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Abstract

Tetranectin, a protein recently identified in a wide variety of
human secretory cells (Christensen, L., and I. Clemmensen.
1989. Histochemistry. 92:29-35) was found to colocalize with
latent alkaline phosphatase activity in fractions well separated
from azurophil granules, specific granules, gelatinase-contain-
ing granules, and plasma membranes when postnuclear super-
natants of nitrogen-cavitated neutrophils were fractionated on
discontinuous Percoll density gradients.

Stimulation of intact neutrophils with nanomolar concen-
trations of FMLP, leukotriene B4, 10-100 U/ml of tumor ne-
crosis factor, and granulocyte-macrophage colony-stimulating
factor resulted in parallel release of tetranectin and transloca-
tion of alkaline phosphatase to the plasma membrane. Fur-
thermore, intracellular pools of tetranectin and latent alkaline
phosphatase were completely released from neutrophils under
conditions that barely induced release of specific granules con-
taining B12-binding protein. These findings indicate that tetra-
nectin and latent alkaline phosphatase define an easily mobil-
izable population of cytoplasmic storage organelles in human
neutrophils which are functionally distinguishable from azuro-
phil, specific, and gelatinase-containing granules. These or-
ganelles may play an important role as stores of membrane
proteins that are mobilized to the cell surface during stimula-
tion by inflammatory mediators. (J. Clin. Invest. 1990.
85:408-416.) exocytosis * gelatinase * intracellular membranes
* subcellular fractionation

Introduction

Neutrophils play a key role in defense against microorganisms
and participate in the pathogenesis of inflammatory diseases
(1, 2). Essential to execution of these activities is the ability of
the neutrophil to respond to various inflammatory mediators
by turning on a respiratory burst (3, 4) and mobilizing intra-
cellular proteins to the cell surface, some of which are impor-
tant for adhesion and phagocytosis.

The concept of translocation during activation applies to
the b-cytochrome and flavin adenine dinucleotide-flavopro-
tein components of the microbicidal NADPHoxidase (5, 6),
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the glycoprotein Mac- 1 functioning as the complement recep-
tor (CR3)' of importance for adhesion and phagocytosis (7, 8),
laminin receptors (9), FMLPreceptors (10, 11), and plasmin-
ogen activator ( 12). Previous subcellular fractionation studies
have allocated residence of these functional proteins to the
membrane of specific granules or gelatinase-containing gran-
ules (5-13), both recognized as secretory granules of neutro-
phils (14, 15). A recent study using immunogold labeling,
however, has demonstrated that gelatinase is localized in spe-
cific granules ( 1 6). Several observations indicate, on the other
hand, that an intracellular membrane-bound compartment
distinct from the hitherto identified mobilizable granules must
exist in human neutrophils to account for the rapid upregula-
tion of both CR1 and CR3 (17, 18) and complement decay
accelerating factor ( 19), which takes place in response to stim-
ulation by such stimuli as FMLP, leukotriene B4 (LTB4), and
tumor necrosis factor (TNF), which induce only minimal
exocytosis of specific granules.

We recently demonstrated (20) that latent alkaline phos-
phatase activity, that is, the alkaline phosphatase activity that
is measured enzymatically only in the presence of detergent, is
localized in a compartment that is distinct from the plasma
membrane, and from azurophil and specific granules, includ-
ing gelatinase-containing granules. This compartment is
readily mobilized to the plasma membrane in response to
stimulation by nanomolar concentrations of FMLP.

Here we show that tetranectin, a protein initially purified
from plasma (21), colocalizes with latent alkaline phosphatase
on Percoll density gradients. Tetranectin is released from the
cells in parallel with translocation of alkaline phosphatase to
the plasma membrane in response to stimulation by a variety
of inflammatory mediators. Since tetranectin is found in a
wide variety of secretory human cells (22, 23), this secretory
compartment identified in neutrophils by latent alkaline
phosphatase and tetranectin may be essential for exocytosis in
general.

