VP-16 %1% 57 VP-16 & L-PAM %12 72 16H & 1T o T2 %o ASCT DIRREHIT
55 —Z } 54 »TASCT %% F 72D 54 DFS 1249 %, BBHITIEM % TH-
7. Wi, BBFTEOBRBERLAFOSFEDFS I 14 %L FEEICARTH o7
- O CIE T L E TOBRE B WEEREO B LK & B R E VR TH -
L HEL TV,

Rosenthal 5¢ 1&, EBH 723 FHHC, tandem ASCT % 13 Bz, 1TEDHAD
ASCT % 7 Blic4T o770 1 BB ® ASCT OFfLEF, BUS+L-PAM 2*11 %I, L-PAM
LA LETSF > (CBDCA) 594, 2EEDOFMEE, L-PAM+CBDCA+CPA
F 12 VP-16 72 8 Cd o 770 1AIEBETEIX 2 B ASCT HFIC 1 HITdh o 720 HRBH
ci1$§$ﬁ$<m»maw@3%05@%%f%oto&mmm%”éﬁﬁbf
v B AS, EIREEIEAD % BRI EE L v aF iy 22417 tandem ASCT 2479 &
L NTRETH o 72

BLEX D, 52 A O 2~5 4 DFS I 20~30 % BET, RECFRIEITRT
BN WOH, FORDEBTHNIKIEEREIAHTHL LV IMELDH D
A, F fEJréﬁ‘?afiEfﬁUiﬁ@:%«?%% T HERITTE 2\,

[BEs - BEIC L RiEw |

PubMed T “Ewing sarcoma’ AND “high dose therapy” THRELMEEBEbNS
kA BEIC LT £72, NCI-PDQ® (http://www.cancer.gov/ cancertopics/types/
ewing/) ®ZEIZ LT

| SEH

l

1) Stewart DA, Gyonyor E, Paterson AH, et al. High-dose melphalan +/ —total body irradia-
tion and autologous hematopoietic stem cell rescue for adult patients with Ewing’s sarcoma
or peripheral neuroectodermal tumor. Bone Marrow Transplant 1996; 18: 315-8. (€7 ¥

« AL Na)

2) Burdach S, Meyer-Bahlburg A, Laws HJ, et al. High dose therapy for patients with primary
multifocal and early relapsed Ewing’s tumors: results of two consecutive regimens assessing
the role of total-body irradiation. J Clin Oncol 2003; 21: 3072-8. (¥ F AL 1)

3) Meyers PA, Krailo MD, Ladanyi M. et al. High-dose melphalan, etoposide, total-body irradi-
ation, and autologous stem-cell reconstitution as consolidation therapy for high-risk Ewing's
sarcoma does not improve prognosis. J Clin Oncol 2001; 19: 2812-20. (¥ F ¥ A LX) Va)

4) Oberlin O, Rey A, Desfachelles AS, et al. Impact of high-dose busulfan plus melphalan as
consolidation in metastatic Ewing tumors: a study by the Société Francaise des Cancers de I
Enfant. ] Clin Oncol 2006; 24: 3997-4002. (=¥ 7 ¥ A Ll m)

5) Gardner SL, Carreras J, Boudreau C, et al. Myeloablative therapy with autologous stem cell
rescue for patients with Ewing sarcoma. Bone Marrow Transplant 2008; 41: 867-72. (L.¥ 7
VALV

6) Rosenthal J, Bolotin E, Shakhnovits M, et al. High-dose therapy with hematopoietic stem
cell rescue in patients with poor prognosis Ewing family tumors. Bone Marrow Transplant
2008: 42: 311-8. (¥ F ¥ A LRV NVa)



FERIE G S 2 2RI BRI ?

s HE L2RETIE, 2RSS KD BAFIHEOBI USSR

ek
JL—R BENTVD., R ETSEEIE 12~14 Gy HBEHREE L
THBEISND., 2L, MIHRRBEIC &2 iR E O HIERY
50 %% BABBEEHY, +HIBTILENHS.
(ZEFVZALNL M)
E-RELT |
BB Ewing BE7 7 3 —EBEOMEZFAIC L, B X 2 B #2588
BTE LR LD PIRE LT,
(& 5 |

Paulussen 57 1%, 1990~1995 4EZ EICESS 2B 4k S 720l £ 72 3 IS I 258 % 220
72171 MR LT, 4B TR 156Gy, 142 i 18 Gy 02 i B E OFE4T 6 & I
Bl DFBOWE Z1T> T3V, &R %17 2B 5 FEMFHEFERIT 40 %
T, FBHEHFAOBIRITII% LEMBHEZToE ) WERICEFRIE I -7z (P<
0.05) o

Spunt 52 1%, 1979~1996 4E(Z St. Jude Children Hospital TR X 7= filz e % 52
D72 BENT DWW THEF RN Lo 18 A BITIIHIELSNEE T Milinig 53 44
T&, 1 AZTEMBET 165 Gy 24TV, S O ICEIICAFH 215Gy BBH L7z, $7-,
MEALERRE CTHIEBESHHTE 2207210 A0S H 7 Aaxt L Cid &0 B 5t
165Gy 21T\, ZD 95 B 2 MIHEIERIZ 30~35 Gy BN 21T T\ 5, £t
DBADH B 3 NIT 14 BRI RE L 724, X704 FEETRELL, WeHE
BB e 2 O BRE ST IS S N WA, AR OALEFRE I T 5 SR B OH
HIREMBIIEANEE Z 6N ED, ALFEREITH 2 RS RIF 260153 2 &
BEOFREIZHO NPT, SRIIFFARN T ¥ 5 2B LETH L L LT
Wb,

