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The mechanism leading to the hypercoagulability in pan-
creatic carcinoma is unclear. The rapid progress of the
disease after its diagnosis and the inaccessibility of the
tumor make studies on the mechanism difficult in man.
With the successful induction ofthis malignancy and con-
version of it into an ascites tumor in Syrian golden ham-
sters, interactions between isolated tumor cells and in-
dividual hemostatic components can be investigated. In
this paper, studies on in vitro tumor cell-platelet inter-
actions and some hemostatic changes in hamsters follow-
ing intravenous injection of isolated tumor cells are de-
scribed. Freshly isolated tumor cells and tumor-cell
sonicates, but not those that had been kept at 4 or - 70 C
overnight, induced comparable aggregation of human
platelets in both heparinized and citrated platelet-rich
plasmas (hPRP and cPRP). The aggregation was not fol-
lowed by clot formation; a specific synthetic thrombin

THE INTERACTIONS between platelets and various
types of human and experimental tumors have been
studied by several groups of investigators.19 Some tu-
mor cell lines activate homologous and heterologous
platelets in vitro; others do not. Several mechanisms,
including promotion of thrombin formation from
plasma procoagulants, release of adenosine diphos-
phate (ADP) from platelets, and involvement of com-
plement and tumor cell surface vesicles, are known to
underlie the activation of platelets by tumor cell
lines.10-13 Regardless of which mechanism is responsi-
ble, the activation of platelets by most tumor cell lines
occurs only in heparinized and not in citrated platelet-
rich plasma. It has been found that tumors that induce
platelet aggregation in vitro seem to have a greater
propensity for metastatic spread.14"- Intravenous in-
jection of those tumors that are capable of activating
platelets in vitro often leads to thrombocytopenia and
deposition of platelets in the lungs of experimental
animals. 14 5 Platelet-tumor-cell interactions in vivo are
thought to be an important facet of the metastatic pro-
cess. 18-22 Therefore, it is necessary to elucidate the mech-
anism underlying the interactions between platelets and
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inhibitor had no effect on the aggregation in either hPRP
or cPRP. Washed and gel-filtered platelets, even in the
presence of 5% of citrated or heparinized platelet-poor
plasma (cPPP or hPPP) failed to be aggregated by tu-
mor cells. Tumor-cell-induced platelet aggregation was
accompanied by thromboxane formation and serotonin
release, both ofwhich were several orders ofmagnitude
greater in cPPP than in hPRP. Aspirin, apyrase, and PGI2
all inhibited tumor-cell-induced platelet aggregation in
both PRPs, but the inhibition by aspirin was minimal.
Intravenous infusion of isolated tumor cells into normal
hamsters resulted in a 50% reduction of platelet count
and a 20-30% decline in antithrombin III and fibrino-
gen. Platelet aggregates and fibrin strands were seen in
the lungs of these animals. (Am J Pathol 1986, 122:
160-168)

a given type of tumor if the metastatic process of that
tumor is to be better understood.

Pancreatic cancer (usually ductal adenocarcinoma)
is a highly metastatic tumor with profound effects on
the hemostatic system.23 The mechanisms underlying
these effects have not been closely studied, partly be-
cause of the rapid progress of the disease after its diag-
nosis in man and also because of the technical difficul-
ties in obtaining these tumors for study. The successful
induction of a transplantable pancreatic ductal adeno-
carcinoma and its conversion into an ascites tumor in
experimental animals in recent years24 25 have provided
an opportunity for close examination. In this paper,
we report the interactions between an experimental pan-
creatic ductal ascites tumor and platelets and the ob-
servation of some hemostatic changes following an in-
travenous injection of isolated tumor cells in hamsters.
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Materials and Methods

