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The S100 proteins comprise a large sub-family of the
F-hand calcium-binding proteins. Here we describe a
ovel monoclonal antibody recognizing a B cell sur-

ace antigen. This monoclonal antibody immunopre-
ipitates three proteins in the 12–18 kDa range and the
mallest of these proteins has a striking homology at
ts amino-terminus to human MRP8, a myeloid specific

ember of the S100 family. Similarly to MRP8 in my-
loid cells, this antigen is expressed in the cytoplasm
f B cells and is secreted by LPS-induced activated B
ells. This surface antigen is not B cell specific. Since
RP8 is not expressed by lymphoid cells, however,

his antibody appears to recognize a new member of
he S100 family. © 1999 Academic Press

The S100 family of proteins is comprised of small
6–14 kDa) acidic proteins containing two calcium-
inding EF hands. The functions of S100 proteins are
hought to include a role in cell growth, cell cycle reg-
lation, cytoskeleton development, and inflammation
for reviews see (1–4)]. To date, 18 members of this
amily have been identified in humans displaying 25–
5% homology at the amino acid level. Thirteen of
hese genes map to a cluster on human chromosome 1
5, 6) and many of the murine homologs map to a
yntenic region on mouse chromosome 3 (7). S100 pro-
eins exist as monomers or homodimers and some
embers form heterodimers with other S100 family
embers (8, 9).
The structure of several S100 proteins has been de-

ermined by NMR spectroscopy or X-ray crystallogra-
hy (10–13). The EF hands are comprised of a helix-
oop-helix structure; are flanked by amino- and
arboxy-terminal hydrophobic regions; and are sepa-
ated by a hinge region which is the least conserved
egion among the family members. The C-terminal EF
and has a canonical calcium binding loop of 12 amino

1 Corresponding author. Fax: (301) 827-0852. E-mail: shapirom@
ber.fda.gov.
17
alcium binding, resulting in the exposure of amino
cid residues in the hinge region and C-terminus of the
rotein (10). These newly exposed amino acids are
hought to be involved in protein-protein interactions
ith target molecules such as annexins I (14), II (15)
nd VI (16); cytoskeletal proteins such as tubulin (17,
8), cytokeratins (19), and type III intermediate fila-
ents (16, 20); kinases such as the nuclear serine/

hreonine kinase ndr (21), and the myosin-associated
iant kinase, twitchin (22); and the tumor suppressor
rotein p53 (23, 24).
S100 proteins are expressed in a wide variety of tissue

ypes with each individual gene expressed in a tissue and
ell specific manner. MRP8 and MRP14, for example, are
xpressed in monocytes and neutrophils, but not in ma-
ure tissue macrophages (25, 26). They are also ex-
ressed in epithelial cells (27) and recently have been
hown to be expressed in microvascular endothelial
ells (28). Elevated levels of S100 family members are
ssociated with a variety of diseases or inflammatory
onditions including cancer, cystic fibrosis, rheumatoid
rthritis, psoriasis, and Alzheimer’s disease (1, 29, 30).
Little is known about the expression of S100 proteins

n lymphocytes. The presence of S100A1, S100B, and
100A4 has been reported in lymphocytes but their
ole has not been studied (31, 32). In the course of
haracterizing a monoclonal antibody (mAb) raised
gainst murine spleen cells, we identified a cell surface
eterminant expressed on B-lymphocytes. Immunopre-
ipitation experiments revealed three proteins in the
2–18 kDa range. Here we report that N-terminal
mino acid sequencing of the smallest of these proteins
hows homology to human MRP8. Because MRP8 is
ot expressed by lymphocytes (25), this antibody ap-
ears to recognize a new member of the S100 family.

