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Pneumococcus-Induced Serotonin Release from Human Platelets

IDENTIFICATION OF THE PARTICIPATING
PLASMA/SERUM FACTOR AS IMMUNOGLOBULIN

THEODORE S. ZIMMERMAN and HANs L. SPIEGELBERG

From the Scripps Clinic and Research Foundation,

La Jolla, California 92037

ABSTRACT Pneumococcus-induced serotonin release
from human platelets is greatly facilitated by a factor
present in normal human plasma and serum. We have
identified this factor as immunoglobulin by: (a) re-
moving it from plasma and serum with solid phase anti-
Fab antibody; (b) demonstrating its absence from the
serum of an individual with severe immunoglobulin de-
ficiency; and, (¢) showing its presence in IgG prepara-
tions isolated from normal individuals. Evidence sug-
gesting that the release reaction is triggered by pneumo-
coccal antigen-antibody complexes rather than by non-
immune interaction of immunoglobulin with pneumo-
coccus includes: (a) the failure of isolated IgG myeloma
proteins to support release; (b) a lack of correlation
between IgG concentration and “releasing factor ac-
tivity” in normal human sera; (c¢) the identification
of a normal serum that supports release by types II and
III pneumococci but not by type VII; and, (d) the
ability of most normal sera to support release by pneu-
mococcal serotypes 1T and VII, though these types have
not shown nonimmune reactivity with the Fc portion of
the IgG molecule. The ability of antibodies present in
normal serum to support pneumococcus-induced sero-
tonin release suggests that the thrombocytopenia seen
in pneumococcal infection may at least in part be caused
by pneumococcal antigen-antibody complexes.

INTRODUCTION

Thrombocytopenia, sometimes accompanied by thrombo-
hemorrhagic complications, frequently accompanies in-
fection with different strains of microorganisms (1-3).
Though the mechanism of this thrombocytopenia is
often not understood, it has been shown that several
strains of bacteria can induce human platelets to ag-
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gregate and/or cause release of serotonin and nucleo-
tides with the participation of a plasma/serum factor
or factors (4-6). We have identified the factor that
interacts with pneumococcus to induce release of sero-
tonin from human platelets as immunoglobulin. Our
studies indicate that the release is induced by pneumo-
coccal antigen-antibody complexes and that antibodies
capable of supporting this reaction are present in the
great majority, if not all, of normal human plasma and
sera. This reaction between pneumococcus, antibody,
and platelets may play an important etiologic role in
the thrombocytopenia and/or thrombo-hemorrhagic
(7-9) complications accompanying infections with this
microorganism.

METHODS

Preparation  of ["Clserotonin labeled platelets. The
method of preparing washed platelets was modified from
methods described previously (10, 11). Venous blood (45
ml) was taken into 5 ml of acid citrate dextrose (ACD
formula A) in 50-ml conical plastic culture tubes. The
cellular constituents of the blood were separated from
plasma by centrifugation at 2,300 g for 15 min at ambient
temperature (22-25°C) and then suspended in a volume of
modified Tyrode’s buffer equal in volume to the plasma
volume. 40 uCi of [“C]serotonin (New England Nuclear,
Boston, Mass.) were added to the 50-ml cell suspension and
the mixture was incubated at 37°C for 30 min. The cellular
constituents of the suspension were then removed by centrifu-
gation at 2,300 g for 15 min and washed four times by re-
suspension in Tyrode’s buffer. The cell mixture was then
resuspended in sufficient buffer to reconstitute the mixture
to the initial whole blood volume. The platelets were then
separated from the other cellular elements by slow cen-
trifugation at 190 g for 15 min, and the small number of
red and white cells that remained were removed by cen-
trifugation at 620 g for 60 s.

Tyrode’s buffer was modified in the following ways: the
initial suspending buffer and that used for washing con-
tained 0.03 M adenosine to prevent aggregation. Adenosine
was omitted from the final suspending buffer. Calcium was
omitted from all but the final suspending buffer. It was
also omitted from the final suspending buffer if plasma (as
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opposed to serum or isolated protein preparations) was
used in the succeeding experiments. Bovine serum albumin
was used at a concentration of 5% in the initial suspending
buffer and at a concentration of 2% thereafter. Platelet
counts of the final suspension varied between 200,000 and
600,000/mm® with less than 0.1% of contaminating red or
white cells present.

