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Abstract: Objective: Fusion gene detection is widely used in the diagnosis and treatment of leukemia. This study
developed a rapid detection method of eight common pediatric leukemia fusion genes. Methods: In this study,
one step multiplex RT-PCR assay was developed for the simultaneous detection of eight common leukemia fusion
genes, including BCR-ABL, ETV6-RUNX1, MLL-AF4, E2A-PBX1, AML1-ETO, PML-RAR«a, CBFB-MYH11 and SIL-TAL1.
The single step RT-PCR approach is mediated by universal primers after obtaining total RNA from bone marrow
specimens. The size of the amplified fragments were analyzed by capillary electrophoresis assay. A total of 122
patients with positive leukemia fusion genes were tested by real-time PCR. Results: Respectively, 21 cases were
detected as CBRB-MYH11 fusion gene, 13 cases were detected as SIL-TAL1 fusion gene, 16 cases were detected as
ETV6-RUNX1 fusion gene, 16 cases were detected as E2A-PBX1 fusion gene, 15 cases were detected as PML-RAR«
fusion gene, 14 cases were detected as AML1-ETO fusion gene, 13 cases were detected as MLL-AF4 fusion gene,
except for 1 case where no fusion gene was detected. Conclusion: This method has a high accuracy and detection
rate. Therefore, one step multiplex RT-PCR combined with a capillary electrophoresis analysis system can be used

as an important tool for the clinical diagnosis, treatment and prognosis of pediatric leukemia.
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Introduction

Leukemia is a malignant clonal disease origi-
nating from hematopoietic cells, where clonal
cells lose the ability of further maturation and
stagnate at different phases of cell develop-
ment. Malignant hyperplasia in bone marrow
and other hematopoietic tissues results in inhi-
bition of normal hematopoiesis [1, 2]. Cyto-
genetic changes of leukemia cells play an
important role in the occurrence and develop-
ment of leukemia [3, 4]. First, fusion gene
detection is widely used in the diagnosis and
treatment of leukemia, because patients with
the same fusion gene are treated with similar
therapy and have comparable prognosis.
Second, monitoring the expression of fusion
genes also helps the clinician to further deter-
mine whether the patient has a complete
remission at the molecular level after treat-
ment. Adjusting the treatment regimen accord-

ing to the detection result reduces the patient’s
physical pain and financial burden. Third, regu-
lar detection of fusion gene expression in
patients can predict the recurrence of leukemia
and guide the clinical treatment [5]. Therefore,
cellular and molecular genetic technologies
gradually occupy more and more important
positions in the diagnosis of leukemia.

To date, the number of reported leukemia-relat-
ed chromosomal translocations and inversion
fusion genes is up to 50. The common fusion
genes in childhood leukemia are listed below:
ETV6-RUNX1 fusion gene from t(12;21) translo-
cation [6], E2A-PBX1 (TCF3-PBX1) fusion gene
from t(1;19) translocation [7], MLL-AF4 fusion
gene from t(4;11) translocation [8], m-BCR-ABL
fusion gene from t(9;22) translocation [9],
AMLZ1-ETO (RUNX1-RUNX1T1) fusion gene from
t(8;21) translocation [10], PML-RARa fusion
gene from t(15;17) translocation [11], CBF[3-
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MYH11 (Inv(16)/t(16;16)) fusion gene from
1(16;16) inversion [12]. Leukemia-associated
fusion genes are specific molecular markers of
leukemia, and comprise independent diagnos-
tic criteria of childhood leukemia type [13].

