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Prevalence of FLT3 Internal Tandem Duplication in Adult Acute Myelogenous Leukemia
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Background : fms-like tyrosine kinase (FLT3), a member of the class Il receptor tyrosine kinases,
regulates the proliferation and differentiation of hematopoietic stem cells. An internal tandem dupli-
cation of the FLT3 gene (FLT3/ITD) has been reported in acute myelogenous leukemia (AML) and
may be associated with a poor prognosis. In this study we determined the prevalence and prognostic
significance of FLT3/ITD in adult AML patients.

Methods : This study included 52 adult de novo AML. Exon 14 and 15 of the FLT3 gene were am-
plified by PCR and the PCR products were analyzed by 3730XL DNA analyzer (Applied Biosystems,
USA) and GeneMapper Software.

Results : FLT3/ITD was found in 15 (28.8%) of the 52 AML patients. The presence of FLT3/ITD was
significantly associated with absolute leukocyte counts (P=0.002) and bone marrow blast counts
(P=0.036). FLT3/ITD was also more frequent in patients with normal karyotype (7 of 18) than in those
with cytogenetic aberrations (3 of 25). Patients with t (15;17) showed a higher prevalence of FLT3/
ITD (2 of 7). FLT3/ITD was significantly associated with overall survival (P<0.042).

Conclusions : Our data indicate that FLT3/ITD is a common alteration in adult AML patients. Al-
though based on a study with a limited number of AML patients, FLT3/ITD is a prognostic marker in
patients with AML. (Korean J Lab Med 2007;27:237-43)
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FLT3 4347} Hol= F4 F44 M8H (acute myelogenous
leukemia, AML)A 71§ &3] Uehte §44F W2 43
AML 3R} A ek Aol internal tandem duplication (FLT3/
ITD) o] AEHH o7t E5aps HafF 7173 AAYE &
Fosts FHAQ AR g ela[9-12], E3] 4
FAA &G 7P AML 3Rl A FLT3 72 W)zt 9l
o o)Al AEEo] st B4 A 7HR S i
JTE oSk F-8ahal ST, 13, 141, Ao AML 3
A ME FLT3/ITDE 5-165%% S HIEZ AEHAw
FLT3/ITD7} AZEE < A= A o357 B33 2102 B

=3 ATH 15, 16].

T8y o] ArdM e 9F o2 A3ES Byl &
S[17]& 34 AZF4A W88 (acute promyelocytic leukemia,
APL)o|X FLT3/ITD7} 92% ZAZEL, FLT3 Ho|olA
ABAA TG AEEo] A3t FLT3 Hol7th APLEY 2343l

FFE F AESIL AR Shih EEIZM % 51812 APL

424, mlo o.,>: =2

oMe FLT/ITD &%z A AEE) 79 A4S 9 oA
Fall gl ol 2kel7} §lof 01]” ou7}h glokx Ake A
#}= 2uskdey B3 & 2[19]S AML ek @Al 14.7%,
Aurgl A 132%904 FLT3/ITD7F A&Hw, FLT3/ITD
AR AT 5449 BRI R A ALEE 77
o3t Aol & HolA gherhal AL g 51812 APL 3
A= A Qe AML 3ol A FH *F—%»} A AEEo| FLT3/
ITD <] AN foaiA W Ao Bsiych

ojg} Zro] Uy O T FLT?/ITD 7% 9B Aol AML
Ao 8 A B dTe Wy AHAe] e AR &
A QA =Ule] FLT3/ITD & #et A7EolrE 2zt
o ME 8 2A3E HolX gk ole oY #Ae] R,

AEWHEY oL, —erﬂﬁr“‘ﬂﬂ ol ME t27] Wil AL

2 A, AR RARGN NGRS 04 FAREA
(gene scan) ¥41& 53] AML x| FLT3/ITD] W=
o} S FAAZA Y 7S Lo TA B ATE ARk

2001'd 6€ollA 20031 1287kA] Aot Fakapg el ek
AAreIsttel A AML $2k2 219 $hAjo A 5 HA 7 B
7V a%E 52615 tFo® STk ke WA 266, oA} 27
dRom, Ay Bixe 22-794(F L% 494) Stk AMLY] o
W BYE HE M27b 18980 7P Wetew, Mio] 179, M3

O], MOSH M5 747t 29 elw], M6SH M7 242 17
AR t(8:21) 9} t(15:17)°] 242 TR, &
F 18T A] AT 37 o)Fe] AMA o
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2. FLT3/ITDS| SHMAIAH 2A

gk GAle] FFAA A Ficoll-Hypaques ARl Ta)A]

ZE P gg -70ColrM B3 vy DNAzol A|2K(Gibco
BRL, Eggenstein, Germany)2 AFE3}] genomic DNAS &
Z3th FLT3 fr37e] APEAlE Zwann 511619 Hel m}
MENEAT, 5 -A 9| o= 6-carboxyfluorescein (FAM) 3
A2s P AR 971MDE 1IF, 5-6 FAM-GC-
AATTTAGGTATGAAAGCCAGC-3', 12R, 5-CCTTCA-
GCATTTTGACGGCAACC-3'0|]th. PCR HH-E ZAIE 10x
k-9l 3 mM MgCl, 200 uM dNTPs (Promega, Medi-
son, WI, USA), 02 uM A2 (Applied Biosystem, Foster
City, CA, USA), 25 U Taq DNA polymerase (Promega)&
Y3 DNA FE& 10 ng& ARt HF wha-ako] 50 pL7} &
T% 8l%ith PCRE thadt 22 2702 Algsqltt PCR /F
< 7]7]-‘;— GeneAmp 9700 System (Perkin Elmer, Norwalk,
T, USA)o|H, 94°C oA 28 WH-A]71 2 94°Col|A] 30%, 56°C
oA 18, 72°ColA 287k 3538 AT T 72°C, TR Fok o
FSAAT 2% °]'7}§ 2AS AHste] PCR AHES A7)
GEsld $F JHE I o PCR AHS SHEFE 1000
A5l o]5 1 ul #sk 10 pL9 formamide9} 05 pL 2
size standardol] 3]4JA)7It} 3730XL DNA analyzer (Applied
Biosystems) ¢} GeneMapper Software ver. 375 o]&alo] &
AatAc12]. EAEAE MedCale 7.0 2ZEH o] (MedCalc®,
Mariakerke, Belgium)Z& ©]-&3}ith
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1. QMM ME FLT3/ITD #HO0| BE

AA 52%¢] AML 8ol A FLT3/ITD: 15%(288%) ol A

AEHAY. FLT3/ITD7} AEHE 349 4554 942 S48
AfoloA] A% A8l volsh Bk Sel 17 Aol7} ¢l
ou FLT3/ITD A&& e}k o)A £kt P<001). 223
Bo] F WYLy} BLRE TroW| T 00| =842 FLTY
ITD AZEo] ¥¢t} F50ME v &S FLTI/ITD ¥4< 7}
A SRl ME 87% (35-92%) ©1H, &4 BALe) & 69% (31-
59%)2 % 52 Aol SPlgliz Aol BAKP). FAB
B5o W2 AML ofg¥z B Ml oo 79 174 011*1
6%(35.3%), M2 o}8e 187 FolA 3%(167%), M3 od2
119 Zol A 5% (455%) oA, 28] M5 o}ge|AE 19| ooué
02 AZGA) 7 194 TdEE M9 M7 o}golr: 7



Aol AML SRl FLT3/ITD EojEl=

Table 1. Clinical characteristics according to the FLT3 status in
patients with de novo AML

Total patients FLT3positive FLT3negative

patients patients
N of cases (%) 52 15(28.8%) 37 (71.2%)
Age, yr, median (range) 50 (20-80) 53 (20-80) 49 (22-79)
Male/Female ratio 25:27 6:9 19:18