ATERIALS AND METHODS

Mice and cell culture. BALB/c or DBA/2 female mice, 4–12 weeks
ld, (NCI-DCT, Frederick, MD) were housed in a clean facility at
BER. Experiments were performed under an IACUC approved
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.



protocol. 70Z/3 pre-B cells or freshly isolated spleen cells were incu-
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ated in complete RPMI (RPMI 1640 with glutamine, 10% fetal calf
erum, 100 U/ml penicillin, 100 mg/ml streptomycin, nonessential
mino acids, 50 mM 2 b-mercaptoethanol, and 2 mM glutamine) at
7°C with 5% CO2. Supernatants were separated from cells by cen-
rifugation and concentrated approximately 10-fold by spinning over
entricon concentrators (Amicon, Beverly, MA) with a 10K molecu-

ar weight cut-off. Spleen cells were cultured for 24 to 48 h in
omplete RPMI with 50 mg/ml LPS (E. coli serotype 0111:B4, Sigma,
t. Louis, MO).

Monoclonal antibody 90.12. The generation and characterization
f mAb 90.12 will be described elsewhere (manuscript submitted).
riefly, C57BL/6 mice were hyperimmunized with DBA/2 spleen
ells and rested for at least 2 months before a final boost. Fusions
ith Sp2/0 (ATCC, Rockville, MD) were performed three days later.
ybridoma supernatants were screened for reactivity with B lym-
hocytes by flow cytometry. 90.12 antibody from hybridoma super-
atants was purified and labeled with biotin for use in flow cytom-
try or coupled to CNBr-activated Sepharose 4B for immunopre-
ipitations. MAb 90.12 is an IgG2b, k antibody. An IgG2b, k isotype
ontrol or normal mouse Ig were used as controls in all experiments.

Immunoprecipitation of cell lysates and culture supernatants. Ly-
ates were prepared as previously described (33). Briefly, 2 3 108

ells/ml in PBS were surface labeled with 1 mM sulfo-LC-NHS-biotin
Pierce, Rockford, IL) for 30 minutes at room temperature. Cells
ere lysed for 1 h at 4°C in lysis buffer (20 mM Tris-HCl pH 7.0,
.5%, 150 mM NaCl, 5 mM EDTA, 0.5%Tween 20, 10 mg/ml aproti-
in, 10 mg/ml leupeptin, 1 mM PMSF). Following centrifugation at
000 3 g for 15 minutes at 4°C, 250 ml aliquots of lysate were
ransferred to microcentrifuge tubes containing either 25 ml 90.12-
epharose 4B beads or normal mouse IgG-Sepharose 4B beads and
ocked overnight at 4°C. Immunoprecipitates were washed twice in
00 mM NaCl lysis buffer, twice in 300 mM NaCl lysis buffer, and
wice in 150mM NaCl lysis buffer. Immunoprecipitates were heated
ith reducing sample buffer for 5 minutes at 95°C and run on
0–20% Tris-glycine precast gels (Bio-Rad, Hercules, CA) with
aemmli running buffer. Proteins were transferred to Immobilon
VDF membranes (Millipore, Bedford, MA) and blocked overnight
ith I-Block buffer (Tropix, Bedford, MA). Detection of the biotin-

abeled 90.12 antigen was performed using the Western-Light Plus
it (Tropix) with the chemiluminescent CSPD substrate.
Alternatively, lysates were prepared as above from cells without

urface biotin labeling. Immunoprecipitates from cell lysates and
rom 103 concentrated tissue culture supernatants were heated with
uPage SDS reducing sample buffer (Novex, San Diego, CA) for 5
inutes at 95°C and run on precast NuPage 10% bis-Tris gels with

(N-morpholino) ethane sulfonic acid (MES)/SDS running buffer.

Western blotting. Whole cell lysates were run on a 10–20% Tris-
lycine precast gradient gel and transferred to an Immobilon PVDF
embrane for Western blotting. Strips were developed with mAb

0.12, normal mouse IgG or the secondary reagent anti-mouse IgG
nly, using Protoblot Western Blot, AP System for mouse (Promega,
adison, WI).