Methods

Isolation of cells. Neutrophils were isolated from freshly drawn blood
after dextran T-500 (Pharmacia, Uppsala, Sweden) induced sedimen-
tation of erythrocytes and density gradient centrifugation of the leuko-
cyte-rich supernatant on Lymphoprep (Nyegaard Co., Oslo, Norway),
and hypotonic lysis of contaminating red cells (5). The isolated neutro-
phils were resuspended in KRPbuffer (130 mMNaCI, 5 mMKCl,
1.27 mMMgSO4, 0.95 mMCaCI2, 5 mMglucose, 10 mMphosphate,
pH 7.4) at 3 X 107 cells/ml.

Subcellular fractionation. Isolated neutrophils were incubated at
4°C for 10 min in 10 ml KRPbuffer containing 50 ,l of [3H]Con A (60

1. Abbreviations used in this paper: CR, complement receptor; PI-PLC,
phosphatidylinositol-specific phospholipase C; TBS, Tris-buffered sa-

line; TNF, tumor necrosis factor.
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Ci/mmol, 25 MCi/ml; Amersham Corp., Arlington Heights, IL). The
cells were then sedimented by centrifugation and resuspended in 5 ml
KRPbuffer containing 5 mMdiisopropyl fluorophosphate (Sigma
Chemical Co., St. Louis, MO) and kept on ice for 10 min. After an
additional centrifugation the cells were resuspended in 13 ml disrup-
tion buffer (100 mMKCI, 3 mMNaCI, I mMATPNa2, 3.5 mM
MgCl2, 10 mMPipes, pH 7.2) containing 0.5 mMPMSF, and
disrupted by nitrogen cavitation as described (5). Nuclei and intact
cells were sedimented by centrifugation 400 g for 15 min (PI) and 10
ml of the postnuclear supernatant (SI) was applied on top of a 28-ml
two-layer Percoll density gradient (1.05/1.12 g per ml) containing 0.5
mMPMSFas described (5). All procedures after Dextran sedimenta-
tion were carried out in the cold. After centrifugation of the density
gradient 1.5-ml fractions were collected from the bottom and assayed.

Partial purification of tetranectin. The top band (y-band) of a gra-
dient from 109 unstimulated neutrophils was aspirated by hand, in-
cluding the material between the intermediate band, the ,-band, and
the y-band. Percoll was removed by centrifugation (5) and the biologi-
cal material was resuspended in 2.5 ml PBS containing 0.7% Triton
X-1 14. Triton phase separation was carried out (24), and 2 ml of the
supernatant was dialyzed against 0.05 MTris-HCI, pH 8.0, overnight
and applied on a 1-ml MonoQcolumn (Pharmacia-LKB) equilibrated
in dialysis buffer for FPLC. The column was washed in five bed-vol-
umes of buffer and eluted by a linear gradient of NaCl from 0 to 0.5 M
in buffer. 0.5-ml fractions were collected and assayed for tetranectin by
ELISA. The fractions that contained peak amounts of tetranectin were
assayed by Western blot using affinity-purified antitetranectin anti-
body.

Assays. 50 ,ul was taken for liquid scintillation counting to quanti-
tate [3H]Con A. 200 ,d was taken for ELISA quantitation of tetranectin
as described below. B12-binding protein (25), alkaline phosphatase
(26), and ,B-glucuronidase (27) were assayed as described with modifi-
cation as given in reference 5. Gelatinase was assayed as described (15)
with 3H-acetylated (Amersham Corp.) gelatin as substrate. The gelatin
was prepared from type III collagen from calf skin (Sigma Chemical
Co.). Myeloperoxidase was assayed using o-dianisidine as substrate
(1972. Worthington Enzyme Manual. Worthington Biochemical
Corp., Freehold, NJ. 43) or by spectral analysis using an absorption
coefficient of the 472-nm peak of 75 * mM-' * cm-' (28). Lactate dehy-
drogenase was assayed using a commercial kit (Sigma Chemical Co.). I
U of enzyme activity is the amount that converts I Mmol or I Ug
substrate per min at assay temperature.

