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Molecular Cloning of a Novel Myeloid Granule Protein
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Abstract Granulocytes are recognized by the presence of granules, including primary (azurophilic) and second-
ary types. Each granule type contains distinct and characteristic families of enzymes. We have screened a murine bone
marrow cDNA library to obtain a series of sequences corresponding to mRNAs which are both myeloid-specific and
appear to be expressed only in immature bone marrow cells. A 1,160 bp sequence (B9) has been isolated, which shows
restricted expression in murine bone marrow, with the highest levels in cultures enriched for promyelocytes.
Translation yields a single open reading frame of 167 amino acids and a calculated MW of 19.33 kd. A single potential
N-glycosylation site is present. Evaluation of the amino terminal sequence shows 2 polar amino acids flanking a
hydrophobic region, suggesting a signal sequence and the possibility of post-translational modification. An extensive
search of the protein data base reveals 30% identity over 90 amino acids with porcine cathelin, a cystatin-like cysteine
proteinase inhibitor. This sequence identity includes conservation of the 4 cysteine residues noted in all members of the
cystatin superfamily. In an attempt to further characterize this novel sequence, a polyclonal antiserum was prepared by
immunization with a 20 amino acid synthetic peptide corresponding to a unique portion of the carboxy terminus.
Immunoelectron microscopy localized B9 to neutrophilic granules. We have identified a novel myeloid-specific granule
protein related to porcine cathelin, but showing important structural differences. This may represent the first isolated
member of a new cystatin family. More importantly, the small size of the B9 gene and its tight pattern of early expression
make B9 an excellent reporter molecule for the study of new factors important in myeloid differentiation. ¢ 1995 wiley-Liss, Inc.
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Hematopoietic stem cells are believed to give
rise to committed progenitor cells within the
bone marrow and subsequently undergo a pro-
gram of differentiation which results in the pro-
duction of mature blood elements [Cronkite,
1988]. These elements include platelets, red cells,
and myeloid cells, the latter of which consists of
both granulocytes and monocytes. Granulocytic
differentiation is recognized by morphologic cri-
teria after staining preparations of bone marrow
with Wright Giemsa or other dyes. The earliest
recognizable granulocytic precursor is a pro-
myelocyte, identified by its complement of large
azurophilic (primary) granules, as well as its
immature nucleus. As maturation progresses,
the granulocytic cell cytoplasm becomes pink-
orange in color as it is filled by the production of
large numbers of minute (secondary) granules.
Both subtypes of granules contain distinct and
characteristic families of enzymes.
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Molecular biology has made it possible to clone
and characterize several myeloid genes. They
can be divided into several distinct groups,
broadly classified as coding for ubiquitous
(““housekeeping’’) proteins and granulocyte spe-
cific proteins [Lubbert et al., 1991]. Many ubig-
uitously expressed proteins are necessary for
cellular proliferation and survival. Myeloid spe-
cific proteins include those involved in differen-
tiation, cellular recognition, and cell-cell interac-
tion, as well as the definition of a functional cell
type.

The majority of myeloid-specific genes which
have been cloned and characterized correspond
to surface or cytosolic proteins present either
late in neutrophil differentiation or throughout
the entire myeloid maturational scheme. These
include NADPH oxidase cytochrome b heavy
and light chains [Royer-Pokora et al., 1986;
Barker et al., 1988; Parkos et al., 1988], NADPH
oxidase cytosolic p47 and p67 proteins [Volpp et
al., 1989; Leto et al., 1990], transcobalamin I
[Johnston et al., 1989], lysozyme [Castanon et
al., 1988; Chunget al., 1988], CD16 [Peltz et al.,
1989], CD13 [Look et al., 1989], CD33 [Sim-
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mons and Seed, 1988; Peiper et al., 1988], CD14
[Goyert et al., 1988; Simmons et al., 1989; Fer-
rero and Goyert, 1988], CD11b [Hickstein et al.,
1989; Arnaout et al., 1988], and guinea pig neu-
trophil cationic peptide [Nagaoka et al., 1992].
Only a few examples of genes expressed only by
immature myeloid cells (promyelocytes) have
been characterized in any detail, and they repre-
sent constituents of myeloid granules. These are
myeloperoxidase [Tobler et al., 1988; Sagoh and
Yamada, 1988], cathepsin G [Salvesen et al.,
19871, neutrophil elastase [Takahashi et al.,
1988; Fouret et al., 1989], defensin [Wiedemann
et al., 1989], and myeloblastin [Bories et al.,
1989]. Clearly, these represent only a minority
of the proteins found in the granules of develop-
ing neutrophils.

