HEIE - 9 IAEL—

4 JEBI3 (4URBIR), BEdIhE (G5
Zw (510 15 B%),
A HH X BIFES, HHEERMEOEEE L scalloping ¥ 9 BEF 8554 &
ns,
B CTo BERSHE LU scalloping 252 5.2,
MRI (T1 S&R7ERED . WEB X U OBMAES OB T 554 SEib,
MRI (T2 3%#). BB L 0Bho AMEDEB LR A LN 2, FIERE DS
AHNA,
E  MRI (RERGHEDHI T1 s gess), TREREFEOBHNE & OB B SR )+ 223
RBLON, ET T2 LTwza,
F S0 ABOBM X G ITFEE,
G 1HEBROBEM X HIFR%,

Tow

i

punched out appearance ¥ 242, =5 WA & DZFHELTBY, Azouz 59 RS
NIAZEDY Ly h 3242 %4, double- HWHOZHIZ S8 L T g, BRI AR -
contour & % V13 beveled-edge appearance & [ Y, ER DA BCRRICBERRGEY 2
wny%§MK£mf@@&@meWM%%) LA Y TRIE R EOBMIEE B - oy
ARARLN: ARG 1 e T L, BFEZI1E HEETH 2 AL BER O/ = R BREEEDS A B
WL EID, Mtk | WEEENZEL, B N (B TR e LRI 22 962\ s 2
1Ml (vertebra plana) # 2 - W& silver-coin ap- & &, endosteal scalloping, cortical erosion, &
pearance M-I 2, MERIIBEBET 2 o B S (BEdH 2w EEB) ICi kT 2B ay
PRSI 10% 1z 8510, Stz s s IS B —F, BEHI LR ~g (HEE,
PED G i % f4- 2,19 B, HERE) D L 2 0 BUSAEE 7
W DT Mippa & W, FDHA, thER kR TREICEN L, jmE ICDWTRE I3 Ei

SEER | (Y —
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AR RIE WBC ¢ 5,900, CRP:0.2, ALP: 1,305 Td 572,

A HMXREER. ZEERABEOKEREOEMAALNS,

2\,

BFOEAIAS HT

B BHMCT. EBHEIMRICSC —BEREOUSL ABHALNL, BIHEWAIKL

R SCR (W3

C BYYFIU b EGBIRSEICEERBEAONL,

MRI (T1 5&5RAKFER) . BB L OB L E~BREEDRENSLLND, &
SHERBIZEREZ K& (B2 TERMICERL T\, A

MRI (T2 %) MEFIAE—LEEELZEL TV 5, HEEEOBHE L Uk
ERAEAR O FIEARZEAGIZER & 2 Tld 22 v,

F  MRI (T1 &85, HWEIL L% 12

P TIE 72\,

MO EZZ 20D L VEBbN,
CTERFICERBEOHRBICEN, HICEHE B
WU BATERTHL, T72, CTHA FTER
IS ERZERETH D, LT LB
fr » TG,

MEI 3B #8 L CEHEHAB~OERE OILIRIZ
(IITH %, MRI IZEHEE TIZEER KA~ OER
DILBICERTH b, BHETLHMROEE, &
G (BHER) LoEICERTHL, BET
CHERIIBERNTHE, T1 CRES, T2 T
i 232, 28 CIRERBR OB, B,

BEIN TS, BEOEFZZREIIHS

HEABOBRENE S 26N, F LV EEHES
AHNDIENL, BEL CITEM X &G
DEACDETE L UHRBHABER DY E L & 12
T2 DEFIMET LT <Y, Aizawa 52 138H:
FEBI TN 2 5% MRI 2SR E OE B OB
WERTHALHEL TV A,

VI. SRTOREER

LR THEE 15 FI06E L BEBERED ) B,
HERCTHREENICEESH BTV 5 9Flicown
THRART 5o
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3112154
mh-; 12 ’
;
Y
4
2
W

6 19HEBEM, FEREFERDICARMIBE ) v o5E (ERE, WiE)

FRFEAT R1: WBC © 7,400, CRP : 4.2, IL-2R : 9,089 T& - 77,
A B X BRI R, ZEECE MBI 0BG 2 B BN A 6N D, BE BRI RER 2B

MRI (T1&FIKFW) o BB L OBINH EEEFOREEALNS,
MRI (T2 3% MEWEIARH—LBEBEEFLZE LTV 5, HEEBE ORI O REREAL

BHONb, BRLDEIN RINEEE) ~BELH ORENERLTWA,

MRI (T2 JERFHIfIER) o R E OBKEMEER O ZERECH L2 TH %,

BRI A D ND,
B-C EMCT. BERIIAEH—L2ERIVESALND,
D
E
F
G BV VFUILh, ENEBLUTMEICEERGIFERLIND,
H BYrvF7 90, EMESERIBOILKE,

EFBET, WEFERIL 233K (FB¥ 13
%), FEITAII BB S 6 (BBE 4 60, J0E 1 61),
FHEM 26 (T1, Lb), 88 - BEVEL1HITH A
(5% 3) o FIFSMERITEIEA 6 61, BAT2° 3 61, JEIE
LN A SNz, BEDSERT TOHMIT 2
BM» 578 (FH2HAB), WEEREHFRE
FEFEAS5 6, BEIRDS 260, 130 I0EE (EmEik)
BLIBNZ ANz, &FFEBITZ 1 B7CH) @
N S WA