Tunicamycin treatment. BALB/c spleen cells were harvested and
ultured for 36 h with either 50 mg/ml LPS alone or with LPS and 7.5
g/ml tunicamycin (Calbiochem, San Diego, CA). Lysates prepared

rom surface biotin-labeled cells were immunoprecipitated and
ransferred to Imobilon membranes as described above. The mem-
rane was incubated with streptavidin-horseradish peroxidase in
BS with 0.1% Tween 20 for one h. The blot was washed five times
ith PBS-Tween, incubated for one minute with ECL reagent

Amersham Pharmacia Biotech, Piscatway, NJ) and bands visual-
zed by chemiluminescence.

Pronase treatment. BALB/c spleen cells were T cell depleted and
ultured in complete RPMI with 50 mg/ml LPS for 24 h. Cells at 1.6 3
06/ml in HBSS were incubated with 25% pronase (Sigma) for 30
18
ncubations and centrifugations were performed at 4°C. Cells were
reated with 2.4G2 Fc receptor block (Pharmingen, San Diego, CA)
or 5 minutes and surface receptors were double-stained for 20 min-
tes with B220-FITC (Pharmingen) and either biotin-90.12, biotin-
gG2b isotype control (Pharmingen), or PE-Ia (Pharmingen). Cells
ere washed twice and those treated with biotinylated primary
ntibody were incubated with PE-streptavidin (Molecular Probes,
ugene, OR) for 20 minutes. Cells were acquired on a FACScan flow
ytometer (Becton Dickinson, San Jose, CA) using Forward scatter
FSC) versus Side scatter (SSC) gating. Quadrants were set by
omparision with the IgG2b isotype control. Data was analyzed
sing CELLQuest software (Becton Dickinson).

N-terminal amino acid sequencing. Immunoprecipitates of 70Z/3
ell lysates were run on a precast 4–12% bis-Tris gradient gel
Novex) under reducing conditions. Following electrophoresis, pro-
eins were electroblotted onto an Immobilon PVDF membrane in
uPage bis-Tris-bicine transfer buffer. The membrane was stained
ith 0.1% Coomassie Brilliant Blue 250. Relevant bands were ex-

ised and analyzed in a gas-phase sequenator (Applied Biosystems
odel 494A, Foster City, CA). Sequencing was performed by the
ore Facility for Biotechnology Resources at CBER.

Cytoplasmic staining. Spleens from BALB/c mice were treated
ith ACK lysing buffer to lyse red blood cells and the remaining cells
ere washed in PBS and resuspended at 2 3 107 cells/ml in Dul-
ecco’s PBS (DPBS) without Mg11 or Ca11, 1% FCS, and 0.1% so-
ium azide. Cells were double-stained for surface markers using
ITC-B220 and either PE-Ia, biotin-90.12, or biotin-IgG2b isotype
ontrol. In parallel, cells were surface stained with FITC-B220, fixed
ith 4% paraformaldehyde in DPBS for 20 minutes, washed twice,
nd resuspended in permeabilization buffer [DPBS, 1% FCS, 0.1%
odium azide, and 0.1% saponin]. Cytoplasmic staining of cells uti-
ized either PE-Ia, biotin-90.12, or biotin-IgG2b isotype control for 20

inutes. Cells were washed twice with permeabilization buffer and
iotin-90.12 and IgG2b treated-cells were then stained 20 minutes with
E-streptavidin conjugate. Cells were analyzed as described above.