We have screened a murine myeloid ¢cDNA
library by differential hybridization [Moscinski
and Prystowsky, 1990] to obtain a series of
myeloid clones corresponding to mRNAs which
are both myeloid specific and differentiation
stage specific. One clone, B9, has been identified
as a constituent of neutrophilic granules, and
has sequence homology to members of the cys-
tatin superfamily of ¢ysteine proteinase inhibi-
tors. It is expressed by immature myeloid cells of
normal mouse bone marrow, with the highest
levels of mRNA detected in cultures containing
predominantly promyelocytes. Further analysis
of the genomic structure of B9 will hopefully
lead to a better understanding of the mecha-
nisms involved in tissue and differentiation stage
specific gene expression.

MATERIALS AND METHODS
Source of Bone Marrow and Culture

Bone marrow was expressed from bilateral
tibias and femurs of 10-week-old Balb/c mice
using Dulbecco’s modified Eagle’s medium
{(DMEM) containing 10% (vol/vol) fetal calf se-
rum, 100 U/ml of penicillin, 100 wg/ml of strep-
tomycin, and additional amino acids as previ-
ously described [Jaffe et al., 1988]. For culture,
bone marrow was semipurified by density cen-
trifugation over Ficoll-Hypaque (1.065) and
plated in bone marrow medium: alpha medium
supplemented with 20% (vol/vol) fetal calf se-
rum, 100 pM sodium selenite, 100 U/ml of peni-
cillin, and 100 pg/ml streptomycin, and stimu-
lated with 5 U/ml recombinant murine GM-CSF
(Amgen, Thousand Oaks, CA). Cells were har-
vested on sequential days by vigorous pipetting.
Cultures were monitored daily by morpho-

logical examination after preparation of cyto-
spins and staining with Wright Giemsa. Cells
obtained on day 3 after GM-CSF stimulation
consisted predominantly of promyelocytes, while
those on days 7-14 were predominantly seg-
mented neutrophils with admixed adherent mac-
rophages [Jaffe et al., 1988].

RNA Preparation and Northern Blotting

Bone marrow cells were harvested and pel-
leted by centrifugation. RNA was isolated by the
guanidinium isothiocyanate-cesium chloride
method [Chirgwin et al., 1979] and quantitated
by absorbance at 260 nm. Ten micrograms of
each sample was size fractionated by electropho-
resis on a 1% agarose gel containing 6% formal-
dehyde and 200 ng/ml ethidium bromide in 20
mM MOPS, 5 mM sodium acetate, and 1 mM
EDTA. Following electrophoresis, RNA was visu-
alized with UV illumination to determine the
location of the 28S and 18S ribosomal bands, to
assess the integrity of the RNA, and to verify
that equal amounts of RNA had been loaded per
lane. RNA was transferred to Hybond N nylon
membrane and hybridized according to the
manufacturer’s specification. Double stranded
plasmid (p-Bluescript) containing the cloned B9
insert was labeled with (32)P by random prim-
ing, and used as a probe. A 1.5 kb human B-actin
c¢DNA was used as a hybridization control [Gun-
ning et al., 1983] and to assure equal loading of
all lanes.

DNA Sequence Analysis

Six cross-hybridizing and overlapping cDNA
clones, isolated from the original differential
screening of a murine bone marrow cDNA li-
brary [Moscinski and Prystowsky, 1990}, were
sequenced bidirectionally and in their entirety
using a series of synthetic oligonucleotides as
primers. All oligonucleotides were prepared in
the University of Florida (Gainesville, FL) DNA
synthesis core facility, and were shipped as ly-
ophilized pellets. Sequencing was performed ac-
cording to the method of Sanger [Sanger et al.,
1977], using Sequenase enzyme (United States
Biochemical, Cleveland, OH). Gels were 6% acryl-
amide and 7 M urea in Tris-borate buffer.