Mg - EALFR (R4 T, LRIZEBOR
MERFI 5,300~14,200/mm’ (F5 8,900) T,
10,000/mm’ L EZ T _RTABUTOEFATH -

— 1166 —

Foo BFEREREU 1 B1 (MBBICHX B0 4 5 1E)
LSHIIER#EFEN TH o 720 CRP IZEF$EH» 5
BEEFICLET), REET0.9THo7
EATRE, B X IR %7213 CT CREED
Wi, BEEPUS, endosteal scalloping, Z#%H (il
b, MRI CEBNORE, B SEE D I,
ORI DERDOE IOV TRETLL
(£5), B X BEBLUCT 2B Teplicdl
BEOBES A LN, Ko CDROBIELLE ) S
#1012, endosteal scalloping A% 6 12 & H L7z 47
BESUS IR L EEBO 2Bl L EE oz, v I

VEBH D VREBEOBRIETH Y, BN



R - JEA—

A

8 6mKE, BUBRRELEMEHA (CRMO) (GE, EETE, %12 i)

WA RIZ WBC : 5,900, CRP:3.0TH» o7,
A B X RE. BEOBBECEMED ) S B0 B ERES AL ND,
B Hil CT. BIROBREIS %1% B EFE0% 5 N5, Endosteal scalloping 1XBH & 2> Tld 22\,

C MRI (T13&FATUN. BPI5 L O BILI-%

BEDIRELNH LN D, :

D MRI (T2 %), HHAB LB/ ABDBESORESALND, BNDOEEERE L

ST 20,

E  MRI (T2 BEREHIBIE) 5528 B O BE M 0 BB A % 5 N5,

F Bl CT. ARFEICEELEZAED dgy

DHRON, BEFSVHR SN D,

G HMCT RRUTAEES. % 12 WA BE LG BHOEE 2SN,
(MRIGEWHBILZ &b mb (0 £ 5k k) Zi)

EBLURBOBEIIZI AV FREL ) —i12
SR TH Y, LROEFITH 1610 EREE O FsBh
(B7CH) #ABI12E EF 577, Widhe 52 72—
AV TRED 64% I BITER A, 19% 12 & %E
75, AR BB SN EMEL TV B, %
FIOEGITIIBATER E L CORERIZ DWW T,
M5 £ R D S, BIASHE A > 7o SR O g
Mozt o7 (M3, K4),

B A IE L G Y RE o0 i B T B o Bk S
5,300~14.200/mm® CF- % 8,900) <, 10,000/
mm® P13 T 4L T NI T B 5 7o,
CRP (FIENFHIPHA &R 1A & & F ) e
TO0.9Thotzo MEELY R, 2—4 7R
FE, FEME) DS, i SR T R D
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N, SHET RS LEBERE CH B & L o
EBbNe FMOREMBE LCid, BHEIC
DWICIE ALPEDY (B5), BEEEME) v/ &
WKOWTIEIIEMEAS vy —af 22 L7y —
(IL-2R) W ZWTIER TH -7 (6),
EM&FT R T, Song 5% IZB A DI - Bizss
EDFERBIEICBNT, BERSH%S endo-
steal scalloping 3 &£ UF budding appearance VA=
AR TH B EBNT WS, BEREICEERD
FIBUSIZERESCL— 1 >~ VAEIZS R s
N20, BHEBEICBVTLRENAR SN 20P
=F DJEHI T endosteal scalloping 13 6 117 &
ONTDEBEISIE 260 L £ F ), BREIcE
EROBRFEISIIER S N or, = D EL
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RIS EBMER BHEREERT BN IRE

‘B AL AR ERAE
—BRER - EfR L ORER & BILIER & O@5—

® R/ OE EY P OB F [P % @ =R

w OB R

AYOMOR Y HF fE s =

BEE YR CRERLIZERAE T Vo AMFLEBEE (BREBENE) 980w TR
%, MEATR, BLUEGRTREZRE Lz, WSERIIEENZ L, BRI 1AL -
7oo MR CIXEMERKMEIZIEE 2 5 &ME, CRPIZEEDSBE LR LR L7, Bl X 5%
BLUCT TIHBHEMEILBR & endosteal scalloping 7% < A 57z, MRI TIZBEHRB L
F R ERARAR D RSB L L AN DD, BIMIKE KT 2 X5 2EE TR
THERR SN H o 70 MFEERE L CERIEM TH 5 2 &, MK - AL¥FF R CEAERS
PHBHEETHL I L, EHEL, HREICL2EVWIKEL, HREBEORENSEEZCH S
PENNERT A RELEBERENALNZ W EPBEEEREE, Bloa—A v F7AEE
DFHNCBNTERELRZREEZ OGNz, KRB REVRAFEEEO—D L LTH-ICHRL
BT LD, B~OT7Tuo—F& LTEEELBbhl,