At present, the commonly used methods of leu-
kemia fusion gene detection include chromo-
some karyotype analysis, Fluorescent In Situ
Hybridization (FISH), polymerase chain reaction
(PCR) and DNA sequencing technology [14, 15].
The positive rate of Chromosome G karyotype
analysis is mainly dependent on the survival
rate of tested leukemia cells, as well as techni-
cal conditions and artificial factors. Additionally,
at least 10-30 homogeneous tumor cells in
mitosis metaphase need to be analyzed in each
test, so the researcher could not proceed with
karyotype analysis when the cell volume is too
small [16], especially in the situation of com-
plex chromosome translocations. Although con-
ventional cytogenetics is the standard method
for identifying chromosomal translocation, it
requires considerable expertise. This results
either in false negatives or in no interpretable
results in a large number of cases, especially in
laboratories lacking experience in handling
karyotype of malignant cells. FISH technology
uses probes that span the chromosome break
point to more accurately locate the rupture
point and identify the fusion gene produced by
chromosome rearrangement [17, 18]. Expen-
sive fluorescent probes, cumbersome experi-
mental operation, and disability of batch sam-
ple detection restrict the application of FISH in
clinical subject are limitations. Polymerase
Chain Reaction (PCR) or real-time PCR are
directly used to detect fusion genes with high
sensitivity and specificity [19, 20]. However,
real-time PCR could be a good choice when
detecting only 3-4 kinds target fusion genes
[21]. The length of the fragment need to be
broadened to cover as many fusions as possi-
ble, but the length of the PCR amplification
fragment is preferably within 200 bp. Coupled
with the high cost of fluorescent labeled probes
and interference of large number probes in a
tube, it is not suitable to detect large numbers
of leukemia fusion genes by this technology. Fei
et al. developed a multiplex RT-PCR method
combined with liquid bead array cytometry for
rapid detection of genetic alterations associat-
ed with leukemia [22]. The system involves
multiplex RT-PCR amplification, capture of the
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fluorescent PCR products onto bead-probe
complexes in solution, and fluorescence analy-
sis on a flow cytometer. However, the procedure
was streamlined for five to six hours at least
[22]. In this study, we developed a multiplex
RT-PCR method combined with capillary elec-
trophoresis as a multiplex gene expression pro-
filing analysis platform. PCR products were
separated using capillary electrophoresis tech-
nology by QIAxcel Advanced system. The multi-
plex RT-PCR combined with capillary electro-
phoresis has been successfully used in the
identification of different types of virus [23],
with high sensitivity and specificity.

In this study, one step multiplex RT-PCR assay
was developed for the simultaneous detection
of eight common leukemia fusion genes, includ-
ing BCR-ABL, ETV6-RUNX1, MLL-AF4, E2A-
PBX1, AML1-ETO, PML-RARa, CBFB-MYH11,
and SIL-TAL1. The specificity and sensitivity of
the assay were valuated. In total, 122 clinical
samples were assayed and the detection
results were compared with the results by
mono real-time RT-PCR. This article proves that
one step multiplex RT-PCR combined with capil-
lary electrophoresis could be used in the detec-
tion of 8 common leukemia fusion genes.

Materials and methods
Patient population

The study contained a total of 122 patients
newly diagnosed with childhood leukemia from
a Han Chinese population between October
2014 to July 2016 at Children’s hospital of
Nanjing medical university. The patients’ infor-
mation could be identified after data collection.
Childhood leukemia was diagnosed by Morpho-
logy, Immunology, Cytogenetics and Molecular
Biology (MICM) according to the established
guidelines for diagnosis and treatment of child-
hood leukemia in China (Society of Pediatrics,
Chinese Medical Association, 2006). Subjects
of negative results by real-time RT-PCR (n=20)
were chosen as negative controls, which were
consistent with metaphase cytogenetic or inter-
phase FISH data and sequence data. Informed
consent were performed before sample collec-
tion and the study was approved by the
Institutional Ethics Committee of Children’s
Hospital of Nanjing Medical University. Fresh
bone marrow specimens of patients were taken
at diagnosis and collected in EDTA tubes.

Int J Clin Exp Pathol 2018;11(3):1074-1087



A rapid molecular method for detection of pediatric leukemia fusion genes

Table 1. Primers for one step multiple RT-PCR combining capillary electrophoresis analysis system

and amplicon size

Fusion transcripts

Chimeric primer (5’-3’)

Size of PCR products (bp)

CBFB-MYH11 F: AGGTGACACTATAGAATATGGGCTGTCTGGAGTTTGATG 309
R: GTACGACTCACTATAGGGACTTGAGCGCCTGCATGTT

SIL-TALL F: AGGTGACACTATAGAATAGCTCCTACCCTGCAAACAGAC 807/887
R: GTACGACTCACTATAGGGAATACGCCGCACAACTTTG

ETV6-RUNX1 F: AGGTGACACTATAGAATACTCATCGGGAAGACCTGGCTTAC 657/696
R: GTACGACTCACTATAGGGATTTCTGCCGATGTCTTCGAG

BCR-ABL M-BCR F: AGGTGACACTATAGAATAAGCATTCCGCTGACCATCA M-BCR: 405/480 (p210)

