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JU 2P bk U 406 o s B e Bk 5 s b il
TR E L RRE, FRAREH R, A P G R R AR, 2T

(LERBRFEFRWELHEILEEF PO o MFEA, EE  200127)

[ E] BH MEFRER(MRD) W)L # 20k bk 40 E s (ALL) B31697 M b R E B WS
HERZ—. HErE M MRD K 7 322 i 4 AR R PCR FoR | {H 5 F—Fh o7 ik X AR i AT 1 L 4R
A8 M AR, I BRI PR R0 G N R R B BB K280 ALL B LR B 435 % MRD Eidrid. Fik
A s SRl AR A PCR AR TR e B JLEEEE 7.0 2001 47 9 J 28 2003 4% 10 J 126 il & ALL %E&JLE’”E*T
A 5 R R F R R F R, R D106 il B R-ALL B )LEBEbRA I Y 350 U4 fg R #1477 MRD
GE TR BRIC I B 8 , L rp 11 AR AR R 0 2 1R M DU AR I, BN 89. 6% 54 1 A”’“aﬁmﬂﬂ’m$ﬁ 11 7]
(11.6% ) , &/FHARCHRA 1 88.4% . @PCR £ ARGk 27 1] ALL H-Bibn A B 52 A IE P F 4k, 26 i) 2 /0
H—ME (4 96.3% ) , o 9 ] (34. 6% ) HHEFR A R —AMARIC, 17 41 (65. 4% ) 2/ P A TR IC
FE T Z-ALL B HEfRA T, L TCRVy T -Jy1.3/2.3 FAPERR 2 WS 3 R HE 2% A BH M 3045 o 5 R M a8 UL 2k
£ B R-ALL B AR 3k 50,185 57. 1% (4/7) . QW R HEEN 121 §1](96. 0% ) (1) fB ) LFRAEA 38 14 5 1k
fobr. &5 TR AR S g 2 5 PCR AR 32 VR 3 0 S HEBX T, 7 o 46 K 2800 ALL iR
JLAR BN A 35 1Y MRD W HE A 5 2B IR 32 A R FE HE v, 477 Z2 M58 P IR R 3 B US4 e PR F 4l
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Tandem application of flow cytometry and polymerase chain reaction for choice tar-
gets of minimal residual disease in childhood acute lymphoblastic leukemia

TIE Li-Jun, GU Long-Jun, JIANG Li-Min, ZHAO Jin-Cai, CHEN Jing, PAN Ci, DONG Lu, CHEN Jing, XUE Hui-Li-
ang, TANG Jing-Yan, WANG Yao-Ping. Department of Hematology/Oncology, Shanghai Children’s Medical Center,
Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China (Gu L-J, Email; ljguscme@ hotmail. com )

Abstract: Objective Minimal residual disease (MRD) is one of the most important prognostic factors in childhood
acute lymphoblastic leukemia (ALL). Flow cytomeiry and PCR are two common techniques for examining MRD in ALL.
This study aimed to identify MRD targets by tandem application of both techniques in children with ALL. Methods From
September 2001 to October 2003, 126 children with newly diagnosed ALL were enrolled on the treatment protocol ALL-XH-
99. Tandem application of flow cytometry and PCR was performed to identify MRD targets in these patients. Results
(D Using sets of combined antibodies, immunophenotypic expression of leukemia cells was observed in 95 of 106 B-lineage
ALL cases (89.6% ). Only one aberrant immunophenotype was observed in 11 cases (11.6% ) and most patients with B-
lineage ALL (88.4% ) expressed at least two suitable targets. @ Using PCR technique, T-cell receptor (TCR) or
immunoglobulin gene rearrangements were identified in 26 of 27 patients (96.3% ). Two or more monoclonal/ bi-allelic
gene rearrangements were identified in 17 cases (65.4% ). The majority (70% ) of T-lineage ALL cases contained
TCRVy I -Jy 1.3/2.3. Cross-lineage TCR rearrangements were found in 57. 1% of cases with B-lineage ALL. (3 Suitable
MRD targets of immunophenotypic abnormalities or antigen receptor gene rearrangements were detected in 121 patients
(96.0% ). Conclusions MRD targets were identified using tandem application of flow cytometry and PCR in almost of
children with ALL. Cross-lineage TCR rearrangements and bi-allelic gene rearrangements were observed in many patients.
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Fic el BE AT 0 )2 B AR B A7 2 EAH L
PR ELAH M s (ALL) Y 4 AR 0 AR AR
(EFS) &3k 92% " A5G 2 10% ~20% [y ALL &
LB R o H BRI A A5 B A — 4L
eI I A, SRR AR B S (MRD) o H FTH
FA ALL-MRD A5l i) 75 32 32 24 i 2 40 A A A T
1 000995 4 L S5 ) 38 3R T8 K PCR. A AR A i i J5
SRS EHE R A L (B, B — Ry ik
R, SANRE B A Y ALL (LR 20538 i W AR
o R T RIS A LA ARSI 1 035 200 S 8 1 e
REFRTY K PCR 2 A I e J57 32 4% 35k 81 2 HE W
RGN R RE N T A ALL LI E A58 )
MHgFR, FATX 2001 429 J 5 2003 4F 10 H FifFAg
WK E A BEHE B L E2F O B2t n ALL
BILE BBV A AT T WIRN 5 36 G 1 F i MRD
FRic BT o