Preparation of platelet-rich plasma, plasma, and sera.
Normal platelet-rich plasma, plasma, and sera were ob-
tained from volunteer donors between the ages of 21 and
40 yr who gave no history of previous pneumococcal infec-
tions or of any respiratory infections within the previous 2
mo.

Platelet-rich plasma was prepared from citrated whole
biood by centrifugation at 190 g for 15 min, and contained
3-5 X 10° platelets/mm®. Plasma was prepared from ci-
trated whole blood by centrifugation at 2,300 ¢ for 15 min.
Serum was prepared by allowing whole blood to clot 2 h
at 37°C. The clot and formed elements were removed by
centrifugation at 2,300 ¢g for 15 min. Plasma and sera were
used fresh or stored at —70°C.

IgG concentrations of normal sera were determined by
radial immunodiffusion. The immunoglobulin G, A, D, and
M concentrations of the serum of an individual with severe
pan immunoglobulin deficiency were determined to be
below 10 ug/ml by double diffusion. None of these proteins
were detected with monospecific antisera capable of detect-
ing purified preparations of these proteins at concentrations
of 10 ug/ml.

Isolation of immunoglobulins. Normal IgG was prepared
by precipitating the globulin fraction of a pool of three nor-
mal sera or of the serum of a single normal donor with
ammonium sulfate and isolating the IgG by DEAE cellu-
lose chromatography with 0.01 M phosphate buffer at pH
8.0. Alternatively, normal IgG was isolated from Cohn
fraction II (American Red Cross) by the same method.
IgG myeloma proteins of slow electrophoretic mobility
were isolated directly from serum by DEAE cellulose chro-
matography with 0.005 M phosphate buffer at pH 8. 1gG
myeloma proteins of fast gamma or beta electrophoretic
mobility were isolated by Pevikon block electrophoresis
(Mercer Consolidated Corp., Yonkers, N. Y.) followed
by Sephadex G-200 gel filtration (Pharmacia Fine Chemi-
cals, Inc, Piscataway, N. J.). When the isolated pro-
teins were analyzed by immunoelectrophoresis at a con-
centration of 20 mg/ml with sheep anti-whole human
serum (Hyland Division, Travenol Laboratories, Inc., Costa
Mesa, Calif.), no serum proteins other than IgG were de-
tected. To minimize the amount of normal IgG in the IgG
myeloma proteins, whenever possible sera from patients
having 4 g or more myeloma proteins/100 ml of serum were
used. The class and light chain type were determined by
double diffusion in agar by using specific rabbit antisera
prepared according to the method of Fahey and Mec-
Laughlin (12). The IgG subclasses were identified with
specific rabbit antisera (13).

F(ab); and Fc fragments of normal IgG were pre-
pared as previously described (14). All immunoglobulins
had been dialyzed against 0.15 M sodium chloride and were
diluted at least one part to four parts in Tyrode’s buffer
before use.

Fibrinogen was provided by Drs. Thomas Edgington
and Edward Plow. It was prepared as previously described
(15), was 95% clottable, and gave one band on sodium
dodecyl sulfate polyacrylamide electrophoresis. It was dia-
lyzed against phosphate-buffered saline before use (0.01 M
Na,PO,, 0.15 M NaCl, pH 7.3).

Immunoglobulin and Pneumococcus in Platelet Release

Preparation of pneumococci. Three different isolates of
pneumococci, type III were used; these were provided by
Dr. Edward Goldzimmer, Oceanside, Calif.; by Dr. Robert
Austrian, Department of Research Medicine, University of
Pennsylvania, School of Medicine, Philadelphia, Pa.; and
by Mr. John Cortney, Department of Microbiology, Wash-
ington University, School of Medicine, St. Louis, Mo. Dr.
Robert Austrian also provided isolates of types II and VII.
Pneumococci were subcultured on blood agar plates in a
5% CO. atmosphere. They were passed through mice if
their activity in these experiments appeared to be decreas-
ing and/or if they began to lose their capsules. For use in
these studies, the pneumococci were grown for 16-18 h at
37°C in Trypticase soy broth in a 5% CO. atmosphere and
harvested by centrifugation at 27,000 g for 30 min, re-
washed four times in barbital-buffered saline, and sus-
pended in approximately 1/20 of the culture volume of
normal saline. Pneumococci were then heated for 1 h at
100°C to inactivate pneumolysin and stored at —70°C.
Before use they were diluted to the appropriate concentra-
tion in barbital-buffered saline (usually 8 X 10%°/ml).