Bolling 5% 13, 1990~1999 %12 EICESS 92 (2 Bk S M7= Mil=H % 380 72 99 #iliz o
WTHRFRIME 21T o 720 2 OBIZETIZ, WilEk & 25BN L5 TR I A
ENTWTHMMoOEMES (14 mkiiid 14 Gy, 14 Ll R 18Gy) Z# L Tw
%o EMOBEMEIL 12~21Gy TH b, T7z, MERELZIT-TBY), BELXIT-
72 12/28 (43 %) DBEE, FICHHERREFTIIRO L, o7z, 1R) O 16/28 13T 55D
Itk 2 0, 2BIEERETH o7z, MEREFTORARIRBITHREIC L 2EIIH
Dol TOMETYH, SMBHE L2603 SR LR VES L ) 5 FELEER
DEBEIZVHER VAR (61 % vs. 49 %, P=0036) 2o 72

PEXY, MitBa s L2 E8E CEEROBEDRICh b 5§, SIRE %
FERLIIE)DPFREIEGFLEMNCH 5, EMBHEE1T) 5613 12~14 Gy 2 HBERE

327

o 1SR ATnaa H



BrLUTHRESNSE, LL, BETREIICE 2MBRET ORI % EER 5
b dH)+HEBRTLLEND 5,
(B - BEICLEIRER |
PubMed T “Ewing sarcoma” AND “pulmonary metastasis’ THRELEEL BEbh
AR EBFEIZ L. 72, NCI-PDQ® (http//www.cancer.gov/cancertopics/types/
ewing/) *ZZIZL72,
STk ]

1) Paulussen M, Ahrens S, Burdach S, et al. Primary metastatic (stage IV) Ewing tumor: sur-
vival analysis of 171 patients from the EICESS studies. Ann Oncol 1998; 9: 275-81. (=¥ 7
ALV

2) Spunt SL, McCarville MB, Kun LE, et al. Selective use of whole-lung irradiation for patients

9

W
dii

with Ewing sarcoma family tumors and pulmonary metastases at the time of diagnosis. J
Pediatr Hematol Oncol 2001; 23: 93-8. (¥ ¥ ¥ 2 LX) NVa)

3) Bolling "f Schuck A, Paulussen M, et al. Whole lung irradiation in patients with exclusively
pulmonary metastases of Ewing tumors. ~Toxicity analysis and treatment results of the El-
CESS-92 trial. Strahlenther Onkol 2008; 184: 193-7. (=¥ 7 ¥ X L~V 1)
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[REME EWing REEY 7 2 U — BB OBREDBEEISHEILL TL
BU EFBEDHRL, SERIRNTHIRDPHDD, 1HRAT 73

K+HWKRTZF+IT bR N (ICEEE PEREELTH

B, Fie, (LFEEEOHRDPRUVVERITIE, LEEEEZHETTAE

) EREMPFARBIEERITLZEDDPINVENDIREEDH B,
(TEFVZULANL W)

BEMY Ewing AE7 7 3 ) —EEOFRIZUZELCTELD, BRETLEFHERBT
HhHrEvbNTwa, BEFIIKT AEEEL L PERENEMBHEOERIMEICIZD

(B2 - B |
WCIREF L7z
3 |

BRBOIFEREE LT A2 RIBFEMMTbN T b, AN THAEELLNL FE
Yy (DXR), ¥27ufsRA773F (CPA), €v27YRXF¥ (VCR), 4K
773IF (IFM), = FKR¥ K (VP-16), 727F /<4 > (ACD) @6 FIZH LR
755~ (CBDCA) %#MZA7ZEMEOMEAEDLETITONE Z EHE W 25, RE
BITHHERELELLIEMNIFERARTH 5. BEFICHT LRI S 72 B IEE
T, ThETTONTELABROIER % 4~6 FIFA G DOE 2 ENHEIHEIR X5 55,
Kung 5 & Winkle 5% 13, EFEIEIA 7% \25, IFM+CBDCA +VP-16 (ICE %)
EWIZIBNDBER Th o2 L ME L TV b, MOlEEM/NBERIEL T LT b A%
EVIHIREY bH Y, BREEIE LTRBRREO—D2EE2 5N 5,

BREMEMREEMICE L T, Baker 5V 13, BREDLENFEOR RSB VEH
Wid, HREMEBMBBAE T L2135 L v EHME L TV b {LEIENDRIEA
BIFTH o7z 27 ik 13 Bl B BRI T b T\wb, 2027 IS T, %
IMEHRBREAN % 51T L 72 13 4 & iR il & AT L Ze oo 72 14 Bl & g4 5 &

5FEDMIHBRAETFZII6] % & 21 %, EEFRIFZTT %E21%T, LHITEEELED
TEY, ZORERDSENGEORFRRS R EFTIE, Sz it 2

LI D FROUSEFEIN L,
BREADOFHRETFIZoWT, Baker 5V, Rodriguez-Glindo 5%, Bacci 5 o #i&
1, DD S 2EUBOBREADOFHRIBILBENRIFTHL2DIIH LT, 24EUNOEH
BOFHRIEBFEFIARTHALERMEL TV b, BREIMTIE, BOBMBEROES
1, BT RRARE AL FERE R T ST RIS EFEN, BRI EHEMNOBAIRETH
Bo MOBMBERENL, MR EIT T MESEEEEM L ) 5 FEFREFTITAEIC
BV X, MRSENEOERO—DE LT#E L5015,
FHIEFNCELTE, PRAVRAST—E IBEHTHLL Y ) 74 (CPT-11) %

e 1ERTE Arnaaa H



topotecan (& B A O F XD % was, CPT-11+ 7€V 1 I F7, topotecan +

CPA® 7z EOPFFR TORER

D DEBIEDHE STV 5,

(@R - SECLEZREN |

PubMed T “Ewing sarcoma” AND ‘relapse” THELEE L EBEbh i LMt sE
12 L7 F7-, NCI-PDQ® (http://www.cancer.gov/cancertopics/types/ewing/) %
2% 12l 72

| SE

]

1)

2)

5)

6)

Barker LM , Pendergrass TW, Sanders JE, et al. Survival after recurrence of Ewing'’s sarco-
ma family of tumors. J Clin Oncol 2005; 23: 4354-62. (Z¥5 ¥ A L0 M)

