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Multiplex reverse transcriptase—polymerase chain reaction screening in
childhood acute myeloblastic leukemia

Sabine Strehl, Margit Kdnig, Georg Mann, and Oskar A. Haas

To determine the incidence of leukemia-
specific rearrangements, 60 cases of
childhood acute myeloblastic leukemia
and transient myeloproliferative disorder
were screened with a novel multiplex
reverse transcriptase—polymerase chain
reaction (RT-PCR) assay, and the results
were correlated with the cytogenetic find-
ings. The RT-PCR assay detects 28 differ-
ent fusion genes and more than 80 differ-
ent fusion transcript variants. RNA was

isolated from methanol/acetic acid—fixed
cells that had been routinely prepared for
cytogenetic analysis. Nine different fu-
sion transcripts were found in 40% of the
cases, whereas 78.3% of the cases had
abnormal karyotypes. Two cases with a
t(6;11) and an MLL/AF6 gene fusion were
missed cytogenetically. Conversely, cyto-
genetic analysis revealed 10 other well-
defined chromosome rearrangements. Al-
though cytogenetic analysis reveals a

much broader range of abnormalities,
multiplex RT-PCR serves as quality con-
trol and provides the essential informa-
tion for minimal residual disease stud-
ies. Moreover, discrepant findings lead
to the detection of new rearrangements
on the molecular genetic level. (Blood.
2001;97:805-808)
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Approximately 50% of adult and 80% of childhood acute myeloAarhus, Denmark, for Bio-Rad Laboratories, Hercules, CA)
blastic leukemias (AMLs) harbor nonrandom karyotype abnormatiereen all childhood AML cases that were collected at ogr
ties that define subentities with unique biological and clinicahstitution during a 5-year period. Our particular aim was
features-4 (Interactive database, http://www.infobiogen.fr/servicesfompare the results obtained by this assay with those frgm
chromcancer/.) Cytogenetic analysis provides a comprehens@nventional cytogenetic analysis and to assess the diagn@stic
overview of overall quantitative and qualitative karyotype abnospecificity and value of both techniques. 2
malities and reveals clonal changes and secondary abnormalities.

The cloning of translocation-associated breakpoints has led to the

identification of a variety of genes that normally regulate a”Ettudy design

control cell division, growth, differentiation, and apoptos#sThe

fusion of such genes either leads to their abnormal activation atients

generates novel f:hlmerlf:.genes with neoplastic propé’f@l@re Between 1993 and 1998, 67 children with AML or transient myeloproliferg-

than 50 leukemia-specific fusion genes have been defined @e disorder (TMD) were diagnosed in Austria and registered at anir

ready*® The resulting hybrid transcripts provide the essentiahstitution. Cytogenetic analysis was performed on bone marrow aspir&es
basis for the development of reverse transcriptase—polymerasgeripheral blood samples that were obtained from 64 of these patients.
chain reaction (RT-PCR) techniques for the molecular genefiefficient material for the multiplex RT-PCR assay was available frogn

detection of such rearrangemefis. So far, the majority of 60_patients. This study was ap_proved by_ the ethics committee of %e
RT-PCR screening programs have searched for each of the moljdren’s Qancer Res_earch Institute, and informed consent was obtaged
common fusion transcripts individualfyt> This is particularly true from the patients or their parents.
for those transcripts found in AML, whereas the clinicathost .

. . . . Multiplex RT-PCR

important acute lymphocytic leukemia (ALL)—specific abnor- @
malities have been combined in several types of multiplebotal RNA was isolated from 48 methanol/acetic acid—fixed cell sampfes
assay$%17 However, the steadily increasing number of detecthat had been stored at20°C and from 17 cryopreserved sampleg

able abnormalities makes the conventional screening cording to methods described previod8i§We centrifuged 200-50QL  *

proaches for single specific fusion transcripts more and moféed-cell suspension, and pellets were washed with ethanol. Then RNA

impractical and obsolete. was prepared using the RNeasy Mini Kit (Qiagen GmbH, Hilden, Ger-

