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Translocation and Rearrangement of Myeloperoxidase
Gene in Acute Promyelocytic Leukemia
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Acute promyelocytic leukemia (subtype M3) is characterized by malignant promyelo-
cytes exhibiting an abundance of abnormally large or aberrant primary granules.
Myeloperoxidase (MPO) activity of these azurophilic granules, as assessed by cyto-
chemical staining, is unusually intense. In addition, M3 is universally associated with a
chromosomal translocation, t(15;17)(q22;q11.2). In this report, the MPO gene was
localized to human chromosome 17 (q12—q21), the region of the breakpoint on
chromosome 17 in the t(15;17), by somatic cell hybrid analysis and in situ chromo-
somal hybridization. By means of MPO complementary DNA clones for in situ
hybridization and Southern blot analysis, the effect of this specific translocation on the
MPO gene was examined. In all cases of M3 examined, MPO is translocated to
chromosome 15. Genomic blot analyses indicate rearrangement of MPO in leukemia
cells of two of four cases examined. These findings suggest that MPO may be pivotal in
the pathogenesis of acute promyelocytic leukemia.

YELOPEROXIDASE (MPO) 18 A
critical bacteriocidal protein with
molecular mass of approximately

150 kD (I). MPO is the most abundant
protein of the mature human polymorpho-
nuclear neutrophil, accounting for 3 to 5%
of the dry weight of the cell (2). We (3) and
others (4, 5) have demonstrated that MPO is
abundantly expressed only at the promyelo-
cyte stage; the amount of MPO rapidly
declines as myeloid cells proceed toward
terminal differentiation. The appearance of
MPO in early granulocytes (6—8) serves as a
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lineage-specific marker of both normal and
malignant myeloid differentiation. As a clin-
ical diagnostic tool, MPO cytochemical ac-
tivity is critical in distinguishing poorly dif-
ferentiated malignant blast cells of acute
myelogenous leukemia (AML), which have
MPO activity, from the blast cells in acute
lymphoblastic leukemia (ALL), which do
not have MPO activity (9), and in assigning
acute leukemia cases to one of several sub-
types according to the French-American-
British (FAB) system.

Acute promyelocytic leukemia (APL)
(FAB classification, M3) is a distinct, well-
characterized, clinical, morphologic, and cy-
togenetic subtype of AML. Morphological-
ly, intense granulation with abnormally
large or bizarre primary granules, kidney-
shaped nuclear morphology, and abundant
Auer bodies are characteristic of the malig-
nant promyelocytes associated with this dis-
order. Intensely positive MPO activity in
APL, as assessed by cytochemical staining,
suggests an abundance of functional MPO.
Cytogenetic analysis consistently reveals a

translocation involving chromosomes 15
and 17 in M3 cells. This specific transloca-
tion, t(15;17)(q22;q11.2), has not been
observed in any other subtype of AML or in
any other malignant disease (10). The ap-
parently high levels of MPO seen in APL
raise the possibility that PO may be affect-
ed by this translocation and, therefore, may
be involved in the pathogenesis of this ma-
lignancy. We describe herein the use of
MPO complementary (cDNA) clones as hy-
bridization probes to localize MPO to nor-
mal metaphase chromosomes, to examine its
location in metaphase cells from M3 leuke-
mia, and to analyze its genomic organization
by Southern blotting of DNA from normal
and M3 cells.

A cDNA clone (pHMP7) was isolated by
immunologic screening with rabbit antise-
rum raised against purified MPO and char-
acterized as an authentic /PO cDNA clone
as described (3). This clone was subsequent-
ly used to isolate two longer cDNA clones
by nucleic acid hybridization to the original
c¢DNA libraries; these were subcloned into
the plasmid vector pGEM-3 blue (Promega
Biotech). Comparison of the restriction en-
donuclease maps of these clones (Fig. 1)
with published data (11) indicates that our
clones pHMP10A and pHMP2E cover the
3’ end of MPO. Our clones represent both

Table 1. Synteny test of the MPO gene and
human chromosomes in rodent X human hybrid
clones. Somatic cell hybrids were scored for the
presence (+) or absence (—) of specific human
chromosomes by gene-enzyme and cytogenetic
analysis and the presence or absence of human
MPO coding sequences by hybridization or radio-
labeled MPO c¢DNA to Southern blots as de-
scribed (12).

Human MPO %
chro- gene/chromosome Asyn-
mosome 4, 4, _jp /. teny

1 16 14 3 1 50

2 9 18 3 0 70

3 1 9 0 1 82

4 7 3 1 0 57

5 15 11 1 2 41

6 17 10 3 1 42

7 0 9 0 1 90

8 15 12 3 0 50

9 7 2 4 0 46
10 6 6 0 0 50
11 21 3 5 0 28
12 15 9 3 1 43
13 21 5 2 1 24
14 20 7 3 0 33
15 19 13 2 2 42
16 11 0 8 1 40
17 28 0 0 19 0
18 1 11 0 0 92
19 16 11 1 3 39
20 10 8 0 4 36
21 0 11 0 0 100
22 0 12 0 1 92
X 10 12 1 2 52
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Fig. 1. Restriction maps of MPO

B
1
¢DNA clones pHMP10A and PHMP10A |

pHMP2E. Restriction endonucle-
ase sites are as indicated: Bgl II (B),
Kpn I (K), Pst I (P), Pvu II (PV),
and Sma I (S). Orientation
(5’ — 3") was determined by com-
parison of restriction maps to se-
quences and maps of MPO clones
isolated by others independently
(11).

