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Utility of Real Time RT-PCR for the Quantitative Detection of Minimal Residual

Disease in Hematological Malignancy
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Chromosomal rearrangements are major pathology in hematological malignancies. The detection of
minimal residual disease (MRD) for these gene rearrangements helps in monitoring treatment outcomes and
predicting prognosis of patients. Recently, quantification of these gene transcripts based on real-time
quantitative polymerase chain reaction (RQ-PCR) has been used as MRD detection. The purpose of this
study is to ensure the usefulness of the RQ-PCR technique for detecting MRD in hamatological malignancy
patients. The patients had been diagnosed to AMLI-ETO positive AML, PML-RARa positive AML and
BCR-ABL positive MPN at Chonnam National University Hwasun Hospital from Jan. 2006 to Aug. 2008.
The fusion transcript was quntified by RQ-PCR and analyzed in comparison to conventional cytogenetics,
FISH and RT-PCR. The fusion gene transcript was quantified by RQ-PCR in 57 samples from 14 patients
with AMLI1-ETO positive AML, 79 samples from 27 patients with PML-RARa positive AML and 108
samples from 36 patients with CML. At diagnosis, the quantitative fusion transcripts for AMI-ETO,
PML-RARa and BCR-ABL showed the range of 0.485552651~10.82233683 (mean 3.782217131, SD
2.998052348), 0.005300395~0.29267494 (mean 0.056901315, SD 0.080131381) and 0.1293929~12.94826849
(mean 1.701935665, SD 2.200913158). The increase of AMLI-ETO fusion gene transcripts preceded
morphologic relapse in two patients. Quantification of fusion gene transcripts by RQ-PCR could detected
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MRD in samples which were negative by in cytogenetic analysis or FISH. Our findings indicated that
quantitative analysis of AML1-ETO, PML-RARa and BCR-ABL transcripts by RQ-PCR might be a useful
tool for the monitoring of minimal residual disease in hematological malignancies.

Key Words : RQ-PCR, Leukemia, Minimal residual disease, AMLI-ETO, PML-RARa, BCR-ABL
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fluorescence in situ hybridization, FISH),
ol Jdom, drIETt & HAFAA HAreh o
AL T E A A WE-S-H (reverse  transcription-polymerase
chain reaction, RT-PCR)©] o] o] &% 1 9] TH(Negrine}
Blume, 1991; Ito$} Miyamura, 1994; Campana®} Pui,
1995; Tobal®} Yin, 1996). &+ &3] W3ls A53}
v Ag 7R v A ANNTEELAYNS
(real-time quantitative polymerase chain reaction, RQ-PCR)
o] Wro] wet RQ-PCRE o] &3 mAEZS HEol
gk A7t ®ol] o] FoA 3 9l th(Bustin, 2002; van der
Velden -, 2003).

By gate] gk g ARAEAA HAFE LS
g T AF Hrist A ofF HZE AMLI-ETO,
CBF-MYHI11, PML-RARa, MLL, BCR-ABL 5<] #¥dH
TR AFAATE AAHIL ATh(Weisser 5, 2007;
Santamaria %, 2007). CML $A+2] oA BCR-
ABLO] EA|8}al, AML #4+2] <F 40%° 4 AMLI-ETO,
CBFB-MYH1, PML-RARa, MLL 59 §&/AAE 7}
A3 ol o5 FFFAAEY ¢ RT-PCREE =0
7Hs s, oleldk A A EAYEA WS MRDE
FA8710] AdA e g WA ErE drha BuEa o
(Gameiro 5, 2001; Grimwade®} Lo Coco, 2002). Egt,
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249 MRDAZ9Y #F84& ¥7tstdi, RQ-PCR A
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USA)E AH&3te] RNA 5% 3 €58 F43dt 52
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Table 1. Oligonucleotide primers for RT-PCR

1st PCR primers

2nd PCR primers

Gene rearrangements
Sequence 5' to 3

'

Sequence 5' to 3'

BCR-ABL of 1(9;22)(q34;q11.2)

