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Fragment Analysis for Detection of the FLT3-Internal Tandem Duplication: Comparison
with Conventional PCR and Sanger Sequencing
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Background: We evaluated a sensitive and quantitative method utilizing fragment analysis of the fms-like tyrosine kinase 3-internal tandem du-
plication (FLT3-ITD), simultaneously measuring mutant allele burden and length, and verified the analytical performance.

Methods: The number and allelic burden of FLT3-ITD mutations was determined by fragment analysis. Serial mixtures of mutant and wild-type
plasmid DNA were used to calculate the limit of detection of fragment analysis, conventional PCR, and Sanger sequencing. Specificity was evaluat-
ed using DNA samples derived from 50 normal donors. Results of fragment analysis were compared to those of conventional PCR, using 481 AML

specimens.

Results: Defined mixtures were consistently and accurately identified by fragment analysis at a 5% relative concentration of mutant to wild-
type, and at 10% and 20% ratios by conventional PCR and direct sequencing, respectively. No false positivity was identified. Among 481 AML
specimens, 40.1% (193/481) had FLT3-ITD mutations. The mutant allele burden (1.7-94.1%; median, 28.2%) and repeated length of the muta-
tion (14—153 bp; median, 49 bp) were variable. The concordance rate between fragment analysis and conventional PCR was 97.7% (470/481).
Fragment analysis was more sensitive than conventional PCR and detected 11 additional cases: seven had mutations below 10%, three cases
represented conventional PCR failure, and one case showed false negativity because of short ITD length (14 bp).

Conclusions: The new fragment analysis method proved to be sensitive and reliable for the detection and monitoring of FLT3-ITD in patients
with AML. This could be used to simultaneously assess ITD mutant allele burden and length.
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Fms-like tyrosine kinase (FLT3) A&} += class 11T tyrosine ki-
nase =-849] UFO 2 138 A FeH13q12)0] HIx|sh 4
Ao 2 RA| 20| AEA o ® HEEo] ERAl7|U o]
TS THEA 2E WAL Y] FA], 23k} o] ThofRitt FLT3
A EARo) =SS5 TAd W@ (acute myeloid leukemia,
AMD)2] 20-40%°f| 4] 3= tyrosine kinase domain (TKD) &
oo]of H|3}e] internal tandem duplication (ITD) E¢1Ho]7} 3=
ooumE B IETH32% vs. 12%) [1, 2). ©] FIT3-TD S0l 7}
2o Al QUslel Bl S A Hol
FLT3 TH 9] constitutive activationgr s}l AJ2Ee] ZF-&-291
Z4jo] 2elElo] wE fo] Thofsh HE Ao AeiA 9)
th1l. o]efgt FLT3-ITD EAHOl= g9l AML $219] 15-35%0]|4]
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J%F PCR (quantitative PCR)}{o
o] eHEo] WaL, -2 ATt Qtoll Ax} fEAo] 7hEskH, vzt
T} So|m=7t &2 Aol itk Jey FLT3ITD S¢Hol= o
A= Hlolo] g0 FHE= Aol fIxIet 4 e F
S5 7ozt vheFsh] wlszell, W 42| probe A|Zto] o
stallll] o= Qlsl A &H|7F Eol e Bi= 5ol Algtzdol )
o] PAHALAO| A Real-time PCR WO 2 FIT3-ITD oA}

A7 4140 2ok A7 GRS o] S

do] A% s
oF 10-20% Yol FIT3-TD Selilo] A%o] ATFAO R A1§-
2 948 4= ol AMHAM L Hgo] B AMAE o] galo]

14 www.labmedonline.org

2 AFAES HERANE ol8sto] FIT3ITDEAS 43
StaL o] ®e] 42| A5 B8 EF AML $Ak9] S
AAIA FLT31TD S41Ho| 0] B8 Eojto)o] Zo]o} 4xnum-
ber), & S7g8taL 71 AIHE 719 Uut PCR, 2HA7IAE A
AR} WL EATSE] A -84 ol a1} STt