Preparation of solid phase anti-F(ab): antibody (anti-
(Fab')s beads). Anti-F(ab’)s: sera were prepared in rab-
bits as described previously (16) and the globulin fraction
isolated by precipitation with 50% saturated ammonium
sulfate. The antibody globulin was coupled to Sepharose
2B beads (Pharmacia Fine Chemicals) by cyanogen bro-
mide as described elsewhere (16a). The globulin fraction
from a pool of normal rabbit serum was similarly coupled
to Sepharose 2B beads for use as a control.

Depletion of “releasing factor” from diluted plasma and
serum was accomplished by incubating equal volumes of
anti-F (ab). beads or control beads and diluted plasma or
serum for 4 h at room temperature with constant rocking.
The beads were then removed by centrifugation at 7,000 g
for 5 min.

Release of radiolabeled serotonin from human platelets.
Release of ["Clserotonin from radiolabeled platelets was
determined in the following manner. 25 ul of platelet sus-
pension was incubated with 200 ul of either plasma, serum,
isolated protein preparations, or Tyrode’s buffer or dilutions
of plasma, sera, or isolated proteins in the modified Tyrode’s
buffer used for the final platelet suspension. 20 ul of bac-
terial suspension or barbital-buffered saline was then added.
Incubations were routinely continued for 15 min without
stirring. Platelets were then removed by centrifugation at
7,000 g for 5 min and 200 ul of the supernate were then
placed in 10 ml of Aquasol (American Cyanamid Co.,,
Wayne, N. J.) and counts per minute were determined in
the Packard Tricarb liquid scintillation counter (Packard
Instrument Co., Inc., Downers Grove, Ill.). The 100%
platelet [“C]serotonin was determined by counting 200 ul
of an uncentrifuged control sample containing 200 ul of
Tyrode’s buffer, 25 ul of platelets, and 20 ul of barbital
saline (usually 1,000-2,000 cpm). Percent release was cal-
culated by dividing counts per minute in supernates by the
counts per minute in the 100% control. Each sample was
run in duplicate and the results were averaged.

Pueumococcus-induced platelet aggregation. Pneumococ-
cus-induced platelet aggregation was shown by placing 100
ul of platelet-rich plasma and 10 ul of a suspension of type
IIT pneumococci in a stirred cuvette of 6-mm I.D. at 37°C
for 2 min and examining for aggregation under a phase
microscope. As a control, 10 ul of barbital saline was sub-
stituted for the pneumococcal suspension. Concentration of
pneumococci was 5.27 X 10°/ml.
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Ficure 1 The effect of the concentration of pneumococcus
on platelet release of [“C]serotonin. Platelets, at a con-
centration of 2.4 X 107, were incubated with a decreasing
concentration of pneumococcus beginning with 9.6 X 107/ml
and normal human serum or buffer. The ratio of platelets
to pneumococci is indicated on the horizontal axis. Diluted
serum in the absence of pneumococcus did not cause release
beyond that seen with buffer in the absence of pneumococ-
cus. Type III pneumococcus was used.

Lactic dehydrogenase activity. Lactic dehydrogenase ac-
tivity was determined on a DuPont automated clinical ana-
lyzer (DuPont Instruments, Wilmington, Del.).

RESULTS

Demonstration of a releasing factor in normal human
plasma and serum participating in pneumococcal-induced
release of ["Clserotonin from human platelets. Large
numbers of heat-killed pneumococci occasionally in-
duced serotonin release in the absence of plasma or
serum. However, when the number of pneumococci was
reduced to approximately 2 X 10°/ml or less, serum
or plasma was necessary to support this release. In the
following experiments a final concentration of pneumo-
cocci was chosen (usually between 7 and 9 X 10"/ml)
that produced no release in the absence of plasma or
serum. Though a smaller number of platelets, (2 —6 X
10°) per milliliter than pneumococci was routinely in-
cluded in the reaction mixture, significant release was
still seen when the pneumococcus concentration was
reduced to } that of the platelets (Fig. 1).

