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Novel mfgl2 Antisense Plasmid Inhibits Murine fgl2
Expression and Ameliorates Murine Hepatitis Virus 

Type 3-Induced Fulminant Hepatitis in BALB/cJ Mice
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ABSTRACT

Our previous reports, both experimental and human studies, have shown the importance of fibrinogen-
like protein-2 (fgl2) prothrombinase in the development of fulminant viral hepatitis, a disease with a 
mortality of more than 80% in cases lacking immediate organ transplantation. To interfere with this 
potentially effective target, a 322-bp mouse fgl2 (mfgl2) antisense plasmid complementary to the exon 1
sequence of the gene, including the translation initiation site AUG, was successfully constructed. A dose-
dependent inhibitory effect on mfgl2 expression by mfgl2 antisense plasmid was observed in interferon-�-
treated RAW 264.7 cells. On hydrodynamic delivery, mfgl2 antisense plasmid significantly reduced 
mfgl2 expression in vivo; markedly ameliorated inflammatory cell infiltration, fibrin deposition, and 
hepatocyte necrosis; prolonged the survival time period; and elevated the survival rate among BALB/cJ
mice with murine hepatitis virus type 3-induced fulminant hepatitis. This study may provide an effective
way to interfere with the potential therapeutic target fgl2 gene for fulminant viral hepatitis and other 
diseases with similar pathological characteristics of microcirculation disorders, including acute rejection
of xeno- or allograft transplantation and fetal loss syndrome, in which studies show fgl2 plays an impor-
tant role.
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OVERVIEW SUMMARY

fgl2 plays an important role in the development of murine
hepatitis virus type 3-induced fulminant hepatitis and se-
vere acute chronic hepatitis B. This paper investigates the
possibility of interfering with the potential target mouse fib-
rinogen-like protein-2 (mfgl2) gene by means of an mfgl2
antisense plasmid. The results suggest that therapeutic ef-
fects are achievable. The mfgl2 antisense plasmid signifi-
cantly ameliorated inflammatory cell infiltration, fibrin de-
position, and hepatocyte necrosis; prolonged the survival
time period; and elevated the survival rate among BALB/cJ
mice with murine hepatitis virus type 3-induced fulminant
hepatitis. The same strategy could apply to other diseases
such as acute rejection of xeno- or allograft transplantation
and fetal loss syndrome, in which studies have shown fgl2
was also closely involved.

INTRODUCTION

THERE ARE AN INCREASING NUMBER of patients with chronic
hepatitis B who develop acute hepatitis during the chronic

phase of the disease and subsequently die of acute hepatic fail-
ure (Mondelli and Eddleston, 1984; O’Grady and Williams,
1986; Hoofnagle et al., 1995). The hallmark of this severe dis-
ease is the extreme rapidity of the necromicroinflammatory pro-
cess, resulting in widespread or total hepatocellular necrosis in
weeks or even days and associated with a marked cellular in-
filtrate associated with intravascular fibrin deposition (Liu et
al., 2001). Our previous studies have shown, in both an exper-
imental animal model of fulminant viral hepatitis caused by
murine hepatitis virus strain 3 (MHV-3) and in patients with
acute or chronic hepatitis B, the importance of macrophage ac-
tivation and the expression of a unique gene, fibrinogen-like
protein-2 (fgl2), which encodes a serine protease capable of di-
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rectly cleaving prothrombin to thrombin, resulting in intravas-
cular fibrin deposition within the liver and culminating in wide-
spread hepatocyte necrosis (Fung et al., 1991; Ding et al., 1997;
Ning et al., 1998; Marsden et al., 2003).

Gene silencing has been successfully achieved in a variety
of disease conditions including viral infective and inflamma-
tory as well as malignant diseases, using antisense DNA or
RNA, ribozymes, and small interfering RNA (siRNA) ap-
proaches (Yacyshyn et al., 1998; Weiss et al., 1999; Caplen et
al., 2001; Tamm et al., 2001). The possible mechanisms by
which antisense molecules result in decreased protein expres-
sion include the modulation of protein translation by disrupt-
ing ribosome assembly, RNase H-mediated cleavage of targeted
mRNA, and pretranslational modification of splicing (Weiss et
al., 1999; Crooke, 2001). Antisense molecules have long since
been described but technological advances have led to im-
provements in pharmacokinetics and pharmacodynamics
(Stephenson and Zamecnik, 1978). Expression vectors produc-
ing antisense DNA or RNA have major advantages over
oligonucleotides, because vectors can synthesize the antisense
DNA or RNA continuously inside the cell after a single ad-
ministration, resulting in a longer duration of action. We have
therefore designed an antisense DNA complementary to the
322-bp sequence of exon 1 of the mouse fgl2 (mfgl2) gene, in-
cluding the translation initiation site AUG. By using this mfgl2
antisense plasmid in a cell culture system and the MHV-3-

