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Two distinct leukemia syndromes are associated with ab- t(8;13) tested, but was telomeric to the inv(8). YAC 847B12
normalities of chromosome band 8p11. First, a myeloprolif- was telomeric to both the t(8;13) and the inv(8), whereas
erative disorder with features characteristic of both chronic YAC 829D12 was centromeric to the t(8;13), but split by the
myeloid leukemia and non-Hodgkin’s lymphoma and sec- inv(8). Southern blotting and PCR of YAC 829D12 showed
ond, an acute myeloid leukemia (AML) with French-Ameri- that it contained the MOZ gene. A 900-bp MOZ fragment
can-British (FAB) M4/5 morphology and prominent erythro- encompassing the published t(8;16) breakpoint was ampli-
phagocytosis. The two syndromes are exemplified by a fied by PCR from normal peripheral blood leukocyte cDNA
t(8;13)(p11;q12) and a t(8;16)(p11;p13), respectively, but cy- and used to probe Southern blots of patient DNA. A rear-
togenetic variants of both have been described. Recently, rangement was detected in the case with inv(8), but not in
the t(8;16) has been cloned and shown to fuse the MOZ gene any of the three cases with t(8;13). Southern blotting with
at 8p11 to the CBP gene at 16p13. We have used fluorescence a CBP probe and RT-PCR with MOZ and CBP primers sug-
in situ hybridization (FISH), Southern blotting, and reverse gested that the inv(8) does not result in a cryptic MOZ-CBP
transcriptase-polymerase chain reaction (RT-PCR) to refine fusion. It is likely, therefore, that MOZ is fused to a novel
the 8p11 breakpoint in three cases with t(8;13)(p11;q12) and gene at 8q13 in this case. We conclude that the t(8;13)
in a single case of AML-M5 with a clinical picture apparently

breakpoint is flanked by YACs 782H11 and 847B12 and is atidentical to that found in patients with a t(8;16), but charac-
least 1 Mb telomeric to MOZ. MOZ is involved, however, interized by an inv(8)(p11q13). FISH analysis was performed
a new variant of the t(8;16).with several 8p11 CEPH yeast artificial chromosome (YAC)
q 1997 by The American Society of Hematology.clones. YAC 782H11 was centromeric to the one case with

T age at diagnosis, and poor outcome.1-3 This translocation is
found in approximately 2% of cases of AML with FAB M4

HE DISRUPTION OF oncogenes or inactivation of tu-
mor suppressor genes plays a central role in the patho-

genesis of malignant diseases; such anomalies may be asso- or M5 phenotype.4 Chromosome band 8p11, however, has
been shown to be involved in other cytogenetic rearrange-ciated with visible chromosomal abnormalities. In leukemia,

detailed characterization of nonrandom chromosome changes ments. These abnormalities are associated with either leuke-
mias of similar phenotype to the t(8;16) AML, such as thehas provided a basis for disease classification and has helped

to define prognosis in individual patients. Furthermore, the translocations t(8;22)(p11;q13) and t(8;19)(p11;q13),5,6 or
with an unusual myeloproliferative syndrome associatedmolecular cloning of the genes involved in the chromosomal

changes has advanced our understanding of the mechanisms with the translocations t(8;13)(p11;q12), t(8;9)(p11;q32) or
t(6;8)(q27;p11), collectively known as the 8p11 myelopro-of leukemogenesis and has been valuable in the design of

molecular approaches to diagnosis and to monitoring re- liferative disorder.7,8 The prevalence of these other transloca-
tions is unknown, but they are almost certainly rarer thansponse to treatment.

The recurrent translocation t(8;16)(p11;p13) associated the t(8;16)(p11;p13).
Recently, the t(8;16)(p11;p13) was cloned and shown towith acute myeloid leukemia (AML) defines a particular

subtype of this disease. AML with the t(8;16) is predomi- fuse the CBP gene at 16p13 to a novel gene, termed MOZ,
at 8p11.9 CBP codes for a multidomain transcriptional co-nantly classified as French-American-British (FAB) M4

(myelomonocytic) or M5 (monocytic) and is characterized activator,10 and both genes are implicated in histone acetyla-
tion, suggesting a novel mode of leukemogenesis by MOZ-by pronounced erythrophagocytosis by the blast cells, young
CBP.9,11,12 It has been postulated that MOZ may be involved
in other 8p11 translocations associated with leukemic syn-
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CHROMOSOME 8P11 ABNORMALITIES IN LEUKEMIA 3131