Antibodies. Rabbit Ig against human tetranectin (code A 371, IgG
concentration 2.5 g/liter, Dakopatts, Ltd., Glostrup, Denmark) was
purified by binding to a tetranectin affinity column (6 mg tetranectin
coupled to 5 ml Sepharose 4B [Pharmacia]). Bound antibody was
eluted by 4 MKSCNand dialyzed against 0.1 Msodium carbonate,
pH 8.0. Biotinylation was then performed by adding 0.4 mg biotin-
amidocaproate N-hydroxysuccimide (Sigma Chemical Co.) dissolved
in 8 Ml dimethylformamide to 3.75 ml (0.4 g/liter) of the affinity-puri-
fied antibody. After incubation for 2 h at room temperature the con-
jugated antibody was dialyzed against PBS. This antibody was used in
the ELISA for detection of tetranectin. For use in Western blotting,
affinity purification of the commercial antibody was performed by
elution from nitrocellulose paper. Briefly, 40 ,ug of purified tetranectin
was run in 10% SDS-PAGE. One lane of the slab gel was cut off and
stained with Coomassie blue. The rest was transferred to 0. I-Mm nitro-
cellulose paper (Schleicher & Schuell, Inc., Dassel, FRG) and incu-
bated for 1 h at room temperature in 50 ml, 50 mg/liter rabbit antite-
tranectin IgG. The strip corresponding to the position of tetranectin
was cut out and incubated in 0.2 Mglycine-HCI, pH 2.8, for 5 min.
The paper was removed and the eluent was neutralized with I M
Tris-base. The concentration of the eluted antibody was 100 mg/liter
as estimated by the absorbance at 280 nm. The antibody was- used
undiluted as primary antibody in Western blotting after addition of
Tween-20 to a final concentration of 0.6%.

ELISA procedure. Tetranectin was determined in an ELISA as
recently described (29) but with biotinylated affinity-purified antibody

diluted 1:1,000 in place of horseradish peroxidase-conjugated antitet-
ranectin and with horseradish peroxidase-conjugated avidin diluted
1:5,000 as detecting system (code P 364; Dakopatts). Plates were read
at 492 nm in a 2550 EIA reader (Bio-Rad Laboratories, Richmond,
CA). Serial dilutions of purified tetranectin and pooled plasma were
used as standards.

Immunohistochemical staining of cells. Isolated neutrophils in
KRPbuffer at I07 cells/ml were sedimented on glass slides covered by
2 mg/ml pectin and 80 mg/ml glycerol in distilled water in a cytospin
(Shandon Southern Instruments Inc., Sewickley, PA) cytocentrifuge at
8,000 rpm for 5 min. The cells were then fixed for 30 min at room
temperature with 4% paraformaldehyde in 0.1 Msodium phosphate
buffer, pH 7.3, and washed with PBS. The cells were then permeabi-
lized by incubation with 0.05 MTris-HC1, pH 7.5, 0.15 MNaCI (TBS)
containing 1% Triton X-100 (TBS-Triton) for 30 min, washed with
PBS, and incubated with 5% BSA (Behringwerke, Marburg, FRG) in
TBS for 30 min. Thereafter the cells were incubated at 4VC for 24 h,
and then at 20C for 24 h with either rabbit polyclonal antibody
against human tetranectin (Dakopatts Ltd., Copenhagen, Denmark) or
rabbit polyclonal antibody against human lactoferrin (Dakopatts Ltd.
code A 186), both diluted to 25 mg/liter in TBS containing 5%BSA.
After washing with PBStwice for 10 min the slides were incubated for
30 min at room temperature with alkaline phosphatase-conjugated
swine anti-rabbit Ig (Dakopatts Ltd. code D 306) diluted 1:20 in TBS.
After washing twice for 10 min with PBS the cells were developed as
follows: 2 mgnaphthol AS-MX (Sigma Chemical Co.) was dissolved in
0.2 ml dimethyl formamide and added to 9.8 ml 0.1 MTris-HCI, pH
8.2. 1 mMlevamisol was added to block endogenous alkaline phos-
phatase activity. Immediately before use Fast Red 4-chloro-0-tolu-
idine diazotate (Sigma Chemical Co.) was added to a final concentra-
tion of 1 mg/ml, and this solution was filtered directly on the slides.
After incubation at room temperature for 30 min the slides were
washed in running tap water, counterstained in Mayer's hematoxylin,
mounted in glycergel (Dakopatts Ltd.), and viewed and photographed
under oil.