Each of 31 normal human sera tested interacted with
type III pneumococci to induce the release reaction.
15 of these sera were tested with types II and VIL
14 supported release with type VII and 15 with type
II. The titer of serum factor varied from individual
to individual and titers were higher with type III than
with the other two types (Table I). All three isolates
of type III induced release equally well but only one
was used for the following experiments. The method
of titrating the releasing factor in normal sera is il-
lustrated in Fig. 2. Though undiluted serum or plasma
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in the absence of pneumococcus usually induced mod-
erate release, addition of pneumococcus increased the
release threefold or more. It was possible to dilute most
sera so that they no longer induced release beyond that
seen with the diluent buffer alone (4-8%), but in the
presence of pneumococcus released as much as 909, of
the [“C]serotonin. The ability of plasma to support
release was similar to that of serum from the same
individual with regard to titer. However, the absolute
percentage of [“C]serotonin released with undiluted

TasLE 1
Triters of Releasing Factor: Comparison with
IgG Concentration

Type II Type 111 Type VII
Subject* IgG titer titer titer
mg/100 ml

1 750 100

2 1,050 300

3 1,150 100

4 9,600 100

5 1,100 300

6 830 5

7 800 10

8 495 5

9 3,390 S
10 750 200
11 920 40
12 080 40
13 815 20
14 850 40
15 1,000 40
16 1,750 320
17 600 20 320 20
18 1,250 10 160 10
19 925 10 160 5
20 820 80 320 40
21 1,220 20 160 10
22 1,060 40 640 40
23 780 20 320 10
24 980 80 320 80
25 1,080 20 320 10
26 860 40 320 10
27 1,020 20 160 20
28 1,360 40 320 80
29 670 40 320 20
30 600 10 160 10
31 870 2 20 0
32 <1 0 0 0

Titer is expressed as the reciprocal of the dilution giving a
pneumococcus/buffer release ratio of 1.3 or greater with two
different platelet preparations (see Fig. 2). No correlation
between titer and IgG concentration was found (for type I1
7 = 0.0099; type II1I » = 0.1078; type VII r = 0.3371).

* Subjects 1 through 31 were normal volunteers; subject 32
was pan immunoglobulin deficient.



plasma was sometimes less (509,) than that seen with
undiluted serum.

Platelets from each of 20 normal individuals tested
released at least 509, of their [*C]serotonin (most
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Ficure 2 Titer of releasing factor in two normal human
sera and that of an individual with severe pan immuno-
globulin deficiency. Platelets, at a concentration of 2.4 X
10°/ml and pneumococcus, at a concentration of 9.9 X 107/
ml, or buffer, were incubated with decreasing concentrations
(higher dilutions) of serum. With undiluted serum some
“spontaneous” release, beyond that seen with diluent buffer
alone, occurred in the absence of pneumococcus. However,
with normal serum an increase in serotonin release occurred
when pneumococcus was added. No such increase was
seen when pneumococcus was added to immunoglobulin de-
ficient serum. Sera, such as No. 2, with high titers of re-
leasing factor showed no release (above that seen with
diluent buffer alone) when tested at higher dilutions, unless
pneumococci were added. A ratio of pneumococcal-induced
release to that with buffer alone of greater than 1.3 was
arbitrarily used as the end point in determining titers
(1/10 for No. 7 and 1/300 for No. 2). In the experiments
shown in this figure, type III pneumococcus was used.

Immunoglobulin and Pneumococcus in Platelet Release

released between 70 and 959, ) in the presence of normal
serum and type III pneumococcus.

Time course of release. Release was maximum at
the end of a 1-min incubation. For convenience, how-
ever, 15-min incubations were routinely used in the
following experiments.

Platelet aggregation occurred upon addition of type
IIT pneumococcus to the platelet-rich plasma of each
of six normal individuals.

Absence of platclet lysis and lack of complement re-
quirement for relecase. Serotonin release appeared to
be accomplished without lysis, and also without the
participation of complement. After release, platelets
were intact by observation on phase microscopy. In
addition, no detectable leakage of lactic dehydrogenase
was associated with the serotonin release. This was
determined by using isolated IgG as a substitute for
serum (see below). Though 709 of platelet [*C]sero-
tonin was released in the presence of type III pneumo-
coccus and IgG (0.1 mg/ml), no lactate dehydrogenase
could be found in the supernates. On freeze-thawing of
the control, uncentrifuged platelet-TgG reaction mixture,
however, 17 Dupont IUB U/liter were detected in the
supernate.