T
1. thy

20099 4958 20149 39717 7HE TSl A& AR
cEAReIgtkof| FLT3 5-24L ITD AP SJ =% 390789
HE 38 48179] = HAES R shock ofF
R = ¥ oAkl A AL(ollow upE $J5te] oJ|H
83AA7E REICE 2 A AR Y dATAAY

8]0} 913 o} saelelek

2,
1) DNA =&
T A

4= AA|o A Qiagen DNA blood kit (QITAGEN GmbH, Hilden,
Germany)E ©]-§-5}0f A|zAF 2| o] whe} DNAS F+Z313ih 5
2% DNA+= ND-1000 Spectrophotometer (Nanodrop, Wilmimg-
ton, DE, USA)E ZA5}o] &elskal 2|Z DNA 5= ¢F 50-100
ng/pL7} B =5 3)45} i),

2) Fragment analysisZ 0|25t FLT3-TD 24

HHEA S o83t FLT3-ITD 42 £3& Rarsto] A&kt
AlEFA|(forward: 5-6-FAM-GCAATTTAGGTATGAAAGCCAGC-3,
reverse:5-HEX-CTTTCAGCATTTTGACGGCAACC-3)E A5

Sl TH12]. AJEEA] 9] Q)%= forward-chrl3:28,608,330-28,
608,352 reverse- chrl3:28,608,024-28,608,0460] Korean Refer-
ence Genome DBSIA] A3t 2k A3t AN H-Jol 1 3
=+9lof| A 3HFS}= single nucleotide variant (SNV)= H2HE| 2] 9F
Qre}. PCR HFS-E-2 10X €H300(MeCLESH), 10 mM ZF DNTP, 20
uM Primer mix, 5U HotstarTaq (QIAGEN)Y|| 745 o] & 20
L= WS 7o) 2% DNA 5 s 2715kt PCRS Ther-
mal cycler (C1000, Bio-Rad, Hercules, CA, USA)E ©]-8-3}] 95°C
105 5, 95°C 30, 56°C 1% 72°C 238 358 HHA}IL 60°Col| A]
3047t W5k 20 = XSGt PCRO| FRE AHE2 &
Fo2 108 343 & 1 uLE GeneScan 500 Liz size standard
(Applied Biosystems, Foster City, CA, USA)®} HiDi formamide
(Applied Biosystems) &3z 10 pLeoj] A7F81¢] 3130 Genetic Ana-
lyzer (Applied Biosystems)o|| 22}t Al 47|95 3Fick
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A= GeneMapper ver4.1 = 2 TI#(Applied Biosystems)2- ©]-&
slo] A7]olg 1™ (electropherogram)®] 1+ mutant peak®] 4
o], W area), $£0|(heighd S A5k FLT3 wild type peak
o] 7101(329+1 bp)Ert 2 sizeQ] peako] ZAIsH= HS FIT3-
ITD 94 © 2 T FLT3-TDE] AFFA AR FLT3ATD mu-
tant peak®] WA E= 20| 5 AA| FLI3 G2 2 U HEE2 7|
AHmutant peak W2 EX =o]/wild type peak B2 Fi= o] +
mutant peak 2] F= =0])x 1005} c}

3) EM™ M5 7Hanalytical performance)
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5 B3 A(ND-1000 Spectrophotometen) & 248t plasmid
DNAT=0]] 6.022 X 10%-& 3}l 0] 4FS cloning kit WIE] 27|13k
(bp)ell 1X10”x 6502 3t ghe &2 o] Alisiaint ALt 54
2 DNA copy4®=DNA%E(ng/pl) X 6.022 X 102/ 27| Zk(bp)
X 650 X 10°01ic}. AARE Z-29] plasmid DNAE= WA ulg 10°
copies® DNA copy & 9= & 1 copyZIA] 1X TE buffer® 10
ol AlgslAste] AzskAekd, 10, 104 10°, 10%, 105, 106, 107, 10°
copies). 71 TF-2-0 & Z}7F9] plasmid DNA 10° copiesE Z35}0]
Zol7} th2 37}X] FLT3-1TD mutant type®] $Ha-2Fo] 100%01 4]
1%71A] B 3k 2 sFTh, 2, 3, 5, 10, 20, 30, 40, 50, 60,
70, 80, 90, 100%). Al| 7}A] ELT3-ITD mutant type Z+2+0] A=
THAIS A8l ] flstol Alse ] 3 B8-S Z17+9] mutant type
HE 6ol 2A a1 23], 7 ¥ vk Al3ste] F 243] SA5H
a1, SPSS 12.0.1 for Windows (SPSS, Chicago, IL, USA)2.Z probit

