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ABSTRACT Myeloblastin is a serine protease that has
been identified in the human leukemia cell line HL-60. Down-
regulation of this protease can inhibit proliferation and induce
differentiation of promyelocyte-like human leukemic cells.
Proteinase 3, a serine protease of human neutrophils, has been
identified as the Wegener autoantigen. A high level of homology
between myeloblastin and proteinase 3 has suggested that they
may be a single serine protease. We have recently completed
the 5'-terminal nucleotide sequence of proteinase 3 and shown
that its mRNA was also expressed in HL-60 cells and in cells
from patients with acute myeloid leukemia. Here we demon-
strate that ‘myeloblastin and proteinase 3 are encoded by a
single mRNA.

Myeloblastin (MBN) is a serine protease involved in the
control of growth and differentiation of human leukemic cells
(1). This protease is expressed in the human acute promye-
locytic leukemia cell line HL-60 where it is down-regulated
during induced differentiation (1). Another serine protease,
proteinase 3 (PR-3) (2), originally described in human neu-
trophils, has been identified as the autoantigen of Wegener
granulomatosis, a systemic vasculitis complicated by my-
elomonocyte proliferation (3). The revised incomplete PR-3
sequence (4) suggested that this serine protease is identical to
azurophil granule protein 7 (4, 5), a serine protease of
azurophil granules. The sequence of PR-3 is also identical to
the sequence of the neutrophil protease p29 (4, 6, 7). Down-
regulation of MBN in immature leukemic cells has been
shown to inhibit proliferation and induce differentiation of
immature human leukemic cells (1). By considering the high
level of homology between the partial revised sequence of
PR-3 and MBN (1, 4, 7), it is tempting to speculate that, if
MBN and PR-3 were identical, then the Wegener granulo-
matosis could be an autoimmune disorder resulting in the
inhibition of MBN activity and enhanced granulocytic dif-
ferentiation. This type of hypothesis has been proposed by
other investigators (4). However, despite recent studies
suggesting that the Wegener autoantigen is similar to MBN
(4, 7), the identity of the two proteins has remained contro-
versial. This was due to the fact that only partial nucleotide
sequences were available (4, 8) and that the predicted amino
acid sequence of PR-3 differed from the sequence of the
purified protein or its fragments (8). Campanelli et al. (8) have
suggested that the sequence discrepancies may arise from
ambiguities in amino acid sequencing, that PR-3 may be
polymorphic, that an additional gene(s) is linked in tandem to
PR-3, or that PR-3 and MBN are the result of alternative
splicing. Using HL-60 cells, we have achieved anchored-PCR
amplification (9), cloning, and sequencing of the missing
5'-terminal nucleotide sequence of PR-3 (10). This sequence,
extending 5’ upstream of the MBN sequence (1), contained a
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putative initiation codon surrounded by a ribosomal binding
site consensus sequence (CCC ACC ATG GCT) (10, 11) that
was absent from the incomplete 5’ sequence of PR-3 (8). The
predicted N-terminal sequence of PR-3 suggested that this
sequence may act as a signal peptide (10, 12). We have shown
(10) that PR-3 mRNA is expressed in HL-60 cells and in cells
from patients with acute leukemia of myeloid origin. The goal
of the present study has been to clarify whether MBN and
PR-3 are a unique protease and to eliminate the possibility
that MBN and PR-3 are the result of an alternative splicing
encoding for two enzymes (13). Here we demonstrate that a
single meNA encodes for the Wegener autoantigen and
MBN.

MATERIALS AND METHODS

Cells and Culture Conditions. Cells were grown in RPMI
1640 medium with 10% (vol/vol) fetal bovine serum and 2
mM L-glutamine. 1,25-Dihydroxyvitamin D; [1,25-(OH),Ds]
was dissolved in 95% ethanol and used at a final concentra-
tion of 0.6 uM. The human cell lines used were the myelo-
blastic KG-1, the myelomonoblastic ML-3, the monocytoid
U937, and K562 cells, which are early myeloid blasts and/or
erythroblasts (for review, see ref. 14). 1F10, 1IF10-PMA, and
1F10-D3 cells were as described (15).