Shankar AG, Ashley S, Craft AW, et al. Outcome after relapse in an unselected cohort of
children and adolescents with Ewing sarcoma. Med Pediatr Oncol 2003; 40: 141-7. (=¥ 5
VAL Na)

Rodriguez-Galindo C, Billups CA, Kun LE, et al. Survival after Recurrence of Ewing tumors:
the St Jude Children’s Research Hospital experience, 1979-1999. Cancer 2002; 94: 561-9. (=
EyE A LaUr I

Bacci G, Ferrari S, Longhi A, et al. Therapy and survival after recurrence of Ewing's tu-
mors: the Rizzoli experience in 195 patients treated with adjuvant and neoadjuvant chemo-
therapy from 1979 to 1997. Ann Oncol 2003; 14: 1654-9. (¥ 7 Y A LX) Va)

Kung FH, Desai SJ, Dickerman JD, et al. Ifosfamide/carboplatin/etoposide (ICE) for recur-
rent malignant solid tumor of childhood: a Pediatric Oncology Group Phase I / I study. ]
pediatr Hematol Oncol 1995; 17; 265-9. (¥ 57 > X LX)V V)

Van Winkle P, Angiolillo A, Krailo M, et al. Ifosfamide, carboplatin, and etoposide (ICE) re-
induction chemotherapy in large cohort of children and adolescents with recurrent/refrac-
tory sarcoma: The children’s Cancer Group (CCG) experience. Pediatr Blood Cancer 2005;
44: 338-47. (¥ F VA LX)V Va)

Wagner LM, McAllister N, Goldsby RE et al. Temozolomide and intravenous irinotecan for
treatment of advanced Ewing Sarcoma. Pediatr Blood Cancer 2007; 48 132-9. (ZE 5 ¥ 2
L <L Vb)

Hunold A, Weddeling N, Paulussen M et al. Topotecan and cyclophosphamide in patients
with refractory or relapsed Ewing tumors. Pediatr Blood Cancer 2006; 47: 795-800. (=¥ ¥
YA L)V Vb)



ZIRDADFRESRIL ?

EwWing RFET 7 U —BB D RDADREICIE, MEHSIAE,
PRAVAZ—F ITHEFOEREZFTIEARL, P hSHA2

V2R, PIFIAHGEDERDBERETREI RV EE L
T3, (TEFVZUANIL M)

- B |

Ewing BIE~7 7 IV —JEH; (ESFT) 23 AEMIE, TV FIALEISR PR V2
7 —¥ NHEEH 2 ECEA MR EEEICREHRER AT A LX) F 0K
EVRONTEz, —F, INOHDPAHEB X OBEHIEEIC X AGEBEED — ks
ADIEDTAIND, EBE, INOOEPNIE D ZRPARIESR, BEERICELT
Mgt L7zo

| fE

SE;:'

l

NI TITOLNTE 2L ODDRIRAIFET, ZRPADRKEICHE L TRED? D 5,

FEREMBEIZE L Tkt~ T, 661/690 61V (09 %), 841 /674512 (1.2 %), 14 i
/598 B1¥ (2.3 %), 12461 /237 B1Y (5.1 %), 16 /266 1% (6 %) 7z EASH|E X T
bo FIET AV ADHIHIL, PAAFNCL D L Z 5N 5 EHEES MM S R
(t-AML) RiaH¢BIE M BALE BRE R RE (- MDS) (Z B RE, BT % 16
FUIC, BETRIRENIC X 5 I FLIRRY R, 10~12 4842 ICREL TL 5,

P AFNCEIFR L 724 & T, Paulussen 5V 1E, B 5 5 FH% O RAFER I,
Ewing Wi 44T 00093, = FKR¥ F (VP-16) #HH LA WETIZ0 T, VP-16%
B L7-#TI1X 00118, 1 kA7 73 F (IFM) & FEvy ¥y (DXR) # w7
KA FEPHERETIZ 00398 I EFA T4 EMELTWA,

Navid 5% 1%, 23761 861 (34 %) 2 t-AML % 22, MDS/AML #li3, F#HF
BTholze EFRPECIIONTLENHEDOFT G WA IS N, ARAFOBRIZ LY
t=AML A34HN9 AR LN T\ 5,

Le Deley 5% 13, 7 b F )UALH] e R IHE H LB 55 113 BI S L7 0 o 7298,
FRAYVRAT—EITHEAR 12~6g/m* L7 ¥ FIH% 4 21U VRIEH % 170 mg/m? LL
ErHE5THE, TNUTOEHEHKRLBMFEBERRBIZ7THERL, 512 K
AVAT—¥ I#BESIE6g/m? 2B2 5 L HMBRERPLAETAZEDHELC
Wb,

Bhatia 57 1%, 1992~1998 412 COG I Bk SN 72 ESFT BE D578 A, 7 4 O —
7y TEROP R 8 FEMT, 11 AOBEDt-MDS #RE L2 EHMEL T b,

TG LT IFM 90 g¢/m? 25 140 g¢/m? ¥ 270k Z2 77 3 F (CPA) 96 g¢/m?2*5
17.6 g/m? DXR 375 mg/m? % & 450 mg/m?® (Z3E3% L7216 L ¥ A » T, t-MDS D%
FEAMBELB L TI6REFBICHL, 5ETIL %ICHEL T3, IFM 140 g/m?,



CPA 176 g/m? DXR 450 mg/m? O AEHED, t-MDS OREEV R 72 HE L LTw
LHmEL TV,

BEXD, WAARNCE A t-AML X, bPRAVAS—¥ IIEEXTH S VP-16 7
7 Tld% ¢ DXR, IFM, CPA % EOBHIOMAAbETLRET 2 THIEEB <, +
FEBVPLETDH 5,

BT R ERGTICBIR L 7235 T, Navid 5% o#&ETid, 237 694 4 6112 Z R EER
EHEPFEL, BEFII-HLT260FRNBORENH D, 60Gy #BR 5 LHEESX
BEEBICE %5, Kuttesch 5% OMETD, BIFEETIE, 484Gy LTOBETIZT
WHEREDFRIEIZRO o775, 60 Gy 2B D L BERIABICE kb,