1 ST

1.1 HFRIWK

H 2001 4£9 A 1 H £ 2003 410 A 31 H L
AR R o e B s T L B o PO E A ALL-
XH-99 6977 ZI T A 17 40 AR MRD Fric i
R B ZR-ALL JBLE#EFRAS 106 1], LR [RIA MR
i) T-ALL & L& #fbrAs 20 i,
1.2 {(UH|/EH

T 4H i1 4% ( FACSCalibur Becton Dickinson 2
#]), T-Gradient PCR {¥ ( Biometra Germany) , [E{% /3
i (V025526 Vilber Lourmat France)
1.3 FERH

WKL A 53 B R (B IR ) ) 5 CDy,-FITC,
CD,,-FITC, CD-FITC, CD-FITC, KOR-SA3544-
FITC, CD4;-FITC (3% [E Immunotech /2] ) ;CD,,-PE,
anti-TdT-FITC ( J}ZZ Dako /3 #] ) ; CD,,-PerCP, CD ,-
APC,CD-FITC, CD,,-FITC ( 2 [# BD A &]) ;1 A
IgM-PE ( 32 [ Southern Biotechnology Associates 7\
H]), QTAamp DNA Mini Kit ( 32 [F QIAGEN 2y #H]),
Taq DNA Polymerase in Storage Buffer B ( M1661 )
(Promega) ,PCR Nucleotide Mix( C1141) ( Promega) ,
1Y i REEERZAE YA BRA FE K .
1.4 FHik

BB AZ NI 73 8, 7E 15 mL B0 4 o
A4 mlL i E 20 B S s U R AP BE A 4 mL
T2 AR 1 x PBS FE 1R 50, FHG 48 1T 48 e 22
1&nF s Zwm L, KFEE 0 1200 1/min, 30 min;

B JEECE A AL PUR S AZ AR R E
=B PRAE ARG B 40 A B i i, PBS Pk
2 3, = IF o
1.5 RAMBpAFESNFARTEERBERE

PUiRA A Wik . F TR BT iR L A B HAR
BAE NS % R3],
1.6 PCR HE A%k ALL 2)LBMFEABRTIESR
FEEEH

DNA fifi$2 : Jt ALL f8 )L 88 51 A% 40 i, 44 IR
QIAamp DNA Mini Kit( 2 [E QIAGEN /A &) ¥ W] 45
(25 B B2 DNA 5 8 414316 % BE A0 52 T B A%
DNA Ay [ DNA ¥ [ (ng/mL) = Ay x50 pg/mlL
X 1/ 9618 x R BRAGEL ] S 2l (Asee/ Ao LUAE N 1.7
~1.9) ; PCR A0 % 11 10055 20 L R Bt )it 32 1A i 1A
FHE, ALL SBOLE bR A BT 5190 B3 7= 4 K/
Je PCR EARERAE T S5 S0k 4], BHMEEXT B R
Jurkat ZF M FE , BIPEXTBE R H,0, 1% BUiSHE K 6%
Al AR 2R DR MO e 5 s FEL UK , EB e €21, 55 AINEE I i
B R G,
2 #R
2.1 ZSHERNMEFEARTFEILE B R-ALL B2ILR
BRERE