WBC count x 10°/L,
median (range)

14.1(0.7-145) 63.2 (2.7-145)* 12.9(0.7-125)

Platelet countx 10%/L, 40 (1.5-246)  48(12-246) 33 (1.5-150)
median (range)

Bone marrow blasts, 72 (31-95) 87 (35-92)' 69 (31-95)
% (range)

FAB classification
MO 2 0 2
M1 17 6 11
M2 18 3 15
M3 11 5 6
M5 2 1 1
M6é 1 0 1
M7 1 0 1

Cytogenetic results
Normal 18 7 11
1(8;21) 7 0 7
1(15;17) 7 2 5
(3;3) 1 0 1
1(7;11) 1 1 0
(1:19) 1 0 1
+8/+10/+11 4 0 4

Multiple aberrations 4 0 4

N/A* 9 5 4

N/A; 5 patients had no mitotic cells in culture and cytogenetic analysis
could not be performed on four patients.

*P<0.01; 'P<0.05.

Abbrevications: FLT3, fms-ike tyrosine kinase; AML, acute myelogenous
leukemia.
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Z5A &3kth(Table 1),

2. FLT3 RHAR| RUXIAH 2M 21t

)

PCR HE& o183 AL B4 FLT3 #4719 oF
Ao NE 329 bp 7|9 B peak7t THEAAAITE FLT3/
ITD7} AZEE= 159 AE 329 bp 2719 peak$ 7 350 bp
M FE 402 bp7HA] ThFe 3719 peak7t FAl AZE A
39(20%) 9] EAlA = 3709 peak7t AEHU=H 329-353-
382 bp, 329-353-359 bp, 329-379-396 bp o] AAFCH
FLT3/ITD7} AZ9 150 FollA 8dl& ol E I} Holgo] H
7F 04200141 059 Atelel] EEBATE 2¢ A= opx) &3} HolY
o] peak F7|7F A9 2ty ARME o}F A& FLTI/ITD
9] peak7} #ZEATHFig. 1, Table 2).
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Fig. 1. Gene scan analysis of FLT3/ITD in patients with ITD of dif-
ferent size. (A) wild type of FLT3 gene, (B-D) wild type and vari-
ous size of I[TD in FLT3 gene.

Abbrevications: FLT3, fms-like tyrosine kinase; ITD, internal tandem du-
plication.

Table 2. Cytogenetic and gene scan analysis in patients with FLT3/ITD

No. Age/Sex ( )(AQ%QC/L) (Iia;tggl/elf) Blast (%) FAB Allele mﬁ;ﬁﬁgﬁ i Chromosome
1 44JF 123.8 41 86 M1 329-356 0.52 46, XX,1(7;11)(p15;015)[20]
2 51/M 7.8 30 63 M1 329-382 0.44 46,XY[20]
3 20/F 133.8 60 83 M1 329-382 0.99 46,XX[20]
4 53/F 2.7 86 92 M1 329-350 0.59 46,XX
5 66/M 53.0 84 89 M1 329-396 0.42 46,XY[7]
6 58/M 75 36 89 M1 329-390 0.33 No Test
7 47/M 722 48 92 M2 329-353-382 0.90 No mitotic cell
8 80/F 145.0 151 86 M2 329-376 0.35 No mitotic cell
9 67/M 115 246 61 M2 329-402 0.16 46,XY
10 39/F 437 20 88 M3 329-350 0.33 46,XX
11 43fF 79 15 87 M3 329-350 0.45 46 XX {(15;17)(q22;q12)[15]
12 66/F 86.5 33 43 M3 329-382 0.35 No test
13 70/F 101.9 112 83 M3 329-353-359 0.45 No test
14 55/F 95.3 23 91 M3 329-379-396 0.48 46 XX (15;17)(q22;q12)[20]
15 37/M 63.2 205 35 Mbb 329-379 0.25 46,XY[20]

Abbrevications: See Fig. 1.
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Fig. 2. Kaplan-Meier plot of the overall survival of patients with
acute myelogenous leukemia according to FLT3 mutations.
Abbrevications: See Fig. 1.

