200

ZH=HA N A D) = (FOM) & AV 2 RESOBREIORESOBE - SEICEETH Y, HiC
B VMG (ALL) TR MBAEEOBIMLICUETH 5. KBTI, MNEOHMK~Y— % —1
ECHVOND BYLRRORUCREXNHNER - BOERNZE R F IOV TREL, BIKICS
T ARMBE RS BROBEIIOVTHNS,

FCM 3 B MR & 14 R AR CHOBRE L, B4 100w CRIBH BT 3 BETH2 ", Al
RBROBRMB KBS b 23X TH 5, ERESTOIA, BK, BESE0EH, 1) >3
BB G 13 C L TIREBIE BET S NERETETH 5.

REEDES

10 ERDORIFFHMBWIEIXTCRONTE Y, ALLIKOWTOMBERERE /17 » (Ig) B
EDB-ALL, Q¥ FKMEkE DE-T¥ vy FERERED T-ALL, @ LZLS D non-T, non-B ALL, &
V) DEPITbR TV, 20%, B 0— U HRAESEL FOMABEESATER L, GiE2y
BUED R IEA L. BAECHMIEARELRE %8073 color bl L DS ERE Il — AL L,
&Rl ~ — I — AT REE 2 o 7

CD%%8

CDIZE 7 U —  Wiff 2 BRI L o TEBETAH—S5ETH Y, 1980 FERMEIZSHOTK
H—RIB LR, BRI e h o0k U-RELFBIET A2 TEIEI N, 1982
FLE, BEZLIZHAPNAER T -2 3y 7TIEREMS N, Y9D45ET TH 5 BEETIE339
FITHR, BREENEGT, BERNT 2561 TRR) ML THBERAE (T cy-TF
R)RAMBUNDTESEEIN TS, HIFEBEICEE 4 g2 THIEMESEER(TCR), TEM
HoB A MEHUR (MHC) 2 EDR M (ZRIM) D dH 5 5F X, TdT, MPOLZ EQOBEEIES TR W

¥ RBEDERRE - 2B A

mm@%wﬁﬁU;FE%%LT%E%%EEWﬁﬁ%ﬁﬁtnfwéjCt%ﬁ%ﬁﬁﬁéhf
70, HRARBSEE L TE2001EIRE SN FHTWHO Y MEENTHHD, ALLICOWT it
LFLOITHTRE, REFNSEL LTRECILAEY FLENTHLH, 13510 dEE4 25



;ONRDAOBZEIEER BR

Db,
REFREVPRICERLROIZALLOSETH A, ALLIZEF ) V7SRO LRFICHE L TDpre-
cursor B, @B, @precursor T, @NK % EI1ZHEHENLH(H 1), REFEH I L TOEWIZE ) IGHE
BEHKECRELD. BRAICIMBTEEL B0 L L FABSEAMER LT 2, BENEYICS
LW ALL TIdiEEBLICLE R ERIZE S WY, REZWBIILEATHS. ‘
S BB E IR (AML) O3 A4, EKMICFABAEO & TERICBHITEE TS 575, —BOHE
BTIRALL & ORFEET, REZOBHIVLESLVIERTH .

ALLZZERDRIR

FCMA&REIZHL B ARV A F 25— E (POX) e, EFRNIRAT I —¥RUETHL I L%
WL, FABGEII LA o7z AML & ALLOERA AR & %2 5. /N ALL D #80% i3 precursor B-
ALL TR HEIFH. NI L TB-ALL 2 #( %, precursor T-ALLA* 15%EE TH 5. EBREDHE
Bid, OBMRLRSY, THIRY, @BMIIHATH NS precursor BA, BMEDB-ALLA, @LEEW
FTRIZH D TITE S 2 WIHEITIENK-ALL D, RKAIEALLD, H»BHVIZAMLA, &WozFEADH
/I B ,

1] Precursor B-ALL- : :

Precursor B-ALL &, B8R TH A 2 g BB LRI OREFMBBEFOEE TH 5. BHfaREZ R T
KB < — 75— (cy-)CD79a, CD22, CD19, HLA-DRIFHIZMZ, cy-TdT M4, s-IgletETh 5.

CD79a(lge) i3 1g &L BAIMIMEXEE (BCR)EA B LA L ZORBEEICEST5BMOAE
v —Hh— Tlg(Fatk) DRIERMAAM THLRIEL T 5, CD22, CDI9I BCRIMIZEDHBISFFTH
5. TAT L BIZFHEERICLEDOBEET, TBLUBY Y/ SEAERMERO~—»—ThHY, B-ALLL
DENHERTH 5. ' ‘

Precursor B-ALL b, T— 7 —FHR»PLABELHTHL. H9EIICDIOKE D common-ALL & &
CENTELERT, CDUBUTHENICIEFABLIAS . 8w —7—& LTHLNACD3M4*,

BAB ML CRIRT 5 CD20 M BHHENHE L H 5.

Common-ALL DY — A — M CHRRENIC 2 RERTLERHIH Y FFiZpre-B-ALL & Lidh
B, ENCHBREEIC M RET A5 5505, OHEIEE (BB VIEAH) TE R (AR
BXE4(CD179ab) L EAKATHE L TWAZ L 1O B-ALL LIS 1B, |

~ ‘Precursor B-ALL @ #7 1113 CD10F& 14 (K&3 4 CD24 $ B tE) /R L, FREYICIEFAB L2A°% .
MLL#{EF B % 20 5 EF (MLL + ALL) I25 WV OT, 1ERBEOVHW % 5LIE 5 MFE DO KEBS
WEDI 4T THE, BERENH 1R EOMLL + ALLESI b FHET5. |
2| B-ALL ,

B-ALLIZ R FABMARICHIEL, /NBTIEIT & A L5 Burkitt leukemia T, FSREMIIZFABL3 %R .
s-Ig(I3E A EHIgM =+« or A8H) 1T & 5 5T precursor B-ALL L &5 &b, cy-TdT X4 T,
CD20 A TH 5. - CD10 b FHFHEDFHEHE V.

3] Precursor T-ALL

Precursor T-ALL &, B#MTTHRNDS Lz EqOi) o NI RS S MR TR & £ O THISRAI
PRAERBKEL, YA —LEHTHL. THRORIAREN 2 — 7 — 35 RMOFEZRELIED
TCREEHEH, RO ZEBTRERL Tzvw. CD3ETCR L EEHE R LIEIZEZE)
SF T, RRTHEBCTOABERNCRELRLEEMS BV -7 —CThb. cy-COIBEDEE,
BECDTOHBEETH 545, CD7TERIETHRRZALADOKR LM SRR T S, cy-CD3 & CDTD
AEEDOEREII pro-T-ALL & L idh, |ROKRDMLZEROTHRERLZEZOND. ZOTHEIIMR
TCD2RCDS # 5T 2 H# L pre-T-ALL & L idN 5. BERIFEFE D precursor T-ALL XL LD 2 DD
BOWThHhTHEIBEEIEL, CD34, CDIOEDOEREZ I BEATH 5. WEEE THBOEY T
% CD1a®° CD4 & CDS DR # FIBFICHIRT 5 HE 1 corticalT-ALL & XN, «/f-TCRDFEH LR




8 $EBA D5 LERR:
’ 'St

BmaEmR e CD19/CD22

T DML
- - Stem Cell - el Hosiive.

CRy/6 BRI HTARE REABETHLTS

L TCROGEI...

TCRa/B*

€Dia
s - s - B
CD4 & CD8

CD13, 33, 19, etc.

¥

UEESOSE, WHRCOVTRIFLBERDH OB TULHHE—TNTULL,

L e

U IO {LERRER U )




#ONRPADBECER 0 HHR

BEFEVH Y, MREFEDALL!Y Y SHEIZE v, LEDIEPC 90 TCROREZ A 5 WEG 17
ETA. _
4] Zzofthdp ALL :

T 5\ I BRI TIX, CD56FF1 7D NK-ALLY %, CD7, CD34, CD38, mADR&twA
B CRERENHE SRR L2 VWERMEALL BHET 525, HBEIREV.