B4 AR 9% B EANN Ak BE SEE o= Slsich
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4) A7 |
(1) 2EE7 I 2448

Lol A =343t 12} PCR ZZAHE-S BigDye Terminator v3.1 Cy-
cle Sequencing 7] E(Applied Biosystems)E- 0]-8-5}0] oFularo &
F7IAGEA S AldskInk ARA7IAE AL A A E

742 919l As|Hsto] Az ARS dako= st A-8H
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ZH]+= ABI 3130XL Genetic Analyzer (Applied Biosystems)©]]
= Zafg T3(chromatogram)ZA = Sequencher software ver49 (Gen
codes, Ann Arbor, MI, USA)2} FLT3 - 714} 2k A4E NM_004119.2
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DNA 4 pLE 41-2 & Thermal cycler (Bio-Rad)E ©]-8-5}0] PCRE
A8Y5I3ITE PCR 2712 95°C 108 5, 94°C 302, 64°C 30%, 72°C
3022 40 HHES}L 72°Col| 4] 5E7F st 13} PCRo]
W S ZAME 4 uLE 2% o7 FE 2 A0 150v 302 H7]9% 3 Gel-
Doc image analyzer (Bio-Rad)2 2-A3}it}. FL73 wild type band
(329 bpit LERH 540 = #AJEIGIAL wild type band .}
o|Zo]| FLT3-ITD band7} 17 UepLba kAl © 2 skA5kgith

4%

T
of

AR} S0HAE HAS 2 B 54

loning& 53] =3t plasmid DNAE At 8]4]

AL Aget A}, Fr73 wild typed} 37FA] FLT3-

ITD mutant type2] &4 72 DNA copy= 212} 10 copy 3T} FIT3

wild type DNAQ} FLT3-ITD DNAS E3}3|43t A 7S 245}

8t A|7HA] FLT3-ITD mutant type (32, 66, 100 bp)2] H|AH&Z %
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KA 48124 % ARSI FLT3TD AL 19587019 5 prcion
o} 5 AR A= FLI3-ITD peak7} 5 7] 2|91 v #] 191 5T .
_ 4
AN A= 3he] peak7} BFE|ITE FLT3-ITD Aol Zo] o 4
a3t
o] B 220171 49 bp (14 bp-153 bp)o]| Q1 al(Table 1), ITD S N .
*
o] A SUhk 282% (1.7-941%) %t FHEAHA A Fd& T, e oo ’ *
2 .\ I I I e | & I I hd 1
=91 A 5 182710] Ak PCRYHIOAA Fd948%001%0 11 ° 10 20 30 40 50 60 70 80
78 dut PCR WHof|A] ITD band7} 2= X] ¢FQFt). A EA Mean area ratio (%)
X _0_/\‘]9_] 288 AA = oh:]]. PCR 4} pe E O xolo)
el =4 A= gl IR Fig. 2. Distribution of standard deviation (SD) values of the mean area
weba] £ HAP 7F YA T 97.7%3A0HTable 2). & ¥ 7F ratio by fragment analysis, using patient specimens.
Linearity Linearity 120 1 Correlation

120 120 100 F

100 ¢ 100 + L T 8 |

80 - =

80 ol
60 | 60 2
y=09543x-1.6952 y=09247x-1.0799 E w y=1.0297-0.5057
40 R™-0.9939 40 R=09908 5 R™-0.9986
20 20 £ 2
O Il Il I} 0 Il Il 1 0 Il Il I}
50 100 150 50 100 150 50 100 150
20 -20 -20

Area mutant (%)

o

Height mutant (%)

Area mutant (%)

(8] CJ

Fig. 1. (A) Linearity of fragment analysis using standard material (66 bp-type), calculating percent ratio for area of peak. (B) Linearity of fragment
analysis using standard material (66 bp-type), calculating percent ratio for height of peak. (C) Correlation for fragment analysis using methods (A)

and (B).