ESULTS

Initial experiments indicated that mAb 90.12 recog-
ized a cell surface determinant which is upregulated
n B cells upon LPS stimulation. The 90.12 antigen can
e detected on 5–20% of resting B lymphocytes and on
95% of LPS-stimulated lymphocytes (manuscript

ubmitted). Figures 1A and 1B show an immunopre-
ipitation and Western blot of the 90.12 antigen from
PS-stimulated DBA/2 spleen cells. Immunoprecipita-
ion with mAb 90.12 (Fig. 1A) results in three bands in
he 12–18 kDa size range with the upper two bands
unning as a doublet. On Western blot analysis (Fig.
B) of whole cell lysates, mAb 90.12 clearly reacts with
he two lower bands. The upper band in Fig. 1B may
lso be a doublet as other Western blot experiments
ave shown three bands.
Several lymphocyte/leukocyte cell surface determi-

ants such as ThB and Thy-1 are in the 12–18 kDa size
ange and are linked to the membrane via a phosphati-
yl inositol (PI) linkage. Using PI-phospholipase C un-
er conditions where ThB or Thy-1 are removed from
ells, the 90.12 antigen was not and therefore, is not
inked to the membrane via phosphatidyl inositol (data
ot shown). To further characterize this antigen,
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plenic B cells were grown in the presence of LPS to
pregulate 90.12 surface expression. Cells were then
reated with pronase to determine whether the epitope
ecognized was protein-associated. Figure 1C shows
hat treated cells lost 90.12 surface expression and
herefore, the epitope is at least protein associated if
ot part of a protein itself. As seen in Fig. 1D, there is
o difference in the immunoprecipitated proteins from
ells grown in the presence of tunicamycin compared to
hose grown in its absence. Thus, the 90.12 antigen is
ot N-glycosylated.
Lysates from 1.8–3 3 108 70Z/3 cells were immuno-

recipitated and proteins transferred to PVDF mem-
ranes, stained with Coomassie blue, and excised for
-terminal amino acid sequencing. Sequence informa-

ion was obtained only from the smallest molecular
eight band and was consistent over three indepen-
ent sequencing runs. The longest sequence deter-
ined was 16 residues and a database search using the

FIG. 1. Characterization of the 90.12 antigen. (A) Lysates from
PS-stimulated, biotin-labeled DBA/2 spleen cells were immunopre-
ipitated with 90.12- or mouse IgG-Sepharose beads. (B) LPS-
timulated DBA/2 whole cell lysates (unlabeled) were run on SDS-
AGE, transferred to a PVDF membrane and probed with mAb
0.12, mouse IgG control, or no primary antibody. Anti-mouse IgG
econdary antibody was used to develop the strips. (C) BALB/c
pleen cells were T-cell depleted and cultured for 24 h with 50 mg/ml
PS to induce 90.12 expression. Pronase treatment was prior to
urface staining for B220 and 90.12. (D) BALB/c spleen cells were
ultured for 36 h with 50 mg/ml LPS or with 50 mg/ml LPS and 7. 5
g/ml tunicamycin to block N-linked glycosylation. Biotin-labeled
ell lysates were immunoprecipitated with 90.12-Sepharose beads.
19
ith human MRP 8. Figure 2 shows an alignment of
he 90.12 antigen N-terminal sequence with human
nd murine MRP8 as well as S100A1, S100B and
100A4 proteins. The 90.12 antigen sequence matches
uman MRP8 in 11 of 16 positions and in 13 of 16
ositions if the alanine and leucine residues which
ere also detected in positions 8 and 9 are considered.
omparison with murine MRP8 shows 7–10 matches
hile S100A1, B and A4 show only 3–7 matches. Since
RP8 is not expressed in lymphocytes (25), it is pos-

ible that a new member of the S100 protein family has
een identified.
MRP8 is prevalently cytoplasmic and with MRP 14,

omprises up to 40% of the total cytoplasmic protein in
eutrophils (35). Since the 90.12 antigen was originally
etected as a cell surface antigen, it was surprising to
nd homology with such an abundant cytoplasmic pro-
ein. Therefore, we examined surface versus cytoplas-
ic expression of 90.12 on freshly isolated B2201 B