Materials. Phosphatidylinositol-specific phospholipase C (PI-PLC)
purified from culture supernatants of Bacillus thuringiensis was a gen-
erous gift from Dr. Martin Low, Cornell University Medical School.
rTNFa (Natl. Inst. Biol. Stand. Control, Polters Bar, UK) and rGM-
CSF(a generous gift from Dr. S. Gillis, Immunex Corp., Seattle, WA)
were kindly provided by Dr. Klaus Bendtzen, Dept. of Immunology,
Rigshospitalet. Both cytokines were found to contain < 1 pg endo-
toxin/104 U. FMLPand LTB4 were from Sigma Chemical Co.

Results

The subcellular localization of azurophil granules (myeloper-
oxidase), specific granules (B12-binding protein), gelatinase,
and alkaline phosphatase in the absence or presence of deter-
gent, tetranectin, and plasma membranes ([3H]Con A) is given
in Fig. 1. This confirms our earlier finding that latent alkaline
phosphatase is localized in a sedimentable compartment with
a density slightly higher than that of plasma membranes (20).
More important is the demonstration that tetranectin is colo-
calized with latent alkaline phosphatase. This pattern has been
invariably observed in all of > 10 experiments. A typical ex-
periment is presented. The densities at the localization of peak
of markers (Fig. 1 A) were as follows: myeloperoxidase, 1.120
g/ml; B12-binding protein, 1.078 g/ml; tetranectin, 1.025 g/ml;
plasma membranes, 1.0 15 g/ml. These are in accordance with
previously reported results (5).

Peak gelatinase activity was often located one fraction
higher in the gradient than peak B12-binding protein. Wehave
observed that detergent-solubilized azurophil granules readily
inactivate gelatinase (Bjerrum, 0. W., and N. Borregaard, un-
published observations). Such inactivation is likely to take

Mobilizable Granules of Neutrophils 409



Rartian n

B

Figure 2. FPLC profile
of 280-nm absorbance
(top) and 492-nm
ELISA reading of tetra-
nectin (bottom) of Tri-
ton X- I 14-treated y-
band from unstimu-
lated neutrophils. The
profile of the linear salt
gradient from 0 to 0.5
MNaCl followed by 2
MNaCJ is given in the
upper part of the figure.

Fradon no.

Figure 1. 8.4 X 108 neutrophils were labeled with [3H]Con A as de-
scribed, suspended in KRPbuffer at 3 X 107 cells/ml, and divided in
two. One sample (A) was kept on ice; the other (B) was incubated at
370C for 15 min in the presence of 10-' MFMLP. The cells were
then disrupted by nitrogen cavitation, and the postnuclear superna-
tant from each was fractionated on Percoll density gradients. Recov-
eries of material loaded on the gradient ranged between 80 and
105%. *, Alkaline phosphatase in the absence of Triton; o, alkaline
phosphatase in the presence of 0.2% Triton X-100; ., latent alkaline
phosphatase (calculated); X, [3H]Con A; v, tetranectin; A, gelatinase;
a, B12-binding protein; C, myeloperoxidase.

place in the fractions containing specific granules, since these
are contaminated with azurophil granules thus explaining the
lack of exact colocalization of B12-binding protein and gelati-
nase.

