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ORIGINAL ARTICLE

Rearrangement of the myeloid-
lymphoid leukaemia gene in Hong
Kong Chinese children with acute
leukaemia
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Objective. To determine the frequency of rearrangement of the myeloid-
lymphoid leukaemia gene in acute leukaemia in Hong Kong Chinese children.
Design.Immunophenotyping, cytogenetic, and molecular analysis.
Setting. Regional hospital, Hong Kong

Participants. Bone marrow or peripheral blood samples were taken
from 27 children aged 16 years or younger with acute leukaemia, from
September 1995 through February 1998.

Main outcome measuresGene rearrangement was analysed by Southern
blotting of Hindlll digestion products of mononuclear cell DNA, followed

by hybridisation with the myeloid-lymphoid leukaemia P/S4 probe. Nested
reverse transcription—polymerase chain reaction analysis was performed to
detect and characterise duplication of the myeloid-lymphoid leukaemia gene.
Results.Only one of 23 (4%) children whose marrow or peripheral blood
samples contained adequate material for genetic study showed rearrange-
ment in the myeloid-lymphoid leukaemia gene. No children were positive
for partial tandem duplication of the myeloid-lymphoid leukaemia gene.
Conclusion.Myeloid-lymphoid leukaemia gene rearrangement is rare in
Hong Kong Chinese children with acute leukaemia.
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Introduction

The myeloid-lymphoid leukaemiaiLL) gene—also known as acute
lymphoblastic leukaemia-HRX andHTRX-1gene—is located at
chromosome 11g28and is unique among leukaemia genes in that it
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can fuse with a large number of different partner gendéethods
on other chromosomes. At least 20 different partner
chromosomes have been involved in 11923 reciprod@atient samples
translocation$.In addition, the leukaemic cells areFrom September 1995 through February 1998, bone
characterised by features of mixed lineage differentinarrow or peripheral blood samples were taken from
ation? They may show monocytic, lymphoid, or27 children aged 16 years or younger who had a con-
biphenotypic (myeloid and lymphoid) antigen expredirmed diagnosis of ALL or AML. The samples were
sion, which implies that a pluripotential progenitor celbbtained from the Department of Pathology at the
may be involved in leukaemogenesis. Queen Elizabeth Hospital after obtaining informed
consent. Mononuclear cells, including blast cells, were
The involvement of th&ILL gene in oncogenesisisolated from the samples by density centrifugation
is not limited to chromosomal translocations thaising a Ficoll-paque gradient and stored at€70
result in chimeric fusion genes. TREL gene has re-
cently also been found to be involved in acute leuk- The diagnosis of acute leukaemia was made accord-
aemias without visible chromosomal translocationsng to the French-American-British classification
Partial tandem duplication of thdLL gene also system using morphological, cytochemical, and immuno-
occurs in some caseés. phenotypic criterid:'° For ALL samples, immuno-
phenotyping was performed by streptavidin-biotin
Conventional cytogenetic analysis can detect onljnmunocytochemical staining using a comprehensive
a subset of acute leukaemias that harddlut gene panel of different lineage-associated markers. Based
rearrangement, and it cannot distinguish cases contaim their pattern of reactivity, leukaemias were
ing germline-derived 11q23 alterations from thoselassified as early B-cell precursor (TdT+, CD19+,
with rearrangedILL gene. In some cases of acute leukHLADR+), common (TdT+, CD19+, CD10+), pre-B
aemia,MLL gene rearrangements can occur withowell (TdT+, CD19+, CD10+, Cy Ig+), B cell (TdT-,
cytogenetic evidence of 11923 rearrangeniént. CD19+, CD10+/-, S Ig+), early T-cell precursor (TdT+,
CD7+, CD2-), or T cell (TdT+, CD7+, CD2+, CD3+).
More sensitive molecular techniques are widely
used to accurately identify patients wNHLL gene Cytogenetic studies
rearrangements because these patients have a pbwe cytogenetic results of all the samples were used
prognosis and are candidates for bone marrow trarie-correlate with the molecular aberrations associated
plantation or other aggressive theragiEsr example, with leukaemia. Conventional cytogenetic studies
the analysis of reverse transcription—polymerase chairere performed using overnight fluorodeoxyuridine-
reaction (RT-PCR) amplification products provides asynchronised culturing of the blast cells. Metaphase
invaluable diagnostic tool to identify partial tandenthromosomes were analysed by G-banding and
duplication of theMLL genée? karyotyped according to the International System for
Human Cytogenetic Nomenclature 1995.
Translocations that involve tihdLL gene at chromo-
some band 11923 occur in approximately 10% d&¥NA and DNA isolation
patients with acute lymphoblastic leukaemia (ALL)Single-step simultaneous isolation of total RNA
5% of those with acute myeloid leukaemia (AML)and DNA from cryopreserved cell samples was per-
and 85% of those with secondary leukaemias who g@med using TRIzol reagent (GIBCO BRL/Life
treated with topoisomerase Il inhibiter§he MLL  Technologies, Gaithersburg, USA}*Total RNA and
gene is affected specifically in approximately 80% dDNA were isolated according to the manufacturer’s
infants younger than 1 year with ALL and in 3% ofrotocol with modification$?
older children with ALL?
Southern blot analysis
Most of the published studies, however, have be&outhern blot analysis was performed according to
performed in western countries. The frequendylbE  standard protocols.The MLL probe that was used
gene rearrangement in Hong Kong Chinese childréR/S4) spanned from exon 7 to part of intron 8 of the
with acute leukaemia is still not known. In this studyMLL gene (Fig 1a) The DNA of a bone marrow sam-
Hong Kong Chinese children with acute leukaemigle from a patient with previously confirm®tLL gene
were analysed to determine the frequencies of reearrangement was used as a positive control and that
arrangement and partial tandem duplication of tHeom a healthy donor was used as a negative control.
MLL gene. Samples were incubated withindlIll restriction
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Fig 1 (a). Schematic representation of partial restriction map of the myeloid-lymphoid leukaemia gene
Breakpoints in the MLL gene cluster within the two Hindlll sites can be detected by the probe P/S4. Vertical lines represent
restriction enzyme digestion sites (H=Hindlll, B=BamHI, E=EcoRlI, S=Sacl, X=Xbal); exons are indicated by black boxes
1 (b). Schematic representation of partial tandem duplication of the myeloid-lymphoid leukaemia gene spanning
exons 2-8

The location of primers (5.3, 6.1, 3.2c, 3.1c) used for the reverse transcription-polymerase chain reaction amplification of
the fusion MLL transcript are also shown; exons are indicated by vertical boxes

enzyme, subjected to electrophoresis and SouthésrRCAT GCT GTG CAT CAG TAT CT-3' (residues
blotting, and hybridised with the P/S4 probe. 1806-1825 antisense stran@)N1,]; the result was a
120-bp product’ The experiment was considered valid
Reverse transcription—polymerase chain reaction only when the controls showed the expected results.
The RT-PCR method of cDNA production was per-
formed as previously describ&dThe first strand of Results
cDNA was reverse-transcribed with the primer 3.1c
(5'-AGG AGA GAG TTT ACC TGC TC-3'). The first The results of the cytogenetic and molecular analysis
round of PCR was performed with primers 3.1c anaf the 27 patients studied fbiLL gene rearrangement
5.3 (5'-GGA AGT CAA GCA AGC AGG TC-3'). The are shown in the Table. They were all analysed at the
second round of PCR was performed with 2% of thieme of diagnosis and none was analysed at relapse.
first-round PCR product and primers 6.1 (5'-GTC CAGhere were 16 males and 11 females, with a median
AGC AGA GCAAAC AG-3") and 3.2 ¢ (5'-ACA CAG age of 7.8 years (range, 3 days to 16 years). Eighteen
ATG GAT CTG AGA GG-3)) [Fig 1b]. The RNA of a (67%) patients had ALL, with 14 (78%) of them being
bone marrow sample from a patient who had beeaf B-cell lineage. All 27 patients were successfully
confirmed to have a tandem duplication in MeL  karyotyped and only 2 showed 11g23 aberrations
gene was used as a positive control; RNA from (@atients 5 and 22).
healthy donor was used as a negative control.
Samples from 23 patients contained adequate
Before conducting any nested RT-PCR investnaterials for further genetic study. The P/S4 probe
igation, the integrity of each RNA sample was checkatktected a germline fragment of approximately 14 kb
by performing RT-PCR witl3,-microglobulin 3,M) after hybridisation with separatétindlll digestion
primers because RNA degradation could not h@oducts. The positions of the germline and rearranged
detected spectrophotometricatfyOligonucleotide bands are shown in Fig 2. Different sizes of rearranged
primers that were used to amplify tBeM DNA  bands were seen because different partner chromo-
sequence were 5-GGC CAT ACT ACC CTG AATsomes were involved, so the locations of breakpoints were
GA-3' (residues 1705-1724 sense strafigdylf] and different in variousMLL gene rearrangements. For
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Table. Cytogenetic and molecular analysis of 27 patients studied for MLL gene rearrangement

