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ABSTRACT 

Previously, we demonstrated induction of a unique macrophage prothrombinase, 
PCA, in MHV-3 infected BALB/cJ mice. By immunologic screening, a clone representing 
PCA was isolated from a cDNA library and sequenced. The sequence identified this clone 
as representing part of a gene, musfiblp, that encodes a fibrinogen-like protein. Six additional 
clones were isolated, and one clone, p 11-3 -1, encompassed the entire coding region of 
musfiblp. Murine macrophages did not constituitively express musfiblp, but when infected 
with MHV-3, synthesized musfiblp-specific mRNA. Musfiblp mRNA induction was earlier 
and significantly greater in BALB/cJ than A/J macrophages. Prothrombinase activity was 
demonstrate when musfiblp was expressed from pll-3-1 in RAW 264.7 cells. These data 
suggest that musfiblp encodes the MHV-induced prothrombinase. 

INTRODUCTION 

MHV-3, a member of the coronavirus family, replicates in all strains of mice tested, 
but causes a strain-dependent spectrum of disease in inbred strains of mice I. This suggests 
that additional factors other than viral infection may be required for hepatic injury. 

Several lines of evidence suggest that stimulation of the immune coagulation system 
by MHV-3 participates in the disease process. First, induction of monocyte/macrophage 
procoagulant activity (PCA) during MHV-3 infection correlates with the severity of the 
disease2. Second, there is a genetic linkage between induction of PC A in response to MHV-3, 
both in vitro and in vivo, and to susceptibility to liver disease3. Finally, treatment of mice 
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with a monoclonal antibody to the MHV-3 induced PCA, a direct prothrombinase, prevents 
the lethality associated with MHV-3 infection4. 

In this study, we report the molecular cloning and sequencing of a cDNA isolated 
from a library prepared from macrophages which had been infected with MHV-3. The 
sequence of this cDNA is essentially identical to a previously described sequence corre
sponding to a gene encoding a mouse fibrinogen-like protein (musfiblp)5. Musfiblp was 
originally described as a cytotoxic T cell (CTL) specific gene which was constitutively 
expressed. In contrast, in macrophages, musfiblp is not normally expressed, but following 
MHV-3 infection its expression is upregulated. When the cDNAcontaining the entire coding 
region of musfiblp was expressed in the RAW 264.7 cell line, a prothrombinase activity was 
detected by both a one stage clotting assay and by cleavage of I 25I-labelled prothrombin. 

MATERIAL AND METHODS 

Mice 

Female BALB/cJ and A/J mice, 6-8 weeks of age were purchase from Jackson 
Laboratories (Bar Harbor, ME.) and were housed in the animal facilities at the University of 
Toronto and UTHSC-Houston. 

Cells and Viruses 

Peritoneal macrophages were harvested from A/J and BALB/cJ mice as previously 
described4• RAW 264.7, BSCI, and RK13 were obtained from ATCC. 

MHV-3 was grown and titrated as described previously I . Vaccinia virus expressing 
the T3 polymerase was generously provided by Dr. M. Esteban, Department of Biochemistry, 
SUNY Downstate Medical Center, Brooklyn, New York. Vaccinia virus was propagated in 
RK13 cells and titered in BSCI cells6. 

Production and Screening of the cDNA Library 

BALB/cJ peritoneal macrophages were infected with MHV-3 and at 6 hours pj. RNA 
was extracted as previously described? A random primed cDNA library was constructed in 
lambda ZAP II and screened by plaque immunoassay with the monoclonal antibody, 3D4.3. 
Plasmids were excised and purified as previously described8• Inserts were sequenced by 
automated cycle sequencing. 

RNA Isolation and Analysis 

Total RNA was isolated from both MHV-infected and uninfected macrophages and 
cell lines using guanidium hydrochloride, electrophoresed on 0.8% agarose gel in MOPS
formaldehyde, transferred to nylon membranes, and hybridized to a random-primed PCA
specific probe as previously described? The membrane was autoradiographed and 
quantitation was performed using a Betagen scanner. 

Transient Expression of musfiblp 

Replicate cultures of I X 106 RAW 264.7 cells were either infected with MHV-3 at 
an multiplicity of infection (MOl) of5, infected with VVT3Poi at an MOl of 10, co-infected 
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with both viruses, or mock infected. Immediately after viral infection, the cells were washed 
and transfected using the lipofectin procedure (GIBCO BRL) with 10 /-lg of plasmid DNA. 