The colocalization of tetranectin and latent alkaline phos-
phatase was further corroborated by studies on stimulated cells
(Fig. 1 B). Stimulation of intact cells with 10' MFMLPre-
sulted in almost complete disappearance of both latent alka-
line phosphatase activity and tetranectin. Tetranectin was re-
covered in the supernatant of stimulated cells (see below),
whereas alkaline phosphatase was translocated to the plasma
membrane. Tetranectin was assayed immunologically with an
affinity-purified polyclonal antibody. To demonstrate the
presence of tetranectin in neutrophils, tetranectin was partially
purified from the y-band from unstimulated neutrophils (see

Methods) by FPLC chromatography (Fig. 2). Two main pro-
tein peaks were eluted from the Mono Q column. The first
peak represented proteins that did not bind to the column. The
second protein peak eluted at 0.2 MNaCl. None of these peaks
contained tetranectin as estimated by ELISA. Tetranectin was
eluted in two peaks at 0.21 and 0.28 MNaCl. Western blot
(Fig. 3) demonstrated that in addition to the 17-kD tetranectin
band normally observed by SDS-PAGEon plasma (21), neu-
trophils contained an 82-kD tetranectin band. The 17- and
82-kD tetranectin bands were observed in both tetranectin
peaks eluted from the FPLCcolumn. Only the Western blot of
the second tetranectin peak is shown. Elution experiments
confirmed immunological cross-reactivity between the high
and low molecular weight tetranectin bands. Similar high mo-
lecular weight tetranectin immunoreactivity was found in
other tissues (kidney, ventricular mucosa, and fibroblasts in
culture [23]). The nature and function of this high molecular
form of tetranectin is unknown.

These studies were corroborated by immunohistochemical
staining of fixed, permeabilized cells that were either unper-
turbed or had been stimulated by 10-' MFMLPbefore fixa-
tion. Fig. 4 shows a granular labeling of tetranectin. This gran-
ular labeling was almost completely lost after stimulation by
FMLPin contrast to the labeling of lactoferrin, a marker for
specific granules, which was unchanged by stimulation.

These studies indicate that tetranectin is localized in the
matrix of a readily mobilized vesicular structure, and that al-
kaline phosphatase is localized on the intravesicular surface of
the membrane and becomes translocated to the outer surface

82,00

17,000

Figure 3. Immunoblot with affinity-purified
antitetranectin. Lane A, partially purified tet-
ranectin from human neutrophils (1I jg pro-
tein from eluted peak [fraction no. 34] from
MonoQcolumn in Fig. 2). Lane B, purified
human plasma tetranectin (5 ,ug protein).

Figure 4. Isolated neutrophils (3 x 107/ml in KRPbuffer) were either incubated at 370C with 10-' MFMLPor kept on ice (control). After 15
min, 2 vol of ice-cold KRPbuffer was added to both and the cells were sedimented onto glass slides by cytocentrifugation and processed for im-
munohistochemistry. A, Control cells stained for tetranectin; B, FMLP-stimulated cells stained for tetranectin; C, control cells stained for lacto-
ferrin; D, FMLP-stimulated cells stained for lactoferrin. The slides were viewed under immersion oil with 100-fold magnification and photo-
graphed. Staining: immune-alkaline phosphatase counterstained with Mayer's hematoxylin.
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of the plasma membrane when these vesicles fuse with the
plasma membrane and tetranectin is exocytosed. Such a hy-
pothesis explains the latency of alkaline phosphatase in both
intact unstimulated cells and subcellular fraction from these,
and also explains the disappearance of latency and the shift in
subcellular localization of alkaline phosphatase activity after
stimulation.