3. M EMZIe} FLT3/ITD HO| 2= 2

FLT3/ITDE A% G4A A3S 71 189 9] 3af FollM 7

M(389%) 14 AZHQL, t(15:17) 2 Hol= 7% SAjME
21:1 (28. 6%) ]A1 5]9)\@ 27]-;(] o]}\L_J cd/nn;q] o]ALO_ y_o]h
4749 BN FLT3/ITDE AEHA 9k, FLT3/ITD7}
AEH 5 7 3WoXe SRS #HEE F fieH, 2
HYAAAE AldetA] 3ok didsiart Ui Aol SAAE
E 3R WA FLT3/ITD A&L A4 44 d3S Ho)
A t(15:17) & 711 Sl A EA4 ves A4S B 27t
A oPde] AMA oS HolAY 49U (mosaicism) & 7H
AN FLT3/ITDE AEHA 44l FLTY/ITD &4 3
AEAM GAA AAE G 5 e 4o E AT 33¢]9 4 224]
(66.7%) ] 745 theFat GAA o] do] AEEU, 114(33.3%)
= A A E BT

)

4. FLT3/ITD AEZ40| WE o=

M3E A9)5l7 XNFEE A33 Sl 28W0|90th. FLT/ITD
AT 69, FLT3/ITD AT 22909, ¢dde &S
FLT3/ITD Hd0lA 70%, FLT3/ITD SAZANAE= 774%
2 fogt zolg Holx AYth FLTYITD FdwelA A
AE717HP<0.05) 0] WA B A FHAE7)ZHP=0.353)
e F2]3 2po]2 Kol egkrh(Fig. 2).

LAy

FLT3 §4x4= o2 class I tyrosine kinase 8&A(d:

O|&L - Zs2t- AXEt 2] 19

) ) )

FMS, KIT, PDGF) & v}t 2 A xet vz 57H4 HYz
2EY S} 99 (domain), ZF7 3 9] BES} G (trans-
membrane domain) % 22 Y (juxtamembrane dornam), 2
e MEW tyrosine kinase 9 2 d 79 C-terminal G
o5 FAFANG 13 FAA S FeH(13q12) ol YR8k 2470
9] exonO. &2 FAES] AT 2k 100 kbe] FA71E 7FITH20].

FLT §7379] 22 g9l dojue= ITDE F+2 exon 14
¢} exon 159] AJZHE-QlolA] dojub=t] 439l AML 3] 19-
32%[7, 10, 14, 21], 2Fo|PA5T &) < 3%904 A&
= F4 A AZ8Y FRAE o W HIEE Holi
At 21]. FLT3/ITDE A% E4A d3& 71 AML 349
19-35%9l4 UJehte 7173 Hlnd fAapde)|Z =77 2 o

2 AAsle FAANE F&atr BrET Ju9-12, 14, 18,
21]. FLT39 & T2 $Az} o)A FLT3 A & wix)
tyrosine kinase %9 9] activation loop Wol] I 835HA] o}w] -
Akl o}~ u}E}7] (asparagines, Asp) 2 FEHAHO|Z A9l AML
gapo] oF 7%l M FFE7]. FLT3 Asps3s Edwol= 1
A oozt YA A Gol o Foke] A/ L §ls AR
HIE Y FLT3/ITDS} Asps3s Eddol= A2 T334 et
dohar g7, 10-12].