Al-1 ATCTGCCTGAAGCTGGTGGGCT
Al-2 GCAGCAGCTTGGAAAAGTACTT
A2 AGTGAAGCCGCTCGTTGGAACTCCAA
A3 TGATTATAGCCTAAGACCCGGA
A4 ATCTCCACTGGCCACAAAATCATACA
B1 GAAGTGTTTCAGAAGCTTCTCC
B2 TGGAGCTGCAGATGCTGACCAACTCG
B3 ACCATCGTGGGCGTCCGCAAGA
B4 AGATCTGGCCCAACGATGGCGAGGGC
PML-RaRa of t(15;17)(q21;922)
A CCACAAGGCTGACGCTGTATT GTGGGCATGAAGTCAGAGAGC
B CAAGAAAGCCAGCCCAGAG GCCAGTGTACGCCTTCTCCAT
C GTGCGCCAGGTGGTAGCTC CAGCGCGACTACGAGGAGAT
ABCE AAGCCCTTGCAGCCCTCAC CCCATAGTGGTAGCCTGAGGAC
AMLI-ETO of t(8;21)(q22;q22)
AB GATGGCCACTCTGGTCACTGTG TGGCTGGCAATGATGAAAAC
A TCTCCTATCTCGGGTGAAATGTC CGTTGTCGGTGTAAATGAACTG
1* TTCTCGTCCAGCCCTTCTACC CTACGADGGGGGTCTCCAC
2% TTTTCCTCTTCTCGCCGTTTCA AGGTTCCGCTCTCGCACTT
Quantification Kit, Real-Q"™" PML-RARa Quantification 111. 1}
Kit ¥ Real-Q™ AMLI-ETO Quantification Kit (Bio-
Sewoom Inc., Seoul, Korea)E ©|&3}l¥ . ZFHAZ 1. I:HMEFK}9_| OlAF Ol AL EM
T ABL #AAE AHgshith AMLI/ETO €344 ¢4 ST dNdyoz
H-S-ol.0- 2 111.9] ¢DNA, 2x PCR reaction mixture 10 1L, Ao %x}f 4 o2 Hy}ol] 43.8(24~62) Al, A
H7#4 4uL9 BCR-ABL, PML-RARa =¥ AML-ETO 6 o, 942 8 ATt ZJL%AI HAA HAE Al E A

probeS} primer mixture 4 yLZ 743t EF 20 L=
stttk =3, 2 FHAR] ABL B8 S35 94 2 1L
©] ¢cDNA®| 10 uL< 2x PCR reaction mixture$} B4
£ 4 pL A7}skal ABL probe £} primer mixtureS 4 pL 3

7¥sted % 20 uLe| WHEES FHIEHIT

ZULEMMHP 2 50CAA 2 B3 ¥HgAIZlL 3 95T
oA 10 B7F 27184 Al7]aL 95T 10 &, 60C 10 X%,
72T 30 oA §H&F71E 45 3] RHESIAT

14

TE 13 4, oS
T 18:21)(q22;q22) S B, Y ¥
ZF 2 o, E3H @AA olds Bl Afe 2 dit
(Table 2). PML/RARa €332 44 SA4=F749
gy 3ate 27 W o g Hito] 422(5~75) Al, EA 14
o, 47 13 ATk A HAE 24 oolA AFHSA
a1, 22 dol A 1(15;17)(q22;q21)0] BZEHALL, 2 oA
Z}7; +22,del(16)(q13)E ERFHSTE RT-PCROIA] PML-
RARa §FAAE FlstH o Ur A A A
t(15;17)(q22;,q1 )& #EE = (AL =2 d=2 A

BA A

2 dlem,

DX AAA 240 7

ol B
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Table 2. Clinicopathologic characteristics of patients at diagnosis

