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Fibrinogen-like protein 2 (Fgl2, fibroleukin) is a leukocyte product
that exhibits significant homology to secreted proteins of diverse
function, including growth factors, lectins, and components of
extracellular matrix. Prior studies found that Fgl2 is IFN�-inducible,
possesses direct coagulant activity, and inhibits T cell proliferation
and dendritic cell maturation in vitro. Here, we demonstrate that
Fgl2 expression is up-regulated during type 1 immunity in vivo and
establish that such up-regulation is IFN�-, signal transducer and
activation of transcription protein 1-, and IFN response factor
1-dependent. To investigate functional roles for Fgl2 during type 1
immunity, we generated Fgl2-deficient mice. Those animals are
born at predicted Mendelian frequencies, appear overtly healthy,
and contain normal numbers and frequencies of lymphoid cells.
Although Fgl2 is IFN�-inducible and putatively regulates T cell
activation�proliferation, we demonstrate that Fgl2-deficient and
control mice exhibit similar degrees of T cell expansion, immuno-
pathology, and�or pathogen burdens during protozoan (Toxo-
plasma gondii), bacterial (Yersinia enterocolitica, Listeria monocy-
togenes, and Mycobacterium tuberculosis), and viral (murine
�-herpesvirus-68 and Sendai) infections. Fgl2-deficient mice also
reject allografts with similar kinetics as control mice. Moreover,
despite prior reports that Fgl2 functions as a procoagulant enzyme,
we demonstrate that Fgl2-deficient and control mice produce
similar levels of fibrin, a product of the coagulation cascade, during
T. gondii infection and allograft rejection. Together, our findings
suggest that Fgl2, although highly conserved and IFN�-inducible, is
not a critical mediator of either type 1 immunity or immune-
associated coagulant activity.

F ibrinogen-like protein 2 (Fgl2) is a leukocyte product whose
physiologic functions remain to be established. Its sequence

is highly conserved between mouse and human and exhibits 36%
identity at the amino acid level to the � and � chains of fibrinogen
(1). Homology is greatest in a fibrinogen-related domain that is
shared by a number of functionally unrelated proteins, including
the coagulant molecule fibrinogen, the matrix-forming tenascins,
the lectin-binding ficolins, and the angiopoietin growth factors.
Like Fgl2 (2), each of those proteins can be secreted as homo-
oligomeric structures.

Fgl2 was originally cloned as a gene selectively expressed by
cytotoxic T lymphocytes (3) but was subsequently recloned as an
IFN�-inducible macrophage gene (4) and as the target of a mAb
that suppressed a virally induced coagulopathy (5). Functional
studies using neutralizing antisera suggested that Fgl2 may also
contribute to coagulant activity associated with spontaneous
abortion in mice (6). These observations led to a series of
publications describing the direct coagulant activity of Fgl2 (5, 7,
8). In addition, recombinant Fgl2 was recently shown to suppress
T cell proliferation and dendritic cell maturation in vitro (9).
Together, these prior reports suggest that Fgl2 may regulate
coagulation and�or immunity during type 1 responses.

To definitively evaluate roles for Fgl2 in type 1 immunity and
immune-associated coagulant activity, we generated Fgl2-
deficient mice. Despite demonstrating that Fgl2 is IFN�-
regulated in vivo, we report that a number of IFN�-associated
immune responses are not demonstrably perturbed in mice
lacking the capacity to express Fgl2. We also demonstrate that
Fgl2-deficient mice produce WT levels of fibrin in response to
Toxoplasma gondii infection and transplantation. These findings
suggest that Fgl2 does not function as a critical immunosuppres-
sive coagulant during type 1 immunity. The Fgl2-deficient mice
described herein should be valuable tools for defining both
physiologic and pathologic functions of this highly conserved
IFN�-inducible protein.