ells by flow cytometry. Ia, a class II MHC antigen
xpressed on all B cells, as well as macrophages, was
sed as a control. Ia molecules continually turn over
uch that the intracellular component should be
oughly equivalent to that on the surface. Figure 3
hows surface and cytoplasmic staining histograms.
otal B2201 B cells are shown in the upper and lower
ight quadrants. B2201 B cells co-staining with either
0.12 or Ia are within the upper right quadrant. As
een in Fig. 3B and 3D, .95% of the B2001 B cells
xpress Ia both on the surface and in the cytoplasm. In
ontrast, only 11% of the B cells express 90.12 on the
urface while 90% express it in the cytoplasm (Fig. 3A
nd 3C). Furthermore, 90.12 is also detected in the
ytoplasm of 66% of the non-B cells present in the
pleen (see upper left quadrant, 3C). Thus, the 90.12
ntigen is expressed in the cytoplasm of 80% of all
pleen cells.
MRP 8 and 14 can be detected in extracellular fluids.

herefore, we examined whether the 90.12 antigen
as also secreted. Figure 4 compares the 90.12 immu-
oprecipitation profiles from 70Z/3 lysates to concen-
rated tissue culture supernatant from LPS-stimulated

FIG. 2. Alignment of murine 90.12 antigen with S100 family
embers. Residues listed above the sequence were detected at a

ower level in that position. Comparisons are made to human MRP 8
accession number 115442), murine MRP 8 (accession number
173338), murine S100A1 (accession number 3746892), murine
100B (accession number 1710815), and murine S100A4 (accession
umber 4506765).
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urine spleen cells and concentrated serum-contain-
ng tissue culture medium. The 3 band pattern is
bserved in the 70Z/3 lysate while a similar pattern
ith an additional protein is found in the supernatant

rom LPS-stimulated spleen cells. No proteins were
mmunoprecipitated from serum-containing concen-
rated tissue culture medium. Thus, similar to MRP8
nd MRP14, the 90.12 antigen is secreted.

ISCUSSION

The functions of the S100 proteins are not known but
hey have been implicated in cell growth, cell cycle
egulation, cytoskeleton development, and inflamma-
ion. MRP8 and MRP14, myeloid specific members of
his family, are thought to have both intracellular and
xtracellular functions. Extracellularly, murine MRP 8
as been shown to be a potent chemoattractant for
yeloid cells (36) and human MRP14 has been shown

o play a role in Mac-1 mediated adhesion of neutro-

FIG. 3. 90.12 antigen is expressed in the cytoplasm of spleen cells.
otal BALB/c spleen cells were stained for surface and cytoplasmic
xpression of 90.12 or Ia (Y axis, upper quadrants) and analyzed by flow
ytometry. B cells were defined as B2201 cells (X axis, right quadrants).
urface expression of (A) 90.12. (B) Ia. Cytoplasmic staining of (C)
0.12. (D) Ia. Numbers represent percentage of total cells in each
uadrant. The sum of cells in the upper and lower right hand quadrants
epresents total B cells while cells in the upper right hand quadrant are
0.121, B2201 B cells or Ia1, B2201 B cells.
20
ular function in that it has been shown to have anti-
icrobial activity (38–40). Intracellularly, MRP8 and
RP14 have been shown to inhibit casein kinase I and

I (41), are phosphorylated and translocated to the
embrane upon neutrophil activation (26, 42–44), and

re dependent upon calcium binding for complex for-
ation (45).
In the course of studying B lymphocyte surface an-

igens, we identified a murine monoclonal antibody
aised against murine splenocytes which recognizes an
ctivation-induced antigen on B cells upon LPS stim-
lation. This mAb is not B cell specific as it also reacts
ith all hematopoietic cell types. This antibody immu-
oprecipitates 3 proteins in the 12–18 kDa range from
PS-stimulated but not untreated B cells (manuscript
ubmitted). N-terminal amino acid sequence of the
mallest protein shows significant homology (62%–75%
dentity over 16 amino acids) to human MRP8. As