3’ coding and noncoding sequences of MPO
cDNA. Clone pHMP2E extends farther in
the 3’ direction. Additional confirmation of
the identity of these clones as true myeloper-
oxidase cDNA was obtained by Northern
blot analysis, in which each of these clones
hybridized to two HL-60 cell polyadenylat-
ed RNA species of approximately 3.6 and
2.9 kb (3), the reported sizes for MPO
mRNA transcripts.

For chromosomal localization of MPO,
we used the pHMP10A and pHMP2E
clones for the analysis of a panel of ro-
dent x human somatic cell hybrids (12) and
for in situ chromosomal hybridizations.
Southern blot analysis of the hybrid panel
showed concordance between the presence
of human MPO sequences and human chro-
mosome 17 (Table 1). Of the primary hy-
brid clones back-selected from HAT medi-
um into bromodeoxyuridine (BrdU)-con-
taining medium, all lost human chromo-
some 17 by segregation and concordantly
lost MPO DNA sequences. In situ hybrid-
ization of the MPO pHMP2E probe to
normal human metaphase chromosomes de-
rived from peripheral blood lymphocytes
resulted in specific labeling only of chromo-
some 17 (13). The labeled sites on this
chromosome were clustered at 17q11—q22.

To determine the location of MPO rela-
tive to the breakpoint on chromosome 17 in
the t(15;17), we hybridized the MPO
probes to metaphase cells obtained from
bone marrow aspirates of five APL patients

pHMP2E |

2
o

200 bp

(Table 2 and Fig. 2). In this analysis, we
observed labeling on the normal chromo-
some 17 at bands ql1-q21 and on the
15q+ chromosome at bands ql2—q21 of
the material translocated from chromosome
17. The normal chromosome 15 homolog
and the 17q— chromosome were not specif-
ically labeled. Thus, MPO (or the portions
detectable by our probes) is translocated
from chromosome 17 to chromosome 15 in
M3 cells. The breakpoint of the t(15;17)
appears to be in 17q11.2; thus, these results
allowed us to narrow the localization of
MPO to 17q12—q21.

To detect rearrangements of MPO at the
molecular level, we prepared Southern blots
from high molecular weight DNA digested
by Bam HI, Bgl II, Eco RI, or Hind IIL
The DNA was prepared from bone marrow
cells from four M3 patients with a t(15;17),
from HL-60 cell DNA, and from normal
human peripheral blood cell DNA. These
blots were hybridized with **P-labeled Eco
RI-digested insert from clone pHMP10A.
Southern blot analysis (Fig. 3) showed hy-
bridization of the MPO probe to bands of
9.8 kb in Bam HI digests, 7.6 and 2.5 kb in
Bgl IT digests, 19 kb in Hind III digests, and
>24 kb in the Eco RI digests of normal
peripheral blood or HL-60 cell DNA. Al-
though HL-60 cells represent a pure popu-
lation of malignant promyelocytes, they do
not exhibit the t(15;17) seen in APL. Two
new bands not present in normal DNA from
two individuals or in HL-60 cell DNA

ﬂ °

17

17q-

Fig. 2. Distribution of labeled sites on normal
homologs 15 and 17 and on the translocation
derivatives 15q+ and 17q—, after hybridization
of a MPO-specific probe (PHMP10A) to meta-
phase cells from a bone marrow aspirate of an
APL patient (Table 2, patient 1) who had a
t(15;17). One hundred metaphase cells from this
hybridization were examined. The arrows identify
the breakpoint junctions on the rearranged homo-
logs. The result of this hybridization indicated
that MPO is translocated to the rearranged chro-
mosome 15 and, therefore, is distal to the break-
point of the t(15;17).

appeared in the Bam HI and Bgl II digests
of DNA from leukemia cells of patient L1.
The respective sizes of these bands were 3.3
and 3.6 kb. These novel bands were not
present in DNA prepared from bone mar-
row cells of the same patient obtained dur-
ing a complete remission, thus ruling out
restriction fragment length polymorphism
(RFLP) of MPO as the source of these novel
bands. In order to rule out plasmid contami-
nation, the blot was stripped and reprobed
with 32P-labeled nonrecombinant pGEM-3
blue plasmid. The bands noted previously
with the MPO cDNA insert were not detect-
ed.

Table 2. In situ hybridization of MPO probes to leukemia metaphase cells from five patients with a t(15;17).