m-BCR F: AGGTGACACTATAGAATACCACCACCTACCGCATGT m-BCR: 587 (p190)
Common primer R: GTACGACTCACTATAGGGAAGATACTCAGCGGCATTGC

E2A-PBX1 F: AGGTGACACTATAGAATACTACGACGGGGGTCTCCAC 222
R: GTACGACTCACTATAGGGACACGCCTTCCGCTAACAG

PML-RAR« F: AGGTGACACTATAGAATACTGGACATGCACGGTTTC 266/740
R: GTACGACTCACTATAGGGAGCTTGTAGATGCGGGGTAGAG

AML1-ETO F: AGGTGACACTATAGAATATCACTCTGACCATCACTGTCTTC 357
R: GTACGACTCACTATAGGGAAGAAGAGGAAGGCCCATTGC

MLL-AF4 F: AGGTGACACTATAGAATACCGCCCAAGTATCCCTGTA 538
R: GTACGACTCACTATAGGGAGTTCCTTGCTGAGAATTTGAGTG

GAPDH F: AGGTGACACTATAGAATACAAGGTCATCCATGACAACTTTG 175
R: GTACGACTCACTATAGGGATGGTGAAGACGCCAGTGGA

Universal primers F: AGGTGACACTATAGAATA
R: GTACGACTCACTATAGGGA

Nucleic acid extraction

Two milliliters of bone marrow were separated
for multiplex RT-PCR study. Mononuclear cells
from bone marrow specimens were isolated
using Ficoll-hypaque density gradient ultracen-
trifugation. Total RNA was extracted from mo-
nonuclear cells using TRIzol reagent (Invitrogen,
China) according to the manufacturer’s proto-
col. The RNA was suspended in a final volume
of 60 ul elution buffer and separated for three
parts and then stored at -80°C until use.

Primer design and validation

A multiplex PCR reaction for eight common
fusion genes in pediatric leukemia and an
endogenous control transcript (GAPDH) were
performed in a single reaction system. This
assay included one pair of universal primers,
and ten pairs of chimeric primers (a fusion tran-
script specific sequence fused at the 5’ end to
the universal sequence). Gene sequences of
fusion transcripts and GAPDH were obtained
from the National Center for Biotechnology
Information  (https://www.ncbi.nlm.nih.gov/).
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Universal primers were designed based on a
highly conserved region of bacteria sequences,
distinguishable from human DNA sequences.
All of the primers were designed using Primer
Premier 5.0 software and evaluated using
Primer-BLAST analysis on NCBI (NCBI, Bethes-
da, MD, USA). In order to separate the ampli-
cons from each other, the length of all ampli-
cons were designed different more than 50 bp.
The primer pairs specific for BCR-ABL (p190)
and BCR-ABL (p210) fusion transcripts were
designed together in one reaction. The primer
sequences, their target genes and the size of
the resulting amplicons were summarized in
Table 1. All primers were synthesized by In-
vitrogen Corporation (Shanghai, China). The in
vitro transcribed RNA products were synthe-
sized and sequenced by Invitrogen Corporation
(Shanghai, China).

One step mono RT-PCR assay

GAPDH was used as internal positive control,
RNA of Cancer-free control subjects were as
negative controls and positive clinical samples
with different fusion genes as positive controls.

Int J Clin Exp Pathol 2018;11(3):1074-1087
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A Specific primer

Universal primer

Figure 1. Workflow of one step multiple
RT-PCR combining capillary electropho-
resis analysis system.

I

RFU x 1E0)