RNA Isolation and Northern Blot Analysis. Total RNA was
prepared as described (16). Poly(A)* mRNA was isolated on
an oligo(dT)-cellulose column (Collaborative Research). For
Northern blots, RNA preparations were denatured and pro-
cessed as described (17). All RNA blots contained 10 ug of
total RNA per lane or 2 ug of poly(A)* mRNA. The filters
were hybridized to a 5’-end-labeled oligodeoxynucleotide
probe (2 X 10° cpm/ml) corresponding to positions 1-19 of
the PR-3 5'-terminal sequence as described (10) or to a MBN
nick-translated cDNA probe corresponding to positions 260—
630 of the MBN sequence (1) (Fig. 1). Ethidium bromide-
stained 28S and 18S rRNAs were used as assessment of RNA
quantities in gel prior to transfer (1). When indicated, a
B>-microglobulin nick-translated cDNA probe (18) was used
for assessment of RNA quantities in each lane.

S1 Nuclease Assay with Double-Stranded DNA Probe. A
235-bp PCR-amplified cDNA was obtained by a standard
PCR-amplification protocol (19), using HL-60 mRNA and
two primers, the 19-mer sense 5'-ATGGCTCACCGGC-
CCCCCA-3' (10) and the 18-mer antisense 5'-CTGGGGTAT-
GTCCCGCAG-3’ (1) sequences from positions 217 to 234 in
Fig. 1. This double-stranded 235-bp PCR fragment was
sequenced (Applied Biosystems) (Fig. 1) and used for map-
ping mRNAs from HL-60 cells with S1 nuclease as described

Abbreviations: MBN, myeloblastin; PR-3, proteinase 3; 1,25-

(OH);Ds, 1,25-dihydroxyvitamin Ds.
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GAT TGG CTA TAA GAG GAG CTT GAT CGT GGG TGC ACC

Proc. Natl. Acad. Sci. USA 88 (1991)

CTG GAC CCC ACC

rl 18

124

ATG GCT CAC CGG CCC CCC AGC CCT GCC CTG GCG TCC
TTG CTG CTG AGC GGT GCT GCC CGA GCT GCG GAG ATC

GAG GCG CAG CCA CAC TCC CGG CCC TAC ATG GCC TCC

GTG CTG CTG GCC

GTG GGC GGG CAC

CTG CAG ATG CGG

150

217

GGG AAC CCG GGC AGC CAC TTC TGC GGA GGC ACC TTG

TTC GTG CTG ACG GCC GCG CAC TGC CTG CGG GAC ATA

Fic. 1. Nucleotide sequence of PR-
3/MBN indicating the position of the
various primers and probes used in our
experiments. The positions of primers
and of the MBN probe are indicated with

ATC CAC CCC AGC

234
CCC CAG CGC CTG

underlined bold letters and numbered

GTG AAC GTG GTG CTC GGA GCC CAC AAC GTG CGG ACG CAG GAG CCC ACC
CAG CAG CAC TTC TCG GTG GCT CAG GTG TTT CTG AAC AAC TAC GAC GCG

GAG AAC AAA CTG AAC GAC ATT CTC CTC ATC CAG CTG AGC AGC CCA GCC

753

AAC CTC ceccoccccce GTG GAG GCC AAG GGC CGC CCC TGA

(20). After S1 nuclease assay, the samples were electropho-
resed through an alkaline agarose gel and blotted for hybrid-
ization with the nick-translated 235-bp PCR-amplified cDNA
probe.

Southern Blot Analysis. The 235-bp PCR-amplified and the
MBN (1) cDNA probes were nick-translated and hybridized
to Southern blots of HL-60 genomic DNA prepared as
described (21) and digested with Pst I, Pvu II, and HindIII
restriction enzymes. Samples were electrophoresed through
a0.8% agarose gel and blotted onto a Nytran membrane (22).

Primer-Extension Assay. Primer extension was conducted
as described (20) by using 3 ug of poly(A)* mRNA and two
antisense primers, a 19-mer 5’-end oligodeoxynucleotide
from the PR-3 sequence (10), 5'-TGGGGGGCCGGTGAGC-
CAT-3’, and a 27-mer antisense oligodeoxynucleotide, 5’-
GTTCCCCCGCATCTGCAGGGAGGCCAT-3', from posi-
tions 1 to 26 of the initial MBN sequence (1) corresponding
to positions 124-150 of the PR-3/MBN sequence (Fig. 1).
Reverse transcription was conducted using avian myeloblas-
tosis virus reverse transcriptase (Molecular Genetic Re-
sources, Tampa, FL), and the samples were electrophoresed
through a denaturing 8% polyacrylamide gel. Yeast tRNA (10
ug) was used as negative control.