Qi
T 8% 10%
sl A Al | bier) |

20% 30% 40%

s . P

- AR J@QA&\H n(w\&\ Mao
T #M+++—HH%€“H+H++ —
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...... termm
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Fig. 3. Representative examples of limit of detection for each method; the results of fragment analysis [(A) was 3%)], conventional PCR [(B) was

10%], Sanger sequencing [(C) was 20%].
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A7} AASHA] -2 1184 5 778A1= At PCR ol A FLT3-
ITD band7} 79| =] kALt v SJujsiA| Kol 393
I AQHo g Belstel e A At v]ZEH]| band2] 2R GEE

Table 1. Distribution and length of FLT3-ITD mutations found in 193
samples by fragment analysis

FLT3-ITD Number of positive Number of positive
Length (bases) samples patients
1-19 13 10
20-29 35¢ 29
30-39 27" 21
40-49 25 21
50-59 22 19
60-69 34 22
70-79 14 n
80-89 9 7
90-99 8 6
100-109 3 3
=110 5 5

*One sample contained two [TD products with lengths of 25 and 37 bases; ‘One
sample with [TD mutations yielded two peaks (20 and 63 bases).

sty] ofeigich ARLAHO 2 ST o5 THA M13-

TD ARG W 10% OJ3HEk(3.3.95%) ] % o] Bl 25

2AFE 93] o2 AAIRA A5 A] 2R Selvlo] 910} v

Wk A W Ax|to] REAe] O3 A 4xp) AIT3

7} ool ofde Sele 4 glgtrhrig 4). 12l & 4]
A

—

- o
Bt 492 AEE Ao A ITD o] o]} 14 bpi )
% Fgl0] TLEEA Qte A/ ARES

158 AAslo] ThA] 4719 3+ A2} wild type band 2} ITD band

Table 2. Comparison of fragment analysis with conventional PCR for
FLT3-ITD testing

FLT3-ITD test

Variable .
Wild type Mutant type
Normal donor sample (N=50)
Fragment analysis 50 0
Patient sample (N=481)
Fragment analysis 288 (59.9%) 193 (40.1%)
Conventional PCR 299 (62.2%) 182 (37.8%)

= — a1l _m ——
= <— 347bp - W
J L <— 347tp
az| | B2
B () B e EE ST G Gemd (e pue S
‘ 350bp  392bp
) ‘ A(— 350bp ﬂ‘é—sgzm: & ,l o e
A3 | — B3
' \ |
Lo | «— 379bp , < 379bp
Ad| - ' B4
| ‘ <— 354bp
| }| . L L g e 3seme

<—  343bp

Fig. 4. fms-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD) analysis in acute myeloid leukemia patients: fragment analysis versus con-
ventional PCR in discrepant case. (A) Fragment analysis for initial sample; the arrows indicating peak size are FLT3-ITDs. (B) Fragment analysis for
follow-up sample of (A); the arrows indicating the smaller peak are the same as the peak size of (A). (C) Conventional PCR for follow-up of sample
of (A), which used the same sample as used in (B); In the photographs, it was difficult to identify the existence of an FLT3-ITD-positive band. (D)
Fragment analysis for short-length ITD. (E) For conventional PCR, this is shown as a slightly thick wild-type band when electrophoresis was per-
formed under typical conditions. (F) To confirm the ITD band, we extended the running time of electrophoresis; in doing this, the wild-type band

and ITD band could be distinguished.
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i PCR ¥ RoA] 91348 235 2
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=YA] A4 T inhibitor?] Gl 2ot 915732 DNAS 843}
o] skl FUS DT 4= Jlem, EHHo] S5 731017} i
= 2ol 71918k 9154 217195 AlRbe Bt AA AlRYshH
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