Procoagulant Activity (PCA) 

The celllysates were evaluated for PCA expression in a one stage clotting assay as 
previously described9• 

Prothrombin was radio iodinated and used in a prothrombin cleavage assay that has 
been described 1o. 

RESULTS 

Identification of PC A-Specific cDNA clones 

Plaques expressing immunoreactive protein were selected and repeatedly retested 
until a clonally isolated phage was obtained. The sequence of this clone, p1360-23 (1.25 kb) 
was compared with the GenBank and EMBL databases and was identical to a portion of exon 
2 of musjiblp with the exception of one nucleotide. A series of six additional phagemids were 
identified by plaque hybridization, clonally isolated and propagated as plasmids (Figure 1). 
The clones were sequenced and arranged in relationship to each other, and the largest clone, 
p 11-3-1, contained the entire coding sequence of musjiblp. 

Northern Blot Analysis of PC A mRNA 

In macrophages from BALB/cJ, musjiblp-specific RNA was first detected at 3 hours 
post infection, peaked at 6 hours, decreased therafter, and returned to baseline by 24 hours 
(Figure 2). The predominant RNA observed was approximately 4 kb in size, consistent with 
the previously reported size of musjiblp transcripts in CTL. Quantitation by betascanning 
indicated that an approximate eighty fold induction of the 4 kb transcript was obtained at 6 
hours post infection. In A/J macrophages a significant but lesser and delayed induction of 
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Figure 1. Schematic Map of cDNA clones. The relative size and relationship of each clone is shown. 
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Figure 2. Musfiblp RNA expression in macrophages from A/J and BALB/cJ mice following MHV-3 infection. 
Thioglycollate elicited peritoneal macrophages (>96% MAC-I positive) from A/J and BALB/cJ mice were 
mock infected (time 0 hours) or infected (times 2-24 hours) with MHV-3 at an M.O.I. of 1. Total RNA was 
extracted at the various time points post infection, as indicated in the figure, and 15 ~g of total RNA was 
resolved on a formaldehyde gel, blotted onto nytran, and hybridized with the musfiblp cDNA probe, p1360-23, 
as described in experimental procedures. The relative equivalence of the amount and integrity of mRNA in 
each sample was verified by hybridization with an a-tubulin cDNA (data not shown). 

musjiblp specific transcripts were observed. The maximum level of induction, 39-fold, was 
obtained at 12 hours post infection (Figure 2). 

PCA Activity of Transfected Cell Lysates 

To express the musfiblp protein, we used a macrophage cell line, RAW 264.7, which 
contained very low levels of musfiblp transcripts (data not shown) and which expressed no 
functional PCA, either constitutively, or following stimulation with LPS, or following 
infection with MHV-3 (Figure 3). For expression of the musfiblp protein, we exploited the 
presence of an upstream T3 promoter in the pll-3-1 plasmid. RAW 264.7 cells were 
transfected with the plasmid p 11-3 -1 and infected with a recombinant vaccinia virus 
expressing the T3 bacteriophage RNA polymerase (VVT 3Pol). PCA was measured in a one 
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Figure 3. Induction of Pro coagulant activity in RAW cells by murine hepatitis virus strain 3. Data represents 
the mean ± standard deviation of 4 experiments done in triplicate. Macrophages are the RAW cell line. 
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Figure 4. ExpressIOn of Musfiblp correlate: 
with prothrombmase actlVlty. 0.05 mlofho 
mogenates of rephcate cultures of I X 10 
RAW 264.7 cells either mfected with MHV-: 
at an M.O I. of 5 alone, mfected with VV-T 
pal at an M.O.I. OF 10, co-mfected with botl 
Viruses, or mock mfected m normal salllli 
were mcubated for 60 mmutes at 37°C wltl 
0.01 ml of 125I-prothrombm (lOOnM) ani 
0.Ql ml of Cal2 (25mM) SDS and EDT) 
were added and the samples electrophoresel 
on a SDS-IO% polyacrylamide slab gel ani 
displayed by autoradIOgraphy Lane I, 1251 
prothrombm alone; lane 2, 125I-prothrombu 
mcubated With RAW cells mfected wltl 
MHV-3; lane 3, 125I-prothrombm mcubatel 
With RAW cells stimulated With LPS for I 