.;,%

1 01473 2870 RFU

1+ 0.135 €1 5533 min

Specificity of each pair of chimeric primers was
evaluated in these samples to ascertain the
actual amplicon size of each target region. One
step mono RT-PCR assay was performed using
2 UL of RNA, 5X one step mono RT-PCR buffer
(Mg2?* plus) 5 yL, 10X solution | 2.5 yL, 10 mM
dNTPs 2 uL, HotStart Hitaqg DNA polymerase (5
U/Ml) 1 uL, M-MLV (200 U/uL) 0.5 uL, 500 nM
each of universal primers, and 50 nM each of
chimeric primers. RNAse-free water was added
to the RT-PCR system to a final volume of 25
pL. The reaction was incubated on a PCR sys-
tem at 50°C for 25 min, 95°C for 10 min; 95°C
for 15s,58°Cfor30s, 72°Cfor50s, 10 cycles;
95°Cfor 15, 65°Cfor30s, 72°Cfor50s, 10
cycles; 95°C for 15 s, 48°C for 30 s, 72°C for
50 s, 20 cycles; 72°C for 5 min. After amplifica-
tion, PCR product separation and detection
were performed on the QIlAxcel Advanced sys-
tem (QIAGEN, Germany) based on size using
high-resolution capillary electrophoresis. The
peak height for each PCR target was reported
using the electropherograms and matched to
the appropriate genes.
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The specificity, sensitivity and cross-reactivity
of one step multiplex RT-PCR combined with
capillary electrophoresis assay

Plasmids of fusion transcripts served as posi-
tive controls to optimize one step multiplex
RT-PCR combined with capillary electrophore-
Sis assay by varying single parameters, includ-
ing annealing temperature and the optimal pro-
portion of primers. To estimate the specificity,
sensitivity, and cross-reactivity, 10-fold serial
dilutions of plasmids of fusion transcripts, posi-
tive and negative samples were used in the one
step multiplex RT-PCR assay. GAPDH as inter-
nal positive control was added in each action.
Serial 10-fold dilution of the plasmids were
generated to evaluate the technical sensitivity
in the optimized one step multiplex RT-PCR
assay system.

Repeatability and reproducibility of one step
multiplex RT-PCR combined with capillary elec-
trophoresis assay

Two different dilutions of nine transcribed RNA
products (10° and 102 copies/uL) were tested

Int J Clin Exp Pathol 2018;11(3):1074-1087



A rapid molecular method for detection of pediatric leukemia fusion genes

Table 2. Positive control samples with different fusion transcripts

RT-PCR and real-time RT-PCR,

as the final results.

No. CBFB- SIL- ETV6- M-ber m-ber E2A- PML- AML1- MLL-

MYH11 TAL1 RUNX1 PBX1 RARa ETO AF4

Results

5 + - - - - - -
13 - * - - - - - One step mono RT-PCR in de-
28 - - + - - - - tection leukemia fusion genes
42 - - - + - - _
69 - - - - + - - - In one step mono RT-PCR
88 - - - - - + - - assay, each pair of fusion tran-
95 _ _ - R _ R R _ script-specific primers could
101 B} B} _ _ B _ + 3 amplify the target region of the
107 ) ) . ) ) ) ) + corresponding fusion tran-

respectively to evaluate the repeatability and
reproducibility of one step multiplex RT-PCR
assay. Each dilution was tested three times by
the same operator for the assessment of
repeatability. As for the reproducibility, each
dilution was analyzed three times by two differ-
ent operators on three different days in two dif-
ferent laboratories.

Real-time-PCR for testing fusion genes

The one step multiplex RT-PCR assay was
assessed by those clinical positive specimens,
which had been tested by real-time RT-PCR kits
of the nine fusion transcripts respectively
(YuanQi BIO, China). The cycling conditions
were based on those provided in the manufac-
turer’s instructions on 7500 real-time PCR sys-
tem (Applied Biosystems Corporation, USA): 30
min at 42°C, 5 min at 94°C, and 40 cycles of
15 s at 94°C and 60 s at 60°C. The results
were considered positive when Ct values were
below 36.

Application of optimized one step multiplex RT-
PCR combined with capillary electrophoresis
assay in clinical positive specimens

A total of 122 clinical positive specimens from
leukemia patients were tested by optimized
one step multiplex RT-PCR combined with capil-
lary electrophoresis assay. Multiplex RT-PCR
products performed as described previously
were added into the QIAxcel Advanced system
(QIAGEN, German) for 8 mins at 2 kV with an
alignment marker 15 bp to 1000 bp size, or 15
bp to 3000 bp size. Fragment sizing was per-
formed automatically by the QIAxcel software.
Sequencing analysis was used on specimens
with inconsistent results of one step multiplex
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scripts with no false migration.
The amplification strategy was
shown in Figure 1. The amplicon size for each
fusion transcript was almost identical to the
target size in Table 1, and the difference
among amplicons did not exceed 3%. The
length of each fragment is listed as follows:
E2A-PBX1, 222 bp; PML-RAR«, 266 bp; CBFB-
MYH11, 309 bp; AML1-ETO, 357 bp; BCR-ABL
(p210) (M-BCR): 405/480 bp; BCR-ABL (p190)
(m-BCR): 587 bp; MLL-AF4, 538 bp; ETV6-
RUNX1, 657/696 bp; SIL-TAL1, 807/887 bp and
GAPDH, 175 bp as positive control.