Computer assisted sequence analysis utilized
programs available on the Genetics Computer
Group Sequence Analysis Software Package
(University of Wisconsin, Madison, WI), avail-
able through the University of Florida Com-
puter Network. An open reading frame was es-
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tablished using FRAMES [Devereux et al., 1984],
protein translation was performed using
TRANSLATE [Devereux et al., 1984], protein
secondary structure was predicted with PEP-
TIDE STRUCTURE [Jameson and Wolf, 1988]
and plotted graphically with PLOT STRUC-
TURE [Jameson and Wolf, 1988]. Both protein
and nucleic acids databases were searched for
similarities to B9 using the BLAST program
[Benson et al., 1990].

The complete nucleotide sequence for B9 has
been submitted to GenBank (1.37297).

Preparation of a Polyclonal Antiserum in Rabbits

The translated amino acid sequence of B9 was
examined to detect potential peptide fragments
suitable for production of polyclonal antisera.
The carboxy one-third of the protein showed no
homology to any sequence in the protein or
nucleic acid databases, such that production of a
specific, potentially non-cross reactive antibody
was more likely. Structural analysis suggested
the presence of a helical segment containing 8
charged amino acids beginning at the terminal
cysteine. A 20 amino acid synthetic peptide was
commercially synthesized corresponding to:
CSREDTQETSFNDKQDVSEK. The length of
the peptide was chosen to represent complete
turns of the putative helical structure, thus
theoretically stabilizing the fragment into a form
resembling its native state in vivo. A commer-
cially prepared (ImmunoDynamics, Inc., LaJolla,
CA) polyclonal antibody was produced after con-
jugation to KLH and injection into rabbits with
Freund’s adjuvant. Specificity was monitored by
ELISA. Antiserum from the final bleed was affin-
ity purified by adsorption to a matrix containing
bound synthetic peptide and subsequently
eluted.

Protein Isolation and Western Blot Analysis

Murine liver, spleen, and bone marrow were
isolated fresh and lysed in Triton X-100. The
lysates were cleared by centrifugation and stored
frozen at —70°C until use. Total protein was
quantitated colorimetrically after formation of a
pyrogallol red-molybdate complex (Biotrol). Fifty
micrograms total protein was loaded in each
lane of a denaturing 15% polyacrylamide gel
after heat denaturation at 95°C for 5 min. Five
micrograms synthetic B9 peptide was used as a
positive control for hybridization. Following
separation, proteins were transferred to polyvi-
nyldifluorine (PVDF) membrane according to

the manufacturer’s specifications. Membranes
were incubated with a 1:2,000 dilution of affini-
typurified anti-B9 antiserum overnight at 4°C,
and the blots developed using a chemilumines-
cent detection system (Amersham, Arlington
Heights, IL). As a negative control, the blot was
incubated with pre-immune serum at a 1:1,000
dilution, and re-developed.

Immunohistochemistry

Cytospins were prepared from Ficoll-Hy-
paque semi-purified murine bone marrow and
air dried. They were subsequently fixed in 50%
anhydrous methanol/50% acetone (vol/vol) for
4 min and rinsed in phosphate buffered saline
(PBS). Slides were incubated overnight at room
temperature with anti-B9 antiserum at a concen-
tration of 1:100. Detection was by an avidin/
biotin alkaline phosphatase technique (Dako,
Carpinteria, CA). Negative control antiserum
was an irrelevant anti-human CD45RA.

Immunoelectron Microscopy

Bone marrow aspirate was fixed in 2.5% (w/v)
glutaraldehyde and embedded in epoxy resin.
Ultrathin sections were cut and mounted on
nickel grids. The grids were floated on a solution
containing ovalbumin in phosphate-buffered sa-
line (PBS) (Reagent C, E.Y. Laboratories, Inc.,
San Mateo, CA) for 10 min to block non-specific
binding sites. Grids were transferred, without
rinsing, onto a drop of anti-B9 which was di-
luted 1:50 with a solution containing bovine
serum albumin, Triton X-100, and Tween 20 in
PBS (Reagent E, E.Y. Laboratories). Anti-lyso-
zyme (Zymed Labs, Inc., San Francisco, CA) ata
concentration of 1:10 was used as a positive
hybridization control, and pre-immune serum
at a concentration of 1:10 was used as a negative
control. Incubation proceeded overnight in a
moist chamber at room temperature. The grids
were then washed with PBS and again floated
on a drop of PBS/ovalbumin for 5 min, followed
by transfer, without rinsing, to a drop of protein
A-gold stock solution (colloidal gold 15 nm, Re-
agent L, E.Y. Laboratories) diluted 1:10 with
PBS. Incubation proceeded for 1 h in a moist
chamber. The grids were washed with PBS and
then with distilled water. They were allowed to
air dry, and were stained with uranyl acetate
followed by lead citrate [Roth, 1986; Bendayan
et al., 1986]. All grids were examined with the
use of a Philips (Mahwah, NJ) CM-10 transmis-
sion electron microscope.
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RESULTS