ith that i ind i d etiih | d many) according to the manufacturer’s recommendations. Samples were
With that in mind, Pallisgaard et'élhave recently presente aanalyzed using a multiplex RT-PCR assay (HemaVision) according to the

multiplex RT-PCR assay that faciIiFates the d?teCtiOh of 29 fusiQRanufacturer’s instructions. The assay discriminates between 28 different
genes and more than 80 breakpoint and splice variants. We haygon transcripts. Reverse transcription was performed with a mixture of
used a similar modified assay (Hemavision; DNA Technologyanslocation-specific complementary DNA (cDNA) primers and PCR
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Table 1. Characteristics, multiplex reverse transcriptase—polymerase chain reaction results, and cytogenetic data of 67 cases of childhood acute myelobl astic leukemia
Age Multiplex
Case (y) Sex FAB RT-PCR Fusion transcript Karyotype
1 0.2 M AUL neg 46,XY,t(X;8)(p11;q23)[30]
2 14.0 M AUL ND 46,XX,del(5)(q13q33)[20]*
3 10.4 M MO MLL/AF4 MLLex7/AF4(1414) 48,XX,t(4;11)(q21;923),+4,+mar[1]/48,XX,idem,—4, +der(4)t(4;11)(q21;923)[19]
4 0.5 F MO neg 46,XX[3]/46,XX,t(6;X)(q22;p22)[17]
5 1.0 F MO neg 46,XX,t(X;17)(p21;911),r(6p)[15]
6 1.4 F MO neg 48,XX,+8,+21c[20]
7 2.9 M MO neg 45,XY,—7[40]
8 1.3 M MO ND ND
9 001 F M1 neg 46,XX[5)/47, XX, +21[15]
10 6.4 M M1 neg 46,XY[13]/47,XY,+2del(19)(p13),del(2)(q13-14),inc[cpll]
11 0.3 M M1 neg 47 XY, +der(19)[40]t
12 9.0 M M2 AML1/MGT8 46,XY[4]/46,XY ,t(8;21)(q22;q22)[16]
13 7.8 M M2 AML1/MGT8 45,X,-Y,1(8;21)(q22;q22)[5]
14 11.7 M M2 AML1/MGT8 46,XY[1]/45,X,-VY,1(8;21)(q22;0922)[15]
15 10.1 M M2 AML1/MGT8 45,X,—Y,1(8;21)(q22;q22)[20]
16 3.8 M M2 AML1/MGT8 45,X,-Y,1(8;21)(q22;q22)[20]
17 4.3 F M2 AML1/MGT8 46,XX,1(8;21)(q22;q22)[20]
18 7.9 F M2 AML1/MGT8 46,XX,1(8;21)(q22;q22)[17]
19 8.4 F M2 MLL/ELL MLLex7/ELL 46,XX,t(11;19)(923;p13)[10]
20 12.1 M M2 neg 46,XY,del(5)(q14q34)[15]/45,idem,—Y[15]
21 15.2 F M2 neg 46,XX[15]
22 12.0 F M2 neg 46,XX[40]
23 15.8 F M2 neg 46,XX[20]
24 144 F M2 neg 46,XX[20]
25 3.0 F M2 neg 46,XX[19]
26 4.0 M M2 neg 46,XY[20]
27 9.6 F M2 ND ND
28 3.2 F M3 PML/RARA PMLex6/RARAex2  46,XX,t(15;17)(922;q21)[20]
29 13.8 F M3 PML/RARA PMLex6/RARAex2  46,XX[3]/46,XX,t(15;17)(q22;q21)[17]
30 12.2 M M3 PML/RARA PMLex6/RARAex2  46,XY,1(4;9)(q31;q34)t(15;17)(022;q21)[16]
31 1.8 M M3V PML/RARA PMLex6/RARAex2  46,XY,1(15;17)(q22;q12),del(17)(p11),t(17;17)(q11;p13)[30]
32 10.3 F M3V PML/RARA PMLex6/RARAex2  46,XX,t(15;17)(922;q21)[20]
33 14.0 F M4 MLL/AF6 MLLex7/AF6 46,XX[20]