£ 106 ] 22 2 0 X 40 i £ R 7 ik B & -
ALL 2 LE#81% MRD Aric i, 11 45 bR A< K i
Wt A aE bR ic, B S 89. 6% ; [F] W 3Lk yA T-
ALL L 25 1] ( 25 B i 2 T i 3t = 20 i 452 A Wi
T-ALL-MRD) , [H b3t 36 i 8 LB #lbR A< A REREA T
MRD Wi, 5 27.5% . 70 3E HFRiC ) B R-ALL
FRAS w5 — AN WIS BR i BROLARAS R 1L 4
(11.6% ) , Z2/0A4 WA W35 A5 0 8O LB SE bR A 5
88.4% , I BAPEZE RN s 1, B &-
ALL LB #8578 e R ORI 1,
2.2 PCREARTFEAMFMAMEBILREZEER
BH

L1451 157 FH I = 40 B AR A B 16 4 MRD A1 () B
F-ALL LIRS Y 25 4 T-ALL L5 #ER
A, HTEAFAMA LR SER, 155 7 #1] B R-ALL
J 20 5] T-ALL L) & B REFR A, H 4407 2 45 1
W2, N A PCR HARTRBE P11 ) L i sz (4 gk
HEHE, EE AR R 511 ALL L& ZFp A
XTGP 385 , 28 1% B e bk ik H PR E
DL 25 PHMED R A2 A P HE S S R — SR & (HD )
G307, FIWT PCR 74y ok B o e 5 HE DU o B PR T
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Hesfi gt o dE, W 3, SEru e EHE— AN
WARIC . FERTA 27 B PCR AR e HL IR 32 74
SR E AR ALL BULEBE R A T ,9 #1(34. 6% ) &
JLAA = EIERIC , 244 A I AR IC 9 &L
T (i 65.4% ) o AU AL DR B HERY A L
WAL 3 Je e 4, 7E TCRy o WUEE FE N EEHE R
A PR A
2.3 RAMEMEAK PCR HARKE AL
FRid
126 {4145 106 #i B &-ALL & 20 {4 T-ALL f&
JUERERAS B 1 1 T-ALL LA 2E 2] & 1E bric
1,121 iR E) MRD HENFE4R, 5 96.0% .

MRD

x1 EMAEESEB R-ALL FHERUIE (%)

x3 J[IMREZEHEEEEHE T-ALL i

BRE (%)
PURZIREEHEHE AR ARR [ SRR
Vd2-Dd3 0 0 5
D32-D33 1 5 3
V52-J31 2 10 10
D32-J51 0 0 11
Val-Jal 6 30 33
Va3-Jal 1 5 7
Vy I -Jy1.3/2.3 14 70 60
Vy Il -Jy1.3/2.3 5 25 10
Vyll-Jyl.3/2.3 8 40 7
VylV-Iyl.3/2.3 I 5
Vy I -Jyl. 1 1 5 13

T E AMRGE R ok B Dr. Tomasz Szczepanski 7E St. Jude
Grand Rounds {45 (8 H : Ig and TCR gene rearrangements in child-
hood ALL immunobiological features and applicability of the detection of

minimal residual disease)

®4 BWRRZGEREHEB R-ALL f1p

VA & AR AROE ESMRE R
CD33/CD,y/CD3, /CDyq 48 45.3 30 ~50
CDy5/CD,y/CD3, /CDyg 44 41.5 30 ~50
TdT/CD,y/CD3,/CDyq 63 59.4 30 ~50
CDys¢/CD,y/CD4, /CDyg 33 31.1 10 ~20
CDy,/CD,y/CD3, /CDyq 11 10.4 20 ~30
CD3;/CD,y/CD3, /CDyq 0 0 5.0~10
CDy3/CD,y/CD3, /CDyq 1 0.9 10 ~20
CD,,/CD,y/CD3,/CDyq 2 1.9 5.0~10
TdT/cp/CDy, /CDyg 11 10.4 10 ~20
CDgs/CD,y/CD3, /CDyq 0 0 5.0~10
CDsg/CD,y/CD3, /CDyq 53 50 49