Optimization of one step multiplex RT-PCR
combined with capillary electrophoresis assay

According to the results of the orthogonal
experiments, the concentration of each for-
ward and reverse chimeric primers in the opti-
mized one step multiplex RT-PCR assay were as
follows: the concentration of GAPDH was 45
nM; MLL-AF4, ETV6-RUNX1, SIL-TAL1, CBFpB-
MYH11 and E2A-PBX1 were 50 nM; M-BCR,
m-BCR, PML-RARa and AML1-ETO were 60 nM;
universal primers were 500 nM. The best PCR
reaction condition was as follows: 50°C for 25
min, 95°C for 10 min; 95°C for 15 s, 58°C for
30 s, 72°C for 50 s, 10 cycles; 95°C for 15 s,
65°C for 30 s, 72°C for 50 s, 10 cycles; 95°C
for 15 s, 48°C for 30 s, 72°C for 50 s, 20
cycles; 72°C for 5 min.

Specificity of one step multiplex RT-PCR com-
bined with capillary electrophoresis assay

In the optimized one step multiplex RT-PCR sys-
tem, nine chosen positive clinical samples with
different fusion genes were tested, whose
results were consistent with real-time PCR,
shown in Table 2. In Figure 2, only specific
amplification peaks and a GAPDH positive con-

Int J Clin Exp Pathol 2018;11(3):1074-1087
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Figure 2. Specificity results of one step multiplex RT-PCR combined with
capillary electrophoresis assay in testing different fusion transcripts re-
spectively. (A~l) showed amplified results of E2A-PBX1 (P1), PML-RARx
(P2), CBFB-MYH11 (P3), AML1-ETO (P4), M-BCR p210 (P5), MLL-AF4 (P6),
m-BCR p190 (P7), ETV6-RUNX1 (P8), SIL-TAL1 (P9) from different positive
samples. RNA from healthy children’s peripheral blood was used as nega-
tive control. GAPDH (P10) was used as endogenous positive control in every
one step GX-M-RT-PCR assay system. In (A~J), 15 bp and 1000 bp were as
align markers.
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Figure 3. Evaluation of cross-reactivity of one step multiplex RT-PCR combined with capillary electrophoresis assay. In one step multiplex RT-PCR assay, different
combinations of fusion transcript plasmids were observed showing specific component amplification peaks, without cross-amplification. The fusion transcripts were
marked as E2A-PBX1 (P1), PML-RAR«a (P2), CBFB-MYH11 (P3), AML1-ETO (P4), M-BCR p210 (P5), MLL-AF4 (P6), m-BCR p190 (P7), ETV6-RUNX1 (P8), SIL-TAL1 (P9)
and GAPDH (P10) in the Figure.
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Figure 4. Sensitivity of one step multiplex RT-PCR combined with capillary electrophoresis assay. The one step multiplex RT-PCR combined with capillary electropho-
resis assay was used to detect 10-fold concentration of eight premixed recombinant plasmids with 10° copies/uL (A), 10* copies/uL (B), 103 copies/uL (C) and 102
copies/uL (D) respectively. ALL fusion transcript plasmids were successfully tested at levels of 102 copies/uL. AML1-ETO, MLL-AF4 and M-bcr were tested as low as
102 copies/uL. The fusion transcripts were marked as E2A-PBX1 (P1), PML-RAR« (P2), CBFB-MYH11 (P3), AML1-ETO (P4), M-bcr p210 (P5), MLL-AF4 (PG), m-bcr
p190 (P7), ETV6-RUNX1 (P8), SIL-TAL1 (P9), GAPDH (P10).
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and M-bcr p210) (A), single template AML1-ETO (B), single M-bcr p210
(C). The different peaks on three graphs represent GAPDH (P10), AML1-
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Figure 6. ETV6-RUNX1 positive sample. In this specimen, three different peaks
were detected, namely 247 bp (P11), 285 bp (P12), 443bp (P13). GAPDH (P10),

as a positive control, was shown at 178 bp.

trol were observed in positive samples with dif-
ferent fusion genes. The observed peaks
showed specific amplification products without
cross-amplification, while different combina-
tions of fusion transcript plasmids were added
in the amplification system (showed in Figure
3).