AML DFRIGEHIZZHT -

AMLII B POX M TH B Z L TERH SN Z. GREZH~—F —Tit ¢y-MPO, CDI13, CDI14,
CDI15, CD33, CD64, CD65, CD117% EDEMBIRRAMBE I K4 2R TRET 5725, FABM] ~
MSDER L DBFERMBIERD 2. ) VBB ERIEIC R TH 545, —IB(IZ ML, M2)
TBHMIME TH 5 CD19, CDM9alBETH A, CD7, CDALBICEME L 2 45, ZOBSIEZNE
NS MER, BROMEERTEEXOND, $-MHRAL O CIIHLADR D BHEE %S, M6
(FREVILIE) DA 1 CD235a (4 ) T 1) ¥ A) DRBAUESHITH 5 .

FAB 4RI 1985 SR 128 0 S Mo M7 (EALSF R M) 13T A8 M0IC ALL & BRIRSE 25455 ), BRI
[/MRIZHF R B % CD41 and/or CD42 DEBORESZM L EEIVIETH 5. FRME TS 2 HTCD36
2 CD61 bW HEHTH 5. : -

1991 13800 & 7= MO X SEEHIPOX BEHED AML Td 1), ) > /SERHLE (CD79a or CD22, CD3)R&
W DREFH % MPOMGME, &5\ I CD13 and/or CD33MBHEETH % 2 & KLU EETS 2 .

Emﬁ%% 712 precursor B-ALL T B MEKIEBHE TH % CDAS AT~ BRE DB E DS < |
COFEERA L TBMAMAL % EIRA 1 BEAT T 5 CD45-blast gating AT b B Y, AmHMED <
—A-FRELYERICFHET A LATHETH D, BICFROEESEVCIREDIESICIEE IS H
Tha. LorL, ZOBEEBHEMBOMEERBLZLDOTH ), FEHMBRET L AMBDIES
BLERDERIILDBEDV H LD TEENVLETH 5.

i3l Aberrant antigen

ElJIIl mALRE T iﬁb:f[ﬂﬂ'ﬂ;ﬁ‘fﬁ@ﬁiﬁkﬁ?‘%*}Lﬁmﬁi’ % A (aberrant antigen) . #Biw R HE,
BHOMBAKOEKEN 2UEEZRBIRT I E0H D, mixed lineage (biphenotypic or biclonal)
leukemia & S IEN 2 A, BUFHEEIZ DV TIIMA THSY. Precursor B-ALL T 2 RBEDES T
CD13, CD15, CD33, CD65, CD66c % & D EFFBIRIE R CD2, CDTE D THIEO VT NH D
RRCBO D 1R EDOMLL + ALLEEBI T 13459 aberrant antigen DR T LB AN D 5 .
FEDEBLFEFELROLHE YIS, aberant antigen & F14 & DBBRIZIE S HTld e\,

& L D RRE s

DEICAVONBHEDZ ST, BHBREEREREETRT SDEBMIRD e CD2, TR
DTCRA CD3, BHMIKANOMPOL LIZRON, MOMBEZEMTEIAKBERYH L IV ERL L,
YA B THREOREDORIAD NS — Y REHFVLETH Y, [REFE] bBIISECTHD.

INTHEDHDPEBIOLPICIBEERED S EBT 2 bOPLTHEET L. FOBSLHENKE
N = HEERETH), MOREFTROSZ RN LHM I LETH 5.

TEEMAAFRNIE & v YORHFELLZY. AIFEO~— 5 —BWRITBREEN 2 BHIHEE LT
WA EDHRICRDLORETH 5. HICFROLUSPEVE S I IEROME I+ 2 IEE I
ETHA. PN, EETEHEMICEELA LW — % —%H 4% b b aberrant antigen * 57 5




FEBIR, RIMIZH1T 5 CDI0MEEMAL R Cortica TR R 2 R T MBOBEEL Lid, ~—h—FiRoOA
THREAROFEL B RERT 5.

FLCDESTHHINIPAETHHVIHED s o— v (B#T 2 HBRRERE) DEVICE ) KIS
UHWRKECELDIBENSH L. TLEBRELEEOEEILL - THAORICESHBESNLESLH
BDT, FEFLETHA.

o y B
>, @ .mﬁr\

MR O RIEF O LU MEEEOBILICEETH 5D T2 {, FERIBINEES M
(MRD)RHNC S A SN TV A Y, BREFEICHL TS CICHI SN2 3525, MLL+ALLIC
X4 5 7.1 R, precursor B-ALL i2339 % CD179%a/b 72 £ 72 = — h — DHEHUORFPLETH
5. F7z, aberrant antigen DFER% EDT — N —OEHE L EFEFHREOBHRIIOVTHRIFILE
TH5.

BRI/ NRM B ER DEEMEIZENTH—S D FMICH 5. ThIZBL, REFMBETEIZOW
TORBEFHERCEM B OWTH—SNE I DL T L, EBITEELZOELIEEMTHR

TS, SIRFCM E AWSREES S SR L, NEMBEEEOZEII—BEWT 5 I &N
Ens, o

Xk 5
D BARBRREFEERRSNTREFECRHEREG7U—FA M A M= =XV 77 V—F 70=F4 b A P —12&
BEMBEEARRENERECETAH M FF4 ¥ (CCLS H2-P VL.0). BARBRREZERRSAIE 2003 ; 18 © 69-107
2) Brunning RD, Borowitz M, Matutes E, et al. : Precursor B-cell and T-cell neoplasms. In : Jaffe ES, Harri§ NL, Stein H, et al. (eds), World
Health Organization Classification of Tumorsse—~— Pathology and genetics of tumours of haematopoietic and lymphoid tissues. IARC
press, Lyon, 2001 ; 109-117 -
3) Bene MC, Castoldi G, Knapp W, et al. : Proposals for the immunological classification of acute leukemias. European Group for the
Immunological Characterization of Leukemias (EGIL). Leukemia 1995 ;9 : 1783-1786
4) Oshimi K : Leukemia and lymphoma of natural killer lineage cells. Int J Hematol 2003 ; 78 :18-23
- 5) Coustan-Smith E, Sancho J, Hancock ML, et al. : Clinical importance of minimal residual disease in childhood acute lymphoblastic
leukemia. Blood 2000 ; 96 : 2691-2696




B ONRSAOBECAE KR

INBDSADEEBRBEIEIALEL, BLHEEOEVNEFATHSEMHE ) L HHILRET iw%uL
DEPEFENPHINS. —F, BERHECHAI 2BEFEETLZ EXMLNTVS, ARA
ATBIIBVWTHBLELAMELERL, BULXEEELITH 2L, RETHENZERDIE
WORE ST, EEREOMLIIOESTHLELLNG, AR TUNENSABEIILT 2 — B
R SHENRE, Bk - R, BLURBIZoWwT, [EBZ0b00ERICL 2RBAMHE],
(WEEBMIC L AIREEPEE] (SR LS T 5. BYSE, oncologic emergency (2 BE ¥ 5 I 23 &4F
FEIZDOWTREUEESRB IV,

22D ODIERIE L5 lazs55 g :

HBRSIHAE
1] RS
1) REE
7 EBEOMBEBLIREE CEREEE, SERICHB T/ ERETETI CEE LRTHECRET S L
EZohTWwWa, 2HHMIRE, HMUGHRE BEX) v ELEIEHTA.