Variables AML with t(8;21) (n=14) AML with t(15;17) (n=27) CML (n=36)
Age (years) Mean 438 422 46.6
ge Uy Range (24-62) (5-75) (13-74)
Sex Male/Female 6/8 14/13 21/15
Median 8,730 4,410 100,100
WB L ’ ’ ’
€ (ub) Range (3,130-122,210) (500-144,000) (30,560-481,900
Median 7.0 8.0 10.6
Hgb /dL
gb (mg/dl)  p e (5.6-10.6) (4.4-133) (6.4-15.4)
Platelet count Median 24,500 49,000 491,000
(/uL) Range (3,000-135,000) (5,000-135,000) (154000-2999000)
Karyotypic abnormality 1(8;21)(q22;q22) 6 t(15;17)(q22;q21) 20 %9;22)(q34;q11.2) 32
t(8;21)(q22;q22) with -Y 2 t(15;17)(q22;q21) with +22 1 1(9;22)(q34;q11.2)
1(8;21)(q22:922) with -X 2 t(15;17)(q22;921) with | with additional abnormality
1(8;21)(q22;q22) with del(16)(q13)
>3 additional abnormalities Hyperdiploidy 1
Normal karyotype 1 Normal karyotype 1

a One patient with t(8;21) AML, three patients with t(15;17) AML and two patient with CML were diagnosed by the detection of
fusion genes using reverse transcriptase-polymerase chain reaction or FISH

#3 1 o, hyperdipoloidy 1 *IGth TSN A, RE Al A 1(9;22)(q34;q11.2)7F BEE o, o]
W A 36 JOo2 Hirbo] 46.6(13~74) A, A 21 Z 2 oA 22 der(9)del(9)(q34), -12 5ol FHHE A
o, o4z 15 At A HARE 34 oA AP =S TH(Table 2).
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Fig. 1. The Amplification plot and standard curve of AML-ETO. (A) Amplification plot. The standard materials from each fusion
transcript were clearly amplified and there no significant background noise. Red bar indicated threshold in order to define CT value.
(B) Standard curve. Linearity was plotted by cycle number (y-axis) and the concentration of each fusion transcripts (x-axis).
Correlation (R), slope (M) and efficiency showed 0.99976, -3.471, and 0.94 respectively.
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Fig. 2. The Amplification plot and standard curve of PML-RARa. (A) Amplification plot. The standard materials from each fusion
transcript were clearly amplified and there no significant background noise. Red bar indicated threshold in order to define CT value.
(B) Standard curve. Linearity was plotted by cycle number (y-axis) and the concentration of each fusion transcripts (x-axis).
Correlation (R), slope (M) and efficiency showed 0.99954, -3.442, and 0.95 respectively.
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Fig. 3. The Amplification plot and standard curve of BCR-ABL. (A) Amplification plot. The standard materials from each fusion
transcript were clearly amplified and there no significant background noise. Red bar indicated threshold in order to define CT value.
(B) Standard curve. Linearity was plotted by cycle number (y-axis) and the concentration of each fusion transcripts (x-axis). Correl-

ation (R), slope (M) and efficiency showed 0.999146, -3.328, and 1.00 respectively.
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Fig. 4. Overview of real time RT-PCR results. (A) Kinetics of
the AMLI-ETO level of 12 patients with t(8;21) AML in BM
or PB. The increases of the AMLI/ETO level were documented
in three patients during the morphologic remission state and all
of them subsequently relpased. The arrow indicates the first
relapse. (B) Kinetics of the PML-RARa level of 24 patients
with t(15;17) AML. (C) Kinetics of the BCR-ABL level of 24
patients with CML in BM and PB.

A= 0914 0.260653646(F ¢ 0.018249135,
0.050335329)2] MHE R o] F 2 4l
A5}z Aol A 0.260653646, 0.02783900°.F
7o) F7PF #EEHAUL, 2 oA BT 1 A
2 ARG HAT

AA AMLI-ETO &34 %A
W8 14 o F 2 A& BAF=

Pl

Aro] AE 7] Mol AMLI-ETO &84 42|
7¥at7] AZsEA T Um A 6 o Adgle] X454
W BAIYEE FABIEL A ATHFig. 4A).
PML-RARa §&FH2 ¥4 g4=F7498Y 3
2} 27 o 9] A PML-RARa/ABL ratio #t-2 0.005300395
ol A 0.29267494(FH T 0.056901315, EZFH2} 0.080131381)

9]



