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ABSTRACT Extravascular procoagulant activity often
accompanies cell-mediated immune responses and systemic
administration of pharmacologic anticoagulants prevents
cell-mediated delayed-type hypersensitivity reactions. These
observations suggest a direct association between coagulation
and cell-mediated immunity. The cytokine interleukin (IL)-4
potently suppresses cell-mediated immune responses, but its
mechanism of action remains to be determined. Herein we
demonstrate that the physiologic anticoagulant protein S is
IL-4-inducible in primary T cells. Although protein S was
known to inhibit the classic factor Va-dependent prothrom-
binase assembled by endothelial cells and platelets, we found
that protein S also inhibits the factor Va-independent pro-
thrombinase assembled by lymphoid cells. Thus, protein
S-mediated down-regulation of lymphoid cell procoagulant
activity may be one mechanism by which IL-4 antagonizes
cell-mediated immunity.

Naive T cells differentiate into effector cells with distinct
cytokine-producing capacities and functions after antigen-
driven activation. Cell-mediated immunity is promoted by type
I T helper (Th1) cells, which secrete interferon g (IFN-g),
interleukin (IL) 2, and lymphotoxin, and humoral immunity is
enhanced by type II T helper (Th2) cells, which secrete IL-4,
IL-5, and IL-10. To effectively eradicate pathogens, the im-
mune system must generate the appropriate type of Th cells.
For example, inbred mouse strains that exhibit predominantly
Th1 responses recover from infection with Leishmania major,
but those that generate Th2 responses do not (1, 2). As IL-4
blocks the development of Th1 cells while promoting Th2 cell
differentiation, the presence of IL-4 at the onset of an immune
response can dictate whether cell-mediated or humoral im-
munity develops (for review, see ref. 3).

Although its physiologic significance is not understood, for
some time it has been appreciated that a variety of cell-
mediated inflammatory responses, including delayed-type hy-
persensitivity (4), experimental allergic encephalomyelitis (5),
rheumatoid arthritis (6, 7), and allograft rejection (8), are
associated with extravascular procoagulant activity. Moreover,
delayed-type hypersensitivity responses can be prevented by
systemic administration of pharmacologic anticoagulants (9–
11), and allograft rejection correlates with decreased circulat-
ing levels of anticoagulant proteins (12). Although most
clotting factors are generated by the liver, lymphoid cells can
also produce components of the classical coagulation pathway
and initiate the clotting process (for review, see refs. 13 and
14). Indeed, immunohistochemical studies have identified the
procoagulants thrombin and factor X in lymphoid germinal
centers (15) and interactions between T cells and monocytesy

macrophage can induce procoagulant activity (16–22). This
lymphoid-cell-associated procoagulant activity is up-regulated
by the Th1 cytokine IFN-g (23) and suppressed by the Th2
cytokines IL-4 and IL-10 (24–26). Thus, these findings strongly
suggest that components of the coagulation pathway partici-
pate in cell-mediated immune responses.

The coagulant thrombin is synthesized and secreted as
prothrombin, an inactive precursor. In the presence of a
suitable cell surface containing negatively charged phospho-
lipids, factor Xa assembles with factor Va to form a prothrom-
binase complex that coverts prothrombin to thrombin (for
review, see ref. 27). In addition to the classic XayVa pro-
thrombinase complex assembled by platelets and endothelial
cells (28, 29), lymphoid cells also express novel prothrombi-
nases, including one that is induced by viral infections (30) and
another that incorporates effector cell protease receptor 1
(EPR-1), a factor Xa receptor that can substitute for factor Va
in the prothrombinase complex (31). EPR-1 is constitutively
expressed on monocytes and inducible on T cells after activa-
tion (32). Interestingly, an EPR-1-specific mAb potently sup-
presses cell-mediated immune responses (33), suggesting that
prothrombinase activity may affect lymphocyte activity in vivo.

Physiologic suppression of the coagulation pathway is
achieved by anticoagulant proteins that sterically andyor pro-
teolytically inactivate the clotting factors. For example, protein
S inhibits thrombin generation by inhibiting the activity of the
classic XayVa prothrombinase (34–36) and by acting as a
cofactor for activated protein C in the proteolytic inactivation
of factors Va and VIIIa (37). In this report, we demonstrate
that protein S is IL-4-inducible in primary T cells and that
protein S inhibits the factor Va-independent lymphoid cell
prothrombinase. Because procoagulant activity correlates with
cell-mediated immunity, our findings suggest that IL-4-
inducible expression of the anticoagulant protein S may be one
mechanism by which this cytokine down-regulates cell-
mediated responses.