#2 PCREAMEALL 2L ESEEESH
FH 45155 FA- 1% FAPER (% )
T-ALL 19 1 95
B-ALL 7 0 100
At 26 1 96.3

BRIE (%)
Pz AR EHE AR AR PSS
V52-D3d3 0 0 67
D32-D33 0 0 13
Vk I -kde 2 50 26*
Vi Il -xde 0 0 22¢
Vi Il -kde 2 50 20°
VIV -kde 0 0 7°
Intron-kde 0 0 25¢
VyI-Jyl1.3/2.3 4 57.1 55
Vyll-Jy1.3/2.3 2 28.6 16
VylIl-Jyl.3/72.3 0 0 <1
VylV-Jy1.3/2.3 0 0 5
Vy T-Jyl. 1 0 0 18
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1 000 bp
500 bp

100 by,

E2 14 T-ALL 2 )L PCR fiiZ MRD #Rric 1%IRAEHE
HiKZER  M-marker; 1-V52-D33 ;2-D52-D33 ; 3-V52-J51 ;4-D52-J51 ;
5-V81-J81;6-V83-J81;7-VyI-Jyl. 3/2. 3;8-Vyll-Jyl. 3/2. 3;9-Vy I-Jy
1.3/2.3;10-VyIV-Jy1.3/2.3;11-VyI-Jyl. 1 ;12-Jurkat cell line;13-H, 0

1 000 bp
600 bp
500 bp
300 bp

B3 #BsrEJLHD SR (6%3IEE S PAGE Bik)
M-marker; 1 -ZE i BT HE; 4,5-FaRET ;2,3 , 8- XA (A T

3 g

GBE Sk FE BRI 1 ML A DG 1) Fo 98 R Al
PR S e o IV W v B s 1S R T
S LB D 2 38 1 1 2 5 S 1 I A I ) S i B i
RS Wil MRD™ . i FIEH B RMAMEA 5H
L7 2 AR AR, 22 7R, AT I i R |19 S B 2 BE % 1
iff X435 B 14T P L9 &40 R 1 s I AL 2 .
L7 40 0 L 3 A0 e DR A b 22 57 Rk B
TEWIJ7 17 - D 9 25 5, 13 05 40 i 3 T8 /9 CD,,/
CD,,/CD,, I8 5 HLIEH 1) B 25 11/ tH 40 g
= 10 4%, 73 5b CDy Al CD,s i FRB 40 B R 58 T 1E
AN, ) FH 3 e T 5 3% 58 B Y 25 5 X — e AT
B X 43+ 11 099 200 B RN IE B 4 ; @AY 25 5% I IR
i AN [R] B 22 3k O L i S A IE R B Bk B A i
Hil > Rk A R PR, 7E B R-ALL 41 3%
I, BT PSR 5 1E 20 M BEA T X 2h At o JRATTA
M Bk Z Mtk dl G, 7k 89.6% 1 B R-ALL L
FRENAIER IR bR, (B2, A LB 11.6% )
ILEA —A 55 g R AR a] LLVE S MRD i

Bhhe B TFE AR R rh, &k A e R
F A, BRI, X307 /B LTE LUJE B W s ] g4 1
U BAESE S o R 7 30 G I I e 0 225 L, o ik
O3 NAT WA SR BCH Al iy Wl B

PCR $¢ AR = B2 38 1o A5 00 b 98 4 57 7 9 A 46
N7 200 BEL R R ) e i 2 AR 356 PR B HE S e e AR 5 A7
Rl DR SR W I MRD™ o 75 385 1M T 490 i 17 9k £ 40
fL oAb st B v, e e Bk B 1 (Ig) A T 40 i 52 44
(TCR) ZEF AR X (V) LS4 X () FEF & kA&

&Fna

HHE (PR B 5 1) 7 W =08 HE 91 5198 B0 19 R
Wr) o XA, B E AL — R V-(D) =)
A 1g 8¢ TCR 73 FRYATAEIX . 7EV (D) J %
R 4253 DNA R W7 i BE AL 25 2% B oK sity it S8 A% 0 2%
FRAEAS BN T N X4 A 228 1g 5% TCR 435
AT H A, R IL, #6375 & 2 Fh 25
(AT R IR e SR AR T