Participation of the complement system in this re-
lease reaction appeared precluded by: (a) the failure
of heating (56°C for 30 min), or the presence of 0.015
M EDTA, to alter the releasing capacity of serum
(Table II); and (b) the ability of isolated IgG to
support release (Table I11).

Identification of the plasma/serum releasing factor
as IgG. Three separate lines of evidence serve to iden-
tify the releasing factor as IgG. First, the releasing
factor could be removed from diluted plasma or serum

TasLE II

Lack of Effect of Heating and EDTA on Serum
Releasing Factor

Release
[uC]Jserotonin

Pneumo- Ratlo
Releasing factor source coccus Buffer (Pn/Bu)
T %o
Unheated serum 86 22 3.9
Heated serum (56°, 30 min) 87 20 14
Serum + EDTA (0.015 M) 84 23 3.7
Buffer 5 6 0.8

Platelets were incubated with serum treated as indicated and
pneumococcus or buffer. As a control, platelets were incu-
bated with pneumococcus and/or buffer but no serum. Calcium
was excluded from the platelet suspension buffer in these ex-
periments. The ratio of release with pneumococcus to release
with buffer (Pn/Bu) is indicated. Type TIT pneumococcus
was used.
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TaBLE III
Releasing Capacity of Normal IgG: Comparison with IgG
Fragments, Myeloma IgG, and Fibrinogen

Release
[14C Jserotonin
Protein Concen- Pneumo- Ratio
preparation tration coccus Buffer (Pn/Bu)
mg/ml % %
1gG 2.0 95 40.0 2.4
IgG 0.1 75 6.3 12
I1gG 0.05 40 6.5 6
Fc 2.0 20.0 21 1.0
Fab 3.0 12 13 0.9
1gG1, « myeloma 2.0 32 30 1.1
1gG1, X myeloma 2.0 36 37 1.0
IgG:2, X myeloma 2.0 20 20 1.0
I1gGs, « myeloma 2.0 40 42 1.0
I1gGs, X myeloma 2.0 26 32 0.8
Fibrinogen 250 6.5 7 0.9
Buffer 0 7 7 1.0

Platelets were incubated with the indicated protein (or buffer as a control)
and pneumococcus or buffer. Normal and myeloma proteins at high con-
centrations (>2.0 mg/ml) induced significant release in the absence of
pneumococcus but only normal IgG showed increased release in its presence
(Pn/Bu ratio > 1.3). Normal IgG was isolated from a pool of three normal
sera. Similar results were seen with IgG from a single donor or from a larger
pool (American National Red Cross Cohn Fraction II). Type III pneu-
mococcus was used.

by monospecific solid phase anti-Fab antibody (Ta-
ble IV); second, serum from an individual with severe
pan immunoglobulin deficiency (IgG, IgA, IgD, IgM,
less than 10 ug/ml) failed to support the release reac-
tion (Fig. 2 and Table I); and third, the release reac-
tion was supported by preparations of immunoglobulin
G isolated from normal human sera (Table IIT). The
IgG isolated from a single individual or from pools of
several individuals were equally effective in this re-
gard. The IgG preparations gave only one line against
anti-whole human serum and none of the other im-

TaABLE IV
Removal of Releasing Factor by Anti-F(ab), Antibody

[4CJSerotonin release

Pneumo- Ratio
coccus Buffer (Pn/Bu)
o o
Plasma (1:40) + anti-F(ab): beads 6 7 0.9
Plasma (1:40) 4+ NR beads 73 8 9.1
Serum (1:40) + anti-F (ab)2 beads 4 7 0.7
Serum (1:40) + NR beads 75 9 8.3
Buffer 3 5 0.6

Platelets were incubated with pneumococcus or buffer and with diluted
plasma or serum that had been previously absorbed with an equal volume
of rabbit globulin covalently linked to agarose beads (see Methods). The
globulin was made either from serum monospecific for F(ab): fragments
(anti-F (ab): beads) or from normal rabbit serum (NR beads). As a final
control, platelets were incubated with buffer with and without pneumo-
coccus. Type 111 pneumococcus was used.
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munoglobulin classes were detectable on Ouchterlony
double diffusion. No correlation between releasing fac-
tor activity titer and subject serum IgG concentration
was demonstrated (Table I), even though the releasing
factor clearly is immunoglobulin in nature. Isolated
fibrinogen in a concentration of 250 mg/ml did not
support release.