induced fulminant viral hepatitis animal model, we have dem-
onstrated a significant reduction in mfgl2 gene expression both
in vivo and in vitro, marked histological improvement of af-
fected liver tissue, prolongation of animal survival time, and el-
evation of the survival rate, indicating that the mfgl2 antisense
plasmid may provide an effective way to interfere with mfgl2
prothrombinase, as a potential therapeutic strategy.

MATERIALS AND METHODS

Virus

MHV-3 was obtained from the American Type Culture Col-
lection (ATCC, Manassas, VA), plaque purified on monolay-
ers of DBT (delayed brain tumor) cells, and titered on L2 cells
according to a standard plaque assay (Fung et al., 1991; Ding
et al., 1997; Ning et al., 1998).

Animals

All animal experiments were carried out according to the guide-
lines of the Chinese Council on Animal Care and approved by
Tongji Hospital (Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China) Committees on An-
imal Experimentation. The research protocol was reviewed and
approved by the hospital institutional review board of Tongji Hos-
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FIG. 1. Construction of mfgl2 antisense and mfgl2 sense plasmids. (A) The 322-bp antisense and sense DNA was inserted into
pcDNA3.0 through EcoRI and XbaI enzyme sites. (B) The mfgl2 antisense and mfgl2 sense plasmid was identified by restriction
endonuclease digestion with XbaI and SacII. Lane 1, mfgl2 antisense plasmid plus EcoRI plus SacII; lane 2, mfgl2 sense plas-
mid plus EcoRI plus SacII; lane 3, DNA marker.

http://www.liebertonline.com/action/showImage?doi=10.1089/hum.2006.17.589&iName=master.img-000.jpg&w=111&h=256


pital. Female BALB/cJ mice, 8–10 weeks of age and weighing
20–22 g, were purchased from Hubei Provincial Institute of Sci-
ence and Technology (Wuhan, China). Gene transfection was
achieved by hydrodynamic injection, via the tail vein, of 100 �g
of mfgl2 antisense or sense plasmid, or pCMV-LacZ plasmid, dis-
solved in 2 ml of phosphate-buffered saline (PBS) over 4 to 5 sec
(18 animals in each group). The injection was repeated 24 hr later,
and 24 hr later mice received 20 plaque-forming units (PFU) of
MHV-3 intraperitoneally to develop fulminant viral hepatitis.
Liver sections and serum samples from separate sets of animals
were sampled at the hours indicated after MHV-3 infection.

Construction of mfgl2 antisense and sense plasmid

A 322-bp nucleated fragment of fgl2 cDNA was amplified from
the mfgl2 cDNA library pBluescript-m166 (pm166) of mouse ge-
nomic P1 plasmid (Genome Systems, Inc., St. Louis, MO), which
contains the entire mouse fgl2 gene. The upstream primer was 5�-
CTA GTC TAG AGC CGC ACT GCA AGG AT-3� and the
downstream primer was 5�-CCG GAA TTC TCG TCA GCC
TGC AAC TTA C-3�. The boldface, underlined sequences are the
restriction enzyme sites for XbaI and EcoRI, respectively. The
amplified fragment (a mouse antisense DNA to the mfgl2 gene)
was then subcloned, at the EcoRI and XbaI restriction sites, into
the pcDNA3.0 expression vector under the control of a cy-
tomegalovirus promoter and bovine growth hormone 3� process-
ing signals (Patent no. 200610018749.4). By using the same vec-
tor, the same 322-bp fragment of mfgl2 sense plasmid was also
constructed as an experiment control (Fig. 1A). Restriction en-
donucleases EcoRI and SacII were used to analyze the orienta-
tion of the target gene insert in recombinant plasmid constructs
(Fig. 1B). All plasmids were purified with EndoFree Plasmid
Maxi kits (Qiagen, Hilden, Germany).

Transfection

Mouse macrophage cell line RAW 264.7 was cultured in six-
well plates until 50–80% confluence. mfgl2 antisense plasmid
or mfgl2 sense plasmid, and pEGFP DNA (as a marker for trans-
fection efficiency; Invitrogen Life Technologies, Carlsbad, CA)
in serum-free F12–Dulbecco’s modified Eagle’s medium were
vortexed with Lipofectamine (2 �g/�l) according to the manu-
facturer’s protocol. After incubation at room temperature for 30
min, the mixture was distributed into one of the duplicated wells
with RAW 264.7 cells, and transfection was performed at 37°C
with 5% CO2. Because of the toxicity of Lipofectamine, the
medium was replaced with fresh complete medium 5 hr after
transfection. Interferon-� (IFN-�) was added to the cell culture
as indicated as the inducer of mfgl2 gene expression and cells
were harvested for various assays. The biological effects of
mfgl2 antisense plasmid were then measured by reverse tran-
scription-polymerase chain reaction (RT-PCR) or quantitative
real-time PCR, Western blot, and procoagulant activity (PCA)
assay, and a functional assay of mfgl2 protein was performed.

Real-time fluorescence quantitative RT-PCR

Total RNA was extracted from mouse liver with TRIzol
reagent (Invitrogen Life Technologies) according to the manu-
facturer’s standard protocol. Real-time fluorescence quantita-
tive RT-PCR was done with EvaGreen PCR reagents (Biotium,
Hayward, CA) according to the manufacturer’s standard proto-

col. The upstream primer was 5�-ACT GTG ACA TGG AGA
CCA TG-3�, and the downstream primer was 5�-TCC TTA CTC
TTG GTC AGA AG-3�.

Serum aminotransferase measurements

Plasma or serum alanine aminotransferase (ALT) levels were
measured by clinical chemistry analyzer (Aeroset system; Ab-
bott Laboratories, Abbott Park, IL).

In situ hybridization

The method used here has been described previously (Ding et
al., 1998; Marsden et al., 2003). Digoxigenin-11-UTP (Dig-UTP;
Roche, Mannheim, Germany)-labeled cDNA probe was cut with
EcoRI after subcloning of a 169-bp fragment of mfgl2 cDNA, rep-
resenting nucleotides 756 (ACTGTGACA...) to 924 (...GAG-
TAAGGA), into pCR2.1 vector (Invitrogen Life Technologies).
The Dig-UTP-labeled probe concentration was determined by im-
munoenzymatic reaction with chemiluminescence detection, and
the probes were used for hybridization as reported previously.

Immunohistochemical staining

Immunohistochemical staining was performed with a rabbit
polyclonal antibody made against the fgl2 prothrombinase or
with a polyclonal antibody against fibrinogen (Dako, Glostrup,
Denmark) as described previously (Ding et al., 1997; Marsden
et al., 2003). Affinity-purified polyclonal antibody to both
murine and human fgl2 prothrombinase was produced in rab-
bits by repeated injections with a 14-amino acid hydrophilic
peptide (CKLQADDHRDPGGN) from the exon 1-encoded
portion of fgl2 prothrombinase, which had been coupled to key-
hole limpet hemocyanin. Immunohistochemical staining was
carried out as described previously.

Western blot analysis

Cellular extracts were obtained from treated RAW 264.7 cells
posttransfection. IFN-�-treated and nontreated cells were used as
positive and negative controls, respectively. Twenty micrograms
of cellular extract was boiled for 5 min in 2� sodium dodecyl
sulfate (SDS) buffer containing 20% dithiothreitol (DTT) and re-
solved by sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis (SDS–PAGE). The resolved proteins were transferred
to a nitrocellulose membrane. The membrane was blocked in 5%
nonfat milk–0.05% Tween 20–PBS for 2 hr at room temperature
with shaking and then probed for 1 hr at room temperature with
shaking, using polyclonal antibody against mfgl2 prothrombi-
nase (1:500 dilution). The membranes were rinsed twice with
PBS and washed six times with 0.05% Tween 20–PBS for 5 min
with shaking. The membrane was probed with a horseradish per-
oxidase-labeled goat anti-rabbit secondary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) for 1 hr with shaking before be-
ing rinsed twice with PBS and washed six times in 0.05% Tween
20–PBS for 5 min. The blots were developed by chemilumines-
cence for 2 min and exposed to X-Omat blue film (PerkinElmer
Life and Analytical Sciences, Boston, MA) for 1 sec to 30 min.

PCA assay

Treated RAW 264.7 cells were evaluated for functional 
mfgl2 prothrombinase activity in a one-stage clotting assay, as
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previously described (Ning et al., 1998). Briefly, after incuba-
tion, samples were washed three times with unsupplemented
RPMI 1640 and resuspended to a final concentration of 106

cells/ml. After being frozen and thawed three times, samples
were assayed for the ability to shorten the spontaneous clotting
time of normal citrated human platelet-poor plasma. Milliunits
of activity were assigned by reference to a standard curve gen-
erated with serial log dilutions of a standard of rabbit brain
thromboplastin (Dade Behring, Deerfield, IL).

Statistical analysis

Quantitative data were expressed as means � SD. Statistical
analysis was carried out by one-way analysis of variance, and
a p value less than 0.05 was considered statistically significant.

RESULTS

Construction of mfgl2 antisense and sense plasmid

The mfgl2 antisense plasmid and mfgl2 sense plasmid were
successfully constructed as evidenced by the restriction enzyme
mapping shown in Fig. 1 and further confirmed by sequence
analysis.

Efficient transfection of plasmid into RAW 
264.7 cells and liver

To evaluate transfection efficiency, the pEGFP plasmid
(Clontech, Palo Alto, CA) was cotransfected with other con-
structs as indicated. Fluorescent signal was detected by fluo-
rescence microscopy. Fluorescence-positive cells and total cells
were counted in 10 randomly selected fields. Transfection ef-
ficiency was calculated to be more than 90% as showed in Fig.
2A and B.

To evaluate transfection efficiency and the location of DNA
plasmid in liver in vivo, 100 �g of pCMV-LacZ plasmid (In-
vitrogen Life Technologies) was delivered twice by hydrody-
namic injection via the tail vein at time 0 and 24 hr later. Liver
samples were collected 12, 24, 48, and 96 hr after the second
injection and stained with 5-bromo-4-chloro-3-indolyl-�-D-
galactopyranoside (X-Gal). A time course study (data not
shown) displayed the transfection efficiency peaks 48 hr after
the second injection, and the estimated transfection efficiency
was about 40% as shown by blue-colored cells in Fig. 2C and
D. The uptake of plasmid by hydrodynamic injection was ran-
domly distributed and mainly within the endothelial cells, he-
patocytes, and Kupffer cells around hepatic sinusoid. A trace
amount of pCMV-LacZ expression was also detected in kid-
ney, brain, and cardiac tissue (data not shown). pcDNA vectors
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FIG. 2. Evaluation of transfection efficiency by pEGFP plasmid expression in vitro and pCMV-LacZ in vivo. pEGFP plasmid-
transfected cells were examined by fluorescence microscopy (A) and light microscopy (B) within the same visualized area. 
(C and D) Bulk liver (C) and a liver tissue section (D) from pCMV-LacZ-transfected BALB/cJ mice, stained with X-Gal.
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are suitable for transfection of mouse liver, and the vector it-
self induced no immune response on the basis of lymphocyte
influx (Yin et al., 2002; Christ et al., 2004).

Effect of mfgl2 antisense plasmid on mfgl2
expression in vitro

Studies were undertaken with mfgl2 antisense plasmid for its
ability to interfere with IFN-�-induced mfgl2 expression in a
cell culture system. A dose titration for IFN-� and a time course

study were performed and indicated that IFN-� at 100 �g/ml
gave the maximal mfgl2 mRNA level by RT-PCR, and by 
72 hr mfgl2 mRNA levels decreased (data not shown). The
mfgl2 antisense plasmid significantly and maximally inhibited
IFN-�-induced mfgl2 expression at 24 hr posttransfection (data
not shown). A study of the dose-dependent inhibitory effect 
on mfgl2 expression by mfgl2 antisense plasmid was per-
formed and the results show that 1.5 �g of mfgl2 antisense plas-
mid can maximally inhibit IFN-�-induced mfgl2 expression 
(Fig. 3).
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FIG. 3. Dose-dependent inhibitory effect of
mfgl2 antisense plasmid on mfgl2 expression in
vitro, determined by quantitative real-time PCR.
mfgl2 antisense plasmid or sense plasmid (0.5,
1.0, 1.5, and 3.0 �g), with Lipofectamine ac-
cording to the manufacturer’s standard protocol,
was added to RAW 264.7 cells at 50–70% con-
fluence. IFN-� (100 �g/ml) was added to induce
mfgl2 gene expression. Twenty-four hours later
cells were harvested and measured for mfgl2 ex-
pression by quantitative real-time PCR. Values
represent the mean and SD of three separate ex-
periments done in triplicate. *p � 0.05 com-
pared with mfgl2 antisense plasmid group; #p �
0.01 compared with 1.0 or 1.5 �g of mfgl2 an-
tisense plasmid group.
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FIG. 4. Effect of mfgl2 antisense plasmid on mfgl2 pro-
tein expression in RAW 264.7 cells. (A) Western blot anal-
ysis. Lane 1, RAW 264.7 cells plus IFN-� (100 �g/ml);
lane 2, RAW 264.7 cells plus IFN-� (100 �g/ml) plus mfgl2
sense plasmid; lane 3, RAW 264.7 cells plus IFN-� (100
�g/ml) plus mfgl2 antisense plasmid; lane 4, RAW 264.7
cells. (B) mfgl2 prothrombinase functional assay (PCA).
Treated RAW 264.7 cells were incubated for the indicated
times as described in Materials and Methods and harvested
for measurement of PCA activity. Values represent
means � SD of three separate experiments done in tripli-
cate. *p � 0.01 compared with the mfgl2 sense plasmid
group and with the no-plasmid control group.
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To further confirm that the mfgl2 antisense plasmid in-
hibitory effect was also seen at the mfgl2 prothrombinase pro-
tein level, we performed Western blot and functional clotting
assays. IFN-�-induced and cotransfected RAW 264.7 cells were
harvested 24 hr posttreatment and the data showed that mfgl2
antisense plasmid resulted in a marked decrease in mfgl2 pro-
tein (Fig. 4A). A time course study of the inhibition of func-
tional activity of mfgl2 prothrombinase as shown by clotting
assay of procoagulant activity (PCA) indicated a significant di-
minishment of protein activity at 24 hr posttransfection; the in-
hibitory effects lasted until 120 hr (end of observation) (Fig.

4B). mfgl2 sense plasmid alone failed to inhibit mfgl2 expres-
sion (Fig. 4B).

Reduced lethality and improved liver pathology in
MHV-3-induced fulminant hepatitis on treatment 
with mfgl2 antisense plasmid

To further investigate the biological effect of mfgl2 antisense
plasmid in vivo, mfgl2 antisense plasmid, and as a control mfgl2
sense plasmid, were delivered twice by hydrodynamic injection
into 18 MHV-3-infected BALB/cJ mice. All 18 mice with mfgl2
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FIG. 5. Effect of mfgl2 antisense plasmid on the
survival of MHV-3-infected BALB/cJ mice. mfgl2
antisense plasmid or mfgl2 sense plasmid was intro-
duced into BALB/cJ mice; the mice were then in-
fected as described in Materials and Methods. Sur-
vival data are presented.

FIG. 6. Effect of mfgl2 antisense plasmid on the
serum ALT level of MHV-3-infected BALB/cJ
mice. mfgl2 antisense plasmid and mfgl2 sense
plasmid were each dissolved in 2 ml of PBS, and
introduced into BALB/cJ mice by hydrodynamic
injection twice. Mice then received 20 PFU of
MHV-3 intraperitoneally to develop fulminant vi-
ral hepatitis. We determined ALT levels in the two
groups of mice. Values represent means and SD
of three separate experiments done in triplicate. *p
� 0.01 compared with mfgl2 antisense plasmid
group.
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antisense plasmid were alive on day 3 postinfection, and 6 of
18 mice (33.3%) recovered from fulminant viral hepatitis (Fig.
5). In contrast, no mice in the mfgl2 sense plasmid-treated group
survived to day 3 (Fig. 5), nor did mice in the nontreatment
group (data not shown).

To better understand the mechanism behind the biological
effects of the mfgl2 antisense plasmid, a time course study of
liver function (serum ALT level) and liver histology of MHV-
3-infected mice was applied. There was no significant differ-
ence in serum ALT level between the mfgl2 antisense and sense
plasmid groups 24 and 36 hr after MHV-3 infection. Serum
ALT levels started to increase 48 hr postinfection both in mfgl2
sense plasmid-treated mice (Fig. 6) and nontreated MHV-3-in-
fected BALB/cJ mice (data not shown). However, ALT levels
in mfgl2 antisense plasmid-treated MHV-3-infected BALB/cJ
mice were significantly decreased compared with the mfgl2
sense plasmid-treated group 48 and 60 hr postinfection. To de-
termine the influence of hydrodynamic injection on liver func-
tion, a separate group of MHV-3-infected BALB/cJ mice was
injected with saline; elevation of the ALT level during the first
24 hr returned to nearly normal levels 48 hr after MHV-3 in-
fection (data not shown).

Liver histology was examined by hematoxylin and eosin
(H&E) staining at the indicated times. More than 10 low-power
field microscopic examinations were carried out for each slide.
There were rare or noninfiltrating inflammatory cells, and rare
or nonhepatocyte necrosis, in the liver of both groups 24 hr af-
ter MHV-3 infection (data not shown), and in mfgl2 antisense
plasmid-treated mice 36 hr after MHV-3 infection (Fig. 7B).
However, by 36 hr after MHV-3 infection, mild to moderate
inflammatory cell infiltration and spotty necrosis were evident
in the hepatic lobules of mice treated with mfgl2 sense plasmid
(Fig. 7A) or nontreated mice (data not shown). By 48 to 60 hr
after MHV-3 infection only mild inflammatory cell infiltration
(Fig. 7D), or noninfiltration of inflammatory cells and no evi-
dence of hepatocyte necrosis (Fig. 7D and F), were shown in
mfgl2 antisense-treated mice compared with the display of fo-
cal, even bridge necrosis with massive inflammatory cell infil-
tration within the liver of mfgl2 sense plasmid-treated mice (Fig.
7C and E). These data strongly suggested that mfgl2 antisense
plasmid improved the pathology in MHV-3-induced fulminant
viral hepatitis; in some cases the pathological process was re-
versed, allowing the animal to recover from this disease.

Effect of mfgl2 antisense plasmid on mfgl2 expression
and related fibrin deposition in vivo

To evaluate the inhibitory effects of mfgl2 antisense plas-
mid on mfgl2 expression in vivo, a time course study of the ef-
fects was performed by real-time fluorescence quantitative RT-
PCR, using liver samples from MHV-3-infected mice 24, 36,
48, and 60 hr postinfection. It was evident that the inhibitory
effect of mfgl2 antisense plasmid began 24 hr postinjection,
with increasing effect (to 68%) until 60 hr postinfection (Fig.
8A). These data were further confirmed by in situ hybridiza-
tion, using a 169-nucleotide sequence from the conserved car-
boxyl end-encoding region of the gene, and by immune histo-
chemistry, using a specific polyclonal antibody against mfgl2
protein. Results indicated none or rare mfgl2 expression in the
liver, with rare or mild inflammation in antisense plasmid-

treated mice compared with mfgl2 sense plasmid-treated mice,
with mfgl2-expressing cells in areas of focal or even bridging
necrosis and liver vasculature easily visible (Fig. 8B and C).
There was significant reduction of fibrin deposition in liver tis-
sues from mice with mfgl2 antisense plasmid treatment com-
pared with that from mfgl2 sense plasmid-treated mice (Fig.
8D).

DISCUSSION

Chronic infection with hepatitis B virus affects an estimated
350 million people on a global basis, especially in Asia, where
there is an HBV chronic carrier rate of 10–15% (Pawlotsky,
2002; Cheng et al., 2003; Higuchi and Gores, 2003; Nakamoto
and Kaneko, 2003). Although most carriers do not develop he-
patic complications from chronic hepatitis B, 15–40% will de-
velop serious sequelae during their lifetime. The mechanisms
for virus-induced hepatocyte injury are still not clearly known
(Coleman, 2003; Higuchi and Gores, 2003; Nakamoto and
Kaneko, 2003; Rhoads, 2003). This disease is characterized by
recurrent flares of hepatocellular injury. Flares of marked
chronic hepatitis are postulated to reflect T lymphocyte-medi-
ated immune responses to the virus (Guidotti and Chisari,
2001). Intrahepatic production of IFN-� is thought to figure
prominently in how viral hepatitis B-specific T cells mediate
hepatocellular injury, resulting in widespread hepatocyte ne-
crosis (Hong et al., 2002). A number of investigators have de-
scribed fibrin deposition in the livers of patients with chronic
hepatitis (Kakimi et al., 2001; Leifeld et al., 2002). Early re-
ports demonstrated that fibrin deposition was located mainly in
the sinusoids of rats and mice after dimethylnitrosamine (DMN)
intoxication, endotoxin administration, and liver transplantation
and in the necrotic areas of animals after CCl4 intoxication (Fu-
jiwara et al., 1988; Mochida et al., 1990). It has been reported
that sinusoidal fibrin deposition is characteristic in patients with
fulminant viral hepatitis, but the deposition exists exclusively
in necrotic areas of the liver in patients with chronic hepatitis
(Rake et al., 1970). Our previous studies demonstrated that ex-
pression of human fgl2 (hfgl2)/fibroleukin correlated highly
with disease severity and fibrin deposition in severe acute or
chronic hepatitis B or marked chronic hepatitis B, and in mice
with fulminant hepatitis induced by MHV-3, but not in patients
with mild chronic hepatitis B or HBV carriers. Fibrin deposi-
tion was evident both in sinusoids and in necrotic areas (Ding
et al., 1997; Marsden et al., 2003). We further reported that the
nucleocapsid protein of MHV-3 induced mfgl2 gene expression
and that the liver-specific transcription factor hepatocyte nu-
clear factor-4 (HNF4) is essential for this gene activation (Ning
et al., 1999, 2003). Taken together with results reported from
our group and many others, we propose that the pharmacolog-
ical blockade of fgl2/fibroleukin may offer an important new
therapeutic approach in hepatitis virus-induced disease.

In this paper, we examined whether antisense methodology
could be employed to modulate mfgl2 expression both in vitro
and in vivo and eventually provide novel therapeutic strategies
for fulminant viral hepatitis. To begin this direction of study,
an mfgl2 antisense plasmid was successfully constructed. A
322-bp fragment of antisense DNA under the control of the
CMV promoter (pcDNA3.0) was designed to match the trans-
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FIG. 7. Effect of mfgl2 antisense plasmid on liver pathology in MHV-3-infected BALB/cJ mice. Livers were collected from
mfgl2 sense plasmid-treated (A, C, and E) and mfgl2 antisense plasmid-treated (B, D, and F) BALB/cJ mice 36 hr (A and B),
48 hr (C and D), and 60 hr (E and F) after MHV-3 infection and pathologic characteristics were investigated by H&E staining.
Original magnification, �400. Arrows represent the necroinflammatory areas.
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FIG. 8. Effect of mfgl2 antisense plasmid on mfgl2 expression
and related fibrin deposition in vivo. (A) Real-time PCR analy-
sis of mfgl2 expression. Livers from mfgl2 antisense plasmid-
treated and mfgl2 sense plasmid-treated BALB/cJ mice were col-
lected 24, 36, 48, and 60 hr after MHV-3 infection. Values
represent means and SD of three separate experiments done in
triplicate. *p � 0.01 compared with mfgl2 antisense plasmid
group. (B) In situ hybridization analysis of mfgl2 expression. Liv-
ers from mfgl2 antisense-treated and mfgl2 sense plasmid-treated
BALB/cJ mice were collected 48 hr after MHV-3 infection, and
in situ hybridization was performed for mfgl2 expression. Rare
or no mfgl2 expression was evident in hepatic lobules (B1) and
vasculature (B2) of liver tissue from mfgl2 antisense-treated mice
compared with marked mfgl2 expression in hepatocyte necrosis
area (B3, arrows) and vasculature (B4, arrows) in liver tissue in
mfgl2 sense plasmid-treated mice. Original magnification, �200.
(C and D) Immunohistochemistry analysis of mfgl2 and fibrin.
Livers from mfgl2 antisense-treated (C1 and D1) or mfgl2 sense
plasmid-treated (C2 and D2) BALB/cJ mice were collected 48
hr after MHV-3 infection, respectively. Immunohistochemistry
was performed for mfgl2 expression (C1 and C2) and fibrