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The Detection, Immunofluorescent
Localization, and Thrombin Induced
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Fibronectin Antigen

Mark H. Ginsberg, Richard G. Painter, Charles Birdwell, and Edward F. Plow,
with the technical assistance of Jane Forsyth

Research Institute of Scripps Clinic, La Jolla, California 92037

Platelets are cells which develop adhesive properties following stimulation.
Since fibronectin (fn) mediates adhesive properties of several cells, we sought
evidence for platelet associated fn. Lysates of suspensions of washed human
platelets containing <50 ng soluble fn/10° cells contained 2.85 ug fn antigen
per 10° cells. The platelet fn antigen competition curve showed a similar slope
to the curve for purified plasma fn suggesting antigenic identity. Immunoflu-
orescent staining for fn was minimal in intact cells suggesting that the majority
of fn antigen is intracellular, In permeable platelets, fluorescent staining for fn
was seen in a punctate distribution suggesting a granule localization. Stimula-
tion of platelet secretion by thrombin released platelet fn antigen. Suramin, a
drug which inhibits platelet secretion, inhibited fn release. The apparent secre-
tion of platelet fn, taken with the immunofluorescent data, support the locali-
zation of a portion of platelet fn antigen in a storage granule.
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Platelets are anucleate cells which circulate freely in blood. Following stimulation
by agents such as collagen or thrombin, platelets adhere to surfaces, to each other, to
collagen or fibrin. Thus these cells represent potential models for the study of cellular
adhesion. The fibronectins (fn) such as cold insoluble globulin [1] and the large external
transformation-sensitive protein [2] are a group of glycoproteins found in plasma and on
the surfaces of certain cells [3,4]. These proteins have now been implicated in a number
of cellular activities, including the adhesion of cells to one another or to substrata [3.4].
This adhesion promoting property may be mediated by the affinity of fn for collagen
[5] and fibrin [6]. The presence of fn antigen in platelets was suggested by Mosesson
and Umfleet [6], raising the possibility that platelet fn may be involved in the adhesive
properties of platelets.

In this article, we described studies which confirm [7, 8] the presence of fn antigen in
platelets and which provide evidence supporting the intracellular localization of at least
a portion of it in storage granules. ‘
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MATERIALS AND METHODS

Plasma fn

Plasma fn was purified by passage of 2 ml plasma/ml over gelatin sepharose beads
as described by Engvall and Ruoslahti [5]. Bound fn was eluted with 1 M NaBr, pH 5.3.
Homogeneity of fn was verified by polyacrylamide gel electrophoresis in the presence of
B mercaptoethanol and sodium dodecyl sulfate (SDS PAGE) in which greater than 95%
of Coomassie blue stained material was associated with a closely spaced doublet of ap-
parent M;=230,000. The fn produced contained <0.2 ug Factor VIII antigen/mg by
crossed immunoelectrophoresis (kindly performed by Dr. T.S. Zimmerman, Scripps
Clinic).

Anti-fn

Anti-fn was prepared by immunization of rabbits or goats with 1 mg subcutaneous
doses of fn in complete Freund’s adjuvant on a bimonthly schedule. The anti-fn produced
was absorbed by passage through a gelatin-sepharose column and a sepharose column to
which plasma depleted of fn was coupled. Fn antibodies were affinity purified on fn-
sepharose (5 mg fn/ml beads). Following application of the antiserum and thorough
washing, affinity purified anti-fn was eluted. F(ab')2 fragments were prepared by diges-
tion of 7.5 mg purified antibody with 200 ug of pepsin at pH 4.0 for 18 hr at 37°C fol-
lowed by extensive dialysis. Control F(ab")2 fragments were prepared from the 1gG fraction
isolated by DEAE-cellulose chromatography of preimmunization bleedings. Digestion of
>97% of the IgG to F(ab’)2 fragments was observed by SDS-PAGE.

Radioimmunoassay

Fn was radiolabeled with 2*[ to a specific activity of 0.5-1 uCi/ug, and the double
antibody radioimmunoassay was developed similar to those previously described by this
laboratory [8, 9]. Assays were performed in plastic, siliconized tubes at 22°C with '**I-fn
at 15 ng/ml in a buffer system of 0.025 M NaCl, 0.04 M sodium borate, pH 8.3 containing
1% heat-inactivated normal rabbit serum and 1 mM EDTA. The precipitability of the ligand
in 10% trichloracetic acid was usually >90% and non-specific precipitation by second anti-
body was <5%. 1?°I fibrinogen was not bound in this assay and purified Factor VIII antigen
at 1 unit/ml (7.5 ug/ml) produced no inhibition of fn binding. The radicimmunoassay for
platelet factor 4 was performed by previously described methods [10].

Platelets

Platelet-rich plasma was prepared as described [11] and the platelets pelleted by cen-
trifugation at 1,000 X g for 20 min and resuspended in modified Tyrode’s buffer [12]. The
suspension was then gel filtered [13] on sepharose 2B in modified Tyrode’s. '**I-fn, added
to the platelet-rich plasma, was not detected in the isolated platelet fraction; and, on this
basis, a contribution of <200 ng fn/10° platelets due to plasma contamination was esti-
mated. For extraction, platelets were pelleted at 1,000 X g for 10 min and 0.5% triton-X
100 (J.T. Baker Chemical Co., Phillipsburg, NJ) added. After 30 min at 22°C, the mixture
was centrifuged and the supernatant analysed. In experiments in which release was mea-
sured, platelets were prelabeled either with 3H serotonin or **C serotonin + 5!Cr as previously
described [12]. Varying quantities of purified human thrombin (a generous gift of Dr. John
Fenton) were added and the mixture incubated at 37°C for 30 min. Reactions were stopped
by addition of 0.5% (final concentration) formaldehyde, the platelets centrifuged at 2,000
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X g for 20 min and supernatants taken for measurement of radioactivity, platelet factor 4
and fn. Percent release of any constituent was defined as

Cx(u) - Cx(b) 3 149
Cx(+) - Cx(b)

Where Cx = concentration in thrombin treated supernatant (u) or buffer treated (b) super-
natant Cx(+) = concentration in 0.5% triton X-100 lysate.

Immunofluorescence

Immunofluorescent staining was performed on 2% formaldehyde fixed platelets on
polylysine-coated circular glass cover slips. The cells were treated for 3 min with 0.1% triton
X-100 to render them permeable to antibody or were permitted to remain intact. They were
then incubated for 20 min with either goat F(ab’)2 anti-fn or nonimmune-F(ab’)2. The cells
were rinsed with PBS and stained for 20 min with rhodamine-labeled rabbit F(ab")2 anti-goat
immunoglobin (Cappel Lab, Cochranville, PA). The platelets were viewed with a Zeiss Uni-
versal microscope equipped with an HBO SOW mercury lamp and an IVFI epifluorescence
condenser with a BP 546 excitation fitter, a KT 580 chromatic splitter and an LP 590 bar-
rier filter.

RESULTS

Detection of Platelet fn Antigen

In order to determine whether platelets contain fn antigen, washed human platelets
were lysed in Triton X-100 and assayed for fn in radioimmunoassay. When platelets, isolated
by differential centrifugation and gel filtration, were pelleted by centrifugation, <50 ng/mi,
fn was detected in the supernatant by radioimmunoassay indicating a minimal carryover of
soluble plasma fn. In contrast, fn antigen was detected in the 0.5% Triton extract of the
washed platelets (Triton alone was without effect in this assay). As shown in Figure 1 the
platelet lysate produced complete competitive inhibition of similar slope to the purified fn
indicating apparent antigenic identity between the platelet and purified plasma fn. Analysis
of platelet extracts from 12 adult donors showed an average fn level of 2.85 + 1.24 (S.D.)
ug/10° platelets. A plasma fn level of 270 * 176 ug was obtained from 8 donors similar to
reported levels [14]. The yield of detected platelet fn antigen was not increased by increas-
ing the Triton X concentration up to 10-fold nor by addition of 1% 2-mercaptoethanol nor
6M Urea. Thus, at 0.5% Triton X-100 extraction of platelet fn antigen appears complete.

Immunofluorescent Localization of Platelet fn Antigen

The above experiments established the presence of cell-associated fn antigen in plate-
let suspension. To determine whether the antigen was platelet derived and to assess its ac-
cessibility in the resting cell, indirect immunofluorescent staining was performed using
F(ab')2 fragments of immunochemically purified goat anti-fn and rhodamine labeled
F(ab')2 fragments of rabbit anti-goat Ig. As shown in Figure 2, resting, intact platelets
showed only a light, variable, surface speckled staining, When these cells were made per-
meable to the immunofluorescent reagents, either by detergent treatment (as shown) or by
freezing and thawing, staining was markedly enhanced and was present in the punctate pat-
tern with multiple discrete foci per cell. Thus, the detected fn antigen was platelet-associated
and the bulk of antigen was inaccessible to immunofluorescent reagents in intact cells.
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Fig. 1. Inhibition of binding fn -- anti-fu by purified plasma fn or platelet extract. Various dilutions of
platelet extract or purified plasma fn were assayed using the fn radiocimmunoassay described in Materials
and Methods. B = fraction of '**J-labeled fn bound in the presence of competing antigen. Bo = fraction
bound in the absence of competing antigen. (e-———e) platelet extract, (»————0) plasma fn.

Fig. 2. Immunofluorescent localization of platelet fn. Formaldehyde fixed human platelets either in-
tact (-Tx) or permeabilized with 0.1% Triton X-100 (+Tx) were stained with goat F(ab)2 anti-fn fol-
lowed by rhodaminated rabbit anti goat Ig. Prebleed F(ab')2 staining of triton permeabilized platelets
(no Ab) is shown below, blocking controls and prebleed staining of intact cells had a similar appearance.
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Thrombin-Induced Secretion of Platelet fn Antigen

The immunofluorescent experiments described above are consistent with an intra-
cellular location for a major portion of platelet fn. One possibility for such location would
be in a storage granule. To test this, the effect of thrombin, a protease which releases the
contents of platelet storage granules, was examined. As shown in Figure 3, thrombin stim-
ulated release of platelet fn into the supernatant fluid. Serotonin, a dense body constitu-
ent [15] and platelet factor 4, a probable alpha-granule constitutent [16], were virtually all
released by thrombin. In contrast, consistently less than half of Triton X extractable fn
was released by thrombin. To insure that thrombin was not inducing destruction of plate-
let fn antigen, thus accounting for incomplete release, the thrombin-treated platelets were
lysed in Triton X-100 and assayed for fn antigen. As shown in Table I, sufficient fn re-
mained in the thrombin treated platelet pellet to account for the fn not released into the
supernatant. Thus, thrombin induced only a partial release of platelet fn antigen. In experi-
ments in which *'Cr loss was assayed, less than 1% occurred, indicating that fn release was
a selective (ie non-lytic) phenomenon.
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Fig. 3. Thrombin induced release of platelet fn antigen: 100 ul of solutions of various concentrations
of thrombin were mixed with 400 ul of platelets and the mixture incubated at 37°C for 30 min. Reac-

tions were stopped and percent release determined as described in Materials and Methods. (¢ o)
platelet factor 4, (» «) serotonin, (¢ ————e) fibronectin. Means of duplicate determinations.
TABLE I. Recovery of fn Antigen From Thrombin Stimulated Platelets

Source Fibronectin content (ug/ml)
Thrombin stimulated supernatant 2.83+0.2

Thrombin stimulated pellet 6.23 + 2.6

Total fn in resting platelets 8.98 + 0.8

100 ul of thrombin, 12.5 units/ml, were added to 400 ul of platelet suspension and the mixture incubated
at 37°C for 30 min. The platelets were sedimented by centrifugation, and the supernatant removed and as-
sayed for fn antigen (Thrombin stimulated supernatant). 500 ul of a 0.15 m NaCl solution containing 0.5%
Triton X-100 were added to the pellet and the resulting mixture assayed for fn antigen (Thrombin stimu-
lated pellet). To determine the total fn, 400 ul of resting platelets were added to 100 ul 2.5% Triton X-100
and the resultant lysate assayed for fn.
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The above experiments indicated that thrombin released a portion of platelet fn anti-
gen into the supernatant. This raised the possibility that thrombin proteolytically cleaved
platelet surface fn (or an fo receptor) in a manner analagous to trypsin induced release of
fn from fibroblast cultures. To test this possibility, the release of platelet fn in the pres-
ence of an inhibitor of platelet secretion was assayed. As shown in Table II, 2.5 X 1074 M
Suramin abolished thrombin induced serotonin [17] and platelet factor 4 secretion. Fibronectin
release was inhibited as well. Up to 5 X 10™* M Suramin did not inhibit thrombin-induced
clotting of plasma, verifying that the thrombin was proteolytically active in the presence
of the concentrations of Suramin used.

DISCUSSION

The data provided in this report indicate that washed human platelets contain deter-
gent extractable fn-related antigen. The bulk of platelet fn antigen was inaccessible to im-
munofluorescent reagents in resting intact platelets. When the cells were made permeable,
fn antigen stained in a punctate intracellular distribution. When platelet secretion was trig-
gered by thrombin, platelet fn antigen was partially released and fn release was inhibited
by an inhibitor of platelet secretion. Taken together with the immunofluorescent locali-
zation — the apparent secretion of platelet fn antigen supports the localization of at least
a portion of it in storage granules.

The presence of an average of 2.85 ug fn antigen per 107 platelets was detected by
radioimmunoassay of a platelet lysate. The possibility that this represents contaminating
soluble plasma fn appears to be ruled out for three reasons: 1) When radiolabeled plasma
fn was added to the platelet rich plasma prior to washing, less than 200 ng/10° platelets
of plasma fn was detected in the resulting suspension of washed platelets: 2) When the
suspension of washed platelets was centrifuged, less than S0 ng fn antigen/10° platelets
was detected in the platelet free supernatant; 3) Platelet associated fn antigen was dem-
onstrated by immunofluorescence. The slopes of the inhibition curves for platelet and
plasma fn antigens were similar, suggesting that the platelet antigen is immunochemically
and structurally related to the plasma antigen. Whether the 2 proteins are indeed identi-
cal cannot be ascertained from the data presented here. The level of platelet fn antigen
reported here is similar to the value (3.44 ug/10° platelets) recently reported by Zucker
et al [18] in an electroimmunoassay. Since 10° plateléts represents approximately one
milligram of platelet protein, fn related antigen then represents approximately 0.3% of
platelet protein.

TABLE 11. Effect of Suramin on Release of Platelet fn

Percent Release

Treatment I'n P4 Serotonin
Thrombin 28.3 71.1 78.3
Thrombin +

25X 10 M

Suramin 0 0 0.8

100 g1 thrombin (5 units/ml) plus 100 ul Suramin (2.5 X 107*M) or Tyrode’s solution were added

to plastic tubes followed by 800 ul of platelet suspension. Following incubation at 37°C for 30 min,
1 ml of 1% formaldehyde was added, the mixture centrifuged and percent release of each constituent
determined as described in Materials and Mcthods.
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Immunofluorescent examination of intact platelets revealed only a variable, very
light speckled surface staining. This staining was specific in that it was absent from pre-
bleed and blocking controls. When the platelets were made permeable, staining for fn
antigen was markedly enhanced. This suggests that most of the fn antigen is in the in-
terior of resting platelets rather than on the surface. This is corroborated by the results
of Hynes et al [19] who reported that they were unable to stain intact platelets for fn.
Since they used whole antiserum rather than F(ab")2 fragments of affinity purified anti-
body, and stained in the presence of plasma proteins, it is possible that the anticipated
high background may have obscured the minor degree of staining which we observed.
Furthermore, Phillips and Agin {20] did not report radiolabeling of proteins the size of
fn on the surface of resting platelets. Thus, based on immunofluorescence and cell surface
labeling studies there is little detectable fn on the surface of resting platelets.

The punctate pattern of fn immunofluorescent staining in permeable resting plate-
lets was highly similar to the pattern observed for a probable alpha granule constituent,
platelet factor 4 [21]. In addition, we confirmed [18] that, like platelet storage granule
constituents, fn antigen is released from thrombin-stimulated platelets. Release was selec-
tive and was inhibited by an inhibitor of platelet secretion, indicating that fn release may
occur by secretion. Taken together with the immunofluorescent results, these data indicate
that a portion of platelet fn is present in an intracellular storage granule. This possibility is
supported by subcellular fractionation studies [18] in which platelet associated fn was re-
ported to be present in alpha granule rich fractions.

Resting platelets are discrete and are non-adherent as judged by their ability to cir-
culate freely in blood. Following stimulation platelets may adhere to each other, to collagen.
to surfaces, or to fibrin. The data presented here indicate that the bulk of platelet fn antigen
is intracellular, and may be released upon thrombin stimulation, possibly from storage gran-
ules. How releasable or nonreleasable platelet fn might participate in the generation of
platelet adhesiveness is then an important question for future investigation.
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