Sensitivity of one step multiplex RT-PCR com-
bined with capillary electrophoresis assay

Serial 10-fold dilutions of quantitative plasmids
of fusion genes were used to evaluate the sen-
sitivity of one step multiplex RT-PCR combined
with capillary electrophoresis assay. The results
show that AML1-ETO, MLL-AF4 and M-BCR are
10?2 copies/uL respectively, CBFB-MYH11, SIL-
TAL1, ETV6-RUNX1, m-BCR, E2A-PBX1 and
PML-RARa are 10° copies/uL respectively.
When nine pre-mixed plasmids were added, the
one step multiplex RT-PCR combined with capil-
lary electrophoresis assay could detect as few
as 103 copies/uL (showed in Figure 4).

Repeatability and reproducibility of one step
multiplex RT-PCR combined with capillary elec-
trophoresis assay

Two different dilutions of nine quantitative plas-
mids (10° and 102 copies/uL) were tested
respectively and each dilution was tested three
times by the same operator for the assessment
of repeatability. As for the reproducibility, each
dilution was analyzed three times by two differ-
ent operators on three different days in two dif-
ferent laboratories. These results were similar,
and the difference between the same fusion
transcript sizes did not exceed 5% (results
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electrophoresis assay

Two specific amplification
peaks in two different fu-
sion gene templates wh-
ich are 10° copies/uL and
10° copies/uL, respectively, were observed by
using one step multiplex RT-PCR combined with
capillary electrophoresis assay. The peak of
mixed templates is similar to the peak of single
template. For example, one step multiplex
RT-PCR combined with capillary electrophore-
sis assay could detect two specific amplifica-
tion peaks in AML1-ETO (10° copies/uL) and
M-ber (10° copies/uL) templates. No signifi-
cant difference was detected in AML1-ETO and
M-bcr peaks between single template (AML1-
ETO or M-bcr) and mixed template (AML1-ETO
and M-bcr) (showed in Figure 5). The results of
these experiments show that this interference
has the least effect on detecting hybrid
templates.

Application of clinical specimens

A total of 122 clinical specimens, which were
positive fusion transcripts from leukemia pa-
tients were tested by one step multiplex RT-PCR
combined with capillary electrophoresis assay.
All the specimens were confirmed by real-time
PCR. In comparison with the results of real-time
PCR, the sensitivities of one step multiplex
RT-PCR combined with capillary electrophore-
sis assay for nine fusion transcripts, BCR-ABL
were 100% (21/21), CBFB-MYH11 were 100%
(13/13), SIL-TAL1 were 100% (13/13), ETV6-
RUNX1 were 100% (16/16), E2A-PBX1 were
100% (16/16), PML-RARx were 100% (15/15),
AMLZ1-ETO were 93.3% (14/15), MLL-AF4 were
100% (13/13). In particular, 21 cases showed
BCR-ABL positive, including 8 cases showed
p190 only, 9 cases showed p210 only, 4 cases
showed both p190 and p210. A positive clinical
sample of AML1-ETO gene was not detected.
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g analysis of one ETV6-RUNX1 positive sample. A. The ETV6 part of the three sequencing frag-

ment results showed all the peaks containing the sequence followed 5" exon of ETV6. B. The RUNX1 part of the first

fragment contained
and 5" exon of RUN

However, the Ct value of the amplification curve
was large by second Real-time PCR analysis,
indicating that the proportion of AML1-ETO
gene was very low in this sample.

Split out PCR

the 2" and 5™ exon of RUNX1. C. The RUNX1 part of the second fragment contained the 2, 4t
X1. D. The RUNX1 part of the third fragment contained the 5™ exon of RUNX1.

exon and/or 4" exon in RUNX1 gene by sequenc-
ing analysis. After sequencing analysis, the
sequence followed 5™ exon of ETV6 was found
with fracture. Besides, RUNX1 was found be
broken in multiple sites then spliced, making
the possibility of the missing of RUNX1's 1 to 4
exons (showed in Figure 7).

A rare result showed that three peaks didn’t

coincide with the size of nine fusion transcripts

Discussion

when the clinical positive specimen was tested

using one step

with capillary electrophoresis assay. Therefore,
these special specimens were tested again
using one step mono RT-PCR assay containing
only one pair of chimeric primers (showed in

Figure 6). Finally,

positive and showed deletion of 5" exon in
ETV6 gene and deletion of 2" exon and/or 3™
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multiplex RT-PCR combined The one step multiplex RT-PCR combined with
capillary electrophoresis assay was an effec-
tive and economical method for detecting
fusion genes of leukemia. During the initial 5
to 15" cycles of amplification procedure, all
fusion transcripts were amplified by specific
chimeric primers leading to the products being

labeled with universal primer sequences. Then

ETV6-RUNX1 was confirmed
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high concentrations of universal primers played
a leading role and amplified all the targets until
the amplification ended. This assay made mul-
tiplex PCR amplification mediated by nine pair
of specific primers change into a mono PCR
amplification, which further reduced amplifica-
tion complexity. PCR products were detected by
capillary electrophoresis automatically using
QIAxcel Advanced system other than agarose
gel electrophoresis with simplified procedure,
time saving and less population.

In the present study, one pair of universal prim-
ers and ten pairs of gene-specific chimeric
primers were designed to develop one-step
multiplex RT-PCR assay for simultaneous iden-
tification of eight fusion genes, including BCR-
ABL (p190), BCR-ABL (p210), SIL-TAL1, ETV6-
RUNX1, MLL-AF4, E2A-PBX1, AML1-ETO, PML-
RARa, CBFB-MYH11 and GAPDH (as a positive
control). The selection of the eight significant
fusion genes associated with childhood leuke-
mia could help clinicians give proper treatment
for patients [24, 25]. In this assay, the multiplex
RT-PCR amplified nine fusion genes in one
tube, which covered all possible cases of the
nine fusion transcripts. Finally, the products
were automatically analyzed by QIAxcel Adv-
anced system to avoid product contamination
and save time. The results of 122 positive
cases by real-time PCR showed 121 cases
were accurately detected by one step multiplex
RT-PCR combined with capillary electrophore-
sis assay, indicating the high accuracy and
detection rate of this assay. Besides, one
AML1-ETO positive sample failed to be detect-
ed by one step multiplex RT-PCR combined with
capillary electrophoresis assay because of low
concentration.

Clinical specimens might inhibit enzyme-based
nucleic acid amplification by containing inhibi-
tors. A few studies have indicated that internal
control increased the sensitivity of this assay
[26-28]. However, several studies about GeXP
analyzer-based multiplex PCR assay didn’t add
internal control. In this study, GAPDH, as a co-
amplification and co-detection internal endog-
enous transcript was added in this system
which protected the generation of potential
false negative results and monitored the entire
process of every tested sample, including
nucleic acid extraction and presence of residu-
al PCR inhibitors [29]. The quantity of GAPDH
was also used as an indicator of the degrada-
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tion of target RNA and the re-extraction of the
specimen. According to results of analysis of
122 samples, GAPDH was one of the best
housekeeping genes in our system.

Based on the complication of childhood leuke-
mia fusion transcripts, different length of ampli-
cons might appear in the same fusion tran-
script and the generation of new fusion tran-
scripts do not have positive control. In this
study, a new-found ETV6-RUNX1 translocation
was confirmed in one of the 122 cases. So the
special specimen was tested by using one step
mono RT-PCR assay containing only one pair of
chimeric primers. Finally, ETV6-RUNX1 was
positively confirmed which showed the deletion
of 5" exon in ETV6 gene and 2" exon and/or 3®
exon and/or 4" exon in RUNX1 gene by sequenc-
ing analysis. The complexity of fracture sites of
leukemia fusion genes was compounded by the
different sizes of amplified fragments in the
same type of translocation or the occurrence of
new fractures resulting in missing match with
positive control. In order to get reliable results,
it was necessary to determine the type of fusion
gene by splitting out the PCR, then the cleavage
site and DNA information was determined by
sequencing.

In conclusion, the newly developed and validat-
ed one-step multiplex RT-PCR combined with
capillary electrophoresis provides a sensitive
and reliable technology platform for detecting
nine common fusion transcripts in pediatric
leukemia. The assay provides accuracy in
detecting eight distinct leukemia fusion genes
in four hours including RNA extraction, which
saves money, time, and labor compared with
previous methods.
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