Ascites Tumor

Pancreatic ductal adenocarcinoma was originally in-
duced in the Syrian golden hamsters by repeated injec-
tion of N-nitroso-bis(2-oxopropyl)amine and converted
to an ascites tumor.24.25 The tumor was carried by in-
traperitoneal injection of 0.25 ml of ascitic fluid (r'0.25
x 101 tumor cells) into weanling Syrian golden ham-
sters. After 7-10 days, approximately 10 ml of ascitic
fluid was withdrawn and centrifuged at 80g for 4
minutes. Tumor cells, now in the lower two-fifths of the
tube, were washed with phosphate-buffered saline (PBS)
for further removal of contaminating hematopoietic
cells. Isolation of single tumor cells was achieved by
the method of Becich and Reddy26 with some modifica-
tions. First, the tumor cells were subjected to two 15-
minute incubations with collagenase (150 units/ml;
Worthington Biochemicals, Freehold, NJ) in Krebs-
Ringer buffer (pH 7.6). Following this, the cells were
exposed to EDTA (2 mM) in calcium/magnesium-free
Krebs-Ringer buffer three times for 5 minutes each and
washed three more times with PBS. The preparation
was then filtered through a 37-s nylon mesh for removal
of undissociated tumor cell clumps. The filtered cells
were examined for purity and viability (trypan blue ex-
clusion) under a phase-contrast microscope. All tumor
cell preparations were >95% pure and >90% viable.
The cell count was adjusted to about 5 x 106/ml and
used in platelet aggregation studies. For some prepara-
tions, a portion of it was fixed for transmission elec-
tron microscopy,27 and another was sonically disrupted.

Hamster Blood

In preliminary studies, 2.5-3 ml of blood, anticoagu-
lated with 1/10 volume of buffered sodium citrate or
sodium heparin (5 U/ml blood), was removed from the
inferior vena cava of normal hamsters anesthetized with
sodium pentobarbital (15 mg/kg, Butler Co., Columbus,
Ohio). Blood samples were used within one-half hour.

Human Platelets

Platelets were prepared from blood donated by
healthy laboratory personnel not exposed to platelet-
inhibiting agents in the preceding 10 days. Anticoagu-
lation was achieved with either sodium heparin (5 U/ml
blood) or 1/10 volume of 0.1 M buffered sodium citrate.
Platelet-rich and platelet-poor plasmas (PRP and PPP)
were prepared by differential centrifugation. Platelet
counts in PRP ranged from 2.9 to 5.6 x 108/ml. In sep-
arate experiments, platelets were either washed and

resuspended in an artificial medium according to Rossi28
or gel-filtered.29 Platelet counts in these samples were
3.5 to 4.5 x 108/ml. In the presence of CaCl2, washed
platelets responded to thrombin, collagen, and
arachidonate; gel-filtered platelets responded also to
(ADP) when fibrinogen or plasma was included.

Chemicals

ADP, apyrase, and acetylsalicylic acid were purchased
from Sigma Chemical Company (St. Louis, Mo). Pros-
taglandin I2 was kindly provided by Dr. John Pike of
the Upjohn Company (Kalamazoo, Mich). MCI-9038,
(2R-4R)-4-methyl-1-[Na- (3-methyl-1,2,3,4-tetrahydro-
8-quinoline sulfonyl)-L-arginyl]-2-piperidene carboxylic
acid monohydrate, a specific inhibitor of thrombin,30.31
was kindly provided by Mitsubishi Chemical Industries
(Tokyo). Collagen was prepared from the skin of a hu-
man cadaver according to Green et al.32

Platelet Aggregation Studies

Hamster Blood

An aliquot of 1.5 ml of hamster blood was placed
in a 5-ml plastic beaker and mixed with 0.2 ml of tu-
mor cells or PBS. The mixture was stirred on a stirring
plate ("'800 rpm) for 5 minutes. Then, an aliquot of
0.5 ml of the mixture was withdrawn to a tube contain-
ing 2 ml of 0.077% EDTA, and another aliquot to a
tube containing EDTA plus 4% formalin. After proper
handling of the samples according to the method of
Wu and Hoak33 for circulating platelet aggregates, plate-
lets in the PRP fraction were counted by an ELT-8000
cell counter (Ortho Diagnostics, Westwood, Mass). If
tumor cells were to cause hamster's platelets to aggre-
gate, the aggregates would be fixed in EDTA-formalin
and disperse in EDTA. As a result, the platelet count
in the PRP of the former would be less than that in
the latter. Therefore, when a ratio of <0.8 between plate-
let count in the EDTA-formalin sample and that in the
EDTA sample is attained, it is indicative of presence
of platelet aggregates in the EDTA-formalin sample.
A drop of the remaining 0.5 ml of blood was used for
a blood smear, and the rest of the blood was macro-
scopically examined 60 minutes later for the presence
of fibrin clots. The blood smear was stained with
Wright-Giemsa stain and examined under a light mi-
croscope.