i H TCR JEH 8 H AU T T-ALL, JR WL T B
Z-ALL, IgH,TCR3,TCRy,TCRB 7£ B Z&-ALL 13
KR 95% ,84% ,55% F133% |, i fE T-ALL [1)
FIB RN 5 H 14% ,68% ,91% F189% , Wi ZHH G
MRS L EHE AT W FILT A ALL™Y . i 47
FESERE AL, P PCR A MRD B 33 ) 16 5 %8 />
PRPHE AT T4 FEFRAT BT i B L S 2 A 3 Y
Hed, DL TCRVy 1 -Jyl.3/2.3 Fik &5, 76 T-ALL
BILPA RO % 5 B A5 R FEA AL, BT B &-
ALL LI i vE (R 1155 A AR ME LU, (H A& MR
Xy FIRTE B R-ALL B LK &, i557.1%
(4/7) , SESMREAMAERL A 9 #1(34.6% ) LA
A —ATEEAR I, XX EB 43k A 0] sk g LS
I AR R T e R E AL IR B RS R, W DA e
JRZ AR HE L R A R S, anfo e BR A 1 T4 (TgH)
FEHE LS [ A1 B 52 Y TCRB i PR 7 1l 7 ok
Wiz B I X 40 M R 5 RT-PCR 46 1)
FilG B A T AR I o

PR I, FRATTAT LA 96. 0% i ALL L
FEWEIFRIC 1 BRI AR IC A T-ALL &L, 7R
ToFRAT B KL% K Y fb A 55 ) BCR/ABL J MLL-
AF4 . B3, 3R T1FFJE T MP-FCM W59 T-ALL-MRD
1) AR, B LA &3 By I I bR

(& % X ]
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1l Je 3G &7 1 B % 4 JL iR 2 B
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(TRESHBRAEPTILA, BE T 024200)
[hESHES] RI.4  [XHEHRIRA] E  [XZHS] 1008 —8830(2009)04 — 0250 — 01

B 1: 8L, 5,8 A HAIRIMIR 1 d AR,
BILTABEHT 1 d A 28, M2 irgs 7 e 28
EPRIORL 50 mg FAR , R MR HAL 25 . IR25 5 24
8h BRI R, APE#r{k:T 36.8°C, HR 130
K/min, R 32 ¥K/min, /R 10 kg, i, KUK
AL SRS AR I, AN O U IR AR S & R G
BRI R LR H . LKA WBC 12.0 x 10°/L,
RBC 5.0 x10"/L,Hb 118 g/L,PLT 402 x 10°/L, JK
T RIRINIK , JREE T + + U510 + + + 85 F 204
MO o il R 8 LB R BRI IR . B P REIEH .
T BUE RS AR WS o 48 TR &
THAAEIRYT,2 d JEIRE IE R HBE. 1 8.3 4
Ja B A RE I IEH

B2 8L, 2,17 A A ARIR IR 12 h ARt
BILT ABERT 12 h [ & #, 2Y #b 12 fFr D44 5
38.7°C 25 T JE EEF A FRE 60 mg 11 AR , A AR FH LAt
251, MRZj)52912 h HIRRIR I IR o A BES A .
T 36.5°C ,HR 126 ¥X/min, R 30 ¥X/min, {&F 12 kg,
PR B ACRAS ], PP RR, W 72 i, RS oI I
B RGNS R . MR F S . 5%
SR E RLE R o R AL IR IR, R EE A
+ VI + + + B8 NLLANIE ALY o IR
BPEMLIK . B DIRE 24 h JRES (I TgA TEH . %M

[ ik H 49112008 — 10 - 135 [ f&2[nl H 1112008 — 11 - 17
[MEE R VAERAL, 20, R, IR BRI, 07 - JLEE BT R

XU i R B ER UL o 28 T ORI B SRR
AEIRYT .3 d JEIRHHLIE R b, 1 JH .4 )5 A
PR MIEH

e Je BT AL — AR 5 PR 22y,
DR AR I A SIS T e 3 R 24, g L B R R 1 FR R
TR (COX-2) il o BT BR A5 Pl PR 5 LR A K
o I PRAESE , JE SR &7 FXT S AE 5 R 1 & AR A
BRIk 88.0% o JESEET A B RIVE ] £ 2AE L
Mt RS R B AN RO IK R, b
AL EL PR A ARE

DA 8 051142 DR A R e S M) i e B PA) AR I
PR, RIS HERR 1 A5 S PR A4 S P 6075 18k JE 5%
FPRITEL JESEET M B LA F2 5K AT, L2 H 50 &
HEEH S mg/kg, oy 2 ~ 3 YA, AN ST 5] 2 £
ik, XA LR JE SEEF A AR, S S
T K By 2 AT 3% 25 55 IO FH I T 50 K 1) 22 4 aB 44
2y, 0 FH— 8 LRI 7R B SR R
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