Patient Sex/age Specimen Diagnosis Karyotype Southern Nested RT-
No. blot analysis PCR analysis
1 M/4y BM* C-ALL* 54, XX,+X,+3,+6,+8,+10,+15,+21, Indeterminate Negative
+mar 1,+mar 2x2, +mar 3[3]/46,
XY[14]
M/6y BM AMLS-M1 46,XY,1(10;11)(p13;q13)[17]/46,XY[3] Germline Indeterminate
F/3y BM Pre-B ALL 46,XX[10] Germline Indeterminate
M/6y BM Early 46,XY[18] Germline Indeterminate
T-precursor ALL
5 M/9y BM T-ALL 46,XY,1(10;11)(p12,913),del(11)(q23) Germline Negative
[12)/46,XY[15]
F/16y BM B-ALL 46,XX[2] Germline Negative
M/11y BM AML-M2 45,X,-Y,t(1;8)(p22;911) t(8;21) Germline Indeterminate
(022;022)[20]
8 FI7y BM AML-M3 46,XX[20] Germline Negative
9 F/5y BM C-ALL 46,XX[9] Indeterminate Negative
10 M/5y BM T-ALL 46,XY[6] Germline Negative
11 F/11y BM AML-MO 46,XX,der(19)?t(11;19)(p13,q13)[4)/ Germline -
46,XX[11]
12 M/16y PB' AML-M2 47 XY, +22[17]/46,XY[2] Germline Negative
13 M/6 d PB AML-M7 47,XY,+21c[21] Germline Indeterminate
14 M/3 d BM AML-M7 47,XY,+21c[22] Indeterminate Negative
15 F/13y BM Early 46,XX,1(1;9)(p10;q10)[4]/46,XX[7] Germline Negative
B-precursor ALL
16 F/13y BM AML-M1 46,XX[19] Germline Indeterminate
17 F/1ly BM C-ALL 47-52,XX,+X,add3(p14;p21),+8,+18, Germline Indeterminate
+19,+21,+22[cp14]/46,XX[1]
18 M/9y BM C-ALL 59,XY,+4,+5,+6,+7,+8, +10,+13,+17, Germline Indeterminate
+18,+18,+20, +21,+22[4]/46,XY[2]
19 M/4'y BM Pre-B ALL 46,XY[4] Germline Negative
20 M/3y BM C-ALL 46,XY[1] Germline Negative
21 F/3y PB C-ALL 45,XX,-9,add(9)(p?24)[7]/46,XX[6] Germline Negative
22 F/3 mo BM Early 46,XX,t(4;11)(q21;923)[15]/46,XX[4] Rearrangement  Negative
B-precursor ALL
23 M/5y BM C-ALL 46,XY[2] Germline Negative
24 M/10y BM Pre-B ALL 46,XY[7] Germline Negative
25 M/15y PB AML-M3 46,XY,inv(9)(p139g21)c, t(15;17)(g24; Germline Indeterminate
variant (21)[10]/46, XY,inv(9)(p13g21)c[3]
26 M/15y BM T-ALL 46,XY,add(9)(p24)[15]/4,XY[3] Germline Indeterminate
27 F/10y BM C-ALL 51-54 XX,+4,+8,+10,+11,+14,+15, Indeterminate Negative
+21,+21[cpl1)/46,XX[3]
*BM  bone marrow *ALL  acute lymphoblastic leukaemia
TPB  peripheral blood $ AML  acute myeloid leukaemia