Materials and Methods
Analyses of Fgl2 mRNA and Protein Levels. cDNA encompassing the
entire coding region of murine Fgl2 was cloned by PCR,
sequenced, and used to reprobe previously described Northern
blots (10, 11). Real-time PCR-based quantitation of Fgl2 mRNA
was performed and normalized to levels of �-2-microglobulin, as
described (12). The Fgl2 primers (GGTCAACAGTTTGGAT-
GGCAA, TTGAACCGGCTGTGACTGC) and probe (TTC-
CAAGTGTCCCAGCCAAGAACACA) span an intron and do
not amplify genomic DNA.

Murine Fgl2 was expressed with a C-terminal histidine tag in
Chinese hamster ovary cells and purified from supernatant using
lens culinaris agglutinin-coupled agarose (Vector Laboratories)
followed by nickel-chelated agarose (Invitrogen). A rat IgM
mAb specific for mouse Fgl2 was obtained by immunizing Wistar
rats with purified Fgl2, generating hybridomas, and screening for
Fgl2 reactivity by ELISA and Western blotting.

Mice. IFN�-, IFN� receptor-(IFN�R), and IFN response factor
1- (Irf1) deficient mice were purchased from The Jackson
Laboratory. Signal transducer and activation of transcription
protein 1 (Stat1)-deficient and control 129�Sv and C57BL�6
mice were purchased from Taconic Farms. To produce gene-
targeted Fgl2-deficient mice, C57BL�6 DNA flanking the mouse
fgl2 gene was cloned into the pPNT gene-targeting vector (13).
After transfection and drug selection of C57BL�6 embryonic
stem cells, Southern blotting was used to identify clones pos-
sessing the desired homologous recombination. Chimeric mice
were then generated and backcrossed to C57BL�6 mice. On
germline transmission of the targeted allele, heterozygous Fgl2
mutant mice were intercrossed to produce fully C57BL�6-inbred
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Fgl2-deficient animals. Fgl2-deficient mice were genotyped by
PCR using the following primers: Fgl2–5�, AATGGGATTT-
TCTGGGGCAC; Fgl2–3�, CCAGTGCTTTCAAGCATTCC;
neo, TGAAGAACGAGATCAGCAGC.

Six- to 10-week old mice were used for all experiments, except
for bone marrow chimeras, which were irradiated (1,000 rad) and
reconstituted (1 � 107 bone marrow cells per mouse) at 6 weeks
of age and then infected 7 weeks later. All animals were housed
in a specific pathogen-free facility and cared for according to the
Trudeau Institute Animal Care and Use Committee guidelines.

Measurements of Fibrin and Immune Parameters. Fibrin levels
within tissue samples were measured quantitatively by Western
blotting or qualitatively by immunohistochemistry, as described
(12, 14). Hematocrits and platelet counts were determined using
a Coulter Counter (Beckman Coulter). IFN� protein levels in
sera were determined by sandwich ELISA (BD Pharmingen),
and tissue levels of various mRNA were measured by real-
time PCR and normalized to levels of �-2-microglobulin, as
described (12).

Infections. T. gondii strain ME49 cysts were obtained from brains
of chronically infected C57BL�6 mice, and infections were
initiated by peroral administration of 10 cysts, as described (12).
Parasite numbers in infected animals were determined by real-
time PCR (12).

Stocks of Yersinia enterocolitica (strain WA; American Type
Culture Collection no. 27729) and Listeria monocytogenes (strain
EGD, supplied by R. North, Trudeau Institute) were prepared
after passage through C57BL�6 mice (15, 16). Mice were in-
fected with the indicated dosages and analyzed 5 days after
infection, at which time bacterial burdens are near their peak.

Mycobacterium tuberculosis H37Rv was grown from laboratory
stocks (supplied by R. North) in Proskauer–Beck liquid media to
midlogarithmic phase, aliquoted, and frozen at �70°C. Mice
were infected with �100 bacteria by using a Middlebrook
Airborne Infection apparatus (Middlebrook, Terre Haute, IN)
(17). Alternatively, mice were infected i.v. via the lateral tail vein
with 2 � 105 bacteria suspended in saline (17). Numbers of viable
bacteria in organs and numbers of IFN�-producing CD4 T cells
were determined as described (18).

Murine �-herpesvirus (MHV)-68 (WUMS strain) was prop-
agated in NIH 3T3 fibroblasts, and mice were anesthetized and
intranasally infected with 400 plaque-forming units of virus (19).
Titers of lytic virus were determined by plaque assay, titers of
latent virus were determined by an in vitro reactivation assay, and
numbers of virus-specific T cells were quantified by flow cytom-
etry by using MHC class I tetramer reagents produced by the
Trudeau Institute Molecular Biology Core Facility (19). Infec-
tions with Sendai virus were performed and analyzed as de-
scribed (20).

Transplant Studies. Heterotopic cardiac allografting (BALB�c �
C57BL�6) was performed with anastomoses to the abdominal
aorta and vena cava (21). In some experiments, costimulation
blockade using CD154 mAb MR1 was undertaken, as described
(22); control allograft recipients in these studies were treated
with hamster IgG. Graft function was monitored by daily pal-
pation, and rejection was confirmed by laparotomy and histo-
logic examination. Skin grafting was performed as described
(23, 24).

Statistics. Statistical analyses were performed with INSTAT 3.0
(GraphPad, San Diego) and �2, Mann–Whitney, or Student’s t
tests, as appropriate.

Results
Fgl2 Is IFN�-Inducible in Vitro. Using Northern analysis, we found
that exposure to IFN� markedly and specifically up-regulated
expression of Fgl2 in the RAW263.7 murine macrophage cell
line (Fig. 1A). Primary mouse lymphocytes also expressed
detectable levels of Fgl2 mRNA after 24 h of culture in the
presence of IFN� or IL-2 but not IL-12 or IL-4 (Fig. 1B).
Polyclonal T cell activation with anti-CD3 mAb up-regulated
Fgl2 expression as well (not shown). Consistent with this IFN�
and IL-2 inducibility, mouse lymphocytes preferentially up-
regulated Fgl2 expression when cultured under conditions that
favored the development of type 1 cells, in comparison to those
that favored the development of type 2 cells (Fig. 1C). Thus, in
agreement with prior reports (2, 4), we found that Fgl2 is
IFN�-inducible in vitro.

Fgl2 Is IFN�-Inducible in Vivo. In mouse models, infection by the
protozoan parasite T. gondii elicits a robust type 1 immune
response (25). Using real-time PCR, we observed that hepatic
expression of Fgl2 mRNA was up-regulated �40-fold during the
acute phase of T. gondii infection (Fig. 2B), correlating kineti-
cally with peak levels of IFN� (Fig. 2 A) and fibrin (12). This Fgl2
induction largely depended on IFN�, because levels of Fgl2
mRNA were dramatically suppressed in mice lacking IFN� or
Stat1 (Fig. 2C), a primary transducer of IFN� signaling (26).
Analyses of reciprocal bone marrow chimeras, created by using
WT and IFN�R deficient mice, established that IFN�R expres-
sion by bone marrow derived cells is important for this in vivo
up-regulation of Fgl2 expression (Fig. 2C). A parallel chimera
study also revealed an important role for Irf1 in the T. gondii-
stimulated Fgl2 induction (Fig. 2C). Notably, we could not
directly evaluate roles for Irf1 by using fully Irf1-deficient mice,
because those animals succumbed to T. gondii infection before
peak Fgl2 induction (not shown). Thus, Fgl2 is inducible in vivo
during infection via a mechanism that involves IFN� and rec-
ognized components of IFN� signaling pathways, including the
IFN�R, Stat1, and Irf1.

Fgl2-Deficient Mice. To evaluate the function of Fgl2 in vivo, we
generated Fgl2-deficient mice. Using conventional gene-
targeting methods, we replaced both fgl2 exons in C57BL�6-
derived embryonic stem cells with a neomycin resistance cassette
(Fig. 3A) and then used those stem cells to generate fully
C57BL�6-inbred Fgl2-deficient animals. Lack of Fgl2 did not