RP8 is not expressed by B lymphocytes (25), we have
otentially identified a new member of this protein
amily. Sequencing of the larger protein bands resulted
n either a mixed sequence or too short a sequence to
roductively compare to other proteins. This is likely
ue, in part, to poor separation of the larger proteins
nd to the possibility that the other proteins may have
locked amino-termini as does MRP14 (35). It remains
o be seen whether these proteins also share homology
ith the S100 family.
S100 proteins are not usually considered cell surface

ntigens. MRP8 and MRP 14 have been demonstrated,
owever, to appear as heterodimers on surfaces of sub-
ets of monocytes and macrophages in acute inflamma-
ory lesions (46, 47). Non-myeloid cells such as Raji (a
urkitt’s lymphoma-derived cell line) and MOLT-4 (a
-cell lymphoma line) have MRP8/14 heterodimer
inding sites on their surfaces where binding to the cell
urface is MRP8 driven in a calcium independent man-
er (48). In these cases, MRP8/14 surface expression is
hrough extracellular binding of the heterodimer.

FIG. 4. The 90.12 antigen is secreted. BALB/c spleen cells were
ultured for 24 h with 50 mg/ml LPS. Culture supernatants were
ollected and concentrated approximately 10-fold. A lysate from
0Z/3, concentrated LPS supernatant, and tissue culture medium
ere immunoprecipitated with 90.12-Sepharose beads.
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he cell surface of B cell lines as well as on freshly
solated B cells, and since it cannot be immunoprecipi-
ated from serum-containing concentrated tissue cul-
ure medium, it is unlikely that the 90.12 antigen is
xpressed on B cell surfaces through the formation of
omplexes of extracellular 90.12 derived from non-B
ells. It is unclear, however, how S100 proteins are
xpressed on the cell surface as they have neither
eader peptide nor a transmembrane domain.

Many other features of the 90.12 antigen are consis-
ent with features of MRP8 and MRP14. In addition to
eing in a similar molecular weight range, the 90.12
ntigen is also not N-glycosylated. The 90.12 antibody
mmunoprecipitates at least 3 proteins as does the Mac
87 monoclonal antibody which is specific for MRP 14
49–51) and a polyclonal rabbit antiserum raised
gainst purified MRP8 (44). It may be that the 90.12
ntibody recognizes an epitope on one of the proteins
hich immunoprecipitates a complex of the proteins.
estern blot results however, suggest that the 90.12

ntibody recognizes a common epitope on at least two
f the three immunoprecipitated proteins.
MRP8 and MRP14 are abundantly expressed in the

ytoplasm, are secreted, and can be detected on the cell
urface of a subpopulation of myeloid cells. We have
hown that 90% of freshly isolated unactivated splenic

cells and 80% of all splenic cells express the 90.12
ntigen intracellularly. Future experiments will deter-
ine whether the 90.12 antigen, like MRP8 and
RP14, is alsotranslocated to the membrane upon B cell

ctivation and whether or not this is calcium dependent.
We have also shown that the 90.12 antigen is se-

reted by LPS-stimulated total spleen cells. Surface
xpression of the 90.12 antigen is upregulated by LPS
nd anti-IgM plus IL4 and IL5 (manuscript submitted).
PS has been shown to upregulate the surface expression
f the MRP8/MRP14 complex on monocytes (52) as well
s the expression of MRP8 mRNA and protein in my-
loid lineage cell lines and elicited peritoneal macro-
hages (53). Interestingly, another study showed that
okeweed mitogen stimulated the secretion of MRP14
nd MRP8/14 complex from monocytes and that the
h2 cytokines IL10 and IL4 downregulated this secre-
ion (54). It will therefore be of interest to look at the
imultaneous effect of anti-IgM, IL4 and IL5 on both
urface expression and secretion of the 90.12 antigen.
inally, since the 90.12 antigen may represent a new
100 family member, we will further sequence these
roteins and clone cDNAs from a B cell library.
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