2) fEWR - FiR :

BERICILERE B 8 Cc\m_kfry‘/‘_ SRE, B, HIMEE, TVhAR t*EE%WH—:J:ﬁ WCREL
7oERRAEIR T, BAMURRAREE NN, CT - MRITHEEDIEE - fﬁ%ﬁﬂ%% Ii)ﬂ Bk
iR k“?ﬁﬂ?‘ﬂ@?‘(ﬁ#ﬁﬁ WwHonb,

3) Mis

BEEMRE, BB OBENIES (BE).
2| BfEEe
1) fRER g -

MATHES, EENEEORE, EFEEEOEALEICL )V FEITESNE. %Ea{ri MmEEEC
X B HFEFE, Hii%@*’é%?aiﬁ BRICHELZCEHBEICLAFHERELEREZNES, HRT

2B L NV TORE ﬁ’%b\
2) fER

FEBRRDOS BEMLNVOREVFNRERTH LI L2% ., EERECRETLHALHS. E
ST, BREMEREIHERTALNS, BEMEEEIENTHIET 2%, BEEE S 5
BEITHERMEERSMREERE 25, EEZMRIDVZIIZAENTHS.
3) XiE

FEMEMAPIEEE 2 BT B DI REIBHT - IBEPLETH L. BREUSHFINIHEIII(LE
L, WMAARBHEEET A, A704 FREBRENER (%Hﬁi(fkkﬁ;bténé WAL E




%, WS X 2HREED R 2 BHE, BEHRBE L ERE BRI PR TE
VS, MEERYREBEIET T A2H4I0H, HBURICL 2BREROELTH S,

Y mmICEETASNE

1] L KEMREIREY
1) fREE :

ERBRFBSBE 7213 RL I HE LBRERESED LR, BB L2 ERBRONED 5
DIEB, MEMBEOMIE, MAICLVELD, EABIROMERE HMATHE D E V7 HEE - 5
EENL T\, FEHodgkin!) ¥ /38, THIERMAMSMY ¥/ M Bm, FEMME, MEEEL &1
BT, BB T FVESMEBIILNELS S Ebbs.

2) K - FRE

B - RN - LRRIE, BMEBIREES COERYES . BENE LRI o THER, MEER,
FVhARELES, WARLLEROESE #1E5 a%&a
3) XIS

BEEDHE PHERLCTCRMCHEREEREMSET 2. ) S RESIH LTRAF T4 R
@&%ﬁﬁ%f@é 200 ~ 400 cGy D B2MSHEBET LA TH 5. FEERE L (+ 3 Fowlerfr) 124 )
WRREEDSE X I 25, BREEIIEET 2. #Mm@#ﬁawi EHEERF OKRS %175,
2| [ERRE
1) fRAE

WBER IS L > TREB LUREINVEBSINRE. MBEEOH B NEOH0%ICH LR
ED)H10% TREFEDOFEHLAEREME ). [REREIHERE, [ENEE 18, BilEhz L
TORMNEBRMP) A7 L% 5.

2) fER-FRR

ROMEEUR, BOUMIPR, RS, MEIARE, F7 /-, WE BRI EEFETS. RIS
NzVIEE, SEICIFREEICHRALTEESEYSD 5. WIXBE TSR, B0, WAE2E05 o
ENBH D,

3) XS

HECLAREMELQMT L7200, TRE2RYBIERTREEOL 2 WRE TS 41TV B HIC
WEERGT A, EEYETAHACRAENEORRES THCHBLEASELET, TUEHER, I
%EEG&W%ﬁWﬂE&tcﬁﬁLfﬁrﬁa

FLVMERBIEMIC & 2 BT EREE & EU L 778 RE, Xmmemﬁﬂmwmmmutr
leukostasis syndrome D) A 7 A¥& £ 5. MEREIENIC L 2 MEHFETE IS, MFOAS S, %I
FhE, B (leukocrit) D BET 2 LB XN T WD, SUSMEGNFECH, SIFEAEORHE
ViR % <, BRREMFRLC, HBIBREMEI BV 72012 leukostasis syndrome D) X 7 BBV EEZ LR T
Wh, Fll e BERFEITHETH 54, ANBEABROMEIEIC L) #/NIEOMESHRD LRSEER
EETRITEEDID, EHELHMBEIC L ) HALE»HE LAGOENS L I E b 64
EEZ LTS
2) fER

Hn, BREEE (FLEEIRIE, MR, @ESRNRE), HEBE, LOEEE »nHELRL,
PME, RNEIR), WHREEZ2 245,

3) XA
FRAK ML B M ERER 200,000/mm’ A EDEFI TIEHEMEK T = L — ¥ 2 (BMEIA 20 ~ 60% mAT 2 &



i ONRDPAORHEIEEE KW

VWhRTWS) - KRHMAEDO 2 E b H 505, K - RENZAPUSEBEATVEbITT
v, NESOEEESgAETIC, M/MRE2ALEICHRET 2. dHEMEERERZDL5E,
HEBE AT O N TV D% R I ILHES 75 H 0B ERIEN I T h b Tunin,

ahILY D LI

1) fBEE
MEA IV Y AE>11.5mg/dl & EE XN, local osteolytic hypercalcemia(LOH) & humoral hypercal-
cemia of malignancy (HHM) 24 &N 5. LOH TIHEEOBREICL D BRIARES LA, HHM
BRExELT, BEABRIAINVY TLHBEANVEVBEL LTS —IER T 5% E (PTHP:
parathyroxd hormone-related protein, Prostaglandin E, IL-1, INF 7% &) & 5+ 5 Z &2 & 1), #HEMED
EEALCHE) BRI, BRAETOAN Y LB, MaTOANV YT AERDRES NS, B
ADBFETHOLNDZENEMRTRENTH B,
2) fEX - AR : :
GEFR, ERTIR, 8K, SR, B, IEE, ER, &, RKREHFFERNEREZETS. &
BOHE, [TuhA, BELZEOBMBERE 6T, BE2MEI VY YLD EFTRAERIC X
BEREL RN, MEEE T PTHP A BET 2 2 LR b S {, BERMBIFIRIBIAETERE &
£7% ) PTH, JRFAMPIZEETH ), PTHIPO LR 250 5.
3) i
Hmkiﬁ%#%@ﬁ*ﬁw/ﬁAﬁﬁ%ﬁ?tb7Dt\F%ﬁﬁt&#%iﬂﬁmmklém
KOWE, ERRMEPSOAN T LOBRINAHEET S, ERTHEIHE, LNz, 2vY
P EBRE5T A BE, REEHFHEZRCLEAI VYT LAOKTZROLPHREI-KHTHS.
AFRARI— MIRRBERE TICEBHES2»E25, Ay b= L) S EHHEEE .

AR

J BB IXGE

1)%& :

RREE, KO %énaf S WEREBESTONSEREE, WER, IR

Exle LA 2MERELZ 2T 5RE. X,}\ MUY — MEHE, BEE, EERSTREHFERR
&7 A. Sytarabine BHETEHTHI L b H 5. ’
2) ERR _ .
WMEERE LTHERE, TuhA, B, BHESALNEZ EHE W, EI2ICHEEL, SERSE,
1 , BAOBE, FHE, BREE, AR EOERERD S, MRIRETARKAEIIT2EREG
&)Zo BHASZWICIIILECEREZ (DWD BERTH 5.
3) S
AR MLFH— MR BERER—BREOZ EPEC, BRERB L VEELOEENHL
nNXwBE*BRT 5.
2| KRigmiEES
1) REE
Vincristin DEHFHE L TAHALNDE Z &M%\,
2) EK - FAR
FROLUN, THOLUNK, BETETRINLNE I DL, BEBEEEDERE L TER
fgi, EEZEMDALNS. (mnﬁﬂgﬁg‘f IWEE - ITHETS.




3) S
—BUTHLIENEV, BE)NVEVMEFE) L ERZYE 7)) AF COHEMANBIEL, WEE
KPBETL/-OBET - B3RETEHT 5.

} FIRERSHHE

1| ZEFIMERHR
1) R , :

TATAK], AR, HAEEH, BHIKTO = —FI%EF (G-CSF) % LEBDEROIER L LT
Abohb, HER0I%KRHETHAE., LF /A B (all-trans retinoic acid : ATRA) % G- CSFEEL_'T_&._“C“
%ﬁ&EMﬁﬁMLiéx—n—ﬁ#%fF%17xy t#ﬁﬂLgién FitifE <5 0 B 1 %%

rim;@asaa@a“a LEZLRTWD .