Bacci 5% D& T, 40~60 Gy % FRAH L 7= 8 B1IC MU RIS B FIIE 25698 L T o
Bo FMTTRARETE UL, BETHBEZETONE 2, BEREZRD S22
WETHEE T, ZIRVPADREEI) A7 2B TELLEHEL T,

(183 - BEICLIETRER |

PubMed T "Ewing sarcoma” AND “Second malignancies” THRZELEE L Bbh
YW EBHEICT LT, £/, NCI-PDQ® (http://www.cancer.gov/cancertopics/
types/ewing/) & B#IZ L7z,

Ed |

1) Paulussen M, Ahrens S, M. Lehnert M, et al. Second malignancies after ewing tumor treat-

ment in 690 patients from a cooperative German/Austrian/Dutch study. Ann Oncol 2001
12:1619-30. (=¥ F Y2 L)L 1) ;

2) Dunst J, Ahrens S, Paulussen M, et al. Second malignancies after treatment for Ewing’s sar-
coma: a report of the CESS-studies. Int J Radiat Oncol Biol Phys 1998; 42: 379-84. (¥ 7~
Z L~V I |

3) Bacci G, Longhi A, Barbieri Eet al. Second malignancy in 597 patients with ewing sarcoma

of bone treated at a singlé institution with adjuvant and neoadjuvant chemotherapy be-

tween 1972 and 1999. J Pediatr Hematol Oncol 2005; 27: 517-20. (¥ F ¥ 2 Lk 1)

4) Navid F, Billups C, Liu T, et al. Second cancers in patients with the Ewing sarcoma family
of tumors. Eur J Cancer 2008; 44: 983-91. (=¥ 5 ¥ A LX) Va)

5) Kuttesch JF Jr, Wexler LH, Marcus RB, et al. Second malignancies after Ewing’s sarcoma:
radiation dose-dependency of secondary sarcomas. J Clin Oncol 1996; 14: 2818-25. (=¥ 5
AL ) )

6) Le Deley MC, Leblanc T, Shamsaldin A, et al. Risk of Secondary leukemia after a solid tu-
mor in childhood according to the dose of epipodophyllotoxins and anthracyclines: a case-
control study by the Société Francaise d’Oncologie Pédiatrique. J Clin Oncol 2003; 21: 1074~
81 (Z¥F A LRV .

7) Bhatia S, Krailo MD, Chen Z, et al. Therapy-related myelodysplasia and acute myeloid leu-

®

kemia after Ewing sarcoma and primitive neuroectodermal tumor of bone: A report from
the Children’s Oncology Group. Blood 2007; 109: 46-51. (Z¥F Y2 L~V )
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BEUES BV URTAEO RS FHRAEOT
BRGOFMEITH & &1 Z—BIOT, & - BERERIC
BOCLRABTH L. ARTHBOLELE L34 7
CORBEERPLFROFHUICEET, EMKE
IR HEAICB W TEEFHEICOWCERS N
TWwWbb00D, MBFMNRIEHNELEIZEDOONT
Wi, AIRTEREOMMSE, BREL LTOR
B ERMEN L LIIOWTERT .

—%, YBRETFMIZ oW TIEEERVEHE 2 Y
ICBWTEEMICEER SN, RETDE IMTITHR/NIE
KEEDLRTVD, MHEDEERRY, B
BB LUVEBEEDSEEI D, BMICEEOA TSR,
JE, R CEMERYRGTMERL 25T VD, &
@i £ o TumBEams R chRERE
PSEE LAY, AEBTI S O X R ERER B RS
HUREOHSHFERLT, BRERESLUTFHE
DHE, YREOBISL O SN LL, B
B L AMETFRECHBIMEE L B2 2 EHE
RELRTEAL SV, A2 URGTHIES
OFHIZE Y, SHROEBEE UREBRES, 25
EAFREEO—BE LB L. BRERNFES
B RBEEEEAC I AUBREHEEY L roE
BIZoWTHRS.

0 1. meraamyeas
1) BROER

W I RBERES ST b s L

BEHRED S D, HEE, EERRICLY, FH
BELHEAEDETHVONG, ZREROME
BICHIE - REDFS B2, BB R
EMNT DI EDUETH S Y. BIRVER TR
/NEERBEFUEIRIC & B EAREEEAED SN TH
D, EE, ERFFME YBRAE OGS —
BY 54, RHMAECIIESSREHEL FHROEIC
FELHEZREOZVEOREI DD, M
REli & B DR IRADPRETH D, —HT, KEHW
FEIZAARE - BRI OBENS {, WIEEDERS &
REEEFHLBRERON TS, B/HME Ewing
PIRE/PNET, BB AIE R M5 WE itk
BEORZUIE , EEMERE LTHRISAT
V5, AAREIREIS & BIEEICIE, RS
IRIE /MR RIE, FRIFAIE (BRI, B
ERELZ LS5 5. HEBFENDRNEICONT
i3, ENEEREIURVEHOEES MRS OLE S
BEFML TV L2O0EREEDNS.

