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Dear Editor

The new 2008 WHO classification of hemato-oncological dis-
eases includes a new category for recurrent chromosomal ab-
normalities [1]. Recurrent gene rearrangements such as RUNX1/
RUNX1TI (formerly AML1/ETO), CBFB/MYH11, or PML/RARA,
provide additional information for the diagnosis of AML, regard-
less of the blast count. Chromosomal abnormalities and gene
mutations are the most influential and/or prominent factors
used for determining prognosis. Detection of recurrent genetic
abnormalities has become important for the diagnosis, determi-
nation of prognosis, and detection of minimal residual disease.
Many translocations can be detected through conventional cy-
togenetics, FISH, and reverse transcriptase-PCR (RT-PCR).
Among these, RT-PCR is the most sensitive method and can
also detect cryptic gene rearrangements that remain undetected
by conventional cytogenetics [2]. Single RT-PCR has been the
most commonly used method to detect gene rearrangements in
Korea. However, this method is limited to the detection of only
certain types of translocations. In the 2000s, multiplex RT-PCR
became widely adopted in Korea, enabling rapid detection of a
broader range of gene rearrangements.

In this study, we compared the diagnostic utility of multiplex
RT-PCR to single RT-PCR, and then compared both of them
with conventional cytogenetics. Although a direct comparison
was not available because of different sampling periods, we in-
vestigated the difference between single RT-PCR and conven-
tional cytogenetics to provide a more robust assessment of the
diagnostic utility of multiplex RT-PCR.

Among patients who visited our institution from January 2005
to June 2012, we identified individuals who were diagnosed with
hematologic malignancies. Single RT-PCR was used for the di-
agnosis of patients from January 2005 to May 2008, and multi-
plex RT-PCR from June 2008 to June 2012. Patients were con-
sidered to have a hematologic malignancy when the results in-
dicated AML, ALL, mixed phenotype acute leukemia (MPAL),
and CML. Cytogenetic analysis and FISH analysis were per-
formed according to the manufacturer’s instructions. Single RT-
PCR was performed using 3 primers for PML/RARA, BCR/ABLI,
and RUNXI/RUNXITI. Multiplex RT-PCR was conducted by
the HemaVision kit (DNA Technology, Aarhus, Denmark).

Characteristics of patients diagnosed with hematologic malig-
nancies by single RT-PCR and multiplex RT-PCR are shown in
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Table 1. Characteristics of patients diagnosed with hematologic
malignancies by single and multiplex RT-PCR analysis

Single RT-PCR  Multiplex RT-PCR
Characteristics (2005.1-2008.5)  (2008.6-2012.6)
N (%) N (%)
Patient 65 81
Gender
Male 36 (55.4) 43 (53.1)
Female 29 (44.6) 38 (46.9)
Age group
Adult 62 (95.4) 78(96.3)
>60 yr with AML 17 17
>60 yr with ALL 4 3
Pediatric (<16 yr) 3(4.6) 3(3.7)
Time of analysis
At initial diagnosis 63 (96.9) 77 (95.1)
At relapse 2(3.1) 4 (4.9)
Diagnosis
AML
AML, MO 1 0
AML, M1 2
AML, M2 15 6
AML, M3 6 7
AML, M4 5 6
AML-MRC 0 3
AML, unclassified 5 29
ALL
B-ALL 13 15
T-ALL 1 1
Mixed phenotype acute leukemia 3 1
Acute leukemia, unclassified 1 1
CML 11 10
Positive result* 26 (40) 42 (51.9)
BCR/ABLI 18 22
PML/RARA 4 7
RUNX1/RUNXITI 4 4
Other 0 9

*Chi-square statistical analysis revealed no significant difference between
patients assessed by single RT-PCR or multiplex RT-PCR (y°=2.036, P=
0.154).

Abbreviations: RT, reverse transcriptase; MRC, myelodysplasia-related chang-
es.

Table 1. There were 65 patients who were diagnosed using sin-

gle RT-PCR. Two of these patients who were initially diagnosed
with AML and ALL, respectively, experienced relapse and were

http://dx.doi.org/10.3343/alm.2013.33.4.304

ANN
LAB
MED

subsequently given the same diagnosis. In terms of diagnostic
outcomes, AML was the most frequently diagnosed hematologic
malignancy (36 cases). Further, there were 14 cases of ALL (13
B-cell [B-ALL] and 1 T-cell [T-ALL]), 3 cases of MPAL, 1 case of
unclassified acute leukemia due to unavailability of a bone mar-
row biopsy specimen (peripheral blood test was subsequently
conducted), and 11 cases of CML. Using multiplex RT-PCR, we
detected hematologic malignancies in 81 patients. Among them,
77 were found to be ill on initial diagnosis and 4 experienced re-
lapses. Among the patients who experienced relapse, 2 with
AML and ALL, respectively, received the same diagnosis before
and after relapse. The remaining 2 patients were diagnosed with
AML at their second relapse. Similarly, AML was found to be the
most frequently diagnosed hematologic malignancy (53 cases)
using multiplex RT-PCR. Further, there were 16 cases of ALL (15
B-ALL and 1 T-ALL), 1 case of MPAL, 1 case of unclassified
acute leukemia due to unavailability of a bone marrow biopsy
specimen (peripheral blood test was subsequently conducted),
and 10 cases of CML. Translocations were detected in 40%
(26/65) of the patients by single RT-PCR and 51.9% (42/81) of
the patients by multiplex RT-PCR. For statistical analysis, chi-
square test was conducted using SPSS version 19.0 (SPSS Inc.,
Chicago, IL, USA). However, no statistically significant difference
was observed in the positivity rate between the 2 groups of pa-
tients (P=0.154).