2) ER - AR

F‘i’iﬁl‘iﬂﬁiﬁz FiiiE, Bl 9 omu:c EWBRbNBLI DB, EHNTK B VSERRIBERE (DLST)
BUHRITPIEE L VDN TE), BSEREOEEISTHTHLIHELEV.

3) XS _

7“7"‘53'?&;*1.’?’75‘0 %Ebh%%ﬁU@Tx%%q:’Jt L, FFEUEDESICITL F=vor 1 mg/kg %,
\mEBIR 2 ﬁﬁﬁﬁfﬁbuzru4bnwzﬁ&%ﬁq
2| EHRAGR :

1) REE, fEXK - AR

FOER TR BT R 2 ~ 3 AICRIEL, BMHMRL 2K CIBEMBRHEERZ 2T 5.

2) IS

SHHOPEE, MEBHICE 7L PV O 05~ 1megkg %, BEFICIZ/ OV AEEEITD

j’? TEIS SR A
1] EERR

T br7HA477) YFRAHPAF], cyclophosphamide, ifosfamide 72 & 7 )L % Mtﬁll, cytarabine,
TNAOY T NG ENRERFEEISAFE LTHRESN TS, &%, —BETESHERS

Zk FENTHB. SN BHER MRS RERTH 2 DMSO (dlmethyl sulfoxide) 2SR A & &
ZXONBTERFLBET DI LD L. HEREHEL-EREMODII%I2ELLOEET O Y &
EROLEVIHELD Y, LERE-Y —EFRIILATH D,
2| DERREE

1) PoRIH1 Y RBPAR :

Ty b9 420) YRRV ARBRBESERFEICOHEEL b 00T, {LEEERKED, o0
72794270 YERAPAROREIRS PO 1VELMICRET 5/ UHE % £5E (early form of
cardiomyopathy), FNLNREIZEIET 5 b D % EFR (late form of cardiomyopathy) & S4H+ 5. BEH
CRREDBEET v b TH A 20 ¥ RHAAKI DK% 5 8 A doxorubicin T 450 mg/m?, daunorubicin
T700mg/m’ %X 5 LT 5. CHERENERET L LTI OMIC, doxorubicin dEE 2K S5,
BB~ OBATREET, CEBOBRE, SERE, TRISHESNTVS, BRELSHER/NEICBY
TEXYBHEETH B, doxorubicin DHIES529300mg/m? LT TORFEDRE SN TV A, 7T T4
A7) YERRPARN L BIEEEDHHBEN, TANVABER E2RBICEE R OEEET 24D
BN HE. BENBRMEEL LT AME T, NEBILREREZIONLT Y P44 2
) YRR AFNEREN S B FII BT, FERICEN S W (subclinical) O EEE X BEETH B Z
ENHEINTVE, RBREBEISLETH .

2) TIVXIVLRIKERE
Cyclophosphamide100 ~ 200 mg/kg, ifosfamidel0~ 18 g/m’ DA B G I2 & 0 LKA, AERIEL



# NEDAODREREE W

BIENBESNTWVS
3) MEHREES
B~ DEHERBENEI T VA2 ) RS ARNC L B UHEEL N2 VI BENHS.
DR
1] mmiEF%AEEER (transaminase){B, EVILE/{EDQ LR
MEFRREEE, CUNE L EOLRERERCLIELIEALNEEEETH S, 205K
I ESEEEO P IERIFIEERHRSIC L VRET S, BILESH 556, FFRY A NVAREOERH W
EThb.
2| BFhEsEREAZEE (veno-occlusive disease : VOD)
1) R
BFF O/ NEROMBEREEL 2 OBEOFMBEOEEZ & - 3TRET, BEEMTREGNZEE
T& 5. FH(actinomycin D, dacarbazine, busulfanZz &), MEHHREBST 2 &2 & 0 B 0B8R, 3
THROMENELEE, T 5EENTE, BERFOEMEL, PMETRBOFE: &%+ UBIKEZE
FEALYT. BERICLAERER, BLUH L\ﬁ%ﬁ)ﬂ?ﬁ%k I AHERMOBREEIC L A FHREEE %44
5y VOD I BAER 20 BUHICRET 5 2 L A0S, BEDLERENALATL AL
N5, GVHD, FEREE - BRI L AFEE L OEFIVPHBEL 256105 5.
2) fER - FAR
SEzFERC X A EEWHEE, BLUBEKRE 0)7k§3\5"”‘” X AEREMIMTRET A, HEEWF
JEAIZ PR BNTHIET 5. £RIC L AFRBABSIITFECTI T 52 MM % &3 & ) WHE%
AN, VT M= T L BB EETIE, (REI VYV E>2 mgdLE0EE], [HFIE
K EBEEMEE], [ERRBEO% U EOEERMD 2 VIZEAR] O3EED) L2HBZRD L%
4VOD LZWiT 5. PALI O, CEHA, AT-NI%Z &4 28E  RERTOEI#RESIR T,
. BT Doppler iR TPIMRMA DY, WA % B2 5 P IFEREILEV.
3) & :
HIMEATHES S N AEIETEE Lz v, BEAGARES - IEARKIOET 5 REED A TR
Rt B END DA, BEEGTEIHEEEIE . recombinant human tissue plasminogen (th-tPA) DH %)
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Abstract

We characterized the expression of cell surface antigens and cytokine-secreting ability of monocyte-macrophage-lineage
cells induced in vitro from CD34* bone marrow cells. After cultivation for 3 weeks, we observed 2 distinct cell fractions: a
floating small, round cell fraction and an adherent large, protruding cell fraction. Both cell fractions expressed myelocyte-
monocyte-lineage antigens, but mature-macrophage markers such as CD206 were expressed only by the adherent cells. An
assessment of cells cultured for 5 weeks revealed spontaneous secretion of interleukin 8 (IL-8) and IL-6, and lipopolysaccha-
ride (LPS)-induced tumor necrosis factor a (TNF-o) secretion in both fractions, but only the adherent cell fraction secreted
IL-10 after LPS stimulation. In contrast, both fractions of cells cultured for 3 weeks spontaneously secreted low levels of
IL-§, but none of the other cytokines. Upon LPS stimulation, the cells secreted IL-6 and TNF-a, but not IL-10. We also assessed
the effect of granulocyte colony-stimulating factor (G-CSF) pretreatment on TNF-o secretion by each cell fraction and found
that G-CSF reduced TNF-a secretion only in the adherent fraction of cells cultured for 3 weeks. Monocyte-macrophage—
lineage cells induced in vitro should provide an ideal model for functional analysis of monocyte- macrophage cells.
Int J Hematol. 2007;85:384-389. doi: 10.1532/1JH97.06213
© 2007 The Japanese Society of Hematology
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1. Introduction essential role in bone remodeling as well as in regulating
calcium homeostasis [4]. Microglia represent a unique cate-

The mononuclear phagocyte system includes a widely gory of mononuclear phagocytes distributed throughout the
distributed family of related cells (such as peripheral blood central nervous system [5], and in addition to their role as the

monocytes, macrophages, Kupffer cells, dendritic cells, osteo- ~ immune effectors of the central nervous system, they perform
clasts, and microglia) that exhibit highly specialized functions. nonimmunologic functions, including the production of neu-
Macrophages resident in a number of tissues act as profes- rotrophic factors and glutamate uptake [6,7].

sional phagocytes and remove pathogens or apoptotic cells [1]. The mononuclear phagocytic cells are believed to origi-
Dendritic cells are specialized to capture and present anti- nate from hematopoietic stem cells in the bone marrow
gens, initiating the immune response through naive T-cell (BM). In the conventional view, monocytes that develop in
activation [2]; dendritic cells are also implicated in maintain- the BM are released into the circulation and then enter the

ing tolerance to self antigens [3]. Osteoclasts, multinucieated tissues to become resident macrophages and other mononu-
bone-resorbing cells found in the vicinity of bone, play an  clear phagocytic cells [8,9]. Consistent with this view,
Kennedy and Abkowitz demonstrated in a mouse transplan-
tation system that more mature monocytes give rise to tissue
macrophages, including alveolar macrophages in the lung

Correspondence and reprints requests: Nobutaka Kiyokawa, and Kupffer cells in the liver [10]. The results of a number of
MD, PhD, Department of Developmental Biology, National studies have suggested, however, that the mechanism of
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the tissues and differentiate into macrophages [11)]. Prior
studies have shown that tissue macrophages divide in situ,
indicating that these cells are responsible for the renewal and
expansion of this population [12-14].