Only the intact IgG molecule could be shown to
support pneumococcal-induced release. Fc and Fab
fragments prepared from isolated IgG failed to sup-
port release at concentrations 40 and 60-fold higher,
respectively, than the intact parent IgG molecule (Ta-
ble IIT).

Release was not supported to a significant degree
by five myeloma IgG preparations tested at 2 mg/ml.
This contrasts with the ability of a normal IgG prepara-
tion to support release at concentrations as low as 0.05
mg/ml.

DISCUSSION

Septicemia with pneumococci and other bacteria, as
well as infection with viruses and fungi, may be as-
sociated with thrombocytopenia with or without as-
sociated intravascular coagulation (1-3, 7-9). The mech-
anism for this thrombocytopenia, however, often is
not clear. Microorganisms interact with platelets in
vitro in diverse ways. Some bacterial and viral prod-
ucts have a direct lytic effect on platelets (17, 18).
Yeast cell walls (zymosan) on the other hand, re-
quire participation of the alternative complement path-
way as well as fibrinogen to induce platelet release
(19). One or more serum factors also participate in
the interaction of several bacterial species with platelets.
In this study, we have shown that for the pneumococcus
and normal plasma or serum, the factor is immunoglob-
ulin, without the participation of other plasma/serum
factors. Solid phase anti-F(ab): antibody removed the
releasing factor from plasma and serum, the factor
was absent from the serum of an individual with severe
pan immunoglobulin deficiency (though present in the
sera of all normal individuals tested), and releasing
factor was present in preparations of IgG isolated from
single or pooled normal sera.

Immunoglobulins have been shown to induce plate-
let release either when participating in immune reac-
tions as antigen-antibody complexes (20-23) or by
nonimmune mechanisms such as coating of glass or
polymethylmethacrylate beads (24). Aggregated im-
munoglobulins of all the IgG subclasses have been
shown to induce platelet release in the absence of anti-
gen or particulate matter (25, 26). The release reaction
induced by pneumococcus and immunoglobulin is typi-
cal of that seen with immune aggregates, in that it is
not prevented by EDTA and, in contrast to ADP- and



epinephrine-induced release, stirring is not necessary
(27, 28). The ability of type III pneumococcus to in-
duce aggregation in platelet-rich plasma suggests that
pneumococcal-induced release is not simply the re-
sult of changes occurring in the platelet during washing.
Though immune complex-induced release from rab-
bit platelets (20-22) requires complement (29), re-
lease from human platelets does not (25, 26).

Bacteria may interact with immunoglobulin by non-
immune mechanisms as well as by the formation of
antigen-antibody complexes. A cell wall component of
many strains of staphylococci, known as protein A,
reacts with the Fc region of several IgG subclasses
(30, 31). Although some strains of pneumococcus also
react with the Fc region in a nonimmune manner (32),
it is unlikely that the platelet release studied here is
induced by such a mechanism. Rather, several lines
of evidence indicate that classical antigen-antibody
complexes are responsible. First, the releasing factor
titers in different normal sera do not correlate with
the IgG content. Secondly, serum from a normal indi-
vidual supported release induced by type III and type
II pneumococcus but not type VII. Thirdly, types II
and VII induced release with 15 of 15 and 14 of 15 nor-
mal sera, respectively, though these types have not
shown nonimmune reactivity with the Fc portion of
the immunoglobulin molecule (32). In addition, mye-
loma proteins at concentrations of 2 mg/ml failed to
support release whereas as little as 0.05 mg/ml of
normal IgG sufficed Finally, neither isolated Fc or Fab
fragments of normal IgG (at 2 and 3 mg/ml, respec-
tively) supported release, though the intact parent IgG
did so at 0.05 mg/ml.

It is not known to what extent this mechanism con-
tributes to the interaction of other microorganisms
with platelets. Viral antigen-antibody complexes have
been shown to induce platelet agglutination (33).
Streptococcal and staphylococcal-induced platelet re-
lease and aggregation have been shown to be supported
by IgG, though the characteristics of the preparation
used were not specified. Unlike pneumococcal-induced
release, streptococcal- and staphylococcal-induced re-
lease was also supported by fibrinogen (4).