2) HTETEEE T U RITllsmE(
WRIREIZZ C OBREE B TERT, &k
BTHEENY RN EEENBEEN TV 25, M
BEHEADOE S L FZLERERELN, BHTL
LA TFMERSELNT VS EIIES 2w,
B REEBERICBVTLRETH 52, BEE
DFE, RECMBR L R Y, HARERLE
BEOBEEL TV ERN L VBERETHS. 20HT
HEENET LS 29T, RHBEFOFM D
+HCBEL 25, ’
RGEFITH, e ORECHI - 855 - Biait




; b A/
1 | WATAREORSSNIL (BRI R R EAE)
LB B & CHOTRIRE & 3677, MBEEFESL A
B - BTHEOE LKA T L. B o8 i SR D)
B 7D non-viable & A% ENAHMI (RN DR/AELTWV S,

RHMEEEESRELE A B0, (LEEEIC 2EE
MIEFEIX EICRIMBIEIE L SN, 7RI =T AR
O—Y A% EOMBIETHA I N T V5. HifiEE
WX AHEBEMIMERIERZEEDERENL T
BY, BRTIEZMBEOELE, BENEICEES
MEOELL L TELZONE. EEMEICIZHA
BEOBD - Hke, ERMBICEL 2EL2R
T OB - 2t - AL - BE - BRI 2%
b, MREOBAL - =Rt - FEMAL - BRI ~7E
REAL - BT, MR u~F U LERL
BEBETHIHFELAMERMK - SESHHMBEOR
BoRo6Ns (A1), EEHEOEECIIEE
DEEDOEALE LTI, BEEFREEBOBESER
AL, V55 - MEEREE A ) B - Mm%
BHBROBA LR L2 R (R 2a). 72, WHEEE
AT 5 IR A RE R B AR M M R BRI /R R A
JECIXBMEREROEEZER L2, EEMKED
WA - HEEARD (H2b). EEDOSVEE TH,
BEEHMBESERLTCOTA A0BIIZELL LS.
FMICHIzo T, HMIRBEERSOBESERD
BE, ZMHHMIES “viable” #*, “non-viable” TH 5
PHAMEL RS, —HBHIZ, BOoFLWEIL: B
HE, BEE - Wh ML, BifE, A Y7z &% non-viable
cell L&, BFERFERShATWAE (R, —7F,
¥ MRREORAL - ZRENE, £8t E#L
Vo BT RRATHMETH ZEHOE NI EHD,
viable cell L AZ ENTW 5B Y, £ DB TR
Th, EREOL) 2HfE - MESEENELEZES
THEADBRECHEZREDORS T 218, viable 5 &

V. &%Blﬁﬂi@%ﬁ%ﬁﬂ?iﬁﬁ%ﬁ%%%ttﬂﬂﬁeﬁﬁﬁﬁ 247

& b !
K2 | #aiaERD
FEH)

MEEESE LRI L, B - MEEEBICBRE SR
P ‘(9 ga). fibromyxoid Z2ER% FD F FICHAAEL L Tw
%5 (b).

RRENTIE ERSEAE €1 & [

2 D DRI O B 1 A B D BB MR A B 12 1 ¢
BELTOYABLELL, HNCEET22 L 44
7,}(&1139); IR

ANEBAREOSE, EEEI R - Bk
THAEEEBICBIR SN S D, HEMAESES L L
TBEMIS RS T2 0T, MEBEIME %o
Th, FRO LD 2RO - ZITIRZ L ER
B D (H3,4).

3) MHBENDRYERELE
AR TEESRRTEEIR VRN CEENED S
NTVBRVOT, BEERLERIIOVTHND.
BN EEIERHM I R R e
(JOA i) BBEINTWS. HERBEAIES
BERERICLUTFHMT 202 E AR LT, HIEHEH
Tix7% {, viable ZEEMBORGFELFML, +
DHPIZ L o TAERBIIHEIN T3, BEME
DEHDOFESLHEIOBEIIOWTERT A LT
o TV 375, MREEORADICHT 55D E
T, BHELZEEMBEOEFLDOHIBIEEI N
HEEIZL > TRERBENRZTONS Y,
T/, BEEDLNTWD BXREBREEMNE S
Ju— 7 (Japan Clinical Oncology Group : JCOG) D&
REEE S V-7 L 52 EREFRNLFEEREDORIK
RKRETITHEBENS R ESME L Y, FltE
# (JCOG ¥, ) MFREEA TS Y. EXRK
213 JOA HHEICHE LTV 2 4%, EHMBOHES
MEEEORLSOFMIOVTHTHEESNTS
D, HERIZLIBENDPRVWIDLEZLNS Y,
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23 | wErtE D A Ewing PIL/PNET

13 14 15 18 17

18 19 20 . J

MRI (T1-Gd) C L8 () ITH i (b) REL (ML, BEBEOEEHROBLI LT D, FREHRFHITEED
EHgBRE T w5 (¢ A, d | ZedR) . MAFRIIC, BRI 2 B RAE (R § 5130, BEFELIBD
LT ST B B SR (FREHR) bR SN TOFAXLRETHE, EEA PR DHEE LD LEZDNDD, T

A X@%ﬁd\&i%ﬁ%ﬁ—‘ﬂ‘]%%*ﬂ%f‘ﬁﬁ A ST,

JCOG % T3 Grade 3, BRI R OEEIIETIID L L

Ef 2 \#E%T B A%, T C/MEEE DR FRESNLNEELEELOND.

#£1 | JCOG B ES TV — T RN RAUEEER

() ¥ _

R E’ﬁﬁ]%iﬁl‘i%iﬁ : 45 DA D\WT viable cell D

RELSTHETS.

Grade 1 & Grade 2 % standard responder, Grade 3 &
Q’}rade 4 % good responder £ ¥ %.

rade 1 : viable tumor cell 7350 % B X % 1Y)

Grade 2 : viable tumor cell 7510 % ## % 50 %LLT

Grade 3 : viable tumor cell 25 10 % ELT

Grade 4 © viable tumor cell & { D%\

1 ¥ AT K IR 4 (pyknosis), R IE (karyorrhexis), 1% B
(karyolysis) ® LN O R R 5354, non-viable
cell LHET 2. MIE TR, ZRER OB,
viable & A2 ¥ .

¥ 2 AbFEFEC LD cellularity 75§1ﬁ“ﬁﬁfbli)§9‘l,fcfﬁ‘%f, patchy
1= viable cell 253 B4 1, HRBEOHMICL-T /10, 1/
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Margin Deffinition Procedure
named by the least margin
Curative >5cm or equivalent curative procedure
Adequate wide 4~2cm or equivalent adequate procedure
wide-4 4cm or equivalent w-4 procedure
wide-3 3cm or equivalent w-3 procedure
wide-2 2cm or equivalent w~2 procedure
Inadequate wide lem or equivalent inadequate wide procedure
wide-1 w-1 procedure
Marginal peri-lesional discolored are marginal procedure
op. scar, hemorrhage
Intralesional through lesion intralesional procedure
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ORIGINAL ARTICLE

Flow Cytometric Sorting of
Neuronal and Glial Nuclei From
Central Nervous System Tissue

SElJl OKADA,"** HIROKAZU SAIWAL'? HIROMI KUMAMARU,'? KENSUKE KUBOTA,'*
AKIHITO HARADA,' MASAHIRO YAMAGUCHI,® YUKIHIDE IWAMOTO,>

AND YASUYUKI OHKAWA

! Superstar Program Stem Cell Unit, Graduate School of Medical Sciences, Kyushu University, Higashi-ku, Fukuoka, japan
2Department of Orthopedic Surgery, Graduate School of Medical Sciences, Kyushu University, Higashi-ku, Fukuoka, Japan
3Department of Physiology, Graduate School of Medicine, University of Tokyo, Bunkyo-ku, Tokyo, Japan

Due to the complex cellular heterogeneity of the central nervous system (CNS), it is refatively difficult to reliably obtain molecutar
descriptions with cell-type specificity. In particufar, comparative analysis of epigenetic regulation or molecular profiles is hampered by the
lack of adequate methodology for selective purification of defined cell populations from CNS tissue. Here, we developed a direct
purification strategy of neural nuclei from CNS tissue based on fluorescence-activated cell sorting (FACS). We successfully fractionated
nuclel from complex tissues such as brain, spinaf cord, liver, kidney, and skeletal muscle extruded mechanically or chemically, and
fractionated nuclei were structurally maintained and contained nucleoproteins and nuclear DNA/RNA. We collected sufficient numbers
of nuclei from neurons and oligodendrocytes using FACS with immunolabeling for nucleoproteins or from genetically labeled transgenic
mice. Inaddition, the use of Fab fragments isolated from papain antibody digests, which effectively enriched the specialized cell populations,
significantly enhanced the immunolabeling efficacy. This methodology can be applied to a wide variety of heterogeneous tissues and is
crucial for understanding the cell-specific information about chromatin dynamics, nucleoproteins, protein—-DNA/RNA interactions, and
transcriptomes retained in the nucleus, such as non-coding RNAs.

J. Cell. Physiol. 226: 552-558, 201 1. © 2010 Wiley-Liss, Inc.

The central nervous system (CNS), that is, brain and spinal
cord, comprises complex cellular aggregates whose functional
properties are dictated by the integration of muitiple
specialized neurons, astrocytes, and oligodendrocytes. Due to
their complex cellular heterogeneity, a molecular description of
each neural subtype is relatively difficult. Comparative analysis
of gene expression or molecular profiles has relied upon
conventional histopathologic examinations, including in situ
hybridization, which provides only a small set of data with
limited detection sensitivity and is not applicable to high
throughput analysis. Thus, there have been numerous attempts
to develop a method of selective analysis of defined cell
populations in CNS tissue (Kamme et al., 2003; Tietjen et al,,
2003; Lobo et al., 2006; Doyle et al., 2008; Heiman et al., 2008;
Sanz et al., 2009). Currently, fluorescence-activated cell
sorting (FACS) is the most commonly used method of isolating
specific cell populations from a heterogeneous mixture and
is indispensable for hematology and immunology research. In
the field of neurobiology, however, this method has not been
widely adopted for several reasons. First, the intertwined
nature and tight cell—cell adhesions of neural cells make it
difficult to separate cells without causing cellular damage.
Second, even if the cells are successfully isolated, the chances
of the neuronal cells surviving is quite fow, which is a major
obstacle for the FACS procedure. Third, conventional
immunohistochemistry can be used to identify neural
phenotypes with a large variety of cytoskeletal markers, such as
neurofilaments, whereas there is a very limited number of
adequate “cell surface antigens” that are useful for neural
sorting.

Here, we developed a direct FACS purification strategy for
isolating neural nuclei from CNS tissues. The advantages of this
technique focus on analyzing the active state of transcription;
therefore, this technique provides cell-specific information
about chromatin dynamics, nucleoproteins, protein~DNA/

® 2010 WILEY LISS INC

RNA interactions, and transcriptomes retained in the nucleus,
such as non-coding RNAs. The goal of this research was to
establish a convenient protocol for extracting, immunolabeling,
and fluorescence-activated sorting of nuclei. We successfully
extracted neural nuclei from CNS tissue by mechanical
stress and enzymatic digestion with the inhibition of actin
polymerization using cytochalasin B, which induces nuclear
extrusion, and collected a sufficient number of nuclei

from neurons and oligodendrocytes that still contained
nucleoproteins. This protocol does not require
ultracentrifugation, which is typically required for nuclear
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NUCLEAR SORTING FROM THE CNS

isolation (Lovtrup-Rein and McEwen, 1966; Thompson, 1973;
Pearson et al., 1984; Spalding et al., 2005; Jiang et al., 2008;
Matevossian and Akbarian, 2008). The morphology and
chromatin structures remained intact in the isolated nuclei:
both euchromatin and heterochromatin were clearly visualized.
We confirmed that immunolabeling nucleoproteins was
effective for cell sorting by flow cytometry. In addition,
fragment antigen-binding (Fab fragments) isolated from papain
antibody digests significantly enriched the specialized cell
populations, suggested that the nuclear pore complex remained
intact and antibody size is important for nucleolabeling.

This methodology is broadly applicable to the analysis of
various heterogeneous tissues such as kidney, liver, and skeletal
muscle, and will be crucial toward understanding cellular
function in health and disease conditions in several organs.

Materials and Methods
Nuclear extraction from adult mouse tissues

Adult 8- to 10-week-old female C57BL/6] mice were used in this
study. The Nestin-enhanced green fluorescent protein (EGFP)
transgenic mice were described previously (Yamaguchi et al.,
2000). All surgical procedures and experimental manipulations
wereapproved by the Ethics Committee for Animal Experimentsin
the Faculty of Medicine, Kyushu University. Experiments were
conducted under the control of the Guidelines for Animal
Experimentation. All procedures were performed at 0—4°C. Mice
were anesthetized with pentobarbital (75 mg/kg i.p.) and killed
by decapitation. The brain, spinal cord, liver, kidney, and lower
hindlimb skeletal muscles were immediately removed, rinsed in ice-
cold 0.9% NaCl, the meninges removed, and the tissue minced to
approximately | mm?® pieces. Fach minced tissue was homogenized
with a Polytron homogenizer PT 10-35 GT (Kinematica, Lucerne,
Switzerland) for [0sec at 15,000 rpm in 500 mi of cold nuclear
extraction buffer (5 mM PIPES, 85mM KCI, | mM CaCl,, 5%
sucrose, 0.5% NP-40, 40 .M cytochalasin B, and protease inhibitor
cocktail; Nacalai Tesque, Kyoto, Japan). For skeletal muscle, the
tissue was homogenized for 20 sec to extract enough nuclei from
the muscle fibers. The extracted nucleus solution was filtered with
2 40-uM celi strainer (BD Bioscience) and centrifuged at 3,000 rpm
for 5 min at 4°C. The pellet was resuspended in nuclear buffer
(5mM PIPES, 85 mM KCI, | mM CaCl,, 5% sucrose, and protease
inhibitor cocktail; Nacalai Tesque).

Flow cytometry

The extracted nucleus solution was incubated with 10% normal
goat serum for 30 min at 4°C to decrease non-specific antibody
binding, then incubated with primary antibody at 4°C for 20 min.
The secondary antibody and Hoechst 33342 or propidium iodide
(Pl) was added to the samples and incubated for 20 min. The
samples were then centrifuged at 3,000 rpm for |0 min. The pellets
were washed twice in nuclear buffer. All of the samples were
suspended in 500 i of nuclear buffer and analyzed using FACSAia i
flow cytometer with FACSDiva software or FACScalibur flow
cytometer with CellQuest software. For the primary antibody,
human anti-Hu antibody (1:200, a gift from H.Okano, Keio
University) was used. For the secondary antibody, Alexa Fluor 488-
conjugated goat anti-human IgG (1:100; Invitrogen, Carlsbad, CA)
was used.

Quantitative real-time reverse transcription-PCR

We extracted nuclei from spinal cord at the lower thoracic level
(4 mm long) and stained them with Hoechst 33342. Using
FACSAriall, we selectively isolated Hoechst-positive nuclei and
total RNA was extracted from the sorted nuclei using an RNeasy
Micro Kit (Qiagen, Hilden, Germany). RNA extraction was also
performed from the same volume of spinal cord tissue. The total
number of the extracted nuclei from the 4-mm long thoracic spinal
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cord was 41.6 £:8.9 x 10% (N = 3). RNA quality was checked ona
Bioanalyzer Nanochip (Agilent). RNA was primed with oligo dT
primer and reverse transcribed using PrimeScript reverse
transcriptase (TaKaRa, Shiga, Japan). Quantitative real-time
reverse transcription (RT)-polymerase chain reaction (PCR) was
performed using Mx3005P Real-Time QPCR System (Stratagene,
La Jolla, CA). We used primers specific to the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH): forward
primer, 5-GACTTCAACAGCAACTCCCACTCT-3'; reverse
primer, 5-GGTTTCTTACTCCTTGGAGGCCAT-3, and SYBR
Premix Ex Taqll (TaKaRa) in 20 pi of reactions. The cycling
conditions consisted of initial denaturation at 95°C for 2 min,

45 amplification cycles of denaturation at 95°C for 5 sec, annealing
at 58°C for 30 sec, and extension at 72°C for 20 sec.

Immunohistochemistry

Animals were anesthetized and transcardially perfused with normal
saline, followed by 4% paraformaldehyde in 0.1 mol/L PBS. The
spinal cord was removed and immersed in the same fixative at 4°C
for 24 h. Spinal segments were transferred into 10% sucrose in PBS
for 24 h and 30% sucrose in PBS for 24 h and embedded in OCT
compound. The embedded tissue was immediately frozen in liquid
nitrogen and cut on a cryostat in the axial plane at 14 M, and
mounted onto glass slides. Spinal cord sections were permeabilized
with 0.01% Triton X-100 and 10% normal goat serum in PBS,
pH 7.4, for 60 min. As primary antibodies, rabbit anti-GFP (1:400,
MBL), mouse anti-NeuN (1:500, Chemicon, Temecula, CA), and
rabbit anti-olig 2 (1:100 Abcam, Cambridge, UK) were applied to
the sections at 4°C overnight. The sections were then incubated
with secondary antibodies; Alexa Fluor 488-conjugated goat anti-
rabbit IgG (1:200; Invitrogen) or Alexa Fluor 568-conjugated goat
anti-mouse igG (1:200; Invitrogen). Nuclei were counterstained
with Hoechst 33342 (Molecular Probes).

Purification of Fab fragments from a monoclonal antibody

The Fab fragment generation and purification from lgG was
performed according to the manufacturer’s protocol for the Pierce
Fab Micro Preparation Kit (Pierce, Rockford, IL). Briefly, rabbit
anti-acetyl histone H3 monoclonal antibody and Alexa Fluor
488-conjugated goat anti-rabbit IgG were digested with papain,
a non-specific thiol-endopeptidase, and then the generated Fab
fragments were purified using Protein A that binds Fc fragments
and undigested IgG. The protein concentration was determined by
measuring the absorbance at 280 nm.

