti-
ation of SFs and that the balance between these two pathways deter-
mines the stage of differentiarion.

Methods

Chemicals and antibodies. Alpha-modified minimum essential medi-
um {0-MEM) was purchased from Gibeo BRL, Life Technologies
Inc. (Rockville, Maryland, 1J5A), and fetal bovine serum {FBS), from
Sigma-Aldrich {(St. Louis, Missouri, USA). Anti-p38 MAPK and
anti-phospho-p38 MAPK (Thr180/Tyr182) were obtained from
Cell Signaling Inc. (Cummings Center, Beverly, Massachusetes,
USA). Anti-Flag was purchased from Sigma-Aldrich, and anti-
hemagglutinin (anti-HA) was from Santa Cruz Biotechnology Inc.
{Santa Cruz, California, USA). Anti-phospho-Smadi/5/8, which
recognizes the phosphorylated form of Smadl, Smad 3, and
Smad8, and anti-phospho-5mad2 were from Cell Signaling Inc.
Anti-type II collagen was purchased from Oncogen (Boston, Mas-
sachusetts, USA) and anti-type X collager was from LSL Co.
(Cosmo Bio, Tokyo, Japan). Other chemicals and reagents used in
this study were of analytical grade.

Isolation of SFs from buman synovial tissues. Synovial cells were
obtained as previously deseribed (13, 23, 24). In brief, with enzy-
matic digestion, human synovial cells were isolated from synovial
tissues of the knee joints of ten rheumaroid arthritis patients
{37-75 years of age; mean, 60.3 years of age) at the time of total knee
arthropiasty operations. Written informed consent for subsequent
experiments was obtained from each patient. Cells were suspended
in ¢-MEM containing 10% FBS and were cultured in monolayers.
After three to five passages, subculeured cells were composed of
morphologically uniform fibroblastic cells (SFs) that were free of
macrophages. They were infected with adenovirus vectors and cul-
tured in peliets (“pellet culture”). Primary chondrocytes were
obtained from articular cartilage resected during the surgeries. Car-
tilage was minced finely in phosphare-buffered saline (PBS), and
chondrocytes were isolated by sequential digeseion at 37°C with
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0.25% (weight/volume) trypsin for 30 minutes and with 2 mg/m] of
clostridial collagenase in ¢-MEM containing 10% FBS and antibi-
otics (penicillin at 100 pg/mi and strepromyein at 100 pg/ml)
overnight on an orbiral shaker. Cells were isolared by centrifugation
and were resuspended in ¢t-MEM with 10% FBS. Cells were culrured
in monolayers for 1 day and then subjected to RNA isolation.

Constructs and gene transduction. The recombinant adenovirus vectors
carrying various molecules that modulare TGF-B superfamily signal-
ing pathways, that is, HA-tagged constitutively acrive TGF-/BMP
type 1 receprors (ALK3, ALK3C4, and ALK6%), constiturively active
MKKéE (MKKé6%), Flag-tagged Smadl and Smad6 with CAG
[cytomegalovirus IE enhancer + chicken B-actin promoter + rabbit
B-globin poly{A) signal] promoter, were generated by the DNA-rer-
minal protein complex method (25-27). SFs were infecred with aden-
ovirus vectors following a method previously deseribed {13). In short,
subconfluent SFs were incubated with a stnall amount of medium
{o-MEM without serum) that ¢ontained the recombinanr aden-
oviruses for 2 hours ar 37°C at the indicared multiplicity of infection
{(MOI) and ther with 10 times more medium to which 10% F8S had
been added. Infected cells were cultured for additional 3 days for
assessment of chondrogenic gene expression or were subjected to pel-
let culture 24 hours after the infection for histological examination.

Pellet cultnres of isolated SFs. After 24 hours of viral infection, adher-
ent cells were trypsinized and cells numbers were ascertained.
Aliquors of 5 x 10° cells were spun down at 500 g in 15-ml polypropy-
lene conical tubes in 3 ml of ¢-MEM with ascorbate 2-phosphare
(0.1 mM) and 10% FBS. The cells were incubated at 37°C in 3% CQ..
Within 24 hours after incubation, the cells formed a single, free-
floating pellet. The medium was changed every 2-3 days, and dupli-
cate pellers were harvested after 3 and 7 days for real-time-PCR and
Northern blotting and after 3 and 5 weeks for histological and
immuaohistochemical analysis. For visualization of the chondro-
genic differentiation in vivo pellets were transplanted subcura-
neously into #r/nz BALB mice (nude mice) after 3 days of pellet eul-
ture. Mice were sacrificed 5 weeks after cransplantation and the
pellers were recovered and subjeceed to toluidine blue staining as
well as immunostaining with anti-type I collagen.