B A FLTYITDE thid 3k 528 & 159 34282
%) A AZFHYET, o) 19%004 32% HYE Hol:= T
AFEF ASAEE[11-14], dE(22%) Hue= 497t &
Holm[9], F391(259%) 3= FAISH HIRE B
t22]. 9] A5 BE & 5[19]2 AML #449] 14.7%91
A FLT3/ITD7} AZR01 393, & 5[18]2 19.0%9 AE
S BysgEd, & AAE FLTY/ITD7} 288%914 A%
wo] o]F Hr} £ YES HAEH. ol AP we

o9 Aol AR, 53] £ AFAF|A Kol FLT3/
ITDS] R} WHogo] H7} 016 o] ofF AL 79 WH

o wat AE3A X & £ Uk JAZIY FLTS/ITD A%
o} Hogtd At 55 vl A g o ArlMAY
Ak QAo W 571 52 749} ZFoH X v go] & 7
ol FLT3/ITD 7% ¥%sh ¥9ket Zeiy 3 S{18]e 98
T Zrol) whel FLT3 $AxPH0 e AZL 2jo)7) Ux] Fofthy
331

FAB o}3¥g FLT3/ITD AEES AR d7dA B,
7b ol T WIEYL FYsA dgon, e o}gHit= FAB
M39} M5ollA] =4 AZEY, M3ETHE M3v, MSaRth=
M5boﬂA1 IR AEFo] =912, 23]. M2, M1, = M6 o}
3 < A7AmT £419] Aol UAAT A A AEE
AQuH12, 16, 22, 24]. FLT3 $AAHo|= M4, = M5 =9
el A G o] MY WNErt =4 Yehted, o)s w1t
F8l8 u FLT3= X424 02 WE Y, CD34 YAH 7T T3
T2 E3letedl FLT3-L7t 34 #osh= 202 Hol FLT3
o] 43 (constitutive) Edo] Tl Fojsirial shth

c

rlo

2% uEE
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Thiede 5[12]& M59 ¢F 40%9A FLT3/ITD7} &A=y

3193, 4 S[18]& M4/M59] ¢F 30% 4 AZHTY 819,
B Aol ME M39] 7 117 FollAM 53] AEE ] PHHTt
=0 M59] 73429 Fol 1%e] HAEHAU

AML 3= AAA AAF Aol wet o5 Fos £
B3 F07 TR 4 e, AML 3R] oF 45% M E
HYA7E FgeE Ut 55 F4E + gk FHAZA T
wE FLT3/ITD HAZES XA A& BY 44 944 9
e 711 BRAES 386%A FLT3/ITD7} 7%54017, t(15
17)& /W 39 363%= B4 % %5]9111”} t(8:21), inv(6)
2 v 37t 22 FlAE o 9A A 1‘21 m[12
13, 23], -5, -7, del(5), TE EFT AAA oS 7kl o5 }
Begd FoAE FLT3/ITD @%3 wolti{12, 13, 23], A &
[18]9] AFANXE M3 o}8& Aejet 4 HAA A& 7%
AML A2 AARZE71 74 FHAZ7)7b0] FLT3/ITD
AEol wel Fo3 2folE HIT diHth B Az A
A AAR AL 7HA 189 2ol 7H(38.9) A, t(15:17) & 7}
A 79 Fo| 21(286%) A FLT3/ITD7} AZHQ, 248
YA ol M BAAME FLT3/ITD7 AZE ] tE
TEH &Y 494E BYoh
YuA o FLT3/ITD Wel= AML 8ze] ghadsol=
g WAA FeEnta S, 11, 12, 23, 5], & A9
51819 AN UA3te AFE Bk T2 =9
Roombouts £[14]19] HYdM= FLT3/ITD7} AZEEHE 34
oA SR go] YndA iy STk AML WH %
7139 A9} AAAE AFEE FAB M3 oS A<}
TE AANEZZY, FHAE7Z diEl] SHHoE U o
AR g3, E—ﬁl B4 QAR AP AT oA AET]
7y FHAE ] e G /I st 11, 13, 26,
27]. %} %[18] FLT3 734 Hole &4 f-Fol upe} AA
REEC] o8t AolE HRITA 3t¢iA T 2
°3.?L°ﬂ*1— FLT3/ITD H FAEAN AAYEN TS {8t
Al FRIL, FHAZ7|ZE B ApolE HolA] ¥sk=t], ol Ul
B U Ao R A ME FH7IT] Fol AtolE
Hel A= AztHT:

Schnittger sl23]e A= iOH A HF3Yd 3499 3R}
oA 319 FLT3/ITD7} fatA o1& & e AL
FLT3/ITD &% 4 Azt A7}, FISHS PCR A3
Sol dABIHeH, 47| FAlA YFHOE A 2-30E A
o ALS oAl AML 39 37 Al G-838lthy 319
ok Cloos (28] 2tk GAl9h AlE AAE o83t ALE
& AV e, FLT/ITD AEE 4% Awgo] 4 32
AutE e 7)7ko] ggtow, Awe 145 A 45 FLT3/ITD7}
AL 5HllA = A2o] Uehskow, 53| FLT3/ITDY
Zol7} MY &k & 51918 At YAl FLTS/ITD
7V 147%, AE Alls 132% ZHAEHAL A A A

N

o of
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FLT3/ITD7} A Alol= §A5= ZA$7F Boky, dyol|Agt
AMZo] AEHAAY AR EZ AMLE| Aol FLT3 f37 W
ol9] o] AL Zolglx stk AMLE Ajws} 21|
Ae] FLT3/1TD] 93] digt 37449l 97t Bese)et o
AR},

B Apol e tid 3ale) 32 o) ol A5} o Foll 3
Ag AAE BAL A BaGAT, FLTY/ITDE A9l AML
Aol A o FRIAZA A7} AT, A71GEHE A
o] g& EIERY FLTYITD AEEC] =%ORE By
dPiErt =& PHOE AES AR o5 AR FHAE

Z AT AML 87} A 80l 2ol Hejet o AT

o OoF
4 =

HHZA : fms-like tyrosine kinase (FLT3)+= class III tyrosine
kinase 7849 YFOE FFHOE XTI HEHoR
wEEo] TERA 2 S, E3o} ATl Aodith FLT3 &
A2 Internal tandem duplication (FLT3/ITD)S 94 &5
] W84 (acute myelogenous leukemia, AML) $#}9] o 59}
A FEdol vy ¥EA Aok Sk A9l AML
Aol 4 FLTS/1TDS) WEsk dlFAAEAS 71 Yol
A2 A5 AlEeith

HHH @ de novo AML 3AZ Aty 5285 thAalo 2 &%)
t} FLT3 A%k exon 143} 15 —,——r]E_ el 519 T, 5 - Ak
°ﬂ 6-FAM-FHMAE Hatsto] PCRE A3l PCR 4H

£ 3730XL DNA #417)(Applied Biosystems, USA) %} Gen-
eMapper Software ver, 3,75 o]&3lo] B35tk

Zo}: 5289 AML 3} FollA 15%8(28.8%)9lA FLT3/
ITD7} AZHATE FLT3/ITD AENEE T2IdoM S
T 7 BEFE(P=0002), FFAIA oMHE Ut BESE
(P=0036) <u|A EUTh FLT3/ITDE |44 o4& 714
Y= _‘o;]_x].(25l:g = 3uﬂ)i1:} X%A]— o A1 A 311632. 7HA gz}
(189 F %) A o Sl AEHAL t(15:17) & Kol

rr o

AT =& RIEZ ASHUTHTY F 29). T3 FLT3/ITD
= AANEZ 7S rdls TS BATHP=0.042).
HE : 2 A3 AxE B9 FLT/ITDE A<l AML 3kt
oA E3Al Bole FAAF ofdold, HIE Uit 3k = A9

g Ao
AW FLT3/ITDE A¢l AML 3ol 4 o] Fela24¢] 747}
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