This hypothesis was further validated by studies using PI-
PLC. Alkaline phosphatase (30), like some other membrane-
bound proteins (e.g., Fc receptor type III [31], 5'-nucleotidase,
and decay accelerating factor [32]), is known to be anchored to
membranes via a covalent protein-phosphatidyl-inositol-gly-
can bond. This anchoring may be split by PI-PLC. If our hy-
pothesis is correct, then latent alkaline phosphatase activity
should not be susceptible to PI-PLC, whereas alkaline phos-
phatase, which can be measured in the absence of detergent,
should be susceptible. This was confirmed by the two experi-
ments reported in Table I. It is readily observed that PI-PLC
can release the majority of alkaline phosphatase of y-band
from FMLP-stimulated cells, i.e., cells where all alkaline phos-
phatase can be measured in the absence of detergent (70 and
75% of total alkaline phosphatase from the '-band is released
after PI-PLC treatment in experiments A and B, respectively).
Only 27 and 30% of total alkaline phosphatase is liberated by
PI-PLC from the '-band of unstimulated cells (experiments A
and B). However, some of the alkaline phosphatase in the
'v-band from unstimulated cells is latent, i.e., can only be
measured in the presence of detergent. To estimate the suscep-
tibility of latent phosphatase to PI-PLC, one has to compare

the amount of latent alkaline phosphatase present in the pellet
before and after incubation with PI-PLC. These calculated
figures are: experiment A, 43.1 - 21.9 = 21.2 before PI-PLC
vs. 41.3 - 17.7 = 23.6 after PI-PLC; experiment B, 145 - 83
= 62 before PI-PLC vs. 137 - 48.9 = 88 after PI-PLC. Thus it
is demonstrated that latent alkaline phosphatase activity is
present only in '-bands from unstimulated cells, and that this
latent alkaline phosphatase is protected from the action of
PI-PLC.

To rule out that the differences in susceptibility of alkaline
phosphatase to PI-PLC are due to differences in sidedness of
plasma membrane vesicles induced by FMLPstimulation, the
susceptibility to PI-PLC of alkaline phosphatase from intact
neutrophils was investigated. When unstimulated neutrophils
in KRPbuffer at 3 X IO' cells/ml were incubated with 5 U/ml
PI-PLC for 15 min at 37°C and then sedimented by centrifu-
gation, 32 and 36%of total cell alkaline phosphatase was liber-
ated to the supernatant in two experiments. If the cells had
been stimulated with 10-8 MFMLPfor 15 min at 37°C before
incubation with PI-PLC, 57 and 63% of total alkaline phos-
phatase was liberated. No release of alkaline phosphatase was
observed in the absence of PI-PLC, and < 3%lactate dehydro-
genase was liberated.

The subcellular fractionation studies indicate that the in-
tracellular compartment(s) identified by latent alkaline phos-
phatase and tetranectin are mobilized in response to nanomo-
lar concentrations of FMLP. To examine both whether tetra-
nectin release and translocation of alkaline phosphatase
always occurred in parallel, and the sensitivity of exocytosis of

Table I. Release ofAlkaline Phosphatase from Plasma Membrane and Secretory Granules by PI-PLC

Control FMLP

Alkaline phosphatase Alkaline phosphatase

Sample [3 H]Con A -Triton +Triton [3H]Con A -Triton +Triton

cpm mU/ml cpm mU/ml

40C
Supernatant A 288 6.3 10.3 216 13.0 13.7
Pellet A 1,760 24.3 43.8 1,169 59.8 61.6
Supernatant B 263 10.9 19.0 184 15.7 18.3
Pellet B 1,500 49.2 139 1,856 164 176

370C
Supernatant A 514 9.3 14.2 369 17.0 20.0
Pellet A 832 21.9 43.1 946 53.0 53.5
Supernatant B 593 13.4 20.3 550 44.0 41.2
Pellet B 1,211 83.0 145 2,400 144 161

370C + PI-PLC (1 U/ml)
Supernatant A 464 15.0 17.4 406 62.0 64.3
Pellet A 786 17.7 41.3 899 18.1 20.9
Supernatant B 659 46.9 51.3 564 165 164
Pellet B 1,848 48.9 137 1,633 66.4 68.9