B9 Represents a Novel Murine Myeloid
Specific Gene

Screening of a murine promyelocyte library
using differential hybridization has led to the
identification of a novel ¢cDNA, B9, which ap-
pears to be both bone marrow specific and differ-
entiation stage specific [Moscinski and Prys-
towsky, 19901]. It is expressed on Northern blot
(Fig. 1) in a manner similar to myeloperoxidase
[Jaffe et al., 1988], with maximal RNA accumu-
lation on day 3 of culture following stimulation
with GM-CSF. This time point has been previ-
ously shown to correspond to cultures in which
promyelocytes are the predominant cell type
identified [Jaffe et al., 1988] (Fig. 2). B9 RNA
rapidly decreases as granulocytic maturation en-
sues, and is undetectable after 5 days in culture,
a time when segmented neutrophils and macro-
phages are the major constituents. Thus, B9
represents a myeloid specific gene which is tightly
regulated during early myeloid differentiation.

Six cross-hybridizing and overlapping cDNA
clones were sequenced bidirectionally and in
their entirety using a series of synthetic oligo-
nucleotides as primers. A single clone (clone B6)
contained an apparent full-length insert corre-
sponding to 1,160 bp (Fig. 3). A single long open
reading frame was identified, corresponding to

B9 — 15 kb

@-actin — 28 kb

Fig. 1. Northern blot analysis of clone B9 demonstrates regu-
lated expression in murine bone marrow. Ten micrograms of
RNA were analyzed at sequential days following stimulation
with GM-CSF. B9 is present in the relatively heterogeneous
population present on day 1, but is up-regulated at day 3 when
promyelocytes constitute greater than 50% of the recognizable
cells. The signal for B9 is maximal at day 3 and then sharply
declines by day 5. It is undetectable in cultures consisting
predominantly of neutrophils and macrophages (days 7+).
Equal loading of RNA was judged by comparison to actin
hybridization.

167 amino acids and a calculated molecular
weight of 19.33 kd. A single potential N-glycosyl-
ation site is present. The amino terminus con-
tains 2 polar amino acids flanking a hydrophobic
region, suggesting a signal sequence (NH.-
MAGWKTFVLVVALAVS) and the possibility of
post-translational modification of this protein.
The predicted isoelectric point is 5.23.

An extensive search of both protein and nucleic
acid databases showed no identity to any previ-
ous published sequence. However, the central
region of the new protein B9 showed 30% iden-
tity over 90 amino acids with porcine cathelin,
including conservation of the characteristic 4
cysteine residues noted in all members of the
cystatin superfamily [Muller-Esterl et al., 1985],
as well as the presence of 16 amino acids be-
tween the third and fourth cysteines (Fig. 4). Of
interest, cathelin, like our novel protein B9 but
unlike all other cystatin family members, lacks
methionine. However, unlike cathelin, B9 con-
tains an amino-terminal signal sequence motif,
a non-homologous and extended carboxy termi-
nus, and an Arg-Arg-Arg sequence in the middle
of the protein. We postulate that B9 may repre-
sent a myeloid specific protein related to porcine
cathelin, but showing important structural dif-
ferences. The putative amino acid sequence, hy-
drophilic nature, and the presence of a possible
signal peptide suggest that it may be a secreted
protein.

Western Blot Analysis Confirms the Predicted
Structure of B9

Western blot analysis (Fig. 5) was used to
verify that B9 coded for a bone marrow specific
protein, and to determine its molecular weight.
The major band noted in lanes containing liver
lysate was visualized at lower concentrations in
all lanes after longer exposure, and was identi-
fied in liver lysate lanes after rehybridizing with
preimmune serum. This band co-migrates with
ovalbumin, thus most likely representing a non-
specific signal. Two distinct and unique bands
were identified in murine bone marrow but not
in any other tissue studied. The larger band of
this doublet corresponds to the predicted molecu-
lar weight of 19.3 kd. The smaller band (approxi-
mately 17 kd) may be a result of post-transla-
tional modification of the protein, or more likely
proteolytic degradation (a common finding dur-
ing the isolation of neutrophil proteins). These
results support the predicted amino acid se-
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Fig. 2. Wright Giemsa stained cytospin of cultures after 3 days
incubation with GM-CSF shows enrichment for promyelocytes,
which are characterized by primitive chromatin and the pres-
ence of large azurophilic granules within the cytoplasm. Second-

quence of clone B9 and verify tissue specific gene
expression.