Result
Nuclear extraction from the complex tissues

We first used a polytron homogenizer to extract nuclei from
adult mouse brain. Using a 7.5-mmogenerator, a sufficient
number of nuclei was obtained with 10 sec of homogenization
with 15,000 rpm (Fig. 1A). Nuclear release was checked by Pl
and Hoechst staining, and the debris were removed by filtering
with a 40-pum cell strainer and centrifugation. The extracted
brain nuclear configuration was morphologically retained and
we could clearly distinguished between euchromatin and
heterochromatin assemblies with Hoechst staining (Fig. 1B).
A longer duration or higher centrifugation speed destroyed the
nuclear components, leading to the observation of thready
chromatin. This procedure was applicable to other complex
tissues, such as spinal cord, skeletal muscle, liver, and kidney
(Fig. 1C). The nuclear configuration varied greatly according to
the organ: large or small in spinal cord, spindly in skeletal
muscle, and round in kidney.

Nuclear sorting and RNA extraction

We next used FACS to further purify the nuclear population.
To identify both the cell and nuclear fractions, we
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Fig. I. Extracted nuclei from complex tissues. A: Schematic
protocol of nucleus extraction and PI/Hoechst staining of images
of the extracted nuclei from adult mouse brain. Scale bar, 100 pm.
B: Magnified view of the extracted nuclei from the brain. Bright
spot indicates heterochromatin (arrow) and darke-staining indicates
euchromatin assembly (arrowhead). Scale bar, 20 pm. C: Extracted
nuclei from spinal cord, skeletal muscle, and kidney of adult mice.

Scale bar, 50 pm.

simultaneously applied FACS to both the whole cells from the
skeletal muscle cell line C2C12 and to their nuclei, which were
extracted by our method. C2C12 cells are a very good control
because they have a larger cytoplasmic region that facilitates
nuclear fractionation. A dot plot of the data showed two
distinct populations upon specific light scattering by flow
cytometric analysis. Inaddition, these two popula;igns could be
sharply divided into DAPI highly positive (DAPI"&") and D/}}PA
negative (DAPI"*¥) staining populations (Fig. 2A). The DAPI™®
populations were confirmed to be the extracted nuclei based
on immunocytochemistry (Fig. 2B). These sorted nuclei were
reanalyzed with flow cytometry and the same fractions were
obtained and confirmed. Without Hoechst staining, the
DAPI"8® population was not detected. Next, to count the
number of nuclei, we extracted nuclei from the spinal cord
tissue (4-mm long from the thoracic level) and counted the
DAPIME" population with FACS. Flow cytometric analysis
revealed that this procedure typically yielded more than

5.0 x 107 nuclei per gram tissue. To further examine whether
the sorted nuclei contained transcripts, we measured GAPDH
expression in the extracted nuclei from the spinal cord tissue
(4-mm long) and compared an amount equivalent to that in
whole tissue by real-time PCR. Although the quantity of mMRNA
was less than 25% that of the equivalent whole tissue, the
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amplification efficiency was identical with the equivalently
diluted tissue GAPDH, suggesting that the quality of the
transcripts remained intact,

Nuclear sorting from Nestin-EGFP transgenic mice

To examine whether our procedure was applicable to nuclei
genetically labeled with fluorescent reporter proteins, we
evaluated transgenic mice carrying EGFP under the control of
the Nestin promoter (Yamaguchi et al., 2000). In Nestin-EGFP
transgenic mice, GFP-positive cells are localized in the regions
of neurogenesis, such as in the subventricular zone (Fig. 3A).
Because the extracted nuclei from the striatum of this mouse
contained a small number of GFP-positive nuclei (Fig. 3B),
we tried to isolate them using flow cytometry. In the nuclei
extracted from the striatum of neonatal wild-type mice, no cells
that were double positive for Pl and FITC were obtained (PI
square in the right part), whereas in nuclei obtained from the
Nestin-EGFP mice, a bimodal peak of FITC and PI/FITC double-
positive cells was observed (Fig. 3C). These results suggested
that our method could be applied to purify genetically labeled
nuclei from specific brain areas. The number of EGFP-positive
nuclei decreased over time, but the retention of GFP (27 kDa)
in the purified nuclei was unstable because molecules smaller
than 60 kDa areable to pass through the nuclear pore by passive
diffusion, suggesting that the strategy for GFP-positive nuclei
isolation is compatible for use in mice in which GFP is targeted
to a nuclear component, such as H2B, as previously reported
{Jiang et al., 2008).

Immunotagging of the extracted nuclei and flow
cytometric analysis

We then attempted to isolate neuronal and glial nuclei using
an immunotagging method. In spinal cord sections, distinct
expression patterns of NeuN-positive neurons and
Olig2-positive oligodendrocytes were observed by
immunohistochemistry (Fig. 4A). We then extracted nuclei
from the spinal cord and performed immunostaining using these
antibodies and found two distinct poputations: NeuN-positive
and Olig2-positive nuclei (Fig. 4B). In addition, an
immunopositive area for transcriptional factor Olig2 was
localized in the euchromatin, but negative in the
heterochromatin, which consists of mostly inactive DNA
(Fig. 4C). These results suggest that the nucleoproteins in the
extracted nuclei remained intact and that immunostaining is
useful for nuclear sorting. These two markers were also
applicable for flow cytometric analysis (Fig. 4D).

Fab fragment significantly enriched the immunopositive
nuclei populations

Because the molecular size is large for the nuclear transport, we
extracted nuclei from the brain tissue and examined sorting
efficiency using Fab fragments and normal antibody for acetyl
histone H3. Purification of Fab fragments from the normal
antibody was performed using a commercially available kit. The
background staining was not changed, even with the digested
secondary antibody Alexa Fluor 488 (Fig. 5A), but the sorting
efficiency was significantly increased only when both the
digested primary and secondary antibody were used (Fig. 5B).
These results clearly indicate that the molecular size of the
antibody is crucial for immunolabeling nuclei and high-yield
purification.

Discussion

In CNS tissue, characterization of the molecular profiles of
specific cell populations is a considerable challenge. There have
been many attempts to develop a selective analysis. For
example, laser capture microdissection (LCM) was developed