Human neutrophils were isolated (6.2 X 108 in experiment A; 9.0 X 108 in experiment B), labeled with [3HJCon A, and divided into two sam-
ples. One was incubated at 370C for 15 min with 10-8 MFMLPat a concentration of 3 X I07 cells/ml; the other was kept at 4VC as control.
Subcellular fractionation was then performed as described. The ay-bands were aspirated and Percoll was removed by centrifugation, and the ma-
terial from the y-band was diluted to 5 ml in KRPbuffer. 600-,gl samples were incubated for I h at 370C in the presence and absence of PI-
PLC (1 U/ml) and centrifuged at 20,000 g for 20 min. The supernatant was aspirated and the pellet was resuspended to 600 I1 in KRPbuffer.
Alkaline phosphatase was measured in the presence and absence of 0.2% Triton X-100.
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this compartment to inflammatory mediators, the release of
tetranectin from intact cells and the dependence on detergent
of alkaline phosphatase activity was examined in response to
varying concentrations of FMLP, LTB4, TNFa, and granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) (Fig. 5,
A-D). It is observed that tetranectin release and the rise in
detergent-independent alkaline phosphatase activity occur in
parallel, and that maximal release of tetranectin and complete
upregulation of detergent-independent alkaline phosphatase
activity occur under conditions when only minimal release of
the secretory granule marker vitamin B12-binding protein
takes place. Secreted B12-binding protein was not inactivated
(33) since no difference in total B12-binding capacity was ob-
served between control cells and activated cells (data not
shown).

It should be noted that not all tetranectin could be released
from the cells even when alkaline phosphatase was fully deter-
gent independent. Subcellular fractionation of both stimulated
and unstimulated cells disclosed that this tetranectin activity
was sedimented with the nuclei after cavitation. The amount
of nuclei-associated tetranectin was the same in stimulated
and unstimulated cells, and accounted for 35.7±3.5% (n = 5)
of total cell tetranectin in unstimulated cells.

Discussion

The existence of two distinct mobilizable types of granules, the
azurophil and the specific granules, has been recognized since
the pioneer work of Bainton et al. (34) and supported by sub-
cellular fractionation studies (35, 36). More recently, Dewald
et al. (15) identified gelatinase as a marker for a novel granule
subset with density identical to that of the specific granules,
but characterized by a much more extensive exocytosis upon
stimulation of the neutrophil. Someproteins are claimed to be
associated with the membrane of these gelatinase-containing
granules (cytochrome b-245 [37], Mac- I [ 13], laminin receptors
[9]), but a recent study using immunogold labeling has
strongly indicated that gelatinase and lactoferrin, a well-estab-
lished marker for specific granules, are localized in the same
granules (16). Our studies on release and subcellular localiza-
tion of gelatinase and of the specific granule marker, B12-bind-
ing protein, support this.

Several observations on the incorporation of proteins into
the plasma membrane of intact neutrophils indicate the exis-
tence of an intracellular pool of membrane that can be incor-
porated into the plasma membrane in response to stimulation
which causes little or no degranulation of specific granules
(17-19). The vesicles identified by alkaline phosphatase and
tetranectin constitute a likely candidate for the structural basis
for this mobilizable membrane store.

Exact colocalization of tetranectin and alkaline phospha-
tase can only be documented by demonstration of double la-
beling of the same structures on ultrathin sections of fixed cells
with monospecific antibodies to both antigens. These are not
yet available. The distribution of tetranectin and latent alka-
line phosphatase on density gradients of postnuclear superna-
tants is consistent with colocalization of the two proteins.
Other structures, such as small peroxidase-containing granules
(38), calciosomes (39, 40), and light Golgi (38, 39) are reported
to be localized at the same density as tetranectin and latent
alkaline phosphatase on Percoll density gradients. However,
those organelles are not exocytosed in response to stimulation.
The parallel release of tetranectin and disappearance of latency
of alkaline phosphatase observed in intact cells, the disappear-
ance of tetranectin from the postnuclear supernatant and
translocation of alkaline phosphatase, and the loss of tetranec-
tin immunoreactivity of intact cells after stimulation show that
tetranectin and latent alkaline phosphatase are either localized
in the same mobilizable structures or in different structures
with identical densities and identical sensitivity to exocytosis
by a variety of stimuli.