B9 Localizes to Neutrophilic Granules

Immunohistochemistry was used to deter-
mine which bone marrow cell types expressed
B9 protein. Cytospins of partially purified mu-
rine bone marrow were stained with anti-B9 and
evaluated. Diffuse cytoplasmic positivity was evi-
dent in band and segmented neutrophils, with
distant Golgi positivity noted in less mature
myeloid cells (Fig. 6). No staining was identified
within the cytoplasm of megakaryocytes, ery-
throid cells, or lymphocytes. Too few monocytes
were present for adequate evaluation. Basophils
and eosinophils could not be reliably distin-
guished from neutrophils with hematoxylin
counterstaining.

In order to evaluate positivity within bone
marrow lineages and maturational stages, and
to determine the subcellular localization of B9
protein, immunogold electron microscopy was
performed. B9 was identified only in neutro-
philic precursors, and was not seen in macro-
phages or eosinophils. As was noted by light

ary granules within cells from this mouse strain are much
smaller, and fail to impart any detectable pink-orange color to
the cytoplasm; thus it appears grey. Original magnification,
x500.

microscopy, B9 was also absent in megakaryo-
cytes, erythroid cells, and lymphocytes. Further-
more, B9 was localized to a population of pleo-
morphic cytoplasmic specific granules (Fig.
7A,B). When day 3 promyelocyte cultures were
similarly evaluated, no staining was seen, al-
though granules were very infrequent and poorly
visualized, most likely due to the lack of osmium
or other post-fixation (Fig. 7C). Staining inten-
sity was suboptimal to evaluate whether Golgi
or endoplasmic reticulum (ER) positivity existed
in these more immature cells. Parallel experi-
ments using formalin or aleohol fixatives demon-
strated a decrease in B9 staining intensity follow-
ing glutaraldehyde fixation, suggesting an effect
of protein denaturation on the quality of stain-
ing intensity. However, only glutaraldehyde al-
lowed reasonable visualization of the granule
outlines in the absence of post-fixation with
osmium. Fixation with 2% osmium tetroxide
improves membrane resolution, but signifi-
cantly ablates staining intensity with immuno-
gold reagents while it increases nonspecific back-
ground [Moscinski et al., 1992]. When parallel
grids from these cultures were stained for lyso-
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CACAGCTGGTAATACCAATGTGGTTTGAAGATTATGAGTGAACTGATGTGTGAGAGACA

NH,-Met Ala Gly Leu Trp Lys Thr Phe Val Leu Val Val Ala
ATG GCA GGG CTG TGG AAG ACC TTT GTA TTG GTG GTG GCC

Leu Ala Val val Ser Cys Glu Ala Leu Arg Gln Leu Arg Tyr
TTG GCT GTG GTC TCC TGT GAG GCC CTT CGA CAA CTA AGA TAT

Glu Glu Ile Val Asp Arg Ala Ile Glu Ala Tyr Asn Gln Gly
GAG GAG ATT GTT GAT AGA GCC ATA GAG GCA TAC AAC CAA GGG

Arg Gln Gly Arg Pro Leu Phe Arg Leu Leu Ser Ala Thr Pro
CGG CAA GGA AGA CCC CTC TTC CGC CTG CTA AGT GCC ACT CCG

Pro Ser Ser Gln Asn Pro Ala Thr Asn Ile Pro Leu Gln Phe
CCT TCT AGT CAG AAC CCT GCT ACC AAT ATC CCA CTC CAG TTC

Arg Ile Lys Glu Thr Glu Cys Thr Ser Thr Gln Glu Arg Gln
AGG ATT AAA GAG ACA GAG TGT ACT TCC ACC CAG GAG AGA CAG

Pro Lys Asp Cys Asp Phe Leu Glu Asn Gly Glu Glu Arg Asn
CCT AAA GAC TGC GAC TTC CTG GAG AAT GGG GAG GAG AGA AAT

Cys Thr Gly Lys Phe Phe Arg Arg Arg Gln Ser Thr Ser Leu
TGC ACA GGG AAA TTC TTC AGA AGG CGG CAG TCA ACC TCC CTG