34 12.7 F M4 MLL/AF6 MLLex6/AF6 46,XX[6]/46,del(11)(q23)[20]/46,XX,idem,del(9)(q22),[2]
35 1.8 F M4 MLL/AF1q MLLex6/AF1q 46,XX[2]/46,XX,t(1;11)(921;923),t(12;12)(q13;p12)[18]
36 11.9 M M4 CBFB/MYH11 type A 46,XY,inv(16)(p13qg22),t(16;17)(p10;910)[20]
37 0.8 M M4 neg MLL/? 46,XY,der(11)add(11)(q23)[20]+
38 8.8 M M4 neg MLL/? 54 XY,+Y,+6,+7,+8,+8,t(11;17)(q23;7925),+19,+20,+21[20]
39 2.1 F M4 neg MLL/? 46,XX,t(11;17)(923;q21)[20]
40 12.2 F M4 neg 46,XX[23]/46,XX,1(3;5)(q26;913-14)[2]
41 134 M M4 neg 46,XY[8]/45,X—Y[1]90,idemx2[10]
42 16.2 M M4 neg 46,XY[2]/46,XY,1(7;14)(p15;932)[19]
43 1.2 M M4 neg MLL/new gene 46,XY[13]/46,XY,inv(11)(q12023)[7]§
44 2.8 M M4 ND 46,XY[17]/46,XY,inv(8)(p11q13)[3]
45 115 M M4 ND 46,XY[9)/46,XY,del(5)(q13q31),t(7;11)(p15;p12)[9]
46 2.0 F  M4Eo CBFB/MYH11 type A 46,XX[12]/47,XX,+8[2]/46,XX,inv(16)(p13q22)[6]
47 11.9 M M4Eo ND 46,XY,inv(16)(p13g22),t(15;16)(q22;p13)inv(16)(p13g22)[20]
48 14.0 M  Mb5a MLL/AF9 MLLex6/AF9A 46,XY,1(9;11)(p21;q23)[4]/46,XY ,idem,del(13)(q14)[16]
49 16.4 F  Mba MLL/AF9 MLLex6/AF9B 46,XX,t(9;11)(p21;q923)[20]
50 14.6 M Mb5a MLL/AF9 MLLex7/AF9A 46,XY,1(9;11)(p21;q923)[20]
51 45 M Msa MLL/AF9 MLLex7/AF9A 47,XY,1(9;11)(p21;q23),+8[20]
52 7.3 M  Mb5a MLL/AF10 MLLex6/AF10(883) 46,XY[2]/46,XY,t(10;11)(p12;q23),t(10;12)(q24;p13)[2]/47,XY idem,+del(1)(p13)[16]
53 10.8 F  M5b neg 46,XX[25]
54 6.0 M M6 neg 46,XY[3]/46-48,XY,inv(1)(p21p31),+del(1)(q21),der(1)t(1;8)(p13;q10),—6,—7,del(7)(q33),
del(8)(q12),—9,—10,—21,+r,+1—3mar[cpl3]
55 0.8 M M7 neg 46,XY[20]
56 1.9 M M7 neg 48,XY,del(6)(q21q24),+21,+21c[20]
57 0.7 M M7 neg 47,XY,1(1;22)(p13;q13.1),t(3;19)(p23;p13),t(3;15)(922;q22),+19[8]/46,XY ,idem,—20[2]
58 1.7 F M7 neg 47,XX,inv(9)(p11g13)c,+21c[1)/47,XX,idem,der(4)t(1;4)(q23;p15),[17]/47,XX,idem,iso(7)(g10)[2]
59 1.4 F M7 neg 47 XX,+21c[7]/47, XX, der(7)t(1;7)(q22;p22),+21c[11]/47,XX,dup(1)(q22q44),+21c[2]
60 1.2 M M7 neg 47 ,XY,1(2;4)(937;928),+21c[20]
61 1.9 M M7 neg 47 XY,+21c[18]/48,XY,+8,+21c[1]/49,XY,+8,+12,+21c[1]
62 1.9 M M7 neg 47,XY,+21c[16]/48,XY,+8,+21c[4]
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Table 1. Characteristics, multiplex reverse transcriptase—polymerase chain reaction results, and cytogenetic data of 67 cases of childhood acute myeloblastic
leukemia (cont'd)
Age Multiplex
Case (y) Sex FAB RT-PCR Fusion transcript Karyotype
63 1.3 F M7 neg 47,XX,+21c[20]
64 001 M M7/TMD neg 47,XY,+21c[20]
65 0.02 M M7/TMD neg 47 XY,+21c[27]
66 0.01 M M7/TMD neg 47,XY,+21c[20]
67 0.01 F  M7/TMD ND ND

For the fusion transcript data, the interpretation table in the HemaVision kit uses the old exon nomenclature of the MLL gene; exons 6-7 correspond to exons 9-10 of the
new numbering according to Nilson et al.2

FAB indicates French-American-British; RT-PCR, reverse transcriptase—polymerase chain reaction; M, male; AUL, acute undifferentiated leukemia; neg, negative; ND, not
determined; F, female.

*FISH analysis revealed an additional t(5;11)(q35;p15).

TFISH analysis revealed a cryptic t(7;12)(q36;p12).

FWhole chromosome painting showed a t(11;17).

§The inv(11)(q12923) was detected by FISH analysis, and a new MLL fusion partner was cloned (Litzka et al, unpublished data, 2000).

amplification in 8 parallel nested multiplex master reactions. Each of tltketection of 10 of the currently 23 clon&tLL fusion partners, we
master solutions contains several primers that are specific for particufgsyertheless encountered 4 cases with an involvement of te
fusion transcripts and a pair of control primers that amplifies a ubiquitous@bne that remained undetected in the RT-PCR analysis. In casefhos.
expressed gene. Thus, each of the master reactions identifies varigys, 4 39 ¢ t(11;17)(923;92125) and in case no. 37 additiona§

chromosomal aberrations that, due to the heterogeneity of the breakpogﬁ?omosome material at 1123 was found by cytogenetic analysis
on the genomic level and/or alternative splicing, generate different messin- 13 hol h . ty y d FISH y‘c§ ’
ger RNA (mRNA) variants. To verify the presence of a specific fusio N a cases, whole chromosome painting an using

transcript in a positive multiplex reaction, a nested split-out analysis Wif}{“-l-'sf:)e‘:'fIC PAC clones confirmed the presence of a t(11;17) ahd
individual translocation-specific primer sets was performed. The specitvolvement of theMLL gene (data not showj.Although the
translocation and splice variant was classified by comparing the respectiéltiplex RT-PCR detects 2 t(11;17)-associated fusion transcrigts,
pattern with the interpretation table provided by the manufacturer. MLL/AF17 and PLZF/RARA neither of them was present in thé
samples. Moreover, 2 of these cases were also negative for the énly
other currently knowMLL fusion partner on 17q25MLL/MSPF
(data not shown). These data suggest the presence of a clus
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Results and discussion

Cytogenetic analysis of 64 childhood AML and TMD samples A
found an abnormal clone in 51 (79.7%) samples of the cases anc
normal chromosome complement in 13 (20.3%) samples of th
cases, Whereas 24 (39%) of 60 samples analyzed by the multiple
RT-PCR were positive for one of 9 different fusion transcripts
(Table 1). Examples of the multiplex RT-PCR results are shown ir
Figure 1.

Of the 24 RT-PCR-—positive cases, 22 (91.7%) cases ha
correlating cytogenetic findings. In 2 cases (nos. 33 and 34) with aB
MLL/AF6 fusion transcript, the presence of the t(6;11)(q27;923)
had been missed cytogenetically. In samples from cases Nos. :
and 34, only normal metaphases and a clone with a del(11)(g2:
were found, respectively. Due to the location of the breakpoints ir
the telomeric regions of the chromosomes and submicroscop
deletions that occur in approximately 20% to 30% of such case:
this cryptic translocation is difficult to identify by cytogenetic and
fluorescence in situ hybridization (FISH) analy&is.

Of particular interest are cases with 11923 abnormalities an
rearrangements of thdLL gene, which account for 5% to 10% of
acquired karyotype changes in childhood and adult acute leukemi:
and myelodysplastic syndromes. At least 40 different 11g2:
translocations have been described cytogenetically, anil23
fusion partner genes have already been identffi@dr group of
patients included 14 (23%) cases with 11923 abnormalitieSgure 1. Examples of fusion genes detected by the multiplex RT-PCR.
Thirteen (20.3%) cases with 8 different structural abnormalitiefgnplification products of 8 parallel multiplex RT-PCR reactions (left panels) and the
were identified cytogenetically. They consisted of 6 differed?rregponding split-out re_actions (right_ panels). The product with the higher molecu-

R X ar weight represents the internal positive control, and the lower bands represent the
translocations that involved chromosomes 1, 4, 9, 10, 17, and dcific fusion genes. (A) inv(16)(p13q22)—CBFB/MYHI1 fusion gene. (B) t(15;
as well as one inversion and one del(11)(q23). Using th&)(a21,q22)—PML/RARA. (Note: Due to the primer combinations for the detection

multiplex RT-PCR. 10 positive cases with 6 different quiOf?f different breakpoints, a few of the translocations detected by the HemaVision kit
' can appear in more than one master reaction, as seen in lanes 4 and 8. In the right

transcrlpts were found. . ) panel of B, split-out reactions correspond to master reaction no.8.) (C) t(8;21)(q22;
Despite the fact that the multiplex RT-PCR kit allows the22)—AML1/MGT8 (M, 100-bp DNA Ladder (Promega).

inv(16)
t(3:21)

t(6;9)
t(9:9)

M12345678

t(11:17)
t(3;:21)
t(15:17)
t(5:17)

t(3:5)
t(9:22)

20z 8unr 60 uo 1senb Aq 4pd'G08/G1 L L L9L/S08/E/L6/4Pd

Cc

t(8;21)
t(3;:21)
t(16;21)
t(15:17)

M1 2345678




808 STREHLetal BLOOD, 1 FEBRUARY 2001 « VOLUME 97, NUMBER 3

MLL fusion partners on 17q similar to those already known &hat differed from those generating the RT-PCR-detectable

10p11.2-12 ABIl andAF10) and 19p13.1-13.35NL, ELL/MEN, fusion geneNPM/MLF]_4

and EEI\D.A In the fourth case (no. 43), with a paracentric The results of the comparative karyotype and RT-PCR analyses

inv(11)(g12923) andMLL involvement, we were able to clone aprove that they are complimentary techniques and are both

newMLL fusion partner (Litzka et al, unpublished data, 2000). indispensable for the evaluation of the disease-specific genetic
Two other cytogenetically detected specific chromosome redeatures of myeloid malignancies. Although an increasing number

rangements, t(7;11)(p15;p13) (case no. 45) and inv(8)(pllpi&)reciprocal rearrangements are detectable by molecular genetic

(case no. 44), have molecular genetic equivalents in the form mkans, karyotyping still provides the most comprehensive over-

NUP98/HOXA%NdMOZ/TIF2fusion genes, respectiveljHow-  view that is not obtainable by any other method. The demonstration

ever, these fusion genes are not covered by the RT-PCR kit. dhparticular fusion transcripts by RT-PCR, on the other hand, is

addition, 2 other translocations that are specific for particul@ssential for subsequent molecular genetic follow-up and minimal

subsets of myeloid neoplasms, t(1;22)(p13;q13) (case no. 57) ardidual disease studies.

t(5;11)(g35;p15) (case no. 2), were encountéfedFISH analysis

also revealed a case with a cryptic translocation t(7;12)(q36;p12)

(case no. 11) in an infant in whom cytogenetic analysis bl ~ Acknowledgments

discovered a marker chromosome 2@l these translocations
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