The functional and phenotypic heterogeneity within the
phagocyte system may be evidence of the differentiation plas-
ticity of a common progenitor, but the details of the develop-
mental pathways leading to the maturation of mononuclear
phagocytic cells are still unclear. In vitro culture systems in
which mature mononuclear phagocytic cells are induced from
hematopoietic stem cells or monocyte precursors have been
employed in a number of studies to clarify the molecular mech-
anism of phagocytic cell development. For example, monocyte-
macrophage-lineage cells can be induced from CD34* cord
blood hematopoietic stem cells by liquid culture with cytokines
[15] and by cocultivation with BM stromal cell lines in the pres-
ence of cytokines [16]."BM progenitors have recently been
identified by their ability to differentiate into dendritic cells
or osteoclasts, depending on whether they are exposed to
RANKL in combination with granulocyte-macrophage
colony-stimulating factor (GM-CSF) or M-CSF [17].

To evaluate the usefulness of monocyte-macrophage~
lineage cells as a source for an in vitro model for the func-
tional analysis of a monocytic phagocyte system, we analyzed
the immunophenotype of and cytokine production by mono-
cyte-macrophage-lineage cells induced from CD34* BM
cells in vitro. In this study, we showed that several distinct
developmental stage-related subpopulations are present in
monocyte-macrophage-lineage cells induced from CD34*
BM cells in vitro.

2. Materials and Methods
2.1. Cells and Reagents

Human BM CD34* cells from Cambrex Bio Science
Walkersville (Walkersville, MD, USA) were used. The cells
had been isolated from human tissue after informed consent
had been obtained. Recombinant human cytokines were pur-
chased from PeproTech (London, UK). Fluorescently conju-
gated monoclonal antibodies were purchased from Beckman
Coulter (Westbrook, MA, USA). Unless otherwise indicated,
all other chemical reagents were obtained from Wako Pure
Chemical Industries (Osaka, Japan).

2.2. Cultures

Monocyte-macrophage-lineage cells were induced by
incubating human BM CD34* cells (1x10° cells/well of a
6-well plate) at 37°C under 5% carbon dioxide in SmL of
10% (vol/vol) fetal calf serum (Sigma-Aldrich, St. Louis, MO,
USA) containing RPMI 1640 medium (Sigma-Aldrich) sup-
plemented with a cytokine mixture consisting of interleukin
3 (IL-3) (20ng/mL}), IL-6 (20 ng/mL), M-CSF (100 ng/mL),
GM-CSF (20 ng/mL), and Flt-3 ligand (100 ng/mL) [15,18].
Every week, half of the medium was replaced with fetal calf
serum-containing medium supplemented with M-CSF alone.
After 3 weeks of cultivation, the medium was completely
replaced with the medium supplemented with M-CSF alone,
and the cells were cultured for another 2 weeks. At the end

of 5 weeks of cultivation, the floating cells in the medium
were collected, and the adherent cells were harvested with
0.25% trypsin plus 0.02% EDTA (Immuno-Biological
Laboratories Co, Gunma, Japan). These 2 cell fractions were
used for further examination.

For the histology studies, cells were harvested and immobi-
lized on glass slides with Cytospin 2 (Shandon, Pittsburgh, PA,
USA). After Giemsa staining, cell morphology was assessed
by light microscopy (BX-61; Olympus, Tokyo, Japan). Cells
were tested for cytokine secretion by exposing the cells to
G-CSF and stimulating them with lipopolysaccharide (LPS)
(Sigma-Aldrich) for 24 hours, as described previously [19].

2.3. Reverse Transcriptase—Polymerase Chain Reaction
Analysis

Total RNA was extracted from cultured human BM cells,
and complementary DNA (cDNA) was generated with an
RNeasy Mini Kit (Qiagen, Valencia, CA, USA) and a First-
Strand ¢cDNA Synthesis Kit (Pfizer, Uppsala, Sweden).
c¢DNA synthesized from 150 ng of total RNA was used as a
template for one amplification reaction. The following sets of
primers were used: 5'-ttattaccccctecttcagacac-3’ (sense) and
S’-aagtctggaaacatctggagagag-3” (antisense), for amplification
of a 347-bp fragment of human tumor necrosis factor o
(TNF-a) cDNA; 5-aagtggtgttctceatgtee-3’ (sense) and 5'-
gagcgaatgacagagggttt-3’ (antisense), for amplification of a
664-bp fragment of human IL-1B c¢cDNA; and 5-gctggag-
gactttaagggtt-3” (sense) and 5’-cccagatcegattttggaga-3’ (anti-
sense), for amplification of a 394-bp fragment of human
IL-10 cDNA. The set of primers for amplification of human
glyceraldehyde-3-phosphate dehydrogenase was obtained
from Stratagene (La Jolla, CA, USA). The polymerase chain
reaction (PCR) was repeated for 30 cycles of heating at 94°C
for 60 seconds, annealing at 60°C for 30 seconds, and elonga-
tion at 72°C for 2 minutes; the PCR products were then
separated on a 1.5% agarose gel.

2.4. Immunofluorescence Study and Cytokine
Measurement

A multicolor immunofluorescence study was performed
with a combination of fluorescein isothiocyanate, phyco-
erythrin, and phycoerythrin—Cyanirie 5 (PC-5). Cells were
stained with fluorescently labeled monoclonal antibodies
and analyzed by flow cytometry (Epics XL; Beckman
Coulter), as described previously [19]. The concentrations of
cytokines and chemokines in culture supernatants were
determined with a Cytometric Bead Array (CBA) (BD Bio-
sciences, San Diego, CA, USA) according to the manufac-
turer’s instructions.

3. Results

3.1. Differentiation into Monocyte-
Macrophage-Lineage Cells of Human BM CD34*
Cells Cultured with a Combination of Cytokines

We first characterized the morphology and surface-antigen
expression of human BM CD34* cells cultured with the
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Figure 1. Morphology of monocyte-macrophage cells induced from
CD34* bone marrow (BM) cells in vitro. Human BM CD34* cells were
cultured for 5 weeks in the presence of a cytokine mixtllre. as described
in “Materials and Methods.” Floating and adherent cell fractions were

subsequently collected separately and cytocentrifuged on a glass slide. .

Morphology was assessed after Giemsa staining. The experiments were
repeated 3 times, and reproducible results were obtained. Representa-
tive data are shown (original magnification x400).

combination of cytokines indicated in “Materials and Meth-
ods.” During the second week of culture, microscopical obser-
vation revealed that a portion of the cells had started to
adhere to the bottom of the culture dish. After 3 weeks of cul-
tivation, the cells were clearly divided into floating and adher-
ent fractions. When 1 x 10° CD34" cells were cultured, approx-
imately 7x10% adherent cells and 3x10° floating cells were
obtained after 5 weeks of cuitivation. At the end of the 5-
week cultivation period, the floating and adherent fractions
were collected separately, and their morphologies were
assessed after May-Giemsa staining. As shown in Figure 1, the
cells in the floating fraction were small and round and con-
tained little cytoplasm. In contrast, the cells in the adherent
fraction were large and contained abundant foamy cytoplasm
with protrusions.

We also used flow cytometry to examine the cells for
expression of monocyte-macrophage-lineage markers
(Figure 2). Most floating cells expressed CD11b, CD31,
CD33, and CD97, but no other mature-macrophage markers.
The adherent cells, on the other hand, expressed markers of
the myelocyte-monocyte lineage, such as CD13, CD14,
CD36, CD54, CD64, CD85k, and CD105. It is noteworthy
that the adherent cells expressed the mature-macrophage
marker CD206, which was not expressed by the peripheral
blood monocytes examined as a control (Figure 3).