Thr Leu Thr Cys Asp Arg Asp Cys Ser Arg Glu Asp Thr Gln
ACC TTG ACC TGC GAC AGG GAT TGC AGT CGA GAG GAT ACC CAA

Glu Thr Ser Phe Asn Asp Lys Gln Asp Val Ser Glu Lys Glu
GAA ACC AGT TTT AAT GAT AAG CAA GAC GTC TCC GAA AAG GAA

Lys Phe Glu Asp Val Pro Pro His Ile Arg Asn Ile Tyr Glu
AAG TTC GAA GAT GTG CCC CCT CAC ATC AGG AAC ATT TAT GAA

Asp Ala Lys Tyr Asp Ile Ile Gly Asn Ile Leu Lys Asn Phe
GAT GCC AAG TAT GAT ATC ATC GGC BAC ATC CTG AAA AAT TTC

TAGGGCTGGAAAGAGGAGGGAGGTGCTCCCTGCATACTATGACCTCCTCTTTACCTCCACT
ACCCATCTCCCCCTGCTGCCTTCAGGATCTGCCCCTCCTTCCTGCCCTTCCCAGGAACACC
CCCTCTAGAGTAGCTCTAGCTCCTAAAACATCCATACCTTTGTCCATTTGCTTCCTTCTGC
TGGGCCTTCCTGCCTTACCCTCTATCTGARACCCTTATTGATTCTTCAAGGCCCAAGTTCA
AAAGTCCCCTCCAGCGGGAAGCCTCCTCATTCTCCCAGAGCCAAAGTCCTGCCCACATCAG
TTCACTCATAATCTTCAAACCACATTGGTATTACCTGCTGTGTCCCCAGCCAGACAACCCT
GTATCTATTCACAGCTGGCTCCCGGGCCAGTTGCAGGTAGAATGAATATTTCAATGATGTG
TCCCGGAATCCTGGGAGGACAGAACCCTGTAGACTCCTGCTCTCTGCCTAGTCACTGTGAC
ACCAAATGCCCCTTTACATACCCAGATCCTTAACGGGGATGTGGCAGGTGGGTGTGGTCAG
ATCACCTTGTGAGGCCTATAAGAGAGGTTCAATAAAAATGCTTCTGAGATT

Fig. 3. The nucleotide sequence of the coding strand of B9 is shown, as well as an overlay of the translated amino
acid sequence with the amino terminus labeled. The polyadenylation signal, AATAAA, is underlined. The four
conserved cysteines, homologous to other cystatin family members, are shown in bold.
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B9 24 QLRYEEIVDRATIEAYNQGRQGRPLFRL. . LSAT

Cathelin

B9 55 PPSSQNPATNIPLQFRIKET

Cathetin 34 PKADEDPGTPKPVSFTVKETVE

| |-«

I ZLRYREAVLRAVDRLNEQSSEANLYRLLELDQP

PRPTRQPPELC

B9 88 DFLENGEERNOTGKFFRRRQSTSLTLTEDRDCS

Cathetin 67 DF. . . . KEKQCVGTVTLNPSIHSLDISGNEIQS

Fig. 4. Schematic representation illustrates limited sequence
homology between murine B9 (upper) and porcine cathelin
(lower). Thirty percent identity exists over 90 amino acids,
including conservation of the characteristic 4 cysteine residues

—
30 ki— WS

143 kd— g

Fig. 5. Western blot analysis supports the predicted amino
acid sequence of clone B9 and verifies tissue specific expres-
sion. Fifty micrograms total protein from murine bone marrow,
spleen, and liver are loaded. The synthetic peptide which served
as the B9 antigen for immunization is also loaded as a positive
control for hybridization. A doublet is identified in murine bone

zyme, a distribution of granule positivity similar
to that of B9 was noted (Fig. 7D). Although
some authors claim to detect neutrophil lyso-
zyme only in primary granules [Mason et al.,
1975], we and others [Moscinski et al., 1992;
Asamer et al., 1971] have identified lysozyme
protein in secondary granules of mature human
neutrophils. Thus, B9 co-localizes with neutro-
phil lysozyme and corresponds to a novel second-
ary granule protein structurally related to a
family of cysteine proteinase inhibitors. Whether

noted in all members of the cystatin superfamily and the
presence of 16 amino acids between the third and fourth
cysteines.