MATERIALS AND METHODS

Differential Display (DD). Murine T cells were purified
from lymph nodes (LNs) of C57BLy6 mice (The Jackson
Laboratory). B cells and macrophage were depleted via two
rounds of complement treatment (Accurate Chemicals) using
I-Ab-specific mAb (clone 28–16-8S). T cells (greater than 98%
CD31 by flow cytometry) were then isolated on Lympholyte
M (Accurate Chemicals), washed, and frozen immediately or
cultured for 24 hr on anti-CD3 precoated plates (clone 2C11,
PharMingen) in the presence of IL-2 (50 unitsyml) or IL-4 (500
unitsyml). All cytokines were purchased from Genzyme. DD

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1997 by The National Academy of Sciences 0027-8424y97y9411484-6$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: IL, interleukin; Th, T helper; IFN-g, interferon g; DD,
differential display; LN, lymph node; PEL, peritoneal exudate lym-
phocyte; PBMC, peripheral blood mononuclear cell; EPR-1, effector
cell protease receptor 1; TNF, tumor necrosis factor.
§To whom reprint requests should be addressed. e-mail: grusby@
mbcrr.harvard.edu.

11484



was performed essentially as described (38). Total RNA was
prepared by using the guanidinium isothiocyanate method and
reverse-transcribed with SuperScript II reverse transcriptase
(GIBCOyBRL) using 1 mM ‘‘T-mer’’ as primer. DD reactions
contained 20 ng of reverse-transcribed RNA, 1 mM of each
primer, 13 PCR buffer (Boehringer Mannheim), all four
dNTPs (each at 2 mM), 1 unit of Taq DNA polymerase
(Boehringer Mannheim), and 1 ml of sequencing-grade 35S-
labeled dATP (New England NuclearyDuPont) in a final
volume of 20 ml. Reactions were subjected to 40 cycles of 94°C
for 30 sec, 40°C for 2 min, and 72°C for 30 sec, followed by a
10-min chase at 72°C in a Perkin–Elmer DNA thermal cycler.
Reaction products were resolved on 6% denaturing polyacryl-
amide gels, dried without fixation, and subjected to autora-
diography. The desired bands were excised from the gels and
boiled in 50 ml of 10 mM TriszHCl, pH 8y1 mM EDTA for 30
min. DNA was precipitated from the supernatants by using
sodium acetateyethanol in the presence of 50 mg of glycogen,
and DD products in the precipitates were reamplified under
the same PCR conditions described above, except that the

volume and dNTP concentrations were increased to 50 ml and
200 mM, respectively. The reamplified DD products were
resolved on preparative agarose gels and cloned (TA cloning
kit, Invitrogen).

PCR. Internal primers used for confirmation of the IL-4
inducibility of the DD product by PCR are indicated in Fig. 1c.
Primers for the control hypoxanthine phosphoribosyltrans-
ferase gene were 59-GTTGGATACAGGCCAGACTTT-
GTTG-39 and 59-GATTCAACTTGCGCTCATCTTAGGC-
39, which generate a 162-bp PCR product. Reactions contain-
ing 1 ml of [32P]dCTP were subjected to 20 PCR cycles of 94°C
for 30 sec, 55°C for 1 min, and 72°C for 30 sec and then resolved
on 6% denaturing polyacrylamide gels. Products were detected
by autoradiography. Control experiments established that
conditions used were not saturating.

Libraries and Exon Trapping. A murine IL-4-induced
cDNA library was prepared by using the SuperScript choice
system for cDNA synthesis (GIBCOyBRL) and polyadenyly-
lated RNA isolated from splenic cells cultured with IL-4 (500
unitsyml) for 24 hr and a mixture of (dT)15 and random

FIG. 1. Identification of protein S as an IL-4-inducible T cell gene. (a) DD of an IL-4-regulated gene fragment. The indicated RNA samples
were subjected to DD by using the ‘‘10-mer’’ (59-AGTTCTTGTG-39) and ‘‘T-mer’’ (59-T12CT-39). Open arrows, two genes that are down-regulated
upon T cell activation; solid arrow, the IL-4-inducible T cell gene characterized in this report. (b) PCR confirmation of the IL-4-inducible T cell
gene. RNA was isolated from splenic cells cultured without cytokine (2) or in the presence of IL-4 at 500 unitsyml (1) for 24 hr, and cDNA was
prepared with (dT)15, the ‘‘T-mer’’ 59-T12CT-39, or random hexamers as indicated. PCR was conducted by using internal primers from the cloned
DD product (Upper) or from the hypoxanthine phosphoribosyltransferase (HPRT) gene (Lower). (c) Sequence of the IL-4-inducible DD product.
The sequence of the portion of a 3-kb clone encoding the DD product. The locations of the ‘‘10-mer’’ and ‘‘T-mer’’ used for DD and the internal
primers (IP) used for PCR are indicated. (d) Localization of the DD product to an intron of the protein S gene. A restriction endonuclease enzyme
map of the 16-kb genomic DNA fragment containing the DD product. The 3-kb clone isolated from a cDNA library is shown as a hatched rectangle,
and the DD product is indicated by the solid region within this region. The locations of the cloned murine protein S exons homologous to the human
protein S exons 11, 12, and 13 (46) are indicated. E, EcoRI; B, BamHI.
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hexamers. A strain 129 murine genomic library was provided
by R. Jaenisch (The Whitehead Institute, Cambridge, MA).
Exons were isolated by using the GIBCOyBRL exon trapping
system. BamHI and EcoRI genomic fragments from the phage
clone depicted in Fig. 1d were individually analyzed, and
amplified exons were cloned (TA cloning kit, Invitrogen) and
sequenced.

Northern Blot Analyses. LN cells from C57BLy6,
Stat61y1, or Stat62y2 mice (39) were incubated in the
presence of IL-2 (100 unitsyml), IL-4 (500 unitsyml, unless
otherwise indicated), IL-12 (100 unitsyml), or IFN-g (500
unitsyml). Where noted, plates were precoated with CD3-
specific mAb 2C11 at 5 mgyml. Peritoneal exudate lymphocytes
(PELs) were generated by injection of 30 3 106 H-2b EL4
thymoma cells into the peritoneal cavity of BALByc mice. Ten
days later, peritoneal cells were harvested and host-derived
major histocompatibility complex (MHC) class II I-A-positive
cells and residual EL4 cells (MHC class I KbyDb-positive) were
removed by treatment with mAb (clones MKD6 and 28–8-6,
respectively) followed by magnetic depletion (Advanced Mag-
netics, Cambridge, MA). CD81 PELs were then isolated by
treatment with mAb (clone 53.6) followed by magnetic en-
richment. CD81 LN cells were similarly isolated in parallel.
The resultant populations were greater than 97% CD81 CD31

by flow cytometry. For Northern blots, 10 mg of total RNA was
used per sample and ethidium bromide staining of agarose gels
verified equivalent RNA loading. Blots were hybridized with a
PCR-generated probe corresponding to nucleotides 1311–
1991 of the protein S cDNA (40). The sizes of the detected
protein S transcripts are consistent with previous reports (41).

Western Blotting. LN cells from four C57BLy6 mice were
harvested in RPMI 1640 medium containing 0.05% mouse
serum. B cells were removed by two rounds of panning on
sheep anti-mouse Ig precoated plates and the remaining cells
were cultured for 24 hr on an anti-CD3 precoated plate in the
presence of IL-4 (500 unitsyml) in RPMI 1640 medium
containing 0.05% mouse serum (IL-4 medium). Nonadherent
cells (10 3 106, greater than 99% CD31 by flow cytometry)
were cultured in 0.5 ml of fresh IL-4 medium for 6 hr, at which
point supernatant was collected for analysis. Purified human
protein S standard was obtained from Enzyme Research
Laboratories (South Bend, IN) and mouse plasma was ob-
tained from Sigma. Samples were subjected to nonreducing
SDSyPAGE using 7% acrylamide, transferred to nitrocellu-
lose membrane (Schleicher & Schuell), and blocked with 4%
milk in TBST-Ca (25 mM Trisy125 mM NaCly0.5% Tween
20y2 mM CaCl2). Blots were then sequentially treated with
affinity-purified goat anti-human protein S (34) at 2 mgyml in
1% milkyTBST-Ca, biotinylated mouse anti-goat IgG (Pierce)
at 1 mgyml in 1% milkyTBST-Ca, a 1:2500 dilution of strepta-
vidin-conjugated horseradish peroxidase (Kirkegaard & Perry
Laboratories) in TBST-Ca, and enhanced chemiluminescence
substrates (Bio-Rad).

Prothrombinase Assays. Human peripheral blood mononu-
clear cells (PBMCs) were isolated from heparinized blood by
using FicollyHypaque (Pharmacia). To eliminate platelet con-
tamination, cells were washed twice with 25 mM Hepesy135
mM NaCly4 mM KCly15 mM glucose, pH 7.4, twice with 25
mM Hepesy135 mM NaCly4 mM KCly5% BSA, pH 7.4, and
twice with 25 mM Hepesy135 mM NaCly4 mM KCly15 mM
glucosey3 mM CaCl2yBSA (3 mgyml), pH 7.4 (complete
buffer). PBMCs (2 3 106 cells) were then assayed for pro-
thrombinase activity in 200 ml of complete buffer containing
100 pM human factor Xa (Enzyme Research Laboratories)
and 14 nM human prothrombin (Enzyme Research Labora-
tories). Protein S (lot H133 S7) was purified by barium
absorption of fresh frozen human plasma followed by immu-
noaffinity chromatography as described (35). Factor Xa was
preincubated with protein S for 10 min at 37°C. PBMCs were
then added for an additional 10 min, followed by prothrombin

for 30 min, after which time the assay was terminated by the
addition of 4 mM EDTA. Thrombin activity in supernatants
was then quantitated with a commercially available enzymatic
assay (ELCATECH, Winston-Salem, NC) and purified human
a-thrombin (Enzyme Research Laboratories) as standard. For
protein S neutralization studies, 2 mg of protein S was prein-
cubated with 100 mg of protein S-specific mAb S4 or a control
mouse IgG1 mAb in 50 ml for 45 min on ice and then assayed
for its ability to inhibit prothrombinase activity as described
above.

RESULTS

Protein S Is an IL-4-Inducible T Cell Gene. We used DD
(38) to identify genes specifically induced by IL-4 in T lym-
phocytes (Fig. 1a). Highly purified murine T cells were acti-
vated in vitro by using plate-bound CD3 mAb in the presence
of either IL-2 or IL-4. Unstimulated T cells and a B cell
hybridoma were analyzed in parallel, as controls. A 139-bp DD
product dramatically induced by IL-4, but not IL-2, is shown in
Fig. 1a. Northern blot analysis using this DD product as probe
failed to reveal a hybridizing band, and no ORFs or significant
homologies to other sequences in the genetic databases were
identified. However, PCR analysis using internal primers
confirmed that an IL-4-inducible gene fragment had been
isolated (Fig. 1b). As (dT)15 was ineffective as a primer for
cDNA preparation (Fig. 1b), we considered that an intronic
sequence from a primary RNA transcript, rather than a spliced
exonic sequence from a mature mRNA, may have been
isolated. To evaluate this possibility, a genomic clone contain-
ing the DD sequence was obtained. Sequencing revealed that
the DD product had likely arisen via priming of a short internal
adenylate tract, rather than conventional priming of polyade-
nylylated RNA (Fig. 1c). The genomic clone was then sub-
jected to an ‘‘exon-trapping’’ procedure (42), and three exons
were isolated. Database searches of these exonic sequences
revealed that they were identical to a contiguous segment of
protein S cDNA (Fig. 1d). Inspection of the protein S promoter
sequence revealed the presence of a consensus Stat6 binding
site [TTCN4GAA (43, 44)] 558 nucleotides upstream of exon
1 (45), consistent with the IL-4 inducibility of this gene.

Protein S was first characterized as a vitamin K-dependent
plasma-derived polypeptide (46) whose hereditary deficiency
is a risk factor for venous thrombosis (47, 48). Like many
factors of the coagulation pathway, synthesis of protein S is
readily detected in hepatic tissue (49). However, protein S is
also synthesized at extrahepatic sites, including the testis,
ovary, brain, thymus, and spleen (49). In confirmation of the
DD and PCR results, Northern blot analysis revealed that
primary LN T cells activated in vitro in the presence of IL-4
express readily detectable levels of protein S transcripts (Fig.
2). The IL-4-mediated increase in protein S mRNA levels was
specific, as protein S transcripts were not up-regulated in
response to IL-2, IL-12, or IFN-g, nor did these cytokines
inhibit IL-4-mediated protein S induction (Fig. 2a). As is the
case for other IL-4-regulated genes, IL-4-inducible protein S
expression was Stat6-dependent (Fig. 2b).

The IL-4-induced up-regulation of protein S mRNA levels
was cell-type specific, as it was evident in both primary CD41

and CD81 T lymphocytes but not B lymphocytes (data not
shown). Freshly harvested in vivo-activated CD81 PELs, but
not resting CD81 lymphocytes, expressed high levels of protein
S mRNA (Fig. 2c), indicating that activation-induced T cell
expression of protein S was not an artifact of in vitro culture.
As little IL-4 as 30 unitsyml was sufficient to induce protein S
expression (Fig. 2d). Protein S mRNA was also induced by T
cell receptor stimulation, which led to synergistic increases in
protein S expression in conjunction with IL-4 (Fig. 2e). Up-
regulation of protein S mRNA was discernible within 5 hr and
maximal by 20 hr after exposure to IL-4 (Fig. 2e and data not
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shown). In contrast to primary T cells, Th1 and Th2 T cell
clones expressed only low or undetectable levels of protein S
mRNA, independent of exposure to IL-4 (data not shown).
These data demonstrate that protein S is an IL-4-inducible
gene in primary T cells.

We next examined whether T cells secrete protein S
polypeptide. Protein S secretion was evaluated by Western
blotting using an affinity-purified goat anti-human protein S
IgG that detects both human and murine protein S (Fig. 3,
lanes 1–3). Supernatant was collected from highly purified
(greater than 99% CD31) murine T cells that had been

activated by T cell receptor stimulation in the presence of IL-4.
No immunoreactive material was detectable in the medium
used for this experiment (lane 4). However, the T cell super-
natant contained an immunoreactive band of the same appar-
ent molecular weight as protein S in mouse plasma (lanes 5 and
3, respectively). Thus, primary murine T cells secrete protein
S polypeptide upon activation in the presence of IL-4.

Protein S Inhibits Lymphoid Cell Prothrombinase Activity.
The study of protein S-deficient individuals has established
that protein S functions as a physiologic anticoagulant (47, 48).
Mechanistically, protein S acts as a cofactor for activated
protein C in the proteolytic degradation of factor Va (37) and
also independently inhibits the factor VayXa prothrombinase
complex (34–36). Unlike platelets and endothelial cells, lym-
phoid cells readily assemble prothrombinases in the absence of
factor Va, because they express EPR-1, a cell-surface molecule
that can substitute for factor Va (31, 32). Given that protein S
was expressed by T cells, we examined its capacity to inhibit this
factor Va-independent lymphoid procoagulant activity.

As shown in Fig. 4, when supplemented with only factor Xa,
human PBMCs assembled a functional prothrombinase. PB-
MCs, factor Xa, and calcium ions were required to generate
this activity (Fig. 4a and data not shown). Purified protein S
inhibited this lymphoid cell prothrombinase, at concentrations
similar to those previously shown to inhibit the factor Va-
dependent prothrombinase on platelets and endothelial cells
(Fig. 4a). A protein S-specific mAb blocked the ability of
purified protein S to inhibit lymphoid cell prothrombinase
activity (Fig. 4b). Thus, in addition to inhibiting the factor
Va-dependent prothrombinase on platelets and endothelial
cells (36), protein S also suppresses the factor Va-independent
lymphoid cell prothrombinase.

FIG. 2. Northern blot analysis of protein S expression in lymphocytes. (a) Protein S expression is specifically inducible by IL-4 and not inhibited
by IL-12 or IFN-g in LN T cells. (b) Protein S is IL-4-inducible in wild-type (1y1), but not Stat6-deficient (2y2) LN cells. (c) Protein S mRNA
is expressed by freshly harvested CD81 PELs but not CD81 LN cells isolated in parallel. (d) Dose–response relationship for induction of protein
S mRNA by IL-4. (e) Protein S is also inducible by T cell receptor-specific mAb (aCD3). Except for c, RNA was prepared from LN T cells treated
with the indicated agents for 24 hr or for the time shown. Each lane contains 10 mg of total RNA. Northern blots were hybridized with a protein
S probe. (a–c Lower) Reprobing of the same blots with a T cell receptor b-chain probe to confirm equal loading of RNA.

FIG. 3. Protein S is secreted by primary murine T cells. Western
blot analysis of 500 pg of purified human protein S (lane 1), 50 pg of
purified human protein S (lane 2), 0.1 ml of murine plasma (lane 3),
40 ml of control supernatant (lane 4), and 40 ml of supernatant from
highly purified primary murine T cells (greater than 99% CD31)
activated in the presence of IL-4 (lane 5). The blot was developed with
affinity-purified goat anti-human protein S (34).
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DISCUSSION

In this report, we have shown that IL-4 promotes secretion of
the anticoagulant protein S by T lymphocytes and that protein
S inhibits lymphoid prothrombinase activity. Others have
reported (50, 51) that protein S and another anticoagulant,
activated protein C, suppress the production of tumor necrosis
factor a (TNF-a) by monocytes. As TNF-a up-regulates
monocyte procoagulant activity (23), IL-4-induced protein S
secretion by T cells would antagonize both the expression and
the function of lymphoid prothrombinase activity.

In vivo, IL-4 suppresses cell-mediated immunity. For exam-
ple, inbred mouse strains that normally succumb to L. major.
infections develop curing cell-mediated immune responses if
endogenous IL-4 is neutralized (52). Because TNF-a is a
critical component of cell-mediated immune responses (53),
the capacity of protein S to suppress TNF-a production could
be one means by which IL-4 antagonizes cell-mediated immu-
nity. Thus, T cell-derived protein S may function as an
IL-4-inducible antagonist of both prothrombinase activity and
cell-mediated immune responses. Consistent with this hypoth-
esis, mAb specific for the EPR-1 component of the lymphoid

prothrombinase can suppress both prothrombinase activity
(31, 32) and cell-mediated immunity (33).

The mechanisms by which some EPR-1-specific mAb an-
tagonize cell-mediated immunity are unknown. It has been
suggested that EPR-1 may function as a costimulatory mole-
cule (33), perhaps transmitting signals upon binding factor Xa.
In this model, the EPR-1-specific mAb suppresses lymphocyte
activation by blocking EPR-1-mediated signals. Likewise, IL-
4-inducible protein S might inhibit factor XayEPR-1 interac-
tions, thus blocking EPR-1-dependent signaling. An alterna-
tive, but not mutually exclusive model, is that inhibition of
prothrombinase activity, rather than inhibition of EPR-1-
mediated signaling, is the mechanism by which EPR-1-specific
mAb suppresses cell-mediated immunity. Although the
epitope recognized by one of the immunosuppressive mAb is
distinct from that required for factor Xa binding (54), it
remains possible that this mAb may block prothrombinase
activity indirectly, for example, by promoting EPR-1 endocy-
tosis. This model would suggest that a downstream product of
lymphoid prothrombinase activity promotes cell-mediated im-
mune responses. Indeed, thrombin is known to be chemotactic
for monocytes (55), mitogenic for lymphocytes (56), and
proinflammatory in vivo (57). Moreover, in combination with
submitogenic stimuli, thrombin costimulates T cell production
of IL-2 (58). Thus, IL-4 might suppress cell-mediated immu-
nity by inducing the expression of protein S, a prothrombinase
antagonist.

Our studies suggest that the well-characterized highly con-
served extrinsic coagulation pathway has evolved distinct
functions in diverse tissues, including the immune system.
Expression of protein S by neuronal (41), osteoid (59), and
lymphoid cells had suggested functions beyond anticoagula-
tion, but our findings suggest that the anticoagulant activity of
protein S may be used for distinct outcomes in different tissues.
Interestingly, activators of the monocyte fibrinolytic pathway
are also IL-4-inducible (60), and fibrinolytic degradation prod-
ucts are immunosuppressive (61, 62). Further studies will be
required to establish the precise physiologic roles of the
coagulation and fibrinolytic pathways in the immune system.
However, our findings suggest that local administration of
pharmacologic agents that affect the balance between pro- and
anticoagulants may permit antigen-specific manipulation of
cell-mediated immune responses.
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