1. BEpEs

NA Y OHFHE T % Paul Wilhelm Heinrich
Langerhans (1847~1888) i&, 1868 4EiZ &z 127
T HIFEREFIM A R Tl THRE L 72
(& : Uber die Nerven der menschlichen Haut,
YEFE4 1 On the Nerves of the Human Skin) . & @
MAEBEHET V7 2 & FiEnTw
%Y, 1893 4F Hand 121118, ZRE, EEBkZ2H,
*V Masami HOSAKA etal, BRIk AEEESZH

ek, BRARE
*? Masahito HATORI, BALARRE, ERIVE
"9 Shin HITACHI, HAtK#mEE, HETRZHE

Langerhans cell histiocytosis of bone ; clinical and
radiological aspects and differential points from

malignant tumor

Key words : Langerhans cell histiocytosis of bone,
Eosinophilic granuloma of bone, Ewing sarcoma

FREZ 275 3RDBROBELZITo7. Th
T oy 2R ERE (BUF, LCH) 12
DVNTORLEEEOBEVENOMETH L, B
HixZw, HLEZ 5N Tz, 1953 4F Lich-
tenstein 23 ERER AW 3 MEfE, Hand-Schiiller-
Christian &, Letterer-Siwe 7 & ORIk D2
H - I AR & $ B A % Histiocy-
tosis X & %0179, 1987 412 ES ik Ik S
P, MIERE B X RS LR 2 B £ 2
HIREERIE % 3 D128 L7279, Histiocytosis X 13,
Z D & X1 Langerhans cell histiocytosis (LCH)
EERICEHRENDL LIk o7,

I. LCHD%¥&

LCH DERIRGHEIIHE, FIHEDED DI
LoTHENRTWAY™ (£ 1), KETIZLCH ©
) bHE—fEEEE (SS-LCH) 09 b EICHEE L
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# 1 LCH 053" £ 2 XBBLOFETEREDHE
1. H—f§235 4 (single-system disease : SS-LCH) Grade I A : Geographic lesion with sclerotic margin
(1) B3A0 (single site, unifocal) Grade I B : Geographic lesions with sharp nonscle-
B, VU USEL, ffiZe KBRS B rotic margin
BET 5L, Grade I C : Geographic lesions with poorly defined
(2) %%E (multiple site, multifocal) margin
B VONEI ICERREET S, Grade I : Geographic lesions with moth-eaten or
permeative component
2. #4354 (multi-system disease * MS-LCH) Grade A : Moth-eaten component
1) BEAEEHEDLZVLO Grade IIB : Permeative component

(2) BE#ErETHE) b D
KRB KK, &, )3
AR, OB, &g

& 3 LROBHBIEES (BKRFTR)

|G i wir RIS s RTHT R,
L2 3 R open 28H %g@ %a&? %ﬂi L)
2 | 2 = pe G (CTO;]; FT 1 ap BeiT B L
3 4 =) tHE open 14 A EIE JEfE
4] 4 B OBE (E®) 4 XEBET) 248 Bifs T
5 6 2 BE (H®) open 3A A <£%T’ éﬁﬁ#) Patrick (+)

6 | 9 =& L5 o (XBBET)  5HA T T, A%

7 | 8 = e 8 CT#4 FF) 24K IS e

g8 | 28 B T1 s (XWBET)  1HA P S, LML OUR
9 | 33 = B & CT#4 FF) 35K H T GRARRE)

& 4 SR OBMEBIGERES] (MK - A1)

A=A

S5 E%F*‘; B BIMERE AFEEER (%)  CRP
1| 2 mE 10,600 &%l 0.9
2 2 & 11,460 2.8 0.23
3 4 HE 14,200 4.9 0.87
4 4 BE (HE) 8,520 SCER L 0.3LT
5 6 BE (A& 7,800 4.7 0.58
6 9 L5 5,300 2 0.2
7 28 B 7,800 1 0.6
8 28 T1 6,600 1 0.5
9 33 BE 8,100 4 0.1LLF

THRETHEFIIOCTERET v VN A SR L YIRS T2 (B) IFIRERIEA
FaARERE (DU, BAMREE) & LTRRET 5. FEEIZIEHT S,

— 1160 —




Vol. 54 No. 10 2011

x5 LUROFMEMBIREES (EEAITR)

o AL X B/CT MRI
5 T AT FE
B ) BT REE ppg Endosted  mmm{  WASE BAPE RODE
1|2 @& O O O ® O O x

2 | 2 B O X X X O O O (=)
3|4 @m® O O o 0 O 0 O

4| 4 BE@EE O x O#) O#H O x x

5 | 6 BE@E® O X x O O O x

6 | 9 L5 O X O O O O x
7l mE O x x O O O O (—#)
8 |23 Tl o x O#) O (#) O 0 0

9 |33 WmE O X 0 O# O x x

moOmEHOOWe

1 9B GEBI6), FHBIE (15)

WP REEM X MIEE SR, LS AEEROERSALNS,

FHEIE e MO BBRRELA LIS,

WhE MR (T2 MFAKIRE) . MERXERIVSEFTTH 5,

F MRI (T2 MFKFE) . BFIVREIEHAL »TiER v,

10 7 B o Hfl X BB

SEBOEM X RETE R HAOEEIIFEAIZHEL 1,

10 7 B MRI (T1 RERFIHIEREEIRET)  BRICERRIRSALN S,
3EHED MRIL (T1 IBRFHGILE LB IIRE) o EEAIRANREE L 720
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01-2