Fig 1. Schematic map of the
chromosome 8p11 region. The
YACs used in the study are
shown. The YACs sizes are
drawn to scale although the dis-
tances between the genes and
markers mapping to 8p11 are
arbitrary. Arrows indicate ap-
proximate positions of the
breakpoints in the t(8;13) and
inv(8)(p11q13) cases.

was consistent with the 8p11 myeloproliferative disorder.7 Patients used to search for MOZ-CBP and/or reciprocal CBP-MOZ fusion
mRNA in the case with inv(8)(p11q13). RNA was extracted andUPN 01 and UPN 02 have been described previously.14,15 Patient

UPN 03 was a 48-year old female who presented with a brief history cDNA synthesized as previously described.20 cDNA quality was
confirmed by amplification of the normal BCR gene.20 To amplifyof a mass in the left groin, lethargy, and left upper quadrant pain.

On examination she had a 10 cm splenomegaly and prominently any MOZ-CBP transcripts, the first round PCR primers were MOZ-
6: 5*-CAGAaTTcCACCCAGGCTGA-3* and CBP-1: 5*-TGCTCT-enlarged inguinal lymph nodes. The blood count was as follows:

hemoglobin (Hb), 15.1 g/dL; white blood cell (WBC), 142.2 1 109/ GTTTGCTGGCTAAC-3*. A total of 1 mL was removed from the
first step as template for the second round of amplification usingL with marked eosinophilia (17%) and no blasts; platelets, 81 1

109/L. The bone marrow aspirate was extremely hypercellular and internal primers. Second round primer sequences were MOZ-4: 5*-
CCAGAACAAGGATCCCTGT-3* and CBP-2: 5*-AGCTTGACT-eosinophils/eosinophilic precursors were prominent. Cytogenetic

studies showed a 47,XX, /21,t(8;13)(p11;q12) in all bone marrow- AAAGGGCTGTC-3*. To amplify CBP-MOZ, the first round pri-
mer sequences were CBP-4: 5*-TGggaTCCCGAGCAGGTGAA-3*derived metaphases. Six months later the disease progressed to acute

myeloid leukemia. and MOZ-7: 5*-GGAattCTCTCCACCACGCA-3* (MOZ). Internal
primer sequences were CBP-5: 5*-TACCCTACTCCAGCCAT-AML-M5 with inv(8)(p11q13). A 15-year old girl (UPN 04) was

diagnosed with AML-M5. A bone marrow aspirate showed a hyper- GCA-3* and MOZ-5: 5*-TGGaTcCTCATAGTTTTCAG-3*. Small
case letters in the primer sequences denote base substitutions intro-cellular marrow, with 98% blasts and prominent erythrophago-

cytosis. Cytogenetic analysis showed an inv(8)(p11q13) in 70% of duced to create restriction enzyme recognition sites. As a positive
control for MOZ-CBP, approximately 1 pg of a 764-bp RT-PCRbone marrow metaphases.

FISH. CEPH YAC clones 829D12, 782H11, 847B12, and product encompassing the fusion from a patient with a t(8;16)
(kindly provided by Dr J. Borrow, Massachusetts Institute of Tech-953H12 were obtained from the MRC HGMP Resource Centre

(Hinxton, UK). The relative positions of these 8p11 clones have been nology, Cambridge, MA) was diluted into 1 mg normal peripheral
blood leukocyte cDNA. No positive control was available for CBP-described elsewhere16,17 and are shown in Fig 1. Yeast containing

individual YACs were grown in AHC medium for 24 to 72 hours MOZ fusion transcripts, however normal MOZ or normal CBP prod-
ucts were amplifiable by single step PCR from normal peripheraland DNA extracted using a glass-bead method.13. Biotin was incor-

porated into total yeast DNA using the BioNick Labelling System blood leukocyte cDNA using both MOZ and both CBP sense primers
in combination with both antisense primers from the same gene.(Gibco BRL, Paisley, UK). After G50 column purification, 400 ng

of labeled DNA was precipitated with 10 mg of human Cot-1 DNA Single step PCRs were used to determine the presence or absence
of the 5* and 3* ends of the MOZ gene in YACs 829D12 and(Gibco BRL), 5 mg of sonicated salmon sperm DNA, and dissolved

in 11 mL of hybridization buffer (50% formamide, 21 SSC, 10% 782H11. The 5* primer sequences were MOZ-8: 5*-GGACTTAGG-
CCAGAAAACTC-3* and MOZ-9: 5*-TATCCCTTATCCTGA-dextran sulphate, pH 7.0). In some preparations, whole chromosome

painting probes (Scotlab, Coatbridge, UK) were also included. The TGCTG-3* (nucleotides 259 to 362; GenBank accession number
U47742). The 3* primer sequences were MOZ-3*-F: 5*-TTGTTG-slides were washed in 21 SSC, dehydrated, and denatured in 70%

formamide/21 SSC, at 707C, for 3 minutes. The probe was then GTGGATGACTGTAC -3* and MOZ-3*R: 5*-CTCGTTGTGTAC-
TTGAACGC-3* (nucleotides 7471 to 7786). Control for YAC DNAdenatured and allowed to reanneal for 15 minutes, after which, it

was applied to the surface of the slides. All further hybridization integrity was performed by PCR amplification of the URA3 gene in
the YAC vector using primers URA/: 5*-CATTGGATGTTCGTA-steps and immunologic detection were performed as described.18

Slides were examined using an Olympus Vanox microscope CCACCAAG-3* and URA-: 5*-GAGCCCTTGCATGACAAT-
TCTG-3*. To determine if YACs 829D12 and 782H11 overlapped,equipped with a fluorescence unit, a CCD camera and image analysis

software (SmartCapture, Vysis, UK). DNA was amplified with primers to 782H11R, derived from the
centromeric end of 782H11.17 All PCRs were run in 25 mL reactionsSouthern blot. Southern blot analysis was performed as de-

scribed.19 Two probes were used: MOZ 0.9, was a 910-bp MOZ with 0.5 mmol/L of each primer, 1.5 mmol/L MgCl2 , 100 mmol/L
of each 2*-deoxynucleoside 5*-triphosphates (dNTP), and 0.625 Ufragment amplified by PCR from normal peripheral leukocyte blood

cDNA (nucleotides 4640 to 5550 of the MOZ cDNA sequence, Taq polymerase. Conditions were 957C, 1 minute; 607C, 50 seconds;
727C, 2 minutes for 30 cycles.GenBank accession number U47742) and cloned into the pCR2.1

plasmid vector (Invitrogen, Leek, Holland). 5* CBP (nucleotides 55
to 1280 of the CBP cDNA sequence; GenBank accession number RESULTS
U47741) was constructed in a similar way. Both probes span the

FISH analysis of 8p11 breakpoints. YAC 782H11 wast(8;16) breakpoints as described.9

PCR analysis. Both nested and single step RT-PCR assays were tested on normal metaphases and produced a single hybrid-
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Fig 2. FISH analysis. (A) UPN
03 hybridized with YAC 782H11.
Large arrow indicates the der(8)
and the small arrow indicates
the normal chromosome 8. (B)
UPN 04 hybridized with YAC
829D12 and a chromosome 8
painting probe. Large arrow
shows the normal chromosome
8; the small arrows show the
split signal on the inv(8).

ization signal on both chromosomes 8 and no other chromo- 782H11 (782H11R) showed that the two YACs did not over-
lap. Amplifiable DNA for each clone was confirmed by am-somes (data not shown). On metaphases from UPN 03, YAC

782H11 mapped proximal to the breakpoint, with hybridiza- plification of a fragment of the URA3 gene from the YAC
vector (Fig 3).tion signals on the normal chromosome 8 and der(8) (Fig

2A). In contrast, YACs 847B12 and 953H12 both displayed Rearrangement of MOZ in the inv(8)(p11q13) case. South-
ern blot analysis using the MOZ 0.9 cDNA probe resulted inhybridization signals on the normal chromosome 8 and

der(13). As above, hybridization to normal metaphases re- novel bands for UPN 04 after digestion with Bgl II and Hind
III (Fig 4). Conversely, only the germline configuration wassulted in a signal on 8p11 only. These data placed the t(8;13)

breakpoint between YACs 847B12 and 782H11 (Fig 1). detected in the three t(8;13) patients studied, after digestion of
their DNA with five different restriction endonucleases (dataConversely, on metaphases from UPN 04, YAC 782H11

hybridized to the normal chromosome 8 and distal to the p- not shown and Fig 4). To exclude the presence of a rare poly-
morphism, Bgl II digested DNA from 20 patients with chronicarm breakpoint on the inv(8). This indicated that the 8p11

breakpoints in these two disorders are separated by at least myeloid leukemia (CML) was probed with MOZ 0.9. In each
case, only a single 7-kb band was observed (data not shown).the size of YAC 782H11 (1,050 kb). Further FISH analysis

of this case showed that YAC 829D12 was split in UPN 04, No evidence for CBP involvement. Southern blot analy-
sis using the 5* CBP probe did not show any abnormallygenerating three hybridization signals, one on the normal

chromosome 8 and two signals on the inv(8) (Fig 2B). migrating bands in UPN 04 in comparison with patients with
CML (not shown). In addition, single step and nested RT-Mapping of MOZ gene to YAC clones. Southern blot

analysis with the MOZ 0.9 probe, derived from the 3* end PCR assays failed to amplify either the MOZ-CBP or CBP-
MOZ fusions from this patient (Fig 5).of the MOZ coding sequence, showed hybridization to YAC

829D12, but not YAC 782H11 (not shown). Using PCR to
DISCUSSIONamplify both the 5* and 3* ends of the MOZ gene, we ob-

served positive signals of the expected sizes for 829D12, but Chromosome band 8p11 is one of the regions of the human
genome in which there is a cluster of malignancy-associatednot for 782H11. Amplification of the centromeric end of

Fig 3. PCR analysis of YACs
782H11, 829D12 and human ge-
nomic DNA. Primer combina-
tions used were to the 5* and 3*

end of the MOZ gene, the centro-
meric end of YAC 782H11 and
the URA gene. Sizes of PCR
products are indicated.
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Fig 4. Southern blot of DNA
from a control (CML patient
without an 8p11 abnormality),
UPN 03 and UPN 04 probed with
MOZ 0.9. Restriction endonucle-
ases used are indicated. Germ-
line and rearranged bands are in-
dicated by size and an arrow,
respectively.

breakpoints.21 In this report, we have attempted to clarify to the breakpoint in UPN 04 (Fig 1 and data not shown),
was split in two cases with a t(8;22)(p11;q13), consideredthe molecular background of two distinct leukemia syn-

dromes with 8p11 abnormalities.2,3,7 to be another variant of the t(8;16).22 Although we cannot
exclude the possibility of a deletion in the YAC 782H11The translocation (8;16)(p11;p13) in AML M4/M5 results

in a rearrangement of the MOZ gene at 8p11 and the creation clone we used, these data suggest that the t(8;22) breakpoint
may be distinct from the t(8;16) and the inv(8).of a MOZ-CBP fusion transcript.9 Using FISH and Southern

blotting, we have shown involvement of the MOZ gene in In leukemia, a number of translocation-associated genes
have been isolated that are capable of becoming fused toa case of AML-M5 with an inv(8)(p11q13) and a clinical

phenotype apparently identical to that described in patients several different partner genes. Notable examples include
the MLL gene at 11q2323,24 and the TEL gene at 12p1325-28;with a t(8;16)(p11;p13). This is the first case without a

t(8;16) for which rearrangement of the MOZ gene has been variant fusions have also been described that involve other
genes such as E2A, RARa, CAN, and ABL.29 Typically,found. The MOZ cDNA probe we used spans the t(8;16)

breakpoints described previously,9 suggesting that the posi- these various fusions are visible cytogenetically as distinct
translocations. Occasionally, however, cytogenetic findingstion of inv(8) and t(8;16) breakpoints are similar. We have

not found MOZ sequences (either the 5* or the 3* ends) in can be misleading, for example variant or complex transloca-
tions that obscure the presence of BCR-ABL in CML, orYAC 782H11. Interestingly, this YAC, which is telomeric

Fig 5. PCR analysis of normal
peripheral blood leukocyte (PBL)
cDNA, cDNA from patient UPN
04 [inv(8)] and a MOZ-CBP posi-
tive control [t(8;16)]. Primer
combinations used were: MOZ-
CBP, MOZ-6 " CBP-1; CBP-MOZ,
CBP-4 " MOZ-7; MOZ, MOZ-6 "
MOZ-7; CBP, CBP-4 " CBP-1.
Sizes of PCR products are indi-
cated.
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Dr J. Borrow (Massachusetts Institute of Technology, Cambridge,PML-RARa in acute promyelocytic leukemia.30,31 We
MA) for providing the MOZ-CBP RT-PCR product, Dr G. Jacksonsought, therefore, to establish whether the inv(8)(p11q13)
and N. Bown (Newcastle, UK) for providing patient samples.obscured a typical t(8;16)(p11;p13) and MOZ-CBP fusion,

or whether it potentially indicated a novel fusion between
NOTE ADDED IN PROOFMOZ and an uncharacterized gene at 8q13. Using Southern

blotting and RT-PCR, we found no evidence for a rearrange- After submission of this manuscript, we have studied two
ment of the CBP gene, or the presence of MOZ-CBP or CBP- additional cases of 8p11 myeloproliferative disorder with
MOZ fusion transcripts. Taken together, the cytogenetic and t(8;13)(p11;q12). Using FISH, we have found that YAC
molecular findings argue against the presence of a cryptic 782H11 maps centromeric to the breakpoint at 8p11 in both
t(8;16) in this case; definitive proof of existence of a new cases. These data reinforce the notion that the chromosome
fusion gene in the inv(8), however, awaits the molecular 8 breakpoint in this leukemia syndrome consistently maps
cloning of the putative MOZ inversion partner at 8q13. to an area at least 1 Mb distal to the MOZ gene, and support

CBP is a multidomain transcriptional coactivator and his- the idea that MOZ is not involved in its pathogenesis.
tone acetyltransferase that shares structural and functional
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DF, Renaud MT, Nguyen H, O’Connor TJ, Fizames C, Fauré S, Paslier D, Berger R, Bernard OA: The t(12;21) of acute lympho-
Gyapay G, Dib C, Morissette J, Orlin JB, Birren BW, Goodman N, blastic leukemia results in a tel-AML1 gene fusion. Blood 85:3662,
Wiessenbach J, Hawkins TL, Foote S, Page DC, Lander ES: An 1995
STS-based map of the human genome. Science 270:1945, 1995 28. Papadopoulos P, Ridge SA, Boucher CA, Stocking C, Wiede-

17. Imbert A, Chaffanet M, Essioux L, Noguchi T, Adelaide J, mann LM: The novel activation of ABL by fusion to an ets-related
Kerangueven F, Le Paslier D, Bonaiti Pellie C, Sobol H, Birnbaum

gene, TEL. Cancer Res 55:34, 1995
D, Pebusque MJ: Integrated map of the chromosome 8p12-21 region,

29. Rabbitts TH: Chromosomal translocations in human cancers.
a region involved in human cancers and Werner syndrome. Geno-

Nature 372:143, 1994
mics 32:29, 1996

30. van der Plas DC, Grosveld G, Hagemeijer A: Review of
18. Lichter P, Cremer T: Chromosome analysis by non-isotopic

clinical, cytogenetic, and molecular aspects of Ph-negative CML.in situ hybridization, in Rooney DE, Czepulkowski BH (eds): Human
Cancer Genet Cytogenet 52:143, 1991Cytogenetics: A Practical Approach. Oxford, UK IRL, 1992, p 157

31. Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D,19. Aguiar RCT, Dahia PLM, Bendit I, Beitler B, Dorlhiac P,
Srivastava A, Antony AC, Fioretos T, Mitelman F, Solomon E:Bydlowski S, Chamone D: Further evidence for the lack of correla-
Molecular analysis of simple variant translocations in acute promy-tion between the breakpoint site within M-BCR and CML prognosis
elocytic leukemia. Genes Chromosomes Cancer 9:234, 1994and for the occasional involvement of p53 in transformation. Cancer

32. Eckner R, Ewen ME, Newsome D, Gerdes M, DeCaprio JA,Genet Cytogenet 84:105, 1995
Lawrence JB, Livingston DM: Molecular cloning and functional20. Cross NCP, Melo JV, Lin F, Goldman JM: An optimised
analysis of the adenovirus E1A-associated 300-kD protein (p300)multiplex polymerase chain reaction for detection of BCR-ABL fu-
reveals a protein with properties of a transcriptional adaptor. Genession mRNAs in haematological disorders. Leukemia 8:186, 1994
Dev 8:869, 199421. Mitelman F: Clustering of breakpoints to specific chromo-

33. Melo JV: The diversity of BRC-ABL fusion proteins andsomal regions in human neoplasia. A survey of 5,345 cases. Heredi-
tas 104:113, 1986 their relationship to leukemia phenotype. Blood 88:2375, 1996

AID Blood 0012 / 5h3f$$$221 09-11-97 20:11:16 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/3130/1415927/3130.pdf by guest on 08 June 2024