RESULTS

PR3 mRNA Expression and Regulation in Various Human
Leukemic Cell Lines. We have analyzed the expression and
thie regulation of PR-3 mRNA in HL-60 and 1F10 cells. A
synthetic oligodeoxynucleotide probe corresponding to the
first 19 nucleotides downstream from the putative initiation
codon of PR-3 (10) was hybridized to Northern blots of RNAs
from HL-60 cells. As shown in Fig. 2, these cells expressed
an =1.3-kilobase PR-3 mRNA that was down-regulated after
treatment by 1,25-(OH),D;. By using the same PR-
oligodeoxynucleotide probe, PR-3 mRNA was also found in
1F10 and 1F10-D3 cells that have been shown to contain
MBN (1); as with MBN (1), PR-3 mRNA was not detected in
1F10-PMA cells (Fig. 3). PR-3 mRNA was present in both
U937 and ML-3 human leukemic cells (Fig. 4); however, it
was not detected in KG-1 and K562, two cell lines found to
be negative for MBN mRNA (1). Thus our results show that
expression and regulation of PR-3 mRNA and MBN mRNA
in various leukemic cell lines were similar (1).

above the sequence. The box from posi-
tions 1 to 234 indicates the 235-base-pair
(bp) PCR fragment sequence. The ATG
at position 124 corresponds to position 1
of the MBN sequence (1). The sequence
382 from positions 382 to 753 represents the
MBN cDNA probe corresponding to po-
sitions 260 to 630 of the MBN sequence.
Dots correspond to positions 270 to 625
of the MBN sequence.

S1 Nuclease Mapping of HL-60 RNAs. We have used a
PCR-amplification protocol (19) to obtain a 235-bp cDNA
starting at position 1 of the PR-3 sequence (10) and encom-
passing part of the sequence for MBN from positions 1 to 112
(1). After verification of its specificity by Northern blot
hybridization to HL-60 RNA (Fig. 5A), this double-stranded
235-bp PCR fragment was sequenced (Fig. 1) and used for
mapping HL-60 total cellular RNAs with S1 nuclease. As
shown in Fig. 5B, S1 nuclease generated a single protected
RNA fragment of 235 bp. The same experiment was con-
ducted with the same results using HL-60 poly(A)* RNA
(data not shown). This result demonstrated the existence of
a single PR-3/MBN mRNA in HL-60 cells.

Identification of PR-3/MBN mRNA Cap Site. Primer ex-
tension was conducted to localize the PR-3/MBN cap site.
By using a primer corresponding to positions 1-26 of the
MBN sequence (1), a cap site was found at approximately
position —140 upstream of the primer (Fig. 6A). This position
corresponds to approximately position —17 upstream of the
putative PR-3 initiation codon (10). By using another primer

-HL.60+D3 (120 H)
-HL.60+D3 (48 H)

-HL.60

.28S

-18S FiG. 2. (Upper) Autoradio-
gram of PR-3 mRNA in HL-60
L cells. Poly(A)* RNA was pre-
pared from HL-60 cells either
untreated or treated with 1,25-
(OH),D; for 120 or 48 hr. (Lower)
Same blot hybridized with a B;-
microglobulin (B8;-m) nick-trans-
lated cDNA probe for assessment
of RNA quantities in each lane.
The 28S and 18S rRNAs are indi-
cated as size markers.
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FiG. 3. Autoradiograms of 1F10-cell total RNA with MBN and
PR-3 probes. (A) Autoradiogram of 1F10 cell RNA with the MBN
cDNA probe. (B) Same blot after washing and hybridization with the
PR-3 oligodeoxynucleotide probe. The 28S and 18S rRNAs are
indicated as size markers. In A, an ethidium bromide-stained 28S
rRNA from the gel prior to transfer is shown at the bottom to assess
RNA quantities in each lane.