Fig. 1. IFN�-inducible and T helper (Th)1-biased expression of Fgl2 in vitro.
Northern blots are shown. (A) RAW264.7 mouse macrophages stimulated for
6 h with the indicated cytokines (5 ng�ml) or lipopolysaccharide (10 �g�ml). (B)
C57BL�6 lymph node cells cultured for 24 h in the presence of the indicated
cytokines. (C) C57BL�6 lymph node cells stimulated with plate-bound anti-CD3
in the presence of IL-12 and anti-IL-4 (Th1 conditions), or IL-4 and anti-IFN�

(Th2 conditions).
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significantly impair embryonic development, because offspring
derived from heterozygote by homozygote matings yielded a
nearly perfect Mendelian distribution of fgl2 genotypes (29%
female heterozygote, 25% female homozygote, 24% male het-
erozygote, and 22% male homozygote; n � 568). The slight
reduction in homozygote frequencies was not significant (P �
0.05 by �2 analysis). Consistent with successful disruption of the
fgl2 gene, peritoneal macrophages from Fgl2-deficient mice, in
contrast to those derived from littermate controls, failed to
secrete detectable Fgl2 protein on treatment with IFN� (Fig.
3B). Likewise, Fgl2 mRNA was readily detected in T. gondii-
infected WT and Fgl2-heterozygous mice but not in Fgl2-
deficient mice (Fig. 3C). Adult mice lacking Fgl2 were overtly
healthy and possessed normal numbers and frequencies of B
cells, CD4 T cells, CD8 T cells, and macrophages in lymphoid
organs (not shown). Basal levels of all Ig isotypes were also
indistinguishable between WT and Fgl2-deficient mice (not
shown).

Responses to T. gondii in Fgl2-Deficient Mice. The capacity of
C57BL�6 mice to survive the acute phase of infection by strain
ME49 T. gondii depends critically on their ability to produce
IFN� and fibrin (12, 27). Given that Fgl2 is IFN�-inducible (Figs.
1 and 2) and putatively contributes to fibrin formation (5, 7, 8),
we evaluated T. gondii infection in Fgl2-deficient mice. In
contrast to IFN�- or fibrin-deficient mice, which succumb within
2 weeks of infection (12, 27), Fgl2-deficient mice survived acute
infection by strain ME49 T. gondii. Indeed, the severity of the
acute infection, as measured by weight loss, was not significantly
different between Fgl2-deficient and littermate control mice
(Fig. 4A). We performed more extensive analyses at day 8 after
infection, when Fgl2 expression is at its peak (Fig. 2B). At that
time, parasite numbers, immunity (IFN�, tumor necrosis factor
�, and nitric oxide levels), fibrin deposition, and pathology
(hematocrit reductions and thrombocytopenia) were compara-

ble in Fgl2-deficient and littermate control mice (Fig. 4 B–F and
data not shown). Hepatic mRNA levels of a number of IFN�-
inducible genes (inducible nitric oxide synthase, monokine in-
duced by IFN�, indoleamine 2,3-dioxygenase, and IFN�-
inducible protein 10) also did not appreciably differ between T.
gondii-infected Fgl2-deficient and control mice (not shown).
Thus, despite its IFN� inducibility (Figs. 1 and 2) and putative
procoagulant functions (5, 7, 8), Fgl2 expression is not required
to survive the acute phase of T. gondii infection in mice, a model
in which both IFN� and coagulation play critical protective roles
(12, 27).

Responses to Bacteria in Fgl2-Deficient Mice. We next assessed roles
for Fgl2 during other type 1 immune responses. Immune control
of the Gram-positive bacteria L. monocytogenes also requires
expression of IFN� (28). As with T. gondii infection, we found
that Fgl2 expression is up-regulated during L. monocytogenes
infection, with kinetics mirroring that of IFN� (Fig. 5A and data
not shown). Nevertheless, when Fgl2-deficient and littermate
control mice were infected with L. monocytogenes, bacterial
burdens in liver and spleen were not significantly different (Fig.
5B). In a parallel study, no mice succumbed to infection over a
28-day period (not shown). Thus, Fgl2 does not play a critical role
in determining bacterial burdens or survival of mice infected
with L. monocytogenes. In a subsequent experiment, we com-
pared the susceptibility of Fgl2-deficient and littermate control
mice to infection by Y. enterocolitica, a Gram-negative bacteria
whose control in C57BL�6 mice requires host production of
IFN� (29). Five days after infection with Y. enterocolitica, despite
a 7-fold induction of hepatic Fgl2 expression in WT mice (not
shown), bacterial burdens were indistinguishable between Fgl2-
deficient and littermate control mice (Fig. 5B). Subsequent

Fig. 3. Production of Fgl2-deficient mice. (A Upper) Schematic of the Fgl2
gene, indicating (i) locations of the two Fgl2 exons, (ii) restriction enzyme sites
and probes used for confirming successful disruption of the fgl2 gene by
Southern blotting, and (iii) locations of PCR primers (arrows) used to routinely
screen for the targeted mutation. (Lower) Schematic of the targeting con-
struct, indicating regions flanking the fgl2 exons that were cloned into the
targeting vector and the relative placement of selectable elements. neoR,
neomycin resistance gene; TK, thymidine kinase gene. (B) Impaired secretion
of Fgl2 protein by Fgl2-deficient cells. Thioglycollate-elicited peritoneal mac-
rophages were isolated from littermate mice of the indicated fgl2 genotype.
After 24 h of culture in the presence or absence of IFN� (20 ng�ml), cell-free
supernatants were assayed for Fgl2 expression by Western blotting with
Fgl2-specific mAb. Coomassie blue staining of a gel run in parallel docu-
mented equivalent sample loading in all lanes. (C) Impaired production of Fgl2
mRNA by T. gondii-infected Fgl2-deficient mice. As in Fig. 2, mice were
infected with T. gondii, liver tissue was harvested on day 8 after infection, and
levels of Fgl2 mRNA were determined by real-time PCR. Data depict the
average of four to five mice per group after normalization to uninfected WT
mice.

Fig. 2. IFN�-, Stat1-, and Irf-dependent up-regulation of Fgl2 expression
during T. gondii infection. (A and B) Mice were perorally infected with 10
ME49 T. gondii cysts, and tissues were harvested on the indicated days.
Relative levels of mRNA encoding IFN� (A) and Fgl2 (B) were determined by
real-time PCR. (C) Mice were infected with T. gondii (filled symbols) or were
sham-infected (open symbols). Tissues were harvested on day 8 after infection,
and relative levels of Fgl2 mRNA were determined by real-time PCR. (Right)
Shown is an experiment using bone marrow chimeras in which WT, IFN�R-
deficient, or Irf1-deficient bone marrow was used to reconstitute lethally
irradiated WT or IFN�R-deficient hosts. Throughout, data depict the median
and range of four to five mice per time point. *, P � 0.05.
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infections over a range of Y. enterocolitica doses likewise failed
to reveal significant differences in susceptibility between Fgl2-
deficient and control mice (not shown). Thus, expression of Fgl2
is dispensable for IFN�-dependent protection against infection
by prototypical Gram-positive and -negative bacteria.

Pulmonary infection of C57BL�6 mice with M. tuberculosis
elicits type 1 immunity, and IFN� production by activated T cells
is critical for the control of mycobacterial burdens (30). We
evaluated roles for Fgl2 during persistent mycobacterial infec-
tion by infecting Fgl2-deficient mice with aerosolized M. tuber-
culosis. As shown in Fig. 5 C and D, mycobacterial burdens were
similar in the lungs and spleens of Fgl2-deficient and control
mice. Moreover, equivalent numbers of activated T cells accu-
mulated and persisted in M. tuberculosis-infected Fgl2-deficient
and control mice (Fig. 5E). Thus, unlike IFN�, Fgl2 does not
function critically in either the control of bacterial burdens or the
expansion�persistence of activated T cells during M. tuberculosis
infection.

Responses to Viral Infections in Fgl2-Deficient Mice. To further
evaluate roles for Fgl2 in the activation and persistence of T cells
in vivo, we turned to viral models. MHV-68 is a DNA virus that
elicits type 1 immunity in mice and is widely used as a model for
human �-herpesvirus infection (31). T cells play critical roles in
clearing and controlling the lytic and latent infections, respec-
tively. In C57BL�6 mice, T cells recognizing MHV-68 can be
quantitatively tracked by using well characterized MHC tetramer
reagents (32). Thus, we intranasally infected Fgl2-deficient mice
with MHV-68, and at times thereafter, we evaluated lytic viral

titers in the lung, latent virus in the spleen, and numbers of
antigen-specific T cells in the lung airways and spleen. As shown
in Fig. 6, Fgl2 deficiency did not significantly affect viral titers or
numbers of CD8 T cells specific for two distinct viral antigens.
In a subsequent study, we similarly evaluated the expansion and
persistence of antigen-specific antiviral T cells after infecting
mice with Sendai virus, an RNA virus. In this case, we quantified
antigen-specific T cells in the spleen, lung parenchyma, bron-
choalveolar fluid, and draining mediastinal lymph nodes at days
10 and 50 after infection (20). As with MHV-68 infection,
Fgl2-deficient and control mice infected with Sendai virus
exhibited similar numbers of antiviral T cells (data not shown).
Thus, despite reports that Fgl2 regulates T cell activation and
expansion in vitro (9), expression of Fgl2 does not appreciably
regulate the activation, expansion, or persistence of antiviral
antigen-specific T cells in vivo.

Transplant Responses in Fgl2-Deficient Mice. IFN� expression and
fibrin deposition also accompany graft rejection. Using a heter-
otopic cardiac allograft model, we found up-regulated expres-
sion of Fgl2 mRNA within transplanted tissue (Fig. 7A). Inter-
estingly, this Fgl2 up-regulation was suppressed by costimulation

Fig. 4. T. gondii infection of Fgl2-deficient mice. Fgl2-deficient (open bars)
and littermate control Fgl2-heterozygous (filled bars) mice were infected with
T. gondii, as in Fig. 2. (A) All mice survived the acute phase of the infection, and
there were no significant differences in weight loss�recovery (n � 5, P � 0.05
at all time points). At day 8 after infection, cohorts of five mice were assayed
for hepatic parasite burdens by real-time PCR (B), levels of IFN� protein in
plasma by ELISA (C), and levels of hepatic fibrin by quantitative Western
blotting (D). In addition, hematocrits (E) and platelet numbers (F) were
quantified by Coulter Counter. None of the measured parameters differed
significantly between Fgl2-deficient and heterozygous control mice.

Fig. 5. Bacterial responses in Fgl2-deficient mice. (A) Up-regulation of Fgl2
expression during bacterial infection. WT C57BL�6 mice were i.p. infected with
1 � 105 L. monocytogenes, and levels of Fgl2 mRNA levels were quantified by
real-time PCR. (B) Similar bacterial burdens in Fgl2-deficient (open bars) and
control heterozygous mice (filled bars) after bacterial infection. Colony-
forming units in the indicated organs were determined at day 5 after i.p.
infection with 1 � 105 L. monocytogenes or i.v. infection with 5 � 103 Y.
enterocolitica. In each case, data depict average and standard deviation of five
mice per group, and no statistically significant differences were observed.
(C–E) Similar bacterial burdens and T cell responses in Fgl2-deficient (open
symbols) and control mice (filled symbols) after mycobacterial infection. CFUs
in lung (C) or spleen (D) were determined on the indicated days after aerosol
infection with M. tuberculosis. (E) Numbers of splenic CD3�CD4� cells that
could produce IFN� on in vitro reactivation were quantified by flow cytometry
15 days after i.v. infection or 90 days after aerosol infection with M. tuber-
culosis. For C–E, data depict the average and standard deviation of four mice
per group, except that only two Fgl2-deficient mice were analyzed at day 45.
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blockade with CD154 mAb (Fig. 7A), a regimen that suppresses
allograft rejection and associated intragraft fibrin deposition
(22). In this model, levels of Fgl2 expression positively correlated
with levels of intragraft fibrin deposition (Fig. 7A).