CHEHIALZIALBHSIX| 41(1):11-23, 2009

n
1 n
n
n
01 u
n
001 I
0.001 I
[ ]
[ |
n
n
0.0001
|
u
]
0.00001 L L]
Jfas Xy Normal karyotype t(8;21)(q22;922) t(8;21){q22;q22) Other complex
with obnormality
-1,-17,+mar1~2
1
©) s
] u [ ]
01
u
i [ |
|
001
u
|

0.001

0.0001

0.00001 L ]

Normal karyotype t(9;22)(q34;q11.2)£(9;22)(q34;q11.2) inv(9)(p11q13)
with
inv(9)(p11ql3)

7HA HIE BAT 27 A9 32 F, 3 d= FHRE3)
A 53R, 4 o9 Aol A A fr=8H o] F 1z,
20 o 9] gl A B EQM A T o] Fo 2 2
golA 6 2E7HA FHAFIAYG. FHHF T e
Aoz dHFAE BYd 52 HA 2 PML-RARa/ABL
ratio &2 0914 0.147487478(H ¢ 0.003644274, %
2} 0.021067347)2] MY S Bk FHAZ3AE 24 9
o] Ao A % RML-RARa §&-FA7ke] oFo] 7H43}
Ao A ATHFig. 4B).
T 4} 36 o¢] 2T Al BCR-ABL/ABL
ratio%h-2 0.12939294-E] 12.94826849(H 7 1.701935665,
FHAF 2.200913158) MAFIL, 22 o2 SAofA 1 3]
OM 8 3|74 FAHAAE AW 18 o o] FAtof A

o]

18

(8)

0.1

001

0.001

0.0001 |

0.00001

46,XX 46Xy t(15;17)(q22;921)

Fig. 5. Comparison of RQ-RCR with conventional cytogenetics
after treatment. (A) AMLI-ETO/ABL ratio in patients with
t(8;21) AML. (B) PML-RARa/ABL ratio in patients with
t(15;17) AML. (C) BCR-ABL/ABL ratio in patients with

CML.
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o] AL BAoU FXAAA A 24 AMNA oS
HAo ¢(8;21)(q22;q22)= HEE A ¢F3th(Fig. 5A).

PML-RARa ¥4 SAAETF 4N EY A oA F3
#H& F, RQ-PCRH HAA AAE FAl Aldg AA
£ 16 d 24 AAZ, 19 AA+= RQ-PCRI} FAA| A
ANA BT SALAR B AFE BAT 0.160925456

S HYY 1 AAE 1(15;17)(q22;q21)2] FAA o)A

S}, RQ-PCReIA 0.00002¢114 0.000341207

7HA 9] W ks BQl 4 AAd A= A4AYE AT
(Fig. 5B).

TN g o s kit FAH{E A RQ-
PCR¥ GAA AAE 3 A& A= F 20 ), 27
AAAT. 0.06909433201 4 0.8396774257kA12] RH9E
1ol 6 AANAE 1(9;22)(q34;q11.2) FAA o] dAaHA
< Ho|il, 3 oo A RQ-PCRY A AALo M BT
SALAE B A2, 0.00053248601 41 0.08402112
7HA S gk Bl 16 AA AT 1 oA X GAA A4
S HAOoU (9;22)(q34;q11.2)& Holx 9kar 15 AA
© AP S ot UHA F AAe Y A=
RQ-PCR %ol Z+z}F 0.170336419, 0.157978066% W] =3k
ARE BYo FGAUAHAIAE 46,XY,inv(9)(pl1ql3),
1(9;22)(q34;q11.2)3% 46,XY, inv(9)(pl1ql3)e] ZAH}E H
A THFig. 50).
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Table 3. Conventional RT-PCR versus real-time RT-PCR in the detection of the AML1-ETO, PML-RARa and BCR-ABL transcripts.

Real-time RT-PCT

Conventional RT-PCR AMLI-ETO PML-RARa BCR-ABL
Positive Negative Positive Negative Positive Negative
Positive 18 0 28° 0 26° 0
Negative 0 1 0 3 0 0

* AMLI-ETO/ABL ratio (mean 2.827788969, range 0.013069338-10.82233683)
® PML-RARa/ABL ratio (mean 0.064933945, range0.005300395-0.29267494)

¢ BCR-ABL/ABL ratio (mean
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