hours, lane 4, 125I-prothrombm mcubated 

1 2 3 4 5 6 7 8 9 10 
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wlth RAW cells mfected With VV-T3 pal, lane 5, 125I-prothrombm mcubated With RAW cells mfected With 
both VV-T3 and pll-3-1, lane 6, 125I-prothrombm mcubated With RAW cells mfected With pll-3-1, lane 7, 
125I-prothrombm mcubated With RAW cells mfected With VV-T3 pal, MHV-3 and pll-3-1; lane 8, 1251_ 
prothrombm mcubated With VV-T3 pal and MHV-3; lane 9, 125I-prothrombm mcubated With Russel's Viper 
venom, lane 10, 125I-prothrombm mcubated With mock mfected RAW cells 

stage clotting assay and by the ability of the gene product to cleave prothrombin directly to 
the active moiety thrombin 1 O• U ninfected and non-transfected RAW cells expressed low basal 
PCA (Figure 3). No augmentation was observed even following stimulation with MHV-3 or 
LPS. Infection with VVT 3Pol by itself or in combination with MHV-3 resulted in a modest, 
although statistically significant, augmentation in PCA. Transfection of pll-3-1 in the 
absence of VVT3Poi to drive the T3 promoter resulted in a similar low level of activity. 
However, the combination ofVVT3poi and pll-3-1 induced a marked increase in PCA, 
suggesting that musfiblp expression is necessary for functional PCA. The combination of 
VVT3Pol, pll-3-1, and MHV-3, further increased PCA, suggesting that MHV infection may 
further upregulate PCA, although the mechanism for this is not clear. 

To confirm that the PCA was indeed a prothrombinase, the celllysates were added 
to I 25I-prothrombin and cleavage to thrombin was monitored by SDS-PAGE (Figure 4). Only 
RAW cells in which the expression of musfiblp was driven by VVT3Poi (lanes 5 and 7) 
demonstrated prothrombin cleavage. Neither infection with VVT3Poi (lane 4) nor transfec
tion with pI1-3-1 by itself (lane 6) resulted in prothrombin cleavage. The pattern of cleavage 
was identical to the physiologic cleavage observed following addition offactor Xa (lane 9). 

DISCUSSION 

In this study we have isolated a molecular clone corresponding to a mouse fibrinogen 
like gene (musfiblp)5 11. Originally musfiblp was isolated from a CTL cell line and was shown 
to be constitutively expressed in CTL but not in B cell lines, T helper cells, keratinocytes, 
mouse brain, or fibroblasts. Our data show that musfiblp RNA was not constitutively 
expressed in macrophages, but following MHV infection was markedly upregulated. Al
though we did not examine CTL specifically, lymphocytes recovered from popliteal lymph 
nodes only showed small amounts of constitutively expressed musfiblp RNA and MHV 
infection did not result in further augmentation (data not shown). Although macrophages 
from resistant All mice transcribe musfiblp in response to an MHV-3 infection, they express 
no functional PCA. There are several possibilities that could explain this observation. First, 
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a post translational modification may be required for functional activity and this may not 
occur in All mice. Second, functional activity may require additional factors yet to be 
identified. Third, it is possible that the sequence of musfiblp in All mice precludes translation 
of a functIOnal protein. 

Previous work has implicated the macrophage as being of central importance in 
resistance and susceptibility to MHV-3 12• Furthermore, we have established a correlation 
between susceptibility to lethal infection and induction of PC A by macrophages 13. The recent 
production of monoclonal antibodies to PCA in our laboratory and the demonstration that 
passive transfer of these antibodies to susceptible mice confers resistance to MHV-3 argues 
strongly for a role for PCA in the pathogenesis of MHV-3 4. The sequelae of prothrombinase 
production is generatIOn of thrombin. Thrombin is the central bioregulatory enzyme in 
hemostasis and is responsible for converSIOn of fibrinogen to fibrin and for activation of 
coagulation factors V, VII, and xml4. In addItion, it is a potent activator of platelets either 
alone or in synergism with other agents, and may interact directly with endothelial cells 
causing vasoconstriction 15 and mediating leukocyte adherence l6, all of which are prominent 
features ofMHV infection 17. 

In conclusion, we have demonstrated that following MHV-3 infection, musfiblp RNA 
is markedly upregulated in macrophages from susceptible BALB/cJ mice, and that expres
sion of musfiblp results in prothrombinase activIty. Future experiments on the mechanism 
of regulation of thIS gene will lead to further understanding of the role of musfiblp in the 
pathogenesis ofMHV-3 infection. 
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