To evaluate the cellular distribution of transplant-associated
Fgl2 expression, we performed in situ hybridization studies.
Numerous graft-infiltrating leukocytes expressed Fgl2 mRNA,
and staining adjacent sections with probes for T cell (CD3) and
macrophage (CD11b) genes suggested that both cell types
expressed Fgl2 transcripts (not shown). Immunohistochemistry
using Fgl2-specific mAb confirmed readily detectable Fgl2 pro-
tein expression by graft-infiltrating leukocytes (not shown).

To functionally evaluate roles for Fgl2 during allograft rejec-
tion, we transplanted BALB�c hearts into C57BL�6 Fgl2-
deficient mice. The Fgl2-deficient mice rejected cardiac allo-
grafts at the same rate as littermate control mice, and allografts
in Fgl2-deficient and control mice exhibited indistinguishable
levels of fibrin deposition (Fig. 7B and data not shown). In a
follow-up study, we performed analogous skin grafting experi-
ments. Again, Fgl2-deficient mice rejected allografts at a rate
that was comparable to control mice (Fig. 7B). Analyses of skin
graft rejection across a minor histocompatibility barrier (i.e.,
male to female grafts) also failed to reveal statistical differences
in rates of graft rejection (Fig. 7B).

Discussion
This study evaluated the regulation and function of Fgl2. Con-
sistent with prior reports (3, 4), we found that Fgl2 is IFN�-
inducible in cultured leukocytes (Fig. 1). We also established

that type 1 lymphocytes preferentially express Fgl2 (Fig. 1), and
that Fgl2 is IFN�-inducible in vivo during infection (Fig. 2).
Consistent with the accepted biology of IFN� signaling pathways
(26), we found that Stat1 and Irf1 play critical roles in the in vivo
up-regulation of Fgl2 expression.

Prior reports suggested that Fgl2 may be a physiologically
significant coagulant molecule. While studying a lethal coagu-
lopathy induced by hepatitis virus in certain strains of mice, Levy
and coworkers (5) identified Fgl2 as the target of a mAb that
suppressed the coagulopathy. Follow-up in vitro studies sug-
gested that Fgl2 possesses direct coagulant activity (8). Fgl2-
specific antibodies were also found to suppress the coagulation-
associated spontaneous abortion that characterizes certain
mouse strain breeding combinations (6). However, the notion
that Fgl2 possesses coagulant activity is controversial, because
others failed to replicate that finding (33).

We recently found that coagulation performs a critical pro-
tective function during T. gondii infection (12). Apparently, the
IFN� produced during that infection causes clinically significant
hemorrhage, which in turn necessitates a protective coagulative
response (12). In contrast to fibrin-deficient mice (12), Fgl2-
deficient mice did not succumb acutely to T. gondii infection (Fig.
4). Moreover, levels of fibrin deposition were indistinguishable
between Fgl2-deficient and control mice (Fig. 4). We conclude
that Fgl2 is not a critical mediator of the coagulative response
that functions protectively during T. gondii infection.

Fig. 6. Antiviral responses in Fgl2-deficient mice. (A and B) Similar viral titers
in Fgl2-deficient (open bars) and heterozygous control (filled bars) mice. Mice
were intranasally infected with 400 plaque-forming units (pfus) MHV-68. Viral
titers in the lung (A) and spleen (B) were determined at the indicated times
after infection. The detection limit of the plaque assay was 1 pfu per 1.2 � 107

spleen cells. Data shown are representative of two independent experiments.
(C–F) Similar numbers of virus-specific T cells in Fgl2-deficient (open bars) and
heterozygous control (filled bars) mice. MHV-68-specific CD8� T cells in lung
airways (C and E) and the spleen (D and F) were quantified by flow cytometry
after staining with MHC class I tetramer ORF6487–495�Db (C and D) or ORF61524–

531�Kb (E and F). Data depict the average and standard deviation of three mice
per time point.

Fig. 7. Expression and function of Fgl2 during graft rejection. (A) Expression
of Fgl2 mRNA correlates with fibrin deposition and allograft rejection. (Upper)
Heterotopic BALB�c cardiac allografts were transplanted to C57BL�6 mice.
Northern blots were prepared from day 3 donor (D) BALB�c allograft hearts,
native (N) C57BL�6 hearts from the allograft recipients, and control (C) non-
transplanted BALB�c hearts. Blots were successively hybridized with the indi-
cated probes. Graft recipients received no treatment (None), donor spleen cell
transfusion plus IgG, or donor spleen cell transfusion plus anti-CD40 ligand
mAb MR1, as indicated. Fibrin was measured semiquantitatively by immuno-
histochemistry. (Lower) A second Northern blot was prepared from an inde-
pendent series of day 3 and day 7 graft samples. (B) Similar kinetics of graft
rejection in Fgl2-deficient and heterozygous control mice. As indicated, car-
diac or skin grafts were transplanted to Fgl2-deficient or control mice, and
times to rejection were recorded.
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Fibrin deposition also accompanies bacterial infections. In an
extension of our T. gondii work, we have found that fibrin also
plays critical protective roles during bacterial infections. Specif-
ically, we found that fibrin-deficient mice rapidly succumb to
otherwise sublethal doses of L. monocytogenes or Y. enterocolitica
(S.T.S., unpublished work). However, we do not detect signifi-
cant differences in bacterial burdens, susceptibility, or levels of
fibrin deposition in Fgl2-deficient and control mice infected with
L. monocytogenes or Y. enterocolitica (Fig. 5 and data not shown).
Thus, Fgl2 is not a critical mediator of the protective coagulative
responses that accompany those bacterial infections.

As mentioned, prior studies suggested Fgl2 stimulates patho-
logical fibrin deposition during infection by mouse hepatitis virus
(5). Recently, Levy and coworkers (34) reported their indepen-
dent generation of Fgl2-deficient mice and provided evidence
that those animals are indeed less susceptible to mouse hepatitis
virus-mediated pathology. They also reported that cells from
Fgl2-deficient mice are impaired in their capacity to stimulate
coagulant activity on infection by mouse hepatitis virus, although
coagulant activity was induced to WT levels in response to
endotoxin (34). In combination with our findings, those studies
raise the interesting possibility that Fgl2 contributes to patho-
logically significant coagulative responses under certain condi-
tions but does not critically contribute to protective coagulative
responses during type 1 immunity.

Levy and colleagues (34) also reported that 40% of homozy-
gote Fgl2-deficient mice were lost during embryogenesis. In
striking contrast, our analyses of �500 offspring reveal no
significant deficiency in the birth of Fgl2-deficient mice. Al-
though the reason for this discrepancy is unclear, we note that
the mice produced by Levy and colleagues contain a LacZ
insertion (34). Thus, it is formally possible that forced expression
of �-galactosidase during embryogenesis could lead to the
premature death of their Fgl2-deficient mice.

Because recombinant Fgl2 was recently shown to suppress T
cell proliferation and dendritic cell maturation in vitro (9), we
also quantitatively evaluated T cell responses in Fgl2-deficient
mice. We did not discern significant suppressive roles for Fgl2
during M. tuberculosis and viral infections, where we used
state-of-the-art f low cytometric methods to quantitatively assess
the expansion, activation, and persistence of antigen-specific T
cells. We also did not discern measurable roles for Fgl2 during
the rejection of grafts across either major or minor histocom-
patibility barriers (Fig. 7), processes that are highly T cell-
dependent (35). Together, these data suggest that Fgl2 does not
critically regulate T cell numbers during immunity.

Conclusion
This study establishes that Fgl2 is IFN�-inducible in vivo and
suggests that Stat1 and Irf1 mediate the IFN�-dependent up-
regulation of Fgl2. In addition, this study suggests that Fgl2 does
not play a critical role in many types of IFN�-dependent
immunity and�or immune-associated coagulation. It certainly
remains possible that Fgl2 plays important roles that can be
compensated for by other molecules, and�or that Fgl2 functions
critically during responses that have yet to be evaluated. The
Fgl2-deficient mice reported herein will enable decisive evalu-
ations of the in vivo function of this highly conserved IFN�-
inducible protein.
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