patients 1, 9, 14, and 27, no germline band was visitldecounted for a frequency of 4% (1/23)MifL gene
even after repeating the analysis. This result was mosarrangement in childhood acute leukaemia in this
likely due to there being insufficient DNA (fig). Only  study. In addition, the frequency MLL gene re-
one patient (patient 22) showed evidencMbt. gene arrangement in childhood ALL in this study was 7%
rearrangement, with a single rearranged band (8.5 KitJ15). Patient 5, who had a deletion of 11923 (Table),
in addition to a germline band (14 khis finding did not show concomitatMLL gene rearrangement.
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Fig 2. Southern blot analysis of the myeloid-lymphoid
leukaemia gene, after hybridisation with the P/S4 probe
The hybridsation pattern of Hindlll-digested fragments
shows a germline band (14 kb) and rearranged bands
(12.5 kb. 8.5 kb)

Gene rearrangement in acute leukaemia

in this study. The cytogenetic findings, together with
the positive Southern blot results but negative RT-PCR
results for patient 22, suggested the presence of an
MLL/AF4rearrangement—that is, t(4;11)(q21;923) —
in this patient. This rearrangement is the most com-
mon (50%) specific chromosomal translocation found
in infant ALL.8

Discussion

Genetic changes in leukaemic cells have convention-
ally been identified by cytogenetic analysis. This tech-
nique, however, is labour-intensive and reveals only
gross chromosomal alterations. In addition, cytogenetic
analysis is often complicated by difficulties in obtain-
ing sufficient marrow cells and the frequent low mi-
totic index of blast cells in infant leukaemia. Advances
in molecular biology have led to the application of other
technigues such as Southern blot and RT-PCR analysis,
which are more sensitive and specific than conventional
cytogenetics in the study of genetic alterations in
haematological malignancies. Furthermore, molecu-
lar analysis is essential to achieve the sensitivity needed

The results of the nested RT-PCR analysis to disr the detection of minimal residual disedse.
tect fusionMLL transcripts are shown in Fig 3. A total
of 10 samples (from patients 2, 3, 4, 7, 13, 16, 17, 18, In western countries, tHdLL gene is involved in
25, and 26) were suspected to have fudWlrl.  approximately 3% to 10% cases of childhood ALL..
transcripts. Because all the patients in this study werée results of this study showed a frequency of 4% for
analysed at presentation, only those with both positikLL gene rearrangement in acute leukaemia in Hong
results from the Southern blot and nested RT-PCGRong Chinese children. In particular, the frequency of
analyses would be considered to show partial tandeéviLL rearrangement in ALL in Hong Konghihiese
duplication of theMLL gene rearrangement. Hence, wehildren was 7%, which is similar to the figuemorted
could not find any partial tandem duplication of thérom western countries. Of the 23 patients who gave
MLL gene associated with childhood acute leukaemgalequate materials for genetic study, only patient
22 showedMLL gene rearrangement, and this patient
was the only infant with ALL with the early B-cell
precursor phenotype. The molecular rearrangement
of the MLL gene in acute leukaemia without cyto-
genetic gidence of 11923 aberration cannot be reliably
demonstrated in thisiedy because of the small sam-
ple size. A recent study has suggested that the poor
prognosis for a subgroup of patients wihL partial
duplication may mean different treatment ne#ds.
However, the frequency ®fiLL gene partial tandem
duplication in acute leukaemia in children is still not
known. No patient was shown to have a partial tan-
dem duplication of th&LL gene in this study, which
indicates that this genetic rearrangement is rare in Hong
Kong Chinese children with acute leukaemia.

*M  molecular weight markers
B reagent blank

N healthy control

Sp positive control

D2 and 25 are patient samples

Fig 3. Ethidium bromide-stained polyacrylamide gel
(6%0) of electrophoresed products from the nested
reverse transcription-polymerase chain reaction
External primer pair 3.1c and 5.3 were used for the first round
of amplification and internal primer pair 3.2c and 6.1 were
used for the second round. For the positive control, the
474-bp and 360-bp PCR products corresponded to fusions
of exons 8 to 2 and 7 to 2, respectively

The diagnosis of partial tandem duplication of the
MLL gene relies on molecular methods such as South-
ern blot and RT-PCR analyses. The latter method can
also be used to monitor minimal residual disease of

HKMJ Vol 7 No 1 March 2001 13



Lit et al

leukaemia during remission. A recent study, however, 6236-9. o

PCR analysis as the only molecular test may not be
sufficient to diagnose leukaemia associated Wit
partial tandem duplication or to indicate minimal ree. Kwong YL, Liang R, Chan V, Chan TK. Molecular rearrange-
sidual diseas#.By using nested RT-PCR analysis, that ment of theVILL gene in adult acute myeloid leukaemia with-
study showed that 16% of healthy donors had a unique out cytogenetic evidence of 11923 aberration. Cancer Genet

transcript owing to the fusion of tWwdLL exons, which

7

was consistent with the partial tandem duplication of
MLL. However, a corresponding genomic rearrange: cCaligiuri MA, Strout MP, Lawrence D, et al. Rearrangement
ment or a unique genomic fusionMtL could not be
demonstrated by Southern blot analy$ia.similar

study also showed thMLL duplication transcripts

9.

were detectable by nested RT-PCR analysis in the
peripheral blood of 84% to 100% of healthy dortérs.
Marked differences, however, were observed between correlations. Br Haematol 1981;47:553-61.

theMLL fusion transcripts that were detected in healthlp. Bennett JM, Catovsky D, Flandrin G, Galton DA, Gralinick
donors and transcripts that were detected in patientsHR* Sultan C. Proposed revised criteria for the classification
with leukaemia in whom a partial tandem duplication
of theMLL gene had been documented at the genomi¢ yjiteiman F. ISCN (1995): an international system for human
level. Consequently, the fusion points of\bL gene
that has undergone partial tandem duplication should Chomozynski P, Sacchi N. Single-step method of RNA isola-
be studied by DNA sequencing, so that MeL
fusion transcripts of patients with leukaemia can bl%
distinguished from those detected in healthy donors.’
Further consideration should also be given to the use samples. Biotechniques 1993;15:532-7.

of the RNA poly(A)+ fraction to increase the specificityl4. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a
of RT-PCR analysi&-Finally, nested PCR assays must
be rigorously tested to ensure that they can reliablg
distinguish between patients with leukaemia whb™
have low levels of disease and healthy individuals Who cancer Genet Cytogenet 1997:97:20-4.

carry rare non-malignant cells that possess a speci&: Dieffenbach CW, Dveksler GS. PCR primer: a laboratory
molecular defect.

frequencies of the rearrangement and partial tandem

To our knowledge, this is the first study to report the':

rearrangement of th&LL-1 gene in acute myeloid leukaemia
without cytogenetic evidence of 11923 chromosome trans-
locations. Cancer Res 1994;54:370-3.

Cytogenet 1996;86:13-7.
Rubnitz JE, Look AT. Molecular genetics of childhood
leukaemias. J Pediatr Hemahcol1998;20:1-11.

of ALL1 (MLL) in acute myeloid leukaemia with normal
cytogenetics. Cancer Res 1998;58:55-9.

Bennett JM, Catovsky D, Flandrin G, Galton DA, Gralinick
HR, Sultan C. The French-American-British (FAB) Coopera-
tive Group: the morphologic classification of acute lymphob-
lastic leukaemia: concordance among observers and clinical

of acute myeloid leukaemia: a report of the French-American-
British Cooperative Group. Ann Intern Med 1995;103:626-9.

cytogenetic nomenclature. Basel: S Karger AG; 1995.

tion by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem 1987;162:156-9.

Chomozynski P. A reagent for the single-step simultaneous
isolation of RNA, DNA and proteins from cell and tissue

laboratory manual. 2nd ed. New York: Cold Spring Harbour
Laboratory Press; 1989.

Kwong YL. Partial duplication of theILL gene in acute
myelogenous leukaemia without karyotypic aberration.

manual. New York: Cold Spring Harbour Laboratory Press;
1995:7-16.

Chevillard S. A method for sequential extraction of RNA and
DNA from the same sample, specially designed for a limited
supply of biological material. Biotechniques 1993;15:22-4.

duplication of theMLL gene in Hong Kong Chinese1g. Borkhardt A, Repp R, Haupt E, et al. Molecular analysis of
children with acute leukaemia. The results provide MLL-1/AF4 recombination in infant acute lymphoblastic

important clinical and epidemiological information on
theMLL gene and acute leukaemia in local childrenl®-
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