2 2miBR GES2), BRGIE (CBe)
A~D HIEERE (5L 1HPH),
A B X MIEE S ABENE, BB ODER B BEREEALND,
B H#CT, MBETEOMNEIALNS, BIREG R A OFRELBG I & 2T u,
C MRI (T2 5FAFW) . BB L OENDDF AMDIET D EREBH 5N L, (SRS
B CRIGERS A SN S,
D MRI (T1 S&HRBERIEIESE) . BB L OB IR O CEAMEENREI A SN D,
E~H #2EERE (MEEREIY 15 H)
E Bl XRIEH G, Z£BEREOEESEOHA A SN B, DIFEDBETEA G LT
vig,
F CTo WWEDIMAERCTEBE OBl L endosteal scalloping 7%£ 2. 51 5,
G MRI (T2 BFAKFW) o BEA L 1) BAA~IRE OIS N2 o
H MRI (T1 &R IGIEE%) . BNS L UENO U AEDEENERA SN S,
I
J
K

N

2 EER T 7 AR EM X R HR. DEOBTLSERT LT3,
THARABENMCT, BOBENASNEPIERIBEL TV,
4 FRREM X R BIOTRIE LTV 2 0T RER I 4 6 N o,

MIRRIX ERZ, ) oSES, MR, WbE IRRsS g
LUOTEHEIEOMKE EFICERE L, E8 2Bk
LCH 32 ERICHETET 2 IEE BRI & B0 MORERE*ZHET 2 HERTHIECH
ERZETHMBIRTH LT 7 Ly 240 579, GEMEILZ K12 i% HLA-DR, CDl-a,
REBEEBREIESTH 22, S/ 0Ny 2 S100, Fe-recepter B3t Lysozyme BHETH

Il. LCH Ojx%E
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FRBIE (B85E)

A WPRREM X RIEER. REWREY, BESHALONL. BiEH

RERIBRETH 5o

B W2 MRI T1 &R OKFEEND . BAESOETALNS,

C MZEMRI (T25). BNOEFLANALNS,

D HWEE (W2 X0 1A FEID 2B OB X HiE, REWE
2L & B ICEBOMALEZEL = scalloping 28 b5,

E 17 BBOEMX K. BEEREFTERL TS,

F 1E#0OBEM X %, FERFEERL TS,

M/ NEE Cd A Birbeck R 2YE T IEMIE T
HEans”?, LCH 3B, CDl-a Bk
B TH BT 7Ny AKB O HIH K &7 2~
O — PSR L D BB O O N A MBERIERE
ELTREST LN TWA YY) LCH IZEHREIC
FEEt, FEMEESH (B2 CORCETED) 12
DWTERD L EINTWVES, BEDEZAED
BETIER L, TNy Aa»rSBsn
A NIA L BBED,CEBEDORIEERIF
i MRS NG,

V. BBRFTR

BRRERE O BEARER & LT3 Arckader 52
B E, MRIZBWTER (19%) "&b %<,
TRZEHEREBI D 94% 13 = k> TWviiz, IRWT
Bl (15%), BFEE (11%), MERE 5%),
EICHEE, BE, B, 55, RBE, RIEH
HEHRE L, BHEFIIENE SBY, MK
VOB L U Cidiit 0BETHE, FILUIER

MIFEEROBEMAER L ND L& ShpY,
V. B& MR

BHBEEOEFIT RIELHETH Y, bk
CREIIC Lo TRESE LA EDVRHEHTH
WY REBICBLTIBRIICERT 2, B
B OFEIIL RV, FICEERE T BRI
b, BMOFEEITINTH L, £ IIBHED
BEBRHRBETEL, o () L7-#1T (Grade T A~
Grade I : J#%BHER 70 # IR FE R~ UV VIR & 72
IRETA Y ETHRIRER) 2705, B
BHE (Grade I : BBV F 2 3REME) 2R T
BAa D H B9 (5 2), Endosteal scalloping,
cortical thinning, intracortical tunneling, #EfE®D
WRDP— 7 X IR TH 5. ZRNRENE
KLY ERYES &, hole-within—a-hole ap-
pearance &IFIZN 5P, HEFICB WV CITEE
1~4cm OMED SEAFOBROBEERE)
ALNBIEDNE Vv, UFEITHETH D,
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R4 B3 (455

BB (H8E)

Mk (FFELID 1AR%).
A B X GRIETE . A8 RO EELS & U scalloping #4F 9 BERESH D

Nbo

gow

HHMb,

Bl CT. BREISE & U scalloping 782 515,
MRI (T1 &5HIREN o HWEB L OBEEHOBAEETDETIEASILS,
MRI (T2 #5). HAB L OBENOV T AMDES ERAPSALNSE, BIERDS

E MRI (JRRF#NG T1 SFRERE) . HEEEH OB NS L OB Sk ER RO 1 82

BRHBLN, ETETELTWS,
F E#17BBOEM X HIFE,
G 1FBEOHM X HIEHEE,

punched out appearance ¥ £ 3 5, & 54 E
WIRGSZEDOY VL y b % 2T 584, double-
contour & 5 \»1E beveled-edge appearance & IF
EN B BHET B TR IEME (42%), BaHE (39%)
BT, FE LTHERICREL, BAERILE
FFSNDE, HAEDELWEEEHFZEL, B
SEHE (vertebra plana) & 4 V13 silver-coin ap-
pearance & IFIN S, HAERIZEBEBET 5, &
JEESIZ 10% 12 b, SERIZERE T 721348
WDOLEKREARZET AP,

WDV Mirra 5™ 1%, #0#, i, %8
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DZEICHHELTEY, Azouz 52 IZAMH L 18
HHOZHCAEL WA, SHHIZEERTH
D, EE GBS AHE CERICBRRETEL,
Z—A T RIER & OBEIEE B & DRI
NEETH 5 AENIFA DN E e BHELSA SN,
DB R P D AR R SN B 5
& &, endosteal scalloping, cortical erosion, B
g (BEH 5V IdERE) KIEKT 5254605
29, =7, BEMIIBCTRTE HEEE, B
B, HERE) LLBEOHHE S 2 ) KIS EEAL
PERANCEN L, FEICOWTRE IZEME L
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X5 16&BF,

HRIEAE (EBF)
ﬁﬁ%%ivmc.awacmP02,Mf.Lw5f%oto

i X BEEG. EBEEEORTEEOEBIEALN L, BOEILIZAL T

7&\/§0

B CT. EREIMICT

MHHND,
vy%ﬁiAoE%ﬂmrﬁr%%%@ﬁ&%n%o

MM(THmmW%m BB IUENH L E~REBTORENALND, B

ﬂﬁ@iﬂﬁ%t%<tKTAmﬁLLEL1wgo

MRI (T2 %), WERAEH—LEHEEZEL TWh, MERBEOERHS L UK

ERAARR O FIEIRZELIZHA & 2 Tld 2 v,

MRI (T13E85) . WEFLEE R LICERZIN TV, BEOEEZMRITHAS

K —HEREOVL ANALNL, BIHIKWAIKL

M T2,

MO EEZZ LONRLIVERDNLA,

CT I ERFICEBIBEOMBICEN, FFIHFH,
WIBWTHEHRTH A, £72, CT A F‘"Ff?é&
FIEHUIE A AERETH D, BRTHBEWIZ
froTwh,

MRI 2B RS & CBREARBRAN DO ER DRI
{1 T& %, MRI I3BEZEE CIIHEL R~ O ER
wﬁmmﬁﬁfﬁéoﬁﬁféﬁ%m@m%,%

W& (BHER) L oEBICER Ch 5. REF

TIATRRITEROREE, Tl CERES, T2 TH
Vi B3 2, BB CIRERBEOERH, BE,

BRI OO FIES L 5 2 b1, FH LWERRRD
HHND T ENE . B TIIEM X RERE

- DBILOHETE L CHREHBIEROUE L £ b

T2 DEEMET LT, Aizawa 5% 1357
FEBI CER M 72 58 MRI 2SREDIEEN A DO EIR
WKEHRTHAEHEL T A,

V. EHBTORE

LR CHEE 15 EIHEELBEHRBIKED D b,
ERCTREZENICHEEZH BTN 5 9flicon
TRRT 5,
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03112154 b
LR B

X 6 19mBEMH, BERFERSCKMBIL) >3 ERE, mhE)
IRAEFT RIL WBC : 7,400, CRP : 4.2, TL-2R 9,089 TH > 7z,
A B X GRIEE & ZER0E RO BB R 2 B EREV A LN D, BF LRI RER R &

RS A 5N 5,

el @)

Hif CTo BRI — L BRIENH N5,
MRI (T15RFAKTH) o BB L OBEIH
MRI (T2588)c MEIAH—LEETEEL TV 5, HEFFOBRISO RERZEL

I EEREDORENH LD,

BHhoNb, BRNELYEI F/NEEE) ~BELBEZ CRENERL T 5,

oo

EF BT, WTHFEEHIL 2~33 % (F5 13
B, S BT S BI (B R 4 5, BB 141,
EHeDS 260 (T1, L5), $HE - BEVE1HITH S
(3% 3) o WIBSERITIETEDS 6 B, AT 3 6, FEE
LB A SNz, FEDSERE TOMIL 2
BS54 H (FH 25 R), MEkERETETRIX
FEFEASE B, REREAS2 M1, 1 3I2BB (EHEk)
BLENCALNT, &@FFEEIL16] 37CH)
ATZoT,

Mg - £ R (R 4) T, YBI2R0H
MmEENE 5,300~14,200/mm’® (F35 8,900) T,
10,000/mm’® ML B3 T _XT4BRUTOEF TH o
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MRI (T2 FEBAHI5) o FREE B OB ZERELHS 22 CTh %,
BV YT T b EIEB LU ICEEBESHER S LS,
BT 7T b EREBEBBOILR R,

2o WFEREREE 1 B (NEBITHRT IO A5 1E)
PAMIIEE#HFENTH o720 CRP X IEEHFE S
BELRIZEET), BEEMET0ITHo7,
EEAT R, B X BREEILCT CERED
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Transfection of NF-kB decoy oligodeoxynucleotide suppresses
pulmonary metastasis by murine osteosarcoma

A lehlmura K Akeda T Matsuhara K Kusuzaki', A Matsumine', K Masuda?,
T Gemba®, A Uchlda and A Sudo’

YDepartment of Orthopaedic Surgery, Mie University Graduate School of Medzcme Mie, Japan, Deparlment
of Orthopaedic Surgery, University of California, San Diego, CA, USA and *AnGes MG, Osaka, Japan

Nuclear factor-kappa B (NF-kB) has a pivotal role in the progression and distant metastasis of cancers, including malignant bone
tumors. To inhibit NF-xB activation, a new molecular therapy using synthetic double-stranded oligodeoxynucleotide (ODN) as a
‘decoy’ cis element against NF-xB has been developed. To determine whether pulmonary metastasis of osteosarcoma is reduced by
inhibiting the action of NF-xB, NF-kB decoy ODN was transfected into the nuclei of murine osteosarcoma cells with high
pulmonary metastatic potential, the LM8 cell line, using a three-dimensional alginate spheroid culture model. An in vitro study
demonstrated the successful transfection of LM8 cells cultured in alginate beads by ‘naked’” NF-xB decoy ODN and that the
activation of NF-kxB signaling was significantly suppressed. Tumor growth was not affected by transfection of NF-xB decoy ODN,
however, the expression of vascular endothelial growth factor (VEGF) and intercellular adhesion molecule 1 (ICAM-1) mRNA was
markedly decreased. Furthermore, the transfection of ‘naked’ NF-xB decoy ODN effectively suppressed pulmonary metastasis in an
in vivo alginate bead transplantation model. Our results suggest that NF-xB has a central and specific role in the regulation of tumor

metastasis and could be a molecular target for development of anti-metastatic treatments for osteosarcoma.
Cancer Gene Therapy (2011) 18, 250-259; doi:10.1038/cgt.2010.75; published online 24 December 2010
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Introduction

Osteosarcoma is the most common primary malignant
tumor of bone in children. Despite multidisciplinary treat-
ments for this tumor, a significant proportion of patients
developed puimonary metastasis and eventually suc-
cumbed to the disease. Therefore, there is an urgent need
to develop new approaches to suppress the progression to
pulmonary metastasis."

The transcription factor nuclear factor-kappa B (NF-
kB) is a heterodimeric DNA-binding protein that consists
of two major polypeptides, p50 and p65.% In resting
cells, NF-xB is sequestered in the cytoplasm by IxB
proteins. Stimulus-mediated phosphorylation and subse-
quent proteolytic degradation of IxB allows the release
and nuclear translocation of NF-xB, where it transacti-
vates several target genes, such as vascular endothelial
growth factor (VEGF), inter-cellular adhesion molecule-1
(ICAM-1), mterleukm 1 (IL-1) and matrix metalloprotel-
nases (MMPs).> As these NF-xB-related gene expressions
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are considered to be involved in a series of sequential
steps, including invasion, intravasation, survival in the
circulation, adhesion and growth in distant organs, it is
generally thought that NF-xB has an essential role in
tumor progression and metastasis.* Increased and aber-
rant NF-xB signaling activity has been extensively
documented in cancer cells, with tmplications for cellular
proliferation, antiapoptosis, gromotion of angiogenesis
and metastatic tumor spread.”” Moreover, blocking the
NF-kB signaling pathway has been reported to inhibit
bone metastasis of breast cancer,” and the anglogenems
invasion and metastasis of prostate cancer'® and melano-
ma.! Importantly, an increased activation of NF-xB has
also recently been identified in a human osteosarcoma
cell line and 1s thought to contribute to the maintenance
of a highly proliferative malignant phenotype.'*™!”

To inhibit NF-xB activation, a new molecular therapy
using synthetic double-stranded oligodeoxynucleotide
(ODN) as a ‘decoy’ cis element against NF-kB has been
developed.'® When the NF-kB decoy ODN is transfected
into cells, it binds competitively to activated NF-xB and
prevents transactivation of the target genes. The NF-xB
decoy ODN strategy has been applied to various diseases,
such as re-stenosis after angioplasty or stenting, glomer-
ulonephrltls rheumatoid arthritis and atopic dermatitis
(see review'”). In oncology, it has been reported that
the intra-tumor injection of NF-xB decoy ODN inhibited



the cachexia induced by adenocarcinoma®® and that
intravenous treatment with NF-xB decoy ODN inhibited
the hepatic metastasis of M5076 reticulosarcoma in
mice.?! Therefore, we hypothesized that transfection with
NF-B decoy ODN would suppress the tumor growth and
pulmonary metastases of osteosarcoma. Using murine
osteosarcoma cells from two metastatic clones, the
parental Dunn cell line and its derivative LM8 with
greater metastatic potential to the lung,** we have recently
established a novel alginate-encapsulated tumor spheroid
model®® to mimic the in vivo microenvironment. The
purpose of this study was to examine the effects of NF-B
decoy ODN on tumor progression and metastasis-related
gene expression in vitro, as well as pulmonary metastasis
in vivo, using the LMS8 cell line in the alginate-
encapsulated tumor spheroid model.

Materials and methods

Three-dimensional alginate spheroid culture

The LMS8 murine osteosarcoma cell line, which has a high
pulmonary metastatic potential, was used for this study.
The LMS cell line was derived from the original Dunn cell
line®* by in vivo selection.?” In this study, LM8 cells were
seeded at a density of 2.0 x 10° cells in 175 cm” culture
flasks. When >90% confluency was reached at day 2, the
cells were digested using 0.05% trypsin and encapsulated
in 1.2% low-viscosity alginate (Keltone LV; Kelco,
Chicago, IL) in 0.15M sodium chloride (NaCl) at a
concentration of 4.0 x 10° cells per ml.**> Encapsulation
was achieved by gently expressing drops of the cell sus-
pension through a 21 gauge needle from a 10ml syringe
into 102mM calcium chloride; each drop was instantly
transformed into a semisolid microspheric bead. After
10 min of incubation to allow further polymerization, the
newly formed beads were washed three times with normal
saline, followed by one wash with Dulbecco’s modified
Eagle medium (DMEM: Gibco BRL, Grand Island, NY)
to remove excess calcium chloride. The beads were then
cultured in complete medium: DMEM supplemented
with 10% fetal bovine serum (FBS: Life Technologies,
Gaithersburg, MD) and 50ug ml™ gentamicin (Gibco
BRL). The cultures were maintained at 37°C in a
humidified atmosphere with 5% carbon dioxide.

Animals

Five-week-old C3H male mice were purchased from
Japan Oriental Yeast (Tokyo, Japan). All mice were
housed under specific pathogen-free conditions with a 12-h
light and dark cycle. Housing, animal care and experi-
mental protocols were approved by the Animal Care and
Use Committee of Mie University.

Transfection of NF-kB decoy ODN
Phosphorothioate double-stranded ODN, for which
sequences have been reported,’® was used:

NF-xB decoy ODN: 5-CCTTGAAGGGATTTCCCT
CC-3' and ¥-GGAACTTCCCTAAAG GGAGG-5.

Transfection of NF-«B decoy in murine osteosarcoma
A Nishimura et a/

Scrambled decoy ODN (SCD): 5-TTGCCGTACCTG
ACTTAGCC-3 and 3-AACGGCATGGACTGAAT
CGG-5'.

The SCD was used as an ODN control. NF-xB decoy
ODN and SCD were provided by AnGes MG (Osaka,
Japan). After 24h of pre-culture in serum-free medium
(SFM), naked NF-xB decoy ODN or SCD were
transfected for 4 h into LM8 cells encapsulated in alginate
beads as follows: 1. Control (SFM); 2. Scrambled decoy
ODN at 100 nM (SCD); 3. NF-kB decoy ODN at 100 nM
(Decoy 100nM); and 4. NF-xB decoy ODN at 10um
(Decoy 10 uM). The beads of all experimental groups were
then cultured in DMEM with 10% FBS.

Transfection efficiency

FITC-labeled decoy ODN (1 uM) was used to determine
transfection efficiency. FITC-labeled phosphorothioate
ODN labeled on the 3’ and 5’ ends of NF-xB decoy ODN
were provided by AnGes MG. The intensity of fluores-
cence was observed using confocal microscopy (FLUO-
VIEW FV1000, Olympus, Tokyo, Japan). Nuclei were
counter-stained with propidium iodide (Invitrogen,
Carlsbad, CA).

NF-kB (p65) ELISA

LMS8 cells were serum-starved for 24h and treated
with SFM, SCD, decoy 100nM and decoy 10 uM for 4 h.
The original Dunn cell line was used as a control (in SFM.
To extract LM8 and Dunn cells from the alginate
beads, each treatment group of 100 beads was dissolved
with dissolving buffer (0.15M NaCl, 30 mm 17! ethylene-
diaminetetraacetic acid (EDTA) and 55mM sodium
citrate; pH 6.8) at 4°C for 10min with gentle shaking.
The cells were recovered by centrifugation at 100g for
5min.?> The cells weie then resuspended in hypotonic
buffer (Active Motif, Carlsbad, CA), and the cytoplasmic
fraction was isolated by centrifugation (14000g, 4°C).
The nuclear fraction was separated by resuspending the
residual pellet in complete lysis buffer (Active Motif)
followed by centrifugation (14 000 g, 4 °C). The binding of
NF-kB p65 subunits to the NF-xB binding consensus
sequence 5'-GGGACTTTCC-3 of the nuclear fraction
was measured using a TransAM NF-xB enzyme-linked
immunosorbent assay (ELISA) kit (Active Motif) accord-
ing to manufacturer’s instructions.”® The activated
NF-kB (p65 subunits) in the nuclear fraction, which was
bound to 96-well microtiter plates coated with an
oligonucleotide containing the NF-xB binding consensus
sequence, was detected by an anti-p65 subunit antibody
followed by the addition of a horseradish peroxidase
conjugated secondary antibody and measured spectro-
photometrically (Multiskan JX; Thermo Fisher Scientific,
Waltham, MA) at 450 nm wavelength with a reference
wavelength of 650 nm.

Cell proliferation assay

The bromodeoxyuridine (BrdU) assay (Cell Proliferation
ELISA, BrdU (colorimetric), Roche, Penzberg, Germany)
was used to evaluate the effect of NF-xB decoy ODN on
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cell proliferation of LM8 osteosarcoma cells in vitro. Cells
cultured in alginate beads following 4h of transfection
were incubated in 12-well plates (CELLSTAR, Greiner
Bio-One, Tokyo, Japan) at 100 beads per 2ml DMEM
supplemented with 10% FBS and 50 pgml™" gentamicin
at 37°C in a humidified atmosphere with 5% CO, for
24 h. The alginate beads were then separated into 96-well
microtiter plates (CELLSTAR, Greiner Bio-One) with
three beads in 200 pl of medium per well (n=10). BrdU
labeling solution (20 pl per well) was added. After 8 h, the
supernatant was discarded and the beads were dissolved
with 200 pl dissolving buffer per well at 4 °C for 20 min.
The plate was centrifuged at 300g for 10min and the
medium was removed, and the samples were stored
at —20°C until used. This procedure was repeated
daily from day 2 to day 7 of culture. According to the
manufacturer’s instructions, metabolic activity was mea-
sured using an ELISA plate reader at 450 nm wavelength
with a reference wavelength of 650 nm.

RNA extraction and cDNA synthesis for quantitative
real-time PCR

Alginate beads containing LMS cells were treated with
SFM, SCD, decoy 100nM and decoy 10um for 4h and
cultured with SFM for 24 h. To extract LM8 cells from
the alginate beads (each group of 100 beads), the beads
were dissolved with dissolving buffer at 4 °C for 10 min
with gentle shaking,”” and the LMS cells were separated
by mild centrifugation. The pellet (containing LMS cells)
was washed three times with cold PBS. RNA was isolated
using RNAqueous-4PCR kit (Ambion, Austin, TX)
according to the manufacturer’s instructions. Comple-
mentary DNA (¢cDNA) synthesis was performed by oligo
(dT) 15 priming from 1 ug of total RNA using a cDNA
synthesis kit (Roche, Mannheim, Germany) according to
the manufacturer’s protocols. The cDNA was subjected
to real-time PCR quantitative-PCR using the ABI
PRISM 7000 (Applied Biosystems, Foster City, CA).
TagMan PCR was performed in 25ul volumes using
the TagMan Universal PCR Master Mix (Applied
Biosystems). TagMan probe/primers specific for glycer-
aldehydes-3-phosphate dehydrogenase (GAPDH; code
number Ma99999915 gl), VEGF (code number
Ma00437304_al) and ICAM-1 (code number Ma0051
6023_al) were purchased from TagMan Assays-on-
Demand Gene Expression Products (Applied Biosys-
tems). All PCR assays were performed in triplicate. The
reaction conditions were 50 °C for 2 min; 95 °C for 10 min,
followed by 40 cycles at 95°C for 15s (denaturation)
and 60°C for 1min (annealing and elongation).
The reaction mixture without cDNA was utilized as a
control. Threshold cycle numbers (CT) were determined
with an ABI PRISM 7000 Sequence Detection System
(version 1.1 software). GAPDH was used as the house-
keeping gene for an internal control. Each mRNA
level was divided by the GAPDH level of each sample.?®
The levels were expressed as an x-fold induction
compared with control group. All samples were analyzed
in triplicate.
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Cell detachment assay

One bead containing either the Dunn or LMS cell line was
cultured in 100 ul of DMEM with 10% FBS (n=10)in a
96-well plate (CELLSTAR, Greiner Bio-One) for 24h,
following which the bead was transferred to a new well.
The number of cells that detached from the alginate bead
and adhered to the bottom of the culture plate during the
next 24-h culture period was determined. The adhered
cells were fixed in 4% paraformaldehyde, stained with
Hematoxylin and manually counted under a light micro-
scope. This assay was repeated daily until day 7 of culture.

In vivo study

Five-week-old male C3H mice (n=40) were used to
estimate the in vivo pulmonary metastatic potential > Mice
were divided into four experimental groups with 10 mice in
each group. The mice were anesthetized with ketamine
(80mgkg™) and xylazine (7mgkg™"). In each experimental
group, five alginate beads containing LMS cells (~2.0 x 10°
cells) pre-transfected with NF-xB decoy ODN (100 nmM,
10 um) or SCD were transplanted subcutaneously into the
dorsal skin of mice through a 5mm longitudinal skin
incision. After transplantation of the beads, the skin was
closed with No. 5-0 vicryl sutures. Weight and tumor
volume, calculated as (minor axis)® x (major axis)/2mm>
were measured every other day. After killing the mice on
day 35, the lungs were removed, fixed in 4% paraformalde-
hyde and embedded in paraffin. Sections (5um) were cut
and stained with Hematoxylin-Eosin. On the maximal area
of thin sections of each tissue, the number of metastatic
tumor nodules was counted microscopically.

Statistical analysis

All data are expressed as mean+s.d. The association
among the variables was determined by one way ANOVA
with Fisher’s PLSD post hoc test using Stat-view software
(Abacus Concepts, Berkeley, CA). A P value <0.05 was
considered statistically significant.

Results

Distribution of FITC-labeled decoy ODN

We first examined the presence and distribution of
‘naked’ NF-xkB decoy ODN in murine osteosarcoma.
Fluorescein isothiocianate (FITC)-labeled decoy ODN
was used to evaluate the transfection efficiency of ‘naked’
NF-xB decoy ODN in the three-dimensional alginate
culture system. After a 4-h transfection of FITC-labeled
decoy ODN, confocal analysis revealed that the FITC-
fluorescence was distributed in a punctuate pattern
throughout the nuclei of LM8 cells (Figure 1). FITC-
fluorescence was seen in the nuclei of all cells within the
alginate beads, including those of dividing cells (Figures
1d-f). FITC-fluorescence was equally distributed to all
LMS cells within the alginate beads.

NF-kB DNA-binding capacity
To evaluate the inhibitory effect of NF-xB decoy
ODN on activation of NF-xB in the LMS8 cell line, the