Number of labeled sites (%
Pa- n'111‘r(1)1tl;1: . Number of 5 )
tient labeled 15q+ 17q—
no. of;lcclls 4 sites Nolr;nal 15q+ breakpoint Nolr;nal 17 ]iaindszz ¥ 17q~ breakpoint
analyze junction* 9+ junction*
PHMP2E probe
1 100 112 3 (2.7%) 12 (10.7%)+ 11 (9.8%) 12 (10.7%)+ 11 (9.8%) 1 (0.9%) 1 (0.9%)
PHMPIO0A probe
1 100 152 2(1.3%) 19 (125%)F 16 (105%) 18 (11.8%)% 15 (9.9%) 1 (0.7%) 1 (0.7%)
2 100 180 8 (4.4%) 20 (11.1%)F 15 (8.3%) 18 (10%)t 15 (8.3%) 6 (3.3%) 3 (1.7%)
3 100 118 3 (2.5%) 11 (9.3%)+ 10 (8.5%) 13 (11.0%)+ 12 (10.2%) 3(2.5% 1 (0.9%)
4 55 83 1(1.2%) 8 (9.6%)t 8 (9.6%) 12 (14.5%)% 10 (12.1%) 4 (4.8% 0
5 100 120 1 (0.8%) 10 (8.3%)t 8 (6.7%) 13 (10.8%)+ 11 (9.2%) 2 (1.7%) 0

*The breakpoint junction of the 15q+ chromosome consists of bands 15q21—i%22 and 17q12—q21; the breakpoint junction of the 17q—~ chromosome consists of bands 17q11 and

15q22-q24.

TRefers to bands q11-q22 of the normal 17 homolog.

from the number of labeled sites on all chromosomes except the normal 17 and 15q+ chromosomes.
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ignificantly different from expectation (Poisson distribution) P < 0.0005. The mean was estimated
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Fig. 3. Southern blotsof A __gam i
high molecular weight
DNA (16) isolated from
bone marrow cells of
four M3 patients with a
t(15;17), HL-60 cells
(H), or normal human
peripheral blood cells
(N). Results from the
first patient with leuke- - =
mia (L1) and in remis- -
sion (R) are shown in
(A). Case L2 is shown in
(B). After restriction en-
donuclease  digestion
with Bam HI, Bgl II,
Eco RI, or Hind III, the
DNA fragments were
separated,  transferred,
and hybridized as de-
scribed to MPO probe

—| B i—Eam H'l rﬂgl 1y rEnu FI|1
o M CNCGER N RN LD

-235kb

=5.7

-66

-43

o2
-20

-0.56

pHMPI10A (17). The sizes of the marker bands are given in kilobases. The 3?P-labeled probes were
prepared by random grimcr (18) labeling of pHMP10A cDNA insert to a specific activity of
0

approximately 1 X 10° dpm per microgram.

In patient L2, only Bgl II-digested DNA
had a novel band of molecular weight 3.1 kb
as compared to DNA from normal cells.
Plasmid contamination was ruled out be-
cause in this experiment the probe did not
detect 20 pg of plasmid DNA that had been
separated by electrophoresis and blotted.
Although no remission DNA from this pa-
tient was available, polymorphism at the
MPO locus appears to be a rare phenome-
non, since restriction enzyme mapping with
Bgl IT and DNA from 12 hematologically
normal, unrelated individuals revealed no
RFLPs when the MPO cDNA insert was
used as a probe (I14). Two additional indi-
viduals with APL (L3 and L4) did not show
novel bands when their DNA was analyzed
by Southern blot analysis.

One explanation for the presence of these
novel bands in two of the M3 patients
examined is that the breakpoint on chromo-
some 17 of the £(15;17) occurs within the
MPO sequences. Alternatively, M3-associat-
ed rearrangements of the MPO gene such as
submicroscopic deletions or inversions that
are unrelated to the translocation breakpoint
may have occurred. The lack of novel bands
in the other two patients does not exclude
the possibility of rearrangements either re-
lated or unrelated to the chromosomal
breakpoint occurring outside the MPO se-
quences encompassed by the pHMP10A
probe, as our cDNA probes are not full
length. Break sites can also occur in genomic
sequences not encompassed by cDNA
probes.

There is a good deal of evidence demon-
strating the remarkable specificity of certain
chromosomal rearrangements with particu-
lar morphologic subtypes of leukemia and
lymphoma. The t(15;17) has not been ob-
served in any subtypes of AML other than
M3. The analysis of variant translocations in

792

M3 that involve three chromosomes sug-
gests that the 15q+ chromosome is the
critical recombinant chromosome (15). Our
results indicate that most or all of MPO on
chromosome 17 is translocated to chromo-
some 15 and, thus, is present on the critical
rearranged chromosome. If MPO is rear-
ranged as a result of the t(15;17), this
actively expressed gene may be involved in
the activation of an as yet unknown proto-
oncogene on chromosome 15. In conclu-
sion, translocation and rearrangement of
MPO may be implicated in the pathogenesis
of a subtype of acute granulocytic leukemia.
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