Human Platelets
Platelet aggregation was measured photometrically

with Chrono-log platelet aggregometers (Chrono-log
Corp., Havertown, Pa) as previously described.27 To
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Figure 1 -Electron micrographs of isolated pancreatic ductal ascites tumor cells (A) and tumor-cell sonicates (B). Numerous cytoplasmic projections
and lipid bodies are seen in many tumor cells. Subcellular organelles and membranous structures constitute the bulk of the sonicated tumors. (x 3750)

0.35 ml of citrated or heparinized platelet-rich plasma
(cPRP or hPRP) was added 0.05 ml of tumor cell sus-
pension or tumor cell sonicate; the aggregation reac-
tion was recorded for 5 minutes. For washed and gel-
filtered platelets, 0.02 ml CaCl2 (final concentration, 1
mM) and 0.02 ml cPPP or hPPP were included. Colla-
gen (1/6400 of stock) and PBS were used in place of
tumor cells as positive and negative controls.

Thromboxane Formation and 14C-Serotonin Release

Thromboxane formation was assayed in the super-
natant of tumor-cell-aggregated human platelet sam-
ples (n = 4) with a radioimmunoassay (RIA) method.
RIA kits for thromboxane B2 were purchased from New
England Nuclear, Boston. After 4 minutes of an aggre-
gation reaction, the cuvette was placed on ice and cen-
trifuged at 4 C. The supernatant was stored at - 70 C
until assay. 14C-serotonin release was studied with the
method of Jerushalmy and Zucker.34 Platelets in
citrated and heparinized plasma (n = 8) were labeled
with radioactive serotonin (57 mCi/mM; Amersham
Co, Arlington Heights, Ill) and then exposed to tumor
cells; separate aliquots of 4 of the 8 samples were also
exposed to collagen (1/6400 dilution). Radioactivity in
the supernatant was determined.

Ultrastructure of Tumor-Cell-Aggregated Platelets

At ½2, 2, and 4 minutes following the addition of tu-
mor cells to cPRP or hPRP, a volume of 37o cacodylate-
buffered glutaraldehyde (pH 7.5) was introduced into

the platelet aggregation cuvettes and the fixed samples
were prepared for transmission electron microscopy.

Potentiation of Tumor-Cell-Induced Aggregation
by ADP and Collagen

In these experiments, hPRP or cPRP was first mixed
with a subaggregatory strength ofADP (final concen-
tration, 0.25-0.50,M) or collagen (1/12,800 or 1/25,600
dilutions); then a subaggregatory strength of tumor-
cell suspension was added (1-2 x 106 cells/ml).

Inhibition of Tumor-Cell-Induced Platelet Aggregation

Aspirin (final concentration, 0.2 to 1.0 mM), apyrase
(0.125 to 1.0 mg/ml), PGI2 (5-25 ng/ml), or MCI-9038
(5-100,M) was mixed with cPRP or hPRP for 30-60
seconds, prior to the addition of tumor cells. The effect
of these compounds on tumor-cell-induced aggrega-
tion was recorded.

Infusion of Tumor Cells

The effect of intravenous infusion of tumor cells was
studied in normal hamsters. The animals were anesthe-
tized with sodium pentobarbital (intraperitoneal, 15
mg/kg; Butler Co, Columbus, Ohio). The abdomen was
opened by a midline incision, and the inferior vena cava
was exposed and cannulated. A small volume of blood
(0.5 ml) was taken from the cannula for baseline plate-
let count, fibrinogen, and Antithrombin III levels. Then
an aliquot of 0.25 ml of tumor-cell suspensions con-
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taining 1.5-6.0 x 106 tumor cells was injected into the
cannula, which was immediately flushed with 0.2 ml
PBS. At 2, 5, 10, 30, and 60 minutes after infusion,
a drop of blood was obtained from the cannula for a
platelet count; a larger volume of blood was obtained
from some animals at 5 and 60 minutes for fibrinogen
and Antithrombin III determinations. Fibrinogen lev-
els were assayed by a thrombin clotting method.35 An-
tithrobmin III was determined by a fluorogenic sub-
strate technique with the aid of the American Dade
Protopath system.36 At the end of 60 minutes, 10 ml
of glutaraldehyde was slowly infused into the cannula.
Fragments of the lungs were removed and prepared for
transmission electron microscopy. PBS, instead of
tumor-cell suspensions, was used in control animals.