AA

marrow and not seen in any other tissue tested. The upper band
corresponds to the predicted molecular weight of 89. The blot
was stripped and re-hybridized with preimmune serum. A high
molecular weight band remains detectable in liver lysates (nega-
tive control). This most likely represents ovalbumin and is a
nonspecific signal.

B9 is also present in primary granules is unclear
from this study. More intense staining and bet-
ter post-fixation methods will be required to
make this determination.

DISCUSSION

The process of bone marrow differentiation is
accompanied by the coordinate expression of
numerous genes in a cell type specific and differ-
entiation stage specific manner. Molecular biol-
ogy has made it possible to clone and character-
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Fig. 6. Immunohistochemistry localizes B9 to the cytoplasm trol, anti-human CD45A, serves as a negative background con-
of granulocytes, with intense staining in segmented neutrophils trol (B) to exclude endogenous staining. Alkaline phosphatase
and Golgi positivity in less mature myeloid cells (A). No staining and hematoxylin, original magnification x500.

is seen in lymphocytes or megakaryocytes. An irrelevant con-
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Fig. 7. Immunogold electron microscopy identifies B9 within
a population of pleomorphic granules limited to neutrophils
and their precursors (A). Incubation with preimmune serum
demonstrates minimal background (B). When cultures of mu-
rine marrow treated for 3 days with GM-CSF were similarly

ize the chromosomal structure of many of these
genes. Those which are regulated during myeloid
differentiation can be divided into several distinct
groups, broadly classified as coding for ubiqui-
tous (‘“‘housekeeping’) proteins and myeloid spe-
cific proteins [Lubbert et al., 1991]. Many ubiq-
uitously expressed proteins are necessary for
cellular proliferation and survival. Myeloid spe-
cific proteins include those necessary for normal
cellular differentiation, cellular recognition and
cell-cell interactions, and the definition of a func-
tional mature cell type. Cell lines established
from human or murine leukemic blasts have
frequently served as a homogeneous and well-
defined population for production of ¢cDNA li-
braries. These have been screened using a vari-
ety of strategies to produce a series of cloned and
sequenced cDNAs corresponding to myeloid spe-
cific genes. The cell lines from which these genes
have been isolated can be induced to differenti-
ate along one or several pathways to become
mature cells. However, several features of leuke-

studied, no staining for B9 could be detected either within the
large pale primary granules or within the cytoplasm or other
organelles (C). Anti-lysozyme (D) produced an identical pattern
of staining to anti-B9. Original magnification, x34,000.

mic cell lines limit their comparability with nor-
mal non-leukemic counterparts. They frequently
possess cytogenetic abnormalities, overexpress
oncogenes, or show autocrine growth regula-
tion. Consequently, the study of gene regulation
in these cell lines may be problematic.

In order to circumvent the difficulties inher-
ent to the use of transformed cell lines, we have
developed a system to enable the study of gene
expression during the process of differentiation
in non-neoplastic bone marrow [Jaffe et al.,
1988]. This model involves density gradient semi-
purification of murine bone marrow and subse-
quent stimulation with recombinant GM-CSF.
Equilibrium density gradient centrifugation per-
mits an 11-fold enrichment of immature GM-
CSF responsive cells. After 1640 h in culture,
GM-CSF non-responders (post-mitotic and ma-
ture cells) die and are replaced by a wave of
GM-CSF responding cells. These responding cells
are capable of proliferating and differentiating
along granulocytic and monocytic lines. Because
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the starting population is heterogeneous, the
conditions of this system do not permit analysis
of the immediate events post GM-CSF stimula-
tion (days 0-1). However, there is a synchro-
nous wave of proliferation and differentiation,
such that by day 3 of culture an enriched popula-
tion of promyelocytes is obtained.

Using this murine model system, a series of
myeloid specific and differentiation stage spe-
cific clones were isolated by differential screen-
ing of a cDNA library. One clone, B9, was shown
to represent a novel sequence with a pattern of
mRNA accumulation similar to that noted for
the early myeloid gene myeloperoxidase [Jaffe et
al., 1988]. In this report, we present data to
demonstrate that B9 is a component of neutro-
philic granules, and that it is identified specifi-
cally in neutrophils and their precursors. Initial
screening of both Northern and Southern blots
prepared from human sources showed no cross-
hybridization, even at low stringency. However,
whole plasmid was used for these experiments,
and the lack of cross hybridization may be sec-
ondary to steric inhibition of binding. Evalua-
tion of the homology between B9 and porcine
cathelin suggest limited sequence similarity con-
fined to a conserved central core. Studies are in
progress to evaluate the possibility of a human
homologue with this conserved region.

Structural analysis of B9 suggests a relation-
ship to members of a growing class of cysteine
proteinase inhibitors (CPIs). Two distinct classes
of CPIs are present in mammalian species: low
molecular weight CPIs (stefin and cystatin) and
high molecular weight CPIs (kininogen). These
three distinct families form a superfamily,
termed the cystatin superfamily, from which all
members appear to have evolved from a com-
mon ancestral gene. The peptapeptide GIn-Val-
Val-Ala-Gly is present in most known mamma-
lian CPlIs, and is believed to form part of the
active site of the inhibitors [Barrett et al., 1986].
Following a meeting of the First International
Symposium on Cysteine Proteinases and their
inhibitors (Portoroz, Yugoslavia, September 15—
18, 1985), it was agreed that the proteins that
can be shown statistically to have an evolution-
ary relationship to chicken cystatin form the
distinct cystatin superfamily. Family 1, the ste-
fin family, containg stefin, cystatin A, and cys-
tatin B. These proteins are distinguished by the
lack of disulfide bonds and by close sequence
homology to each other. Family 2, the cystatin
family, contains proteins that have two disulfide

bonds. These include chicken cystatin, human
cystatin C, and human cystatin S. Family 3
contains the kininogens [Barrett et al., 1986].

Recently, members of two new families of
cystatin-like proteins have been isolated and
tentatively linked to the cystatin superfamily by
sequence homology. One of these families con-
tains a new cysteine proteinase inhibitor, cathe-
lin, recently isolated from porcine leukocytes.
Cathelin is a potent, tight-binding inhibitor of
cathepsin L and papain, with no appreciable
inhibition of other cysteine proteinases [Ritonja
et al.,, 1989]. It contains 4 cysteine residues,
which is characteristic of all cystatins. However,
unlike all other cystatins, it does not contain
methionine. Hence, it was proposed that this
protein represented a new member of a new
family of CPIs. The most highly conserved resi-
due Gly9, found in all known sequences of inhibi-
tory cystatins, recently identified as part of the
active site of cystatin, is not present in cathelin.
The N-terminus is 17 residues shorter than
chicken cystatin. In addition, the highly con-
served sequence “‘QXVXG” (residues 53-57) is
not present either, suggesting that the interac-
tion of cathelin with cysteine proteinases is not
traditional [Kopitar et al., 1989].

We have isolated a novel cDNA from murine
bone marrow which corresponds to a constitu-
ent of neutrophilic granules. Amino acid struc-
tural analysis identifies an amino terminal leader
sequence which is most likely cleaved during
post translational modification. This finding is
common in secreted proteins, and is consistent
with the immunolocalization of B9 protein. Few
myeloid granule proteins have been cloned and
sequenced, and little is currently known about
the factors which regulate their expression. Pre-
viously analyzed myeloid specific genes like my-
eloperoxidase and lactoferrin are transcribed at
a stage coincident with their packaging into
granules [Jaffe et al., 1988], suggesting a mecha-
nism for their specific localization. The fact that
B9 is transcribed only in early myeloid cells (and
not detected in segmented neutrophils) while it
is packaged into secondary granules, suggests a
novel mechanism of granule protein regulation.
The possible presence of B9 in primary granules
needs to be further investigated, as do alterna-
tive post-translational mechanisms of control
(protein transport and processing). Unfortu-
nately, in these studies, glutaraldehyde fixation
necessary for optimum electron microscopic vi-
sualization decreased the staining intensity of
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the B9 antibody, thus limiting our ability to
resolve B9 protein within the Golgi, primary
granules, and other cellular organelles. Limited
structural homology to porcine cathelin, a mem-
ber of the cystatin family of cysteine proteinase
inhibitors, is apparent. Like cystatin, B9 lacks
methionine and shows conservation of the 4
conserved cysteines. However, important struc-
tural differences exist, suggesting that B9 may
in fact be a member of a new family. To our
knowledge, this represents the first structural
and cDNA sequence characterization of a neutro-
phil granule protein with homology to the cys-
tatin superfamily. However, further studies are
necessary to confirm the function of B9.
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