from positions 1 to 19 of the PR-3 sequence (10), a cap site
was detected at approximately position —20 upstream of the
putative PR-3 initiation codon (Fig. 6B). These results sug-
gest that the cap site of PR-3/MBN is located around
positions —17 to —20 of the putative initiation codon (10).
PR-3/MBN mRNA Is Encoded by a Unique Gene. To
determine whether PR-3/MBN is encoded by a unique gene,
we used both the MBN cDNA probe (1) (corresponding to
positions 260-630 of the MBN sequence) and the above-
described 235-bp PCR-amplified cDNA probe that corre-
sponds to positions 1-234 of the PR-3 5’-terminal nucleotide
sequence, as indicated above, to hybridize to Southern blots
of genomic HL-60 DNA. Because the two probes did not
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FiG.4. (Upper) Autoradiogram of PR-3 mRNA in various human
cell lines. RNAs were from the following cell lines: K562, HL-60,
ML-3, U937 before and after treatment with 1,25-(OH),D,, and KG1.
(Lower) Ethidium bromide-stained 28S rRNA to assess RNA quan-
tities in each lane. The 28S and 18S rRNAs are indicated as size
markers.
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FiG. 5. S1 nuclease mapping of HL-60 RNAs. (A) Control
hybridization of the 235-bp PCR-amplified cDNA fragment to HL-60
total RNA. Arrow indicates the position of PR-3 mRNA. The 28S and
18S rRNA s are indicated as size markers. (B) S1 nuclease mapping
of HL-60 RNA. Lanes: 1, 235-bp PCR-amplified cDNA fragment; 2,
control digestion of the 235-bp fragments by S1 nuclease; 3 and 4, S1
nuclease-protected fragment from two annealing conditions at 42°C
and 60°C, respectively. (C) Schematic diagram showing the sites of
the primers used for generating the 235-bp cDNA fragment.

encompass the same sequences of the gene, their pattern of
hybridization was different. However, for each probe, a
single band was detected after Pst I and HindIII digestion
(Fig. 7). Each probe also hybridized to a major band after Pvu
II digestion. Therefore, these data are consistent with a
unique gene encoding PR-3/MBN mRNA.

A 123

140bp

ATG ATG
L - 4
a8 -20-171 18 124 150
'''' 19 mer .
27 mer

FiG. 6. Primer-extension assay of HL-60 poly(A)* RNA. (A)
Primer extension using the 27-mer oligodeoxynucleotidle MBN
primer. Lanes: 1, HL-60 RNA; 2, yeast tRNA control; 3, primer
alone. Arrow indicates the position of the cap site at =140 bp
upstream of the primer. (B) Primer extension using the 19-mer 5’-end
PR-3 oligodeoxynucleotide primer. Lanes: 1-3, as indicated above.
Arrow indicates the position of the cap site at =20 bp upstream of the
primer. In A and B, the tick marks indicate the top of each primer.
(C) Schematic diagram showing the sites of the primers and their
extension.
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Fi1G. 7. (Upper) Southern blot analysis of HL-60 cells genomic
DNA. Restriction enzymes used are indicated above each lane. The
two probes used for hybridization are indicated below the autora-
diograms. Size markers are as indicated in kb (kilobases). (Lower)
Schematic diagram showing the positions of the probes.

DISCUSSION

We have demonstrated that MBN, initially identified in
human leukemic cells (1), and the Wegener autoantigen are
encoded by a single mRNA corresponding to a single gene.
Our 5'-terminal PR-3 sequence (10) contained a putative
initiation codon surrounded by a ribosomal binding site
consensus sequence (11). This codon preceded a sequence
that is likely to encode a complete signal peptide, a classical
feature of serine proteases (12). Though only partial PR-3
amino acid (5, 7) and cDNA sequences (4, 8) were available,
several authors have observed sequence similarities for PR-3,
azurophil granule protein 7, p29, and MBN (4, 7, 8) and have
suggested that the Wegener autoantigen and MBN are either
highly homologous or identical (4, 7). Protease inhibitors can
affect the growth of normal and transformed cells; subse-
quently, a role for proteases has been proposed in the
regulation of cell growth (23, 24). Serine proteases are
involved in a series of cell-surface-related proteolytic events
that are required for cell proliferation and differentiation (for
review, see ref. 25). These events are controlled by inhibitors
of serine proteases (26). Recently, we have identified MBN
as a serine protease involved in the control of cell growth and
differentiation of human promyelocyte-like leukemic cells
(1). The Wegener granulomatosis is complicated by my-
elomonocytic proliferation. Though the cause and pathogen-
esis of the Wegener granulomatosis remain unknown, circu-
lating autoantibodies directed against a unique antigen in
cytoplasmic granules of human neutrophils and monocytes
have been regarded as a possible pathogenetic factor in this
disease (4). Since down-regulation of MBN resulted in dif-
ferentiation and growth arrest of human leukemic cells (1)

Proc. Natl. Acad. Sci. USA 88 (1991)

and most autoantibodies against PR-3 were found to interfere
with its enzymatic function, Jenne et al. (4) have proposed
that fulminant Wegener granulomatosis could be the result of
enhanced granulocytic differentiation. The fact that a single
PR-3/MBN mRNA exists in HL-60 cells and is associated
with two diseases that involve growth and differentiation of
myeloid cells is a preliminary step for studying the role of this
protease in the pathophysiology of these diseases.
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