Results

Tumor Cells and Cell Sonicates

Isolated tumor cells retained their ultrastructural in-
tegrity and growth potential when injected into the in-
traperitoneal cavity of hamsters. Individual cells with
numerous cytoplasmic projections were observed by
electron microscopy. The cytoplasm contained the usual
complement of organelles with an increased number
of lipid droplets noted in some (Figure IA). Almost all
tumor cells were disrupted by sonication; only occa-
sionally was an undisrupted cell encountered. Cell de-
bris and vesicular and membranous structures con-
stituted the bulk of the sonicated sample (Figure iB).

Platelet Aggregation in Hamster Blood

Upon the addition of tumor cells to hamster whole
blood, the ratio of platelet count between EDTA-
formalin and EDTA samples was 0.5 for citrated and
0.3 for heparinized samples (n = 2), respectively. The
ratio was 0.9-1.1 in similar samples added with PBS.
Large platelet aggregates -some were surrounded by
tumor cells and others not -were seen on the smears
of blood stirred with tumor cells. Tumor cells were not
found in the middle of platelet aggregates. No platelet
aggregate of any size was seen in the smears of blood
stirred with PBS. No fibrin clots were found in any of
the blood samples 60 minutes after the addition of tu-
mor cells or PBS.

Aggregation of Human Platelets

Freshly isolated tumor cells induced comparable
platelet aggregation in hPRP and cPRP (Figure 2). Clot
formation was not observed in either. The potency of
platelet-aggregating activity of tumor cells varied from

cPP
h PRP

100

Figure 2-Aggregation of platelets, depicted by increase in light transmis-
sion, in heparinized and citrated human platelet-rich plasmas (hPRP and
cPRP) induced by hamster pancreatic ductal ascites tumor cells or tumor-
cell sonicates.

preparation to preparation. For a given tumor cell prep-
aration and a given PRP, the aggregation time as well
as the extent of aggregation were related to the tumor
cell count. Tumor cells <106/ml failed to elicit aggrega-
tion in either hPRP or cPRP. A lag period was incon-
spicuous in some PRPs when the aggregation was in-
duced by tumor cells >5 x 106/ml. Tumor cell sonicates
were also capable of inducing aggregation in both
PRPs; the aggregation was usually more vigorous than
that induced by intact tumor cells from which the soni-
cates were made (Figure 2). Neither the last wash of
tumor cells nor the supernatant of the sonicates
(l00,OOOg, 30 minutes) induced platelet aggregation. The
platelet-aggregating activity of tumor cells and soni-
cates disappeared after they were kept at 4 C overnight
or at - 70 C for various periods of time from 24 hours
to 3 weeks.
Washed platelets were not aggregated by freshly pre-

pared tumor cells, even in the presence of 1 mM CaCl2
and 5% of cPPP or hPPP. Gel-filtered platelets were
aggregated following the addition of tumor cells or PBS
in the presence of 5% cPPP and 1 mM Ca2". In these
cases, the aggregation time was long and the aggrega-
tion was immediately followed by clotting. The aggre-
gation of gel-filtered platelets by tumor cells or PBS
was inhibited by MCI-9038. Neither platelet aggrega-
tion nor plasma clotting was observed in gel-filtered
platelet samples when hPPP was substituted for cPPP.

Thromboxane B2 (TkB2) and Serotonin Release

Tumor-cell-induced aggregation in human PRPs was
accompanied by thromboxane formation and release
of prelabeled serotonin. The quantities of thrombox-
ane formed and serotonin released were different in
cPRP and hPRP. Sixfold more ThB2 was found in cPRP
samples than in hPRP samples, in spite of a compara-
ble degree of aggregation in both PRPs (Table 1). The
release of 14C-serotonin from platelets challenged by
tumor cells varied considerably among individual ex-
periments. Overall, there was threefold more radioac-
tivity in the supernatant of cPRP than in hPRP exposed
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Table 1-Extent of Aggregation (Percent Light Transmission)
and Thromboxane Formation of Platelets in cPRP and hPRP
Following Exposure to Pancreatic Ascites Tumor*

% Aggregation

63.0 ± 2.2
68.0 + 2.9

cPRP
hPRP

TxB2 (ng/ml)

76.0 ± 10.3
12.7 + 2.2

* Mean + SEM; n = 4.

to the same tumor cells and aggregated to the same de-
gree. The percentage of 14C-serotonin uptake by plate-
lets in cPRP and hPRP and the release of radioactivity
from platelets in these two samples following exposure
to collagen were practically identical (Table 2).

Ultrastructure of Tumor-Cell-Aggregated Platelets

Loosely aggregated platelets, some of them appar-
ently adhering to tumor cells, were frequently encoun-
tered in samples fixed at 1/2 minute (Figure 3A). In these
instances, ultrastructural changes of platelets were
largely confined to shape changes without degranula-
tion. On the other hand, large and tightly packed plate-
let aggregates, with many of the individual platelets
degranulated, were seen in samples fixed at 2 and 4
minutes (Figure 3B). Tumor cells were not found among
aggregated platelets; only occasionally was a tumor cell
seen near an aggregate. These ultrastructural changes
were observed in both cPRP and hPRP samples. Fi-
brin strands were never seen in any of the 4 cPRP and
hPRP samples fixed at any time. It is worth noting that
tumor cells stirred in human PRPs were more electron-
lucent than those not stirred in PRPs.

Additive Effect of Tumor Cells and Other Aggregants

Subaggregatory strengths of tumor cells and ADP
or collagen caused platelet aggregation in an additive,
rather than synergistic, fashion.

Inhibition of Platelet Aggregation

Aspirin, apyrase, and PGI2 inhibited platelet aggre-
gation induced by tumor cells. Each of these com-
pounds caused comparable inhibition in cPRP and

hPRP. The manner of inhibition by these agents was
different. Aspirin caused only minimal inhibition,
whereas apyrase prevented the secondary phase of
aggregation. PGI2 of >10 ng/ml nearly completely in-
hibited the aggregation. Figure 4 is a composite of the
effects of inhibitors on tumor cell induced platelet aggre-
gation.
MCI-9038 had no effect on tumor cell-induced aggre-

gation; it annihilated the aggregation induced by throm-
bin (Figure 5).

Infusion of Tumor Cells

Infusion of tumor cells resulted in a decline in plate-
let count, fibrinogen and antithrombin III (At-III) (Ta-
ble 3). By the end of 1 hour, a 50% decline in platelet
count and a 20-3007o reduction in fibrinogen and At-
III was recorded. These changes were not observed in
animals given injections of the vehicle.

Electron-microscopic examination of the lungs of ex-
perimental animals revealed the presence of platelet ag-
gregates in some capillary lumens. These aggregates
were composed of tightly packed platelets, some of
them degranulated. Fibrin strands were invariably found
in or near the platelet aggregates (Figure 6). However,
tumor cells were not found to be trapped within the
platelet aggregates. Neither platelet aggregates nor fibrin
strands were observed in control specimens.

Discussion

The isolated, collagenase-EDTA dissociated pan-
creatic ascites tumor cells of the hamster induced plate-
let aggregation in both heparinized and citrated ham-
ster blood and in heparinized and citrated human
platelet-rich plasmas (hPRP and cPRP). The tumor
cells also caused reduction of platelet count, fibrino-
gen, and At-III in normal animals. Because of the limi-
tation in the quantity of blood that could be obtained
from hamsters, human platelets were used for the
studies on tumor-cell-platelet interactions. Human
platelet aggregation induced by these tumor cells is
rather unique in several respects. First, the tumor cells
are capable of activating platelets in heparinized and
citrated PRP samples. Most other tumor cells are only

Table 2-Percent Uptake of 14C-Serotonin, and Percent Aggregation and Release of Radioactivity of Platelets in cPRP
and hPRP Induced by Tumor Cells and Collagen*

cPRP
hPRP

' Mean + SEM.

% Uptake serotonin
(n =8)

77.3 + 0.8
78.6 ± 0.6

Tumor cells (n = 8)

% Aggregation

45.5 6.2
43.0 2.9

Collagen (n = 4)

% Release

15.4 5.2
4.6 + 1.6

% Aggregation

57.7 + 13.2
63.3 + 9.6

0/o Release

27.2 + 5.2
32.2 ± 7.5

AJP * January 1986



PLATELET PANCREATIC TUMOR CELL INTERACTIONS 165

P 4 :^. ^%# _ '

.,..a or* ,gF_ Fir
-_ d_W4Z

..V..-x.:IS .

Figure 3-Ultrastructure of platelets in cPRP aggregated by tumor cells. Sample was fixed at 1/2 minutes (A) or 4 minutes (B) after the introduction
of tumor cells. Loosely aggregated platelets, some of them apparently adhering to the tumor cell (T), are seen in the former. Large and tightly packed
platelet aggregates are observed in the latter. However, tumor cells are not found among aggregated platelets; only occasionally was a tumor cell seen
near an aggregate. Similar ultrastructural changes are seen in hPRP samples. (A, x 3600; B, x 4850)

able to do so in hPRP. 1-9 Recently, the virally trans-
formed murine fibroblasts (SV3T3)8 and the crude ex-
tracts of a rat fibrosarcoma (MC28)3, have been found
to cause comparable aggregation of human platelets
in cPRP and hPRP; the mouse hepatoma 134 induced
platelet aggregation in mouse cPRP and washed mouse
platelets."2 Secondly, in spite of a comparable degree
of aggregation of human platelets in cPRP and hPRP,
some chemical changes in platelets were at least quan-
titatively different. Thromboxane formation and sero-
tonin release were prominent features in cPRP but were
far less so in hPRP. It has been reported that, by virtue
of lowering the Ca2l concentration, sodium citrate is
instrumental for serotonin release induced by ADP.38.39
It is not known whether citrate would have a similar
effect on thromboxane formation. Regardless of the
mechanism leading to a differential release of seroto-

Figure 4-Inhibition of tumor-
cell-induced platelet aggrega-
tion in cPRP and hPRP by aspi-
rin, apyrase, and PGI2. These
platelet inhibitors caused simi-
lar degrees of inhibition of
cPRP and hPRP samples.

nin and activation of prostaglandin metabolism, release
of ADP from platelets appears to be a common fea-
ture in both PRPs, as evidenced by a similar inhibition
of aggregation by apyrase in both PRPs. TheADP must
be exclusively derived from platelets rather than tumor
cells, because the supernatant of sonicated tumor cells,
which should contain tumor cell ADP, failed to aggre-
gate platelets. Thrombin is known to be responsible for
platelet aggregation induced by several tumor cell
lines.10124Iowever, this does not appear to be the case
in the pancreatic ascites tumor-induced platelet aggre-
gation. A synthetic thrombin inhibitor had no effect
on ascites tumor-cell-induced aggregation, and no
fibrin was observed in any of the aggregated platelet
samples. Neither was fibrin present in heparinized and
citrated hamster blood 60 minutes after exposure to tu-
mor cells.

1
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TUMOR CELLS THROMBIN

Control CI (100 M)

Control

MI (10 UN)
Minute

Figure 5-Absence of effect of tumor-cell-induced platelet aggregation
(in cPRP) by a high concentration of a synthetic thrombin inhibitor (MCI),
whereas one-tenth the concentration of the inhibitor completely prevent-
ed thrombin (0.25 A/ml)-induced aggregation.

Ultrastructural studies of human PRP samples
confirmed extensive platelet aggregation in both citrated
and heparinized specimens. The relative electron lu-
cency of tumor cells in these samples, as compared with
tumor cells not stirred in human PRPs, may simply be
a result of damage caused by stirring, or of partial ly-
sis mediated by complement activation in a heterolo-
gous system. Because the supernatant of sonicated tu-
mor cells did not cause platelet aggregation, a role of
tumor cell lysis and release of internal contents in the
induction of platelet aggregation is doubtful.
The inability of washed and gel-filtered platelets to

respond to freshly isolated tumor cells and the inabil-
ity of stored tumor cells to induce platelet aggregation
in freshly prepared PRPs, merit some discussion. In the
former instances, either a large quantity of plasma fac-
tors, more than what is needed for ADP-induced aggre-
gation, is required for the ascites tumor-induced aggre-
gation, or something on the platelets with which it is
essential for tumor cells to interact has been lost in the
washing and gel-filtration processes. The aggregation
of gel-filtered platelets in the presence of cPPP and Ca2",
which is always followed by clotting, is undoubtedly
due to the generation of thrombin from cPPP. The
thrombin generation requires no contribution or par-
ticipation of tumor cells. Similar aggregation-clotting
patterns were observed in gel-filtered platelet samples
containing cPPP and Ca2+ when tumor cells were
replaced with PBS. Gel-filtered platelets have been
known to contain elevated procoagulant activities.40 The
inability of stored tumor cells and tumor cell sonicates

to induce platelet aggregation indicates the labile na-
ture of the platelet aggregating principle of the isolated
pancreatic tumor cells. The extract of rat fibrosarcoma
which induces platelet aggregation in both cPRP and
hPRP remains active after storing at room tempera-
ture for 3 days and at - 40 C for 1V2months.37 Overall,
the pancreatic tumor cell and platelet interaction can
only take place when the tumor cells are freshly iso-
lated and the platelets are in their native plasma. Ap-
parently, the initial interaction seems to involve plate-
let adhesion to tumor cells, leading to the release of
platelet ADP. The platelet-released ADP in turn causes
platelet aggregation. The platelet protaglandin metab-
olism probably plays a minor role in the aggregation,
as suggested by the negligible inhibition of aggregation
by a high dose of aspirin. It should be pointed out that
studies on other tumor-cell-induced aggregations have
shown a positive correlation between the ability of the
tumor cells to induce platelet aggregation and their abil-
ity to stimulate thromboxane formation.41

In the present study, subaggregative strengths of tu-
mor cells and ADP or collagen caused platelet aggre-
gation in an additive rather than a synergistic manner,
as has been described for other tumor cell lines.3" Re-
lease of ADP from parenchymal tissue and exposure
of collagen could conceivably occur during an invasion
process. Under those circumstances, the likelihood of
tumor-cell-platelet interaction would be increased.
Aspirin had only a negligible effect on pancreatic tumor-
cell-induced aggregation. If tumor-cell-platelet inter-
action does play a pivotal role in tumor metastasis, the
effect of aspirin on the spread of the pancreatic tumor
may be limited. PGI2 has been shown to be a potent
inhibitor of platelet aggregation induced by several ro-
dent tumor cell lines.42 Infusion of PGI2 into mice has
been reported to result in a dose-dependent decrease
in lung tumor colony formation in animals given in-
jections of B16a tumor cells.43'44 More recently, PGI2
has been found ineffective in preventing the develop-
ment of pulmonary tumor metastasis after an intrave-
nous injection of CT26, Lewis lung, or B16a tumor cells
in mice.45 Our finding of inhibition of pancreatic tumor-
induced aggregation by this prostanoid simply reiter-

Table 3-Changes in Platelet Counts, Fibrinogen, and Antithrombin Ill (At-l1l) Levels in Hamsters Given PBS or Tumor Cells*

Platelets (x 1 03/Il)

Control
(n =2)

555
593
688
613
707
556

Exp
(n =6)

655.8 + 63.4
653.2 43.1

479.2 22.7

448.0 + 37.2

405.8 33.1

336.0 + 32.6

Fibrinogen (mg/dl)

Control Exp
(n=2) (n=4)
165

150

142.5 + 21.3

110.0 20.0

105.0 + 15.2

Control
(n =2)

95

95

At-IlIl (%)

Exp
(n = 16)

87.3 + 3.5

70.5 + 3.2

* Average values for control and mean + SEM for experimental animals are given.

Minutes
after
infusion

0
2
5
10
30
60
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At.
Figure 6-Electron micrographs of lungs of normal hamsters fixed at 1 hour after an intravenous injection of isolated tumor cells. Platelet aggregates
intermingled with fibrin (F) are present in the former. (x 5100)

ates the importance of intraplatelet cyclic adenosine
monophosphate in platelet aggregation initiated by
any agent.
Thrombocytopenia and concentration of radiola-

beled platelets in the lungs of rats following an intrave-
nous injection of Walker 256 tumor cells were described
over a decade ago.145 Our findings of decreased plate-
let count in the peripheral blood and deposition of
platelet aggregates in the lungs of hamsters given in-
jections of isolated pancreatic ascites tumor cells are
consistent with those earlier observations. We further
demonstrate a decline in fibrinogen and At-III, paral-
lel to but smaller in degree than the thrombocytope-
nia. Although fibrin strands had never been observed
in tumor-cell-aggregated platelet samples in vitro, they
were invariably present in the platelet aggregates in the
lung microvasculature. Presumably, fibrin formation is
an indirect result of platelet activation in an in vivo sys-
tem where no exogenous anticoagulant is introduced.
The possibility that the tumor cells may contain
procoagulants requires further exploration. If our
findings can be extrapolated to human conditions, then
platelet activation by pancreatic tumor cells disseminat-
ing via the vascular tree could be a major mechanism
underlying the hypercoagulability so frequently seen
in pancreatic cancer patients.
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