Single RT-PCR detected 18 cases of BCR/ABL1 gene rear-
rangement, 4 cases of RUNXI/RUNXITI gene rearrangement,
and 4 cases of PML/RARA gene rearrangement. In contrast, 22
cases of BCR/ABL1 gene rearrangement, 7 cases of PML/RARA
gene rearrangement, 4 cases of RUNX1I/RUNX1TI1 gene rear-
rangement, 3 cases of CBFB/MYHI11 gene rearrangement, 2
cases of ETV6/RUNXI gene rearrangement, 1 case of MLL/ELL
gene rearrangement, 1 case of MLL/MLLT3 gene rearrange-
ment, 1 case of RUNX1/MDS1/EVI1 gene rearrangement, and 1
case of NPM1/MLF1 gene rearrangement were detected by
multiplex RT-PCR analysis. While single RT-PCR was only able
to detect 3 frequently reported gene rearrangements (RUNX1/
RUNX1T1, PML/RARA, and BCR/ABL1I), multiplex RT-PCR
identified several other types of gene rearrangement, including
a rare NPM1/MLF1 rearrangement. To the best of our knowl-
edge, this is the first time this type of rearrangement has been
detected and reported in Korea [3]. Apart from the 28 different
translocations it can identify, the HemaVision kit (DNA Technol-
ogy) can also effectively detect more than 80 breakpoints. Be-
cause the HemaVision kit can easily detect atypical breakpoints
in BCR/ABL1, we were able to identify a unique e8a2 fusion
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Table 2. Translocation cases with negative single RT-PCR results

No.Case  Sex  Age(yr) Single RT-PCR* Chromosome FISH Diagnosis
46 XY,add(9)(p24),£(10,11)(p13,621)
! M 3 ND [19/46.XY[10] NT AL
? M 76 ND 46 XYinv(16)(p13.1q22)[151/46 XY[S5] TG IS RS A0 OIS s 5105 L) AML
[171/231]
3 F 1 ND 46 XX t(4:11)(q21;q23)[101/46,XX[6] NT Acute leukemia®

*Single RT-Nested PCR only used RUNXI/RUNXITI1, PML/RARA, and BCR/ABL1 related primers; "Peripheral blood was used for this patient since a bone
marrow biopsy specimen was not available.
Abbreviations: RT, reverse transcriptase; F, female; M, male; ND, not detected; NT, not tested.

Table 3. Discrepancy between cytogenic analysis and multiplex RT-PCR results

No.Case  Sex  Age(yr) Multiplex RT-PCR Chromosome FISH Diagnosis
1 M 3 ETV6/RUNXIT* 46 XX[15] nuc ish(TELx2),(AML1x3)(TEL con AML1x1)[119/213] ALL
. nuc ish 12p13(TELx3),21q22(AML1x4)(TEL con AML1x2)[133/207]
2 i . AL 46,XY1201 nuc ish 12p13(TELx2),21q22(AML1x3)(TEL con AML1x1)[34/207] ol
3 F 64 MLL/ELL 46,XX[20] nuc ish(MLLx2)(5'MLL sep 3'MLLx1)[167/220] AML

*ETVE/RUNXT is the new abbreviation for TEL/AMLI, as provided by the HUGO Gene Nomenclature Committee [12].

Abbreviations: RT, reverse transcriptase; F, female; M, male.

transcript that has not yet been reported in B-ALL cases [4].

Single RT-PCR produced negative results for 3 cases that
were subsequently tested positive after cytogenetic analysis (Ta-
ble 2); 2 of these cases showed translocations at inv(16) and
t(4;11). If these patients had undergone testing using multiplex
RT-PCR, CBFB/MYH11 or MLL/AFF1 gene rearrangements may
have been detected. Considering how many clinically important
hematologic malignancy-related fusion genes and translocations
are being reported [5], and because chromosome abnormalities
affect the prognosis of diseases other than leukemogenesis,
prompt detection of genetic changes is imperative.

In this study, ETV6/RUNX1 gene rearrangements were de-
tected in 2 cases of B-ALL with normal karyotypes using multi-
plex RT-PCR (Table 3). FISH results showed ETV&/RUNX1 gene
rearrangements in 55.8% and 80.7% of specimens analyzed.
ETV6/RUNX1 is known to be the most common molecular ge-
netic abnormality and is found in about 20-25% of pediatric
cases of B-ALL [6]. However, as a cryptic translocation, ETV&/
RUNX1 is difficult to detect with conventional cytogenetics and
therefore requires RT-PCR or FISH as a parallel test [7]. The
study also found a case of MLL/ELL gene rearrangements with a
normal karyotype (Table 3). Although R-banding can identify
where chromosome 11 is enlarged, a MLL/ELL abnormality can
be mistaken for a normal karyotype under G-banding [8].
Therefore, RT-PCR or FISH would be necessary to confirm cyto-
genetic analysis results. Multiplex RT-PCR by HemaVision (DNA
Technology) is limited by the fact that it can only detect about
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10 out of 70 known MLL partner gene types [9-11]. In order to
enhance the sensitivity of gene abnormality detection in patients
with hematologic malignancies but normal karyotypes, multiplex
RT-PCR kits should be further developed to detect additional
types of MLL gene rearrangements.

This study is limited in that a small number of hematologic
malignancy cases were included; moreover, only a few of the
patients analyzed had positive PCR results. Further, this was a
retrospective analysis; here, a comparison was made between
different individuals who visited our institution during different
periods, and the methods of single RT-PCR or multiplex RT-PCR
were used separately.

In conclusion, a combination of multiplex RT-PCR and con-
ventional cytogenetics should be considered the routine proce-
dure for the diagnosis of hematologic malignancies. Multiplex
RT-PCR panels should be developed to increase diagnostic ca-
pability and treatment effectiveness for hematologic malignan-
cies.
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