The finding of both high (82 kD) and low molecular weight
(17 kD) tetranectin in the y-band of unstimulated neutrophils,
as opposed to only low molecular weight tetranectin in plasma,
indicates that the tetranectin in neutrophils has not been taken
up from plasma by an endocytotic process since only low mo-
lecular weight tetranectin is found in plasma. It is possible that
tetranectin is synthesized as the high molecular weight form,
and degraded during packing in granules and after secretion.
Biosynthesis studies are in progress to address this question.

The ability of PI-PLC to liberate substantial amounts of
alkaline phosphatase from stimulated intact cells and from
plasma membrane vesicles from stimulated cells but not un-
stimulated cells or from subcellular fractions (the y-band from

A B C D Figure 5. Isolated neutro-
/00. FMLP /. GM- CSF /. T phils (3 X IO' cells/ml) were

. o 0 incubated either on ice, at
1 61)90 /+111 901 /IT fo 370C with no additions, or at

80- - 370C in the presence of var-

804IIII/H701/01 1 / 801 /1 jious concentrations of FMLP

0t1i7°10 T 1 Y T 7°1 T/ (A), LTB4 (B), GM-CSF(C),
60i-11lgg01-lbSpor TNF (D). After 20-mi in-

50l 1 / 50l 1/ 50 l | 1 /| so n t cubation the cells were sedi-
o0' mented by centrifugation
3o4 I/ l 304 /1 T Tx|0/0and resuspended in equal
20]>iO]+30 1 t 30- 1/ volumes of ice-cold buffer.

20 e 20 20 Assays were performed as de-
/0. 110. 10 scribed. Results are meanVC37¶C 3X910- 3,l0-93.10-@4s63Xt39104 -3 ' i o '7 §ii"e§o and SDof three independent

10-09 )9 10-9 09 106 10-7 L 37'C" OI 1. 1D90 C 37 0.1100100 experiments. Alkaline phos-
phatase was measured on

cells in the absence and presence of 0.2% Triton X- l00. Other assays were carried out in the presence of 0.2% Triton X- l00. o, %ratio of activ-
ity of alkaline phosphatase in the absence or presence of Triton X-l00; o, %release of B12-binding protein; v, %release of tetranectin.
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unstimulated cells) containing latent alkaline phosphatase ac-
tivity, strongly indicates that latent alkaline phosphatase is
alkaline phosphatase that is localized on the intragranular site
of the granule membrane, and that this alkaline phosphatase
becomes translocated to the outer surface of the plasma mem-
brane during exocytosis as nonlatent alkaline phosphatase.
This supports the concept that intracellular membrane vesicles
may provide a store for proteins that will become expressed on
the surface of the plasma membrane during activation of the
cell.

The kinetics of upregulation of alkaline phosphatase in the
plasma membrane and the parallel release of tetranectin in
response to FMLP, LTB4, TNF, and GM-CSFshow that these
vesicles are mobilized under conditions that may occur during
diapedesis and chemotaxis. The exocytosis of these vesicles
may be important by providing the plasma membrane with
receptors that are active during chemotaxis and may prepare
the cell for subsequent phagocytic events.

Although alkaline phosphatase has been demonstrated be-
fore in intracellular vesicles, termed phosphasomes (41), the
mobilization and therefore the potential functional signifi-
cance of these was overlooked. Since these mobilizable vesicles
are exocytosed more extensively and more readily than other
granules of the neutrophil, we propose that they should be
named secretory vesicles of the neutrophil. The fact that tetra-
nectin, as found in these vesicles, is also identified in cytoplas-
mic organelles in a wide variety of other human secretory cells
(22, 23) suggests that these vesicles may have universal impor-
tance for the secretory process, and may represent a general
principle in cell biology, in addition to serving specific func-
tions in the neutrophil.
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