Immunoblotting. All the extracton procedures were performed at
4°C or on ice. Cells were washed with PBS and then lysed by the
addition of TNE buffer (1% NP-40, 10 mM Tris-HCl, oH 7.8, 150
mM NaCl, L mM EDTA, 2 mM NasVO,, 10 mM NaF, and 10 pg/m!}
aprotinin). Lysates were prepared by centrifugation ac 10,000 g for
20 minures. An equal amount (15 Ug) of proteins was separared by
electzophoresis on 10% SDS-polyacrylamide gels. After electro-
phoresis, proteins were electronically transferred onto a nirrocellu-
lose membrane. Immunoblorting with specific antibodies was per-
formed with ECL Western blotting reagents (Amersham Co.,
Arlington Heighrs, linois, USA} according to the conditions rec-
ommended by the supplier.

Histology and immunestaining. Pellet cultures were fixed with 3.7%
formaldehyde, embedded in paraffin, and cut into sections 4 pmin
thickness. Representative secrions were subjected to Aleian blue stain-
ing, Alizarin red staining, and immunohistochemistry. Alcian blue
staining was performed according to the protocol described previ-
ously (28). Briefly, after deparaffinizarion, sections were stained with
0.5% Alcian blue 8GX (Wako, Osaka, Japan) in 0.1 NHCl for 1 hour.
Mineralizarion was assessed by Alizarin red staining, In brief, sections
were immersed in Alizarin red solution (40 mM, ar pH 4.0) for 8 min-
utes at room temperature, and nonspecific staining was removed by
several washes in distilled water. For immunostaining with anti-type
Number §
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IT collagen or anti-type X collagen, we utilized a CSA Kit (DAKO,
Carpinteria, California, USA) following the manufacrurer’s protocol.

Total RNA eatraction and real-time PCR. ‘Toral RNA was isolated from
5Ps with ISOGEN (Wako) following the suppliet’s prorocol. Com-
plementary DNA (cDNA) was synthesized from 1 ig of total RNA
with the Superscript Il reverse transcriprase kit (Invitrogen, Carls-
bad, California, USA). For real-time PCR, the ABI Prism Sequence
Derection System 7000 was used. Primers were designed based on
sequences obtained from GenBank and amplicons of 50-250 base
pairs with a melting temperature of between 55°C and 60°C were
selecred. Aliquorts of first-strand cDNA (1 pg) were amplified with
the QuantiTeer SYBER Green PCR Kit (Qiagen, Valencia, California,
USA) under the following condirions: initial denaruration for 10
minutes at 94°C followed by 40 cycles consisting of 15 seconds at
94°C and 1 minure at 60°C. Data analysis consisted of fold induc-
tion, and the expression ratio was calculated from the differencesin
threshold cycles at which an increase in reporter fluorescence above
a baseline signal could first be detected among three samples and
was averaged for duplicate experiments. The primers we utilized in
real-time PCR to detect sox9, type If collagen, type X collagen, osteo-
calcin, osteopontin, and GAPDH were as follows: sox9, 5-AGAAG-
GACCACCCGGATTAC-3 and 5~AAGTCGATAGGGGGCTGTCT-
¥; type II collagen, 5-GGTGGCTTCCATTTCAGCTA-3" and
5 TACCGGTATGTTTCGTGCAG-3; type X collagen, 5-AGGAAT-
GCCTGTGTCTGCTT-3" and 5'-ACAGGCCTACCCAAACATGA-3';
oseeocalcin, §-GTGCAGAGTCCAGCAAAGGT-3" and 5-CGATAG-
GCCTCCTGAAAGC-3, osteopontin, S-ACAGCCAGGACTC-
CATTGAC-¥ and 5-ACACTATCACCTCGGCCATC-3°; and
GAPDH, 5-GAAGGTGAAGGTCGGAGTCA-3" and 5-GAAGATG-
GTGATGGGATTTC-3,

Northern blotting. Equal amounts (15 pug) of RNA were denatured in
formaldelyde, separated by 1% agarose gel electrophoresis and trans-
ferred to a nitrocellulose membrane (Hybond N*) {Amersham Phar-
macia, Piscataway, New Jersey, USA), followed by ultraviolet cross-
linking. ULTRAHyb hybridization solution {Ambior:;, Austin, Texas,
USA) was used according to the manufacturer’s protocol. The bloes
were hybridized with a <cDNA probe labeled with jo-*P[dCIP using
Ready-To-Go DNA Labeling Beads (Amersham Pharmmacia). Rabbit
type 11 collagen and aggrecan probes were generously provided by
Yoshiyasu Iwamorto (Thomas Jefferson University, Philadelphia,
Pennsylvania, USA). Membranes were washed in 2x SSC for 15 min-
utes ar 42°C and then in 0.1x S5C for 30 minares ar 65°C. For visu-
alization, X-ray film was exposed ro membranes overnight at -80°C.