The stimulus giving rise to the antibodies capable of
interacting with pneumonococcus to promote platelet
serotonin release is not known. Clinically inapparent
pneumococcal infection might be responsible, as might
antigens giving rise to cross-reacting antibodies (34).
Regardless of their cause, their presence in all normal
sera tested suggests a potential role for them in the

thrombocytopenia occurring during infection with this
organism.

Immunoglobulin and Pneumococcus in Platelet Release

ACKNOWLEDGMENTS

We are indebted to Mr. Murray Towle for his technical
assistance and to Mrs. Sharon Dinwiddie for preparation
of the manuscript.

This work was supported by U. S. Public Health Ser-
vice grants HL-15491 and AI-10734 and American Heart
Association grant 73-753.

REFERENCES

1. Corrigan, J. J., Jr. 1974. Thrombocytopenia: a labora-
tory sign of septicemia in infants and children. J. Pedi-
atr. 85: 219-221.

2. Riedler, G. F,, P. W. Straub, and P. G. Frick. 1971,
Thrombocytopenia in septicemia. Helv. Med. Acta. 36:
23-38.

3. Yoshikawa, T., K. R. Tanaka, and L. B. Guze. 1971.
Infection in disseminated intravascular coagulation.
Medicine (Baltimore). 50: 237-258.

4. Turpie, A. G. G, and I. O. Stewart. 1973. The effect
of bacteria on platelet aggregation and the platelet re-
lease reaction. Fed. Proc. 32: 835. (Abstr.)

5. Clawson, C. C, and J. G. White. 1971. Platelet inter-
action with bacteria. I. Reaction phases and effects of
inhibitors. Am. J. Pathol. 65: 367-380.

6. Clawson, C. C, and J. G. White. 1971. Platelet inter-
action with bacteria. II. Fate of the bacteria. Awm. J.
Pathol. 65: 381-395.

7. Seeler, R. A,, W. Metzger, and M. A. Mufson. 1972,
Diplococcus pneumoniae infections in children with
sickle cell anemia. Am. J. Dis. Child. 123: 8-10.

8. Case records of the Massachusetts General Hospital.
1973. N. Engl. J. Med. 288: 1173-1180.

9. Stossel, T. P., and R. Levy. 1970. Intravascular coagu-
lation associated with pneumococcal bacteremia and
symmetrical peripheral gangrene. Arch. Intern. Med.
125: 876-878.

10. Mustard, J. F., D. W. Perry, N. G. Ardlie, and M. A.
Packham. 1972. Preparations of suspensions of washed
platelets from humans. Br. J. Hematol. 22: 193-204.

11. Bang, N. U, R. O. Heidenreich, and M. Matsuda. 1970.
Plasma protein requirements for human platelet aggre-
gation. Thromb. Diath. Haemorrh. 42s: 37-48.

12, Fahey, J. L., and C. McLaughlin. 1963. Preparation of
antisera specific for 6.6 S y-globulins, B globulins, v1-
microglobulins and for type I and type II common ¥
globulin determinants. J. Immunol. 91: 484-497.

13. Spiegelberg, H. L., and W. O. Weigle. 1968. The pro-
duction of antisera to human G subclasses in rabbits
using immunologic unresponsiveness. J. Immunol. 101:
377-380.

14. Spiegelberg, H. L., and W. O. Weigle. 1965. The catab-
olism of homologous and heterologous 7S gamma glob-
ulin fragments. J. Exp. Med. 121: 323-338.

15. Doolittle, R. F., D. Schubert, and S. A. Schwartz.
1967. Amino acid sequence studies on artidactyl fibrino-
peptides. I. Dromedary camel, mule deer, and cape buf-
falo. Arch. Biochem. Biophvs. 118: 456-467.

16. Spiegelberg, H. L., and W. O. Weigle. 1967. Immune
response to human 4G-immunoglobulin in rabbits un-
responsive to Fc fragment and H chain protein. J. Im-
munol. 98: 1020-1027.

16a. Cuatrecasas, P.,, M. Wilcheck, C. B. Anfinsen. 1968.
Selective enzyme purification by affinity chromatogra-
phy. Proc. Natl. Acad. Sci. U. S. A. 61: 636-643.

833



17.

18.

19.

21

22.

23.

24.

834

Bernheimer, A. W., and L. L. Schwartz. 1964. Lyso-
somal disruption by bacterial toxins. J. Bacterial. 87:
1100-1104.

Chernesky, M. A., R. P. B. Larke, and A. G. G. Turpie.
1973. Interaction between viruses and platelets. Require-
ment of haemolytic activity for platelet aggregation in-
duced by paramyxoviruses. J. Gen. Virol. 21: 205-213.
Zucker, M. B., R. A, Grant, C. A. Alper, I. Goodkofsky,
and I. H. Lepow. 1974. Requirement for complement
components and fibrinogen in the zymosan-induced re-

lease reaction of human blood platelets. J. Immunol.
113: 1744-1751.

. Siqueira, M., and R. A. Nelson, Jr. 1961. Platelet ag-

gregation by immune complexes and its possible role in
hypersensitivity. J. Immunol. 86: 516-525.

Humphrey, J. H., and R. Jaques. 1955. The release of
histamine and 5-hydroxytryptamine (serotonin) from
platelets by antigen antibody reactions (in vitro). J.
Physiol. (Lond.). 128: 9-27.

Movat, H. Z., J. F. Mustard, N. S. Taichman, and T.
Urivhara. 1965. Platelet aggregation and release of
ADP, serotonin and histamine associated with phago-
cytosis of antigen-antibody complexes. Proc. Soc. Exp.
Biol. Med. 120: 232-237.

Mueller-Eckhardt, C. L., and E. F. Liischer. 1968. Im-
mune reactions of human platelets. I. A comparative
study on the effects on platelets of heterologous anti-
platelet antiserum, antigen-antibody complexes, aggre-
gated gamma globulin and thrombin. Thromb. Diath.
Haemorrh. 20: 155-167.

Packham, M. A, E. E. Nishizawa, and J. F. Mustard.
1968. Response of platelets to tissue injury. Biochem.
Pharmacol. (Special suppl.), 171-184.

. Henson, P. M., and H. L. Spiegelberg. 1973. Release

of serotonin from human platelets induced by aggre-

T. S. Zimmerman and H. L. Spiegelberg

26.

27.

28.

29.

30.

31

32.

33.

34.

gated immunoglobulins in different classes and sub-
classes. J. Clin. Invest. 52: 1282-1288.

Pfueller, S. L., and E. F. Liischer. 1972. Affects of
aggregated immunoglobulins on human blood platelets
in relation to their complement fixing abilities. I.
Studies of immunoglobulins of different types. J. Im-
munol. 109: 517-525.

Zucker, M. B. 1974, Platelets. In The Inflammatory
Process. W. Zweifach, L. Grant, R. T. McCloskey,
editors. Vol. I, 2nd edition. Academic Press, Inc., New
York. 511-543.

Pfueller, S. L., and E. F. Liischer. 1972. The effects of
immune complexes on blood platelets and their relation-
ship to complement activation. Immunochemistry. 9:
1151-1165.

Henson, P. M., and C. G. Cochrane. 1969. Immuno-
logical induction of increased vascular permeability. II.
Two mechanisms of histamine release from rabbit
platelets involving complement. J. Exp. Med. 129: 167-
184,

Fosgren, A. and J. Sjoquist. 1966. “Protein A” from
S. aureus. I. Pseudo-immune reaction with human -
globulin. J. Immunol. 97: 822-827.

Fosgren, A, and J. Sjoquist. 1967. “Protein A” from
Staphylococcus aureus. III. Reactions with rabbit «-
globulin. J. Immunol. 99: 19-24.

Stephens, C. G., W. P. Reed, G. Kronvall, and R. C.
Williams, Jr. 1974. Reactions between certain strains
of pneumococci and Fc of 1gG. J. Immunol. 112: 1955-
1960.

Myllyla, G., A. Vaheri, T. Vesikari, and K. Penttinen.
1969. The interaction between human blood platelets,
viruses and antibodies. Clin. Exp. Immunol. 4: 323-332.
Reed, W. P., G. W. Drach, and R. C. Williams, ]Jr.
1974. Antigens common to human and bacterial cells.
IV. Studies of human pneumococcal disease. J. Lab.
Clin. Med. 83: 599-610.