3.2. Cytokine Secretion by Monocyte-Macrophage—
Lincage Cells Induced from Human BM CD34* Cells

Next, we assessed the cytokine-secreting ability of human
BM CD34* cells cultured with the cytokine combination. At
the c¢nd of 5 weeks of cultivation, the floating and adherent
fractions were collected separately, and cytokine secretion
was assessed with the CBA system with and without LPS
stimulation. Figure 4 shows that both the floating and adher-
ent cell fractions spontaneously secreted IL-8 and IL-6 with-
out LPS stimulation. After 24 hours of LPS stimulation, IL-6
secretion was enhanced in both fractions, but 1L-8 secretion
by adherent cells was decreased. TNF-o secretion, on the

other hand, was induced in the 2 fractions only after LPS
stimulation. It is noteworthy that LPS stimulation induced
IL-10 secretion only in the adherent cell fraction and not in
the floating cell fraction. Neither IL-1B nor IL-12 secretion
was induced by LPS stimulation in either fraction.

We also used “reverse transcriptase-polymerase chain
reaction analysis to assess the effect of LPS stimulation on
the expression levels of cytokine messenger RNA (mRNA).
Consistent with the results of the CBA analysis, LPS stimu-
lation enhanced the expression of TNF-oo mRNA in both the
adherent and floating cell fractions (Figure 5). IL-10 mRNA
expression, however, was already detectable in both cell frac-
tions in the unstimulated state, and LPS stimulation did not
enhance expression. In addition, LPS stimulation reduced
IL-10 mRNA expression in the floating cell fraction. It is
interesting that although no secretion of IL-18 protein was
detected by the CBA assay, LPS stimulation significantly
increased IL-18 mRNA expression in both cell fractions.
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Figure 2. Immunophenotypic analysis of monocyte-macrophage cells
induced from CD34* bone marrow (BM) cells in vitro. Human BM
CD34* cells were cultured for 5 weeks (as in Figure 1). At the end of the
culture period, the floating and adherent cell fractions were collected
separately, stained with combinations of fluorescently labeled antibodies
as indicated, and examined by flow cytometry. The experiments were
repeated 3 times, and reproducible results were obtained. Representa-
tive histogram data are shown. MslgG, mouse immunoglobulin G; PE,
phycoerythrin; PC-5, PE-Cyanine S; FITC, fluorescein 1solhxocyanate
FS, forward light scatter; SS, side light scatter.
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Figure 3. Immunophenotypic analysis of peripheral blood monocytes.
Mononuclear cells were obtained from the peripheral blood of healthy
volunteers via Ficoll-Paque centrifugation and stained with the indicated
combinations of fluorescently labeled antibodies. Monocytes were gated,
and the expression of each antigen was analyzed as in Figure 2.

3.3. Effect of G-CSF on TNF-a. Secretion by
Monocyte-Macrophage-Lineage Cells Induced from
Human BM CD34* Cells

As we reported previously, G-CSF directly affects
peripheral blood monocytes and reduces LPS-induced TNF-
a secretion in a time-dependent manner [20]. We therefore

tested the effect of G-CSF on TNF-o. secretion by mono-

cyte-macrophage-lineage cells induced from human BM
CD34* cells. Because our testing of monocyte-macro-
phage-lineage cells that had been induced with cytokines
and harvested after 5 weeks of cultivation showed that G-
CSF did not affect LPS-induced TNF-a secretion (data not
shown), we tested cells harvested at different time points.
Our assessment of LPS-stimulated cytokine secretion by
adherent cells (Figure 6) (but not floating cells; data not
shown) collected after 3 weeks of cultivation revealed
cytokine-secretion patterns different from those of cells col-
lected after 5 weeks of cultivation. Figure 6 shows that cells
cultured for 3 weeks spontaneously secreted low levels of
IL-8, but not other cytokines. LPS stimulated the cells to
secrete IL-6 and TNF-o and an increased level of IL-8.
Pretreatment with G-CSF reduced LPS-induced TNF-a
secretion in a time-dependent manner.

4. Discussion

This study has shown that monocyte-macrophage-lineage
cells were efficiently induced from CD34* BM cells in liquid
culture in the presence of a cocktail of cytokines and that the
monocyte-macrophage-lineage cells induced in vitro were
capable of cytokine secretion upon stimulation with LPS.
Several different subsets of monocyte-macrophage-lineage
cells were induced during the course of culture.

For example, 2 distinct fractions, adherent cells and floating
cells, were observed at the end of 5 weeks of culture. These 2
fractions were distinctive in both morphology and immuno-
phenotype. Adherent cells were large, had a macrophage-like
appearance, and expressed the mature-macrophage markers
CD14, CD105, and CD206. In contrast, the floating cells were
relatively small and contained little cytoplasm. Only some of
them expressed mature-macrophage markers, whereas most
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Figure 4. Cytometric Bead Array (CBA) analysis of lipopolysaccha-
ride (LPS)-stimulated cytokine secretion by monocyte-macrophage
cells induced from CD34* bone marrow (BM) cells in vitro. Monocyte-
macrophage-lineage cells were induced from human BM CD34* cells
by cultivation for 5 weeks, as described for Figure 1. At the end of the
culture period, the floating and adherent cells were stimulated with
and without LPS for 24 hours. Subsequent cytokine secretion was
assessed with the CBA system. The histograms obtained (upper pan-
els) and caleulated concentrations of each cytokine (table at bottom;
<0.00 indicates undetectable) are shown. The experiments were
repeated 3 times, and reproducible results were obtained. Representa-
tive data are shown. IL-1B indicates interleukin 1p; TNF-o, tumor
necrosis factor o. ’
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Figure 5. Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis of lipopolysaccharide (LPS)-stimulated cytokine production by
monocyle-macrophage cells induced from CD34* bone marrow (BM)
cells in vitro. Monocyte-macrophage-lineage cells were induced from
human BBM CD34" cells as described for Figure 1, and then floating (FL)
and adhcrent (AD) cell fractions were collected separately. After stimula-
tion with (L) or without (=) LPS for 24 hours (as described for Figure 4),
total RNA was extracted, and the indicated messenger RNA molecules
were analyzed by the RT-PCR after complementary DNA synthesis. The
experiments were repeated 3 times, and reproducible results were
obtained. Representative data are shown. TNF-o indicates tumor necro-
sis factor o; IL-1B, interleukin 13; GAPDH, glyceraldehyde-3-phosphate
dehydropenase.

cells expressed myelomonocytic antigens, including CD31,
CD33.and CD97. It is interesting that these 2 fractions exhib-
ited different cytokine-secretion abilities. Figure 4 shows that
both [ractions spontaneously secreted IL-8 and IL-6, and they
both secreted TNF-o upon stimulation with LPS. Only the
adherent cell fraction secreted IL-10 after LPS stimulation,
however. These characteristics suggest that the adherent cell
fraction represents mature macrophages, whereas the floating
cell fraction may be related to immature monocytes. Evidence
that further cultivation of the floating cell fraction induced an
adherent cell fraction (data not shown) supports this idea.

It is noteworthy that both cell fractions contained more
IL-1p mRNA after LPS stimulation but that no IL-1PB secre-
tion at the protein level was detected in either fraction. The
data indicate that monocyte-macrophage-lineage cells
induced in vitro are capable of producing IL-18 upon stimu-
lation with LPS but that the stimulation is insufficient to
induce secretion of IL-1p. ‘

On the other hand, the adherent cells exhibited a profile
of cytokine secretion after 3 weeks of cultivation that was
distinct [rom that obtained after 5 weeks. At 3 weeks, the
adhercnt cell fractions displayed almost the same immuno-
phenolype as monocyte-macrophage-lineage cells cultured

for 5 weeks; however, the cells spontaneously secreted only
low levels of IL-8, and not other cytokines. Although the cells
secreted IL-6 and TNF-a after LPS stimulation, they did not
secrete IL-10. Thus, our data indicate that different culture
conditions induce different monocyte-macrophage-lineage
subsets or monocyte-macrophage-lineage cells with different
degrees of maturity.

Several studies have shown the induction of monocyte-
macrophage-lineage cells by in vitro culture of cells from
different cell sources. For example, Akagawa reported that
M-CSF-induced monocyte-derived macrophages (M-Mphi)
and GM-CSF-induced Mphi (GM-Mphi) differ in morphol-
ogy, cell surface antigen expression, and function, including
Fey receptor-mediated phagocytosis, hydrogen peroxide
production and sensitivity, catalase activity, susceptibilities to
human immunodeficiency virus type 1 and Mycobacterium
tuberculosis, and suppressor activity [21]. She therefore con-
cluded-that the characteristics of GM-Mphi resemble those
of human alveolar macrophages. Servet-Delprat et al also
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Figure 6. Effect of granulocyte colony-stimulating factor (G-CSF) on
lipopolysaccharide (LPS)-stimulated tumor necrosis factor o (TNF-o)
secretion by monocyte-macrophage cells induced from CD34* bone mar-
row (BM) cells in vitro. A, Monocyte-macrophage-lineage cells wére
induced from human BM CD34* cells after 3 weeks of cultivation in the
presence of the mixture of cytokines described in “Materials and Meth-
ods.” At the end of the culture period, cells were stimulated with LPS for
24 hours. Subsequent cytokine secretion was assessed as in Figure 4.
B, Induced monocyte-macrophage cells pretreated and not pretreated
with G-CSF were stimulated with (+) and without (-) LPS for 24 hours,
and subsequent cytokine secretion was assessed as in (A). The experiment
was performed in triplicate, and the data are presented as the mean + SD.
The experiments were repeated 3 times, and reproducible results were
obtained. Representative data are shown. IL-1p indicates interleukin 1.
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reporicd that a variety of monocyte-macrophage-lineage
cells, including macrophages, osteoclasts, dendritic cells,
and microglia, can be induced from murine BM cells by ex
vivo culture with different combinations of cytokines [22].
These reports further support our hypothesis that different
culture conditions can induce different subsets of monocyte-
macrophage-lineage cells.
In conclusion, the results of this study indicate that
monocyte-macrophage-lineage cells induced from CD34*
BM cells in vitro can be used for functional assays, at least in
terms of cytokine secretion. Further investigation is clearly
necessary, however; the establishment of culture conditions
_that enable the induction of different subsets of monocyte-
macrophage-lineage cells should provide an ideal experimen-
tal model for the analysis of monocyte-macrophage-lineage
cell function.
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Objective. The role of interleukin (IL)-7 in human B lymphopoiesis is still controversial. We
used an in vitro culture system to verify involvement of IL-7 in development of human pro-B
cells from hematopoietic stem cells.

Materials and Methods. Human CD34" bone marrow cells were cultured for 4 weeks on MS-5
mouse stromal cells to induce pro-B cells. Expression of IL-7 receptor o or other B-cell dif-
ferentiation marker genes on cultured human CD34%bone marrow cells was investigated by
reverse transcription polymerase chain reaction (RT-PCR). Colony assay of human CD34*
bone marrow cells was also performed to determine the effect of IL-7 on colony-forming abil-
ity. Neutralizing antibody or reagent that eliminates the effect of IL-7 was added to the culture
system, and the number of pro-B cells induced was estimated by flow cytometry.

Results. RT-PCR analysis revealed mRNA expression of IL-7 receptor o as well as B-cell dif-
ferentiation marker genes in not only CD19* pro-B cells but also CD19~ CD33 "~ cells induced
from CD34"* bone marrow cells after cultivation for 4 weeks on MS-5 cells. Addition of anti-
mouse IL-7 antibody, anti-human IL-7 receptor o« antibody, or JAK3 kinase inhibitor reduced
the number of pro-B cells induced, demonstrating that elimination of IL-7 reduces pro-B-cell
development. Addition of anti-mouse IL-7 antibody emphasized the colony-forming ability of
burst-forming unit erythroid cells.

Conclusions. IL-7 produced by MS-5 cells is required for human pro-B-cell development
from CD34%bone marrow cells in our culture system, and IL-7 appears to play a certain

role in early human B lymphopoiesis.
Stem Cells. Published by Elsevier Inc.

© 2007 ISEH - Society for Hematology and

Interleukin (IL)-7 is a cytokine that was first cloned from
a murine bone marrow (BM) stromal cell line and is in-
volved in the regulation of lymphopoiesis {1]. Several stud-
ies have shown that IL-7 is crucial to proliferation and
development of murine B cells. For example, injection of
mice with recombinant IL-7 has been shown to greatly in-
crease the number of B cells (2], whereas injection of anti—
IL-7 antibodies severely represses B-cell development
[3,4]. Study of the effect of IL-7 on fractionated B-lineage
cells from normal mouse BM in a stromal-cell-dependent

Offprint requests to: Nobutaka Kiyokawa, M.D., Ph.D., Department of
Developmental Biology, National Research Institute for Child Health
and Development, 2-10-1, Okura, Setagaya-ku, Tokyo 154-8535, Japan;
E-mail: nkiyokawa@nch.go.jp

culture system revealed ‘that IL-7 is required for effective
differentiation of pro-B cells into pre-B cells [5]. IL-7 is
sufficient to induce differentiation of murine common
lymphoid progenitors into pro-B cells in cultures under
stromal-cell-free conditions [6].

The requirement for IL-7 in B-lymphocyte development
in mice was further demonstrated by experiments in which
components of the IL-7 signal transduction pathways were
deleted by gene targeting [7-10]. Results showed that B-
cell development is severely arrested at the common lym-
phoid progenitor stage in the BM of adult IL-7 receptor
(R) a-and common y-chain—deficient mice, leading to
a striking paucity of peripheral B cells. :

In contrast to murine B-cell development, however, hu-
man B-cell development does not appear to require IL-7

0301-472X/07 $-see front matter. Copyright © 2007 ISEH - Society for Hematology and Stem Cells. Published by Elsevier Inc.

doi: 10.1016/j.exphem.2007.05.019
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(11]. Unlike the mouse common ¥ knockouts, patients with
human X-linked severe combined immunodefi¢iency, who
lack a functional common vy chain, produce normal num-
bers of B cells [12]. Immunodeficiency patients with auto-
somal recessive mutations in either IL-7Ra chain or JAK3
tyrosine kinase, a downstream signaling molecule of IL-7R,
also have normal numbers of peripheral B cells [13-15].
All of this evidence indicates that IL-7 is not always
required for B-cell development in humans.

Nevertheless, some studies found that IL-7 affects human
B-cell development in some way. For example, it was found
that TL-7 transduces signals that lead to specific changes in

. gene expression during human. B-cell development. IL-7
stimulation induces a specific increase in CD19 on the sur-
face of human pro-B cells and decrease in RAG-1, RAG-2,
and TdT messenger RNA levels [16). Proliferation of
CD197CD34% pro-B cells on human BM stromal cells is
enhanced by inclusion of exogenous IL-7 in the culture
[17]. Therefore, if not essential, IL-7 may play an integral
role in some aspects of human B-cell development.

In an attempt to clarify the effect of IL-7 on human B-
cell development, we used an in vitro culture system in
which human hematopoietic stem cells are cocultured
with murine BM stromal cells that induce pro-B-cell differ-
entiation. In this article, we report finding that IL-7 is es-
sential for the differentiation of human CD34% BM cells
into pro-B cells in our culture system, and we discuss the
possible role of IL-7 in early human B-cell development.

Matcrials and methods

Reagents .
Monoclonal antibodies used were phycoerythrin:(PE)-conjugated
anti-CD33, from Becton Dickinson Biosciences (San Diego, CA,
USA), and PE-cyanine (PC)-5-conjugated anti-CD19, from Beck-
man/Coulter Inc. (Westbrook, MA, USA). Goat polyclonal anti-
mouse IL-7 antibody (Ab) and goat anti-human IL-7Rea Ab were
. obtained from R&D Systems (Abingdon, UK) and used in the cul-
tures at concentrations of 1 to 5 pg/mL, as indicated. Recombinant
human IL-2, -4, -7, -9, and -11 were obtained from PeproTech EC
Ltd. (London, UK) and recombinant human IL-185, -21, and both
human and mouse thymic stromal lymphopoietin (TSLP) were
obtained from R&D Systems.

4-((3'-Bromo-4'-hydroxyphenyl) amino]-6,7-dimethoxyquina-
zoline, a potent specific inhibitor of JAK3 kinase (ICsq = 5.6 uM)
was obtained from Calbiochem-Novabiochem Co. (San Diego,
CA, USA) and used in the cultures at a concentration of 5 1M,
The specificity of this chemical compound as a JAK3 kinase inhib-
itor has been examined by Goodman et al. {18] and Sudbeck et al.
(19]. They demonstrated that this compound exhibited detectable
inhibitory activity only against recombinant JAK3, but not JAK]1
or JAK2, in immune complex kinase assays and also inhibited
IL-2-induced JAK3-dependent signal transducers and activators
of transcription (STAT) activation, but not inhibited IL-3-induced
JAK1/JAK2-dependent STAT activation in 32Dc11-IL2R cells.
Unless otherwise indicated, all chemical reagents were obtained
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Cells, cultures, and colony assay

Human BM CD34% cells used were purchased from Cambrex Bio
Science Walkersville, Inc. (Walkersville, MD, USA). BM cells
were isolated from human tissue after obtaining informed consent.
A cloned murine BM stromal cell line, MS-5, was kindly provided
by Dr. A. Manabe (St. Luke’s International Hospital, Tokyo, Japan)
and Dr. K. Mori (Nigata University, Nigata, Japan), and main-
tained in RPMI-1640 medium (Sigma-Aldrich Fine Chemical
Co., St. Louis, MO, USA) supplemented with 10% (v/v) fetal
calf serum (Sigma-Aldrich) at 37°C under a humidified 5% cO,
atmosphere.

To induce pro-B cells, MS-5 cells were plated at a concentra-
tion of 1 x 10° cells in 12-well tissue plate (Asahi Techno Glass
Co., Chiba, Japan) 1 day prior to seeding human BM CD34" cells.
CD34™ cells were plated 4 x 10* cells/well/2 mL onto the MS-5
cells in RPMI-1640 supplemented with 10% fetal calf seru'm and

A 10° cells
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Goat () 1 2.5 5 pg/ml
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B 10° cells

(] co1o'coaz celis
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Q = N WA OO N W

] Goat ig

Figure 1. Effect of anti-mouse interleukin (IL)-7 antibody on human pro-
B-cell development. (A) Human bone marrow CD34* cells were cultured
on MS-5 cells for 4 weeks in the presence or absence (=)} of different
concentrations of goat polyclonal anti-mouse IL-7 antibody. The subsequent
CD197CD33" cell number (lower light gray column), CD19~CD33" cell
number (middle dark gray column), and CD33~CD19™ cell number (upper
white column) of cultured CD34™ cells were calculated by flow cytometry,
(B) Human bone marrow CD34% cells were cultured on MS-5 cells for
4 weeks in the presence or absence of goat immunoglobulin (goat Ig) as
a negative control.
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various combinations of cytokines or other reagents, as indicated
in Figures 1,3,5,6,8. After cultivation for the periods indicated,
the cells were harvested with 0.25% trypsin plus 0.02% ethylene-
diamine tetraacetic acid (IBL Co. Ltd., Gunma, Japan), the num-
ber of cells per well was counted, and cells were analyzed by flow
cytomnetry.

For the colony assay, CD34™ BM cells were cultured for 1
week on MS-5 cells in the presence or absence of goat anti-IL-7
Ab and the floating cell fraction was first collected with culture
medium. The remaining adherent cell fraction with MS-5 cells
were treated with trypsin; harvested, and plated in 6:well tissue
culture plate (Asahi Techno Glass). After removing MS-5 cells
by letting them attach to. the bottom’of the plate by 15-minute in-
cubation, subsequent suspension cells were collected as adherent
cell fruction. After counting the cell number by flow cytometry us-
ing Flow-Count (Beckman/Coulter), cells from each fraction were
passaged into methylcellulose cultures containing the cocktail of
cytokines (MethocultTM GF-+H4435; Stem Cell Technologies
Inc, Northampton, UK). Morphology and number of colonies
comprising more than 50 cells was scored at 14 days. All experi-
ments were performed in triplicate and the mean + SD of the
values were shown in Figures 1,3,5,6,8.

Immunofluorescence study

Cells were stained with fluorescence-labeled monoclonal anti-
bodies and analyzed by flow cytometry (EPICS-XL, Beckman/
Coulter) as described previously [20]. Two-color immunofluores-
cence study was performed with a combination of PE and PC-5.
Experiments were performed in triplicate, and the mean + SD
of the cell counts were indicated in the Figures 1,3,5,6,8.

Table 1. List of primers used in this study

For cell sorting, human BM CD34* cells cocultured with MS-5§
cells for 4 weeks were harvested and stained with PE-conjugated
anti-CD33 monoclonal Ab and PC-5-conjugated anti-CD19
monoclonal Ab. CD337CD19~, CD33* and CD197 cells were
sorted in an EPICS-ALTRA cell sorter (Beckman/Coulter). Total
RNA was extracted and used for reverse transcription polymerase
chain reaction (RT-PCR).

RT-PCR .

Total RNA was extracted from cultured cells, and cDNA was gen-
erated with an RNeasy Mini Kit (Qiagen, Valencia, CA, USA) and
a FirstStrand cDNA Synthesis Kit (Pharmacia Biotech, Uppsala,
Sweden). cDNA synthesized from 150 ng total RNA was used
as a template for one amplification. The sets of primers used in
this study were listed in Table 1. ’

PCR was repeated for 30 to 35 cycles of heating at 94°C for
60 séconds, annealing at 60°C for 30 seconds, and elongation at
72°C for 2 minutes; the products were then separated on a 1.5%
agarose gel.

Results

MS-5 cells secrete [L-7 :

Murine stromal cell line MS-5 has been reported to possess
the ability to support the differentiation of B-lineage cells
and myeloid cells from human cord blood CD34™ cells
[21-25]. Consistent with previous observations, the human
BM CD34% cells in our study generated CD19*CD33™ B
cells and CD197CD33* myeloid cells after 4 weeks of

Name of gene

Primer sequence

Product size (bp)

Murine IL-7

Forward S'-TAAATCGTGCTGCTCGCAAGT-¥

Reverse 5'-AGCAGTCAGCTGCATTTCTGTG-3 392
Human IL-7R « :

Forward 5'-GTCACTCCAGAAAGCTTTGG-3

Reverse 5'- AGGAACTCTAGACTTCCCTTT-3
Human CD19 .

Forward 5'-GTTCCGGTGGAATGTTTCGG-3' : ’ 386

Reverse 5'-AGATGAAGAATGCCCACAAGG-3' 576
Humun TdT

Forward 5'-ACACGAATGCAGAAAGCAGGA-3 ’

Reverse 5'-AGGCAACCTGAGCTTTTCAAA-3 : 315
Human PAXS5

Forward 5'-CCATCAAGTCCTGAAAAATC-3

Reverse 5'-CCCAAAGTGGTGGAAAAAAT-3' 319
Humun Iga ) '

Forward 5'-TAGTCGACATGCCTGGGGGTCCAGGAGTCCTC-3'

Reverse 5'-GATGTCCAGCTGGAGAAGCCGTGA-¥ 681
Human GAPDH . 598

Forward 5'-CCACCCATGGCAAATTCCATGGCA-3'

Reverse 5'-TCTAGACGGCAGGTCAGGTCCACC-¥
Murine actin N

Forward 5'-TGACGGGGTCACCCACACTGTGCCCATCTA-¥

Reverse

5'-CTAGAAGCATTTGCGGTGGACGATGGAGGG-3' 661

GAPDH = glyceraldehyde phosphate dehydrogenase; IL = interleukin.