Ostevarthritis model mice. Osteoarthritic changes were developed in
the knee joint by transection of the antesior cruciate lignment (ACL)
and medial meniscus (MM) in C57BL/6 mice (mean age, § weeks) (29,
30). Briefly, after mice were anestherized with ketamine and xylazine,
a medial parapateltar skin incision was made. The subcutaneous tis-
sues were incised and retracted, along with the articular capsule The
medial compartment of the knee joint was visualized and the ACL
and MM were transected with a scalpel, and thereafter the capsule.
medial rerinaculum, and skin were sutured Mice were housed in reg-
ular individual cages and allowed o exercise. Eighr weeks after the

surgery, the mice were sacrificed and paraffin-embedded sections of

the affected joincs were immunostained with anti-type X collagen
and anti-phespho-p38 (Cell Signaling Technology lnc).

Results
Adenovirus-mediated gene transduction modulates the Smad and p38 path-
ways in SFs. We previously reported that adenovirus vectors can effi-
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cienrly rransduce foreign genes into synovial cells both in virro and
in1 vivo and that adenovirus infection irself does not affect the phe-
notypes of the cells (13). We constructed adenovirus vectors to ana-
lyze the role of ALK signaling as well as the Smad pathways and p38
pathways, which lie downstream of ALK signaling. SFs were infect-
ed with adenovirus vecrors carrying various signaling molecules that
modulate TGF-8 superfamily signaling pathways, that is, HA-ragged
constitutively active ALK3, ALKS, and ALK6 constitutively active
M¥KKS6,and Flag-tagged Smad! and Smad8, as well as a control virus
carrying the B-galactosidase gene (LacZ virus), and gene expression
was determined by immunoblotting with specific ancibodies. As
shown in Figure 1, clear induction of the genes encoding ALK3%A,
ALX5%* and ALK6ES* was observed by immunoblotring with anti- HA
(Figure 1A), and Smadl and 6, by anti-Flag (Figure 1B). ALK3% or
ALK6% overexpression induced phosphorylation of Smad1, Smads,
and Smad8 in §Fs, and ALK5%-transduced cells showed Smad?2
phosphorylation {Figure 1A). MKK6&™ virus infection specifically
activared p38 pathways in 5Fs, and the pathways were also activat-
ed in ALK3%*-rransduced celis as determined by Wesrern blotring
with anti-phospho-p38 (Figure 1C). The increased p38 phosphory-
lation induced by either ALK3%4 or MKK6% overexpression was sup-
pressed by the p38-selecrive inhibitor SB203580.

Induction of chondrocyte-specific gene expression by ALK3™4 transduction
in pellet cultures of SFs. “To derermine the effects of these transduced
gene products on chondrocyre-specific gene expression in SFs, we
subjeuted infected cellsro pellet culture. After 7 days of culture,
clear inducrion of type II collagen and aggrecan genes was observed
in ALK3%A-transduced culeures by both Northern blor analysis (Fig-
ure 2A) and real-time PCR (Figure 2, B and C). Expression of these
genes was also observed in ALK6%4-rransduced culrures, albeit less
efficiently, a¢ shown in Figure 2, B and C, by real-time PCR. Con-
trary to the strong chondrogeniceffects of ALK3%A virus, expression

A HAtag '
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Figure 1
Modulation of intracellufar signaling pathways by adenovirus

vector-tnediated gens transduction into SFs. (A} SFs at passage 3 were
transduced with HA-tagged constitutively active ALK3, ALKS, and ALKS,
and the expressed products were detected by immunablotting after 2
days of viral infection. Expression ol these genes was detected by
immunoblctting with anti-HA and phospho-Smad1, -Smad 5, and Smads
(p-Smad1/5/8) was chserved in cells expressing ALK3% or ALKG%, and
p-Smad2, in cells expressing ALK5%, (B) Expression of Smad1 and 6in
SFs was deterrnined by anti-Flag. (C) Adenovirus vector—-mediated ALK
or MKK6™ expression specifically activated p38 pathways in SFs, as
datarmined by Western blotting with anti-phospho-p38 (p-p38}. The
increased p38 phosphorylation induced by ALK3% or MKKGS* overex-
pression was suppressed by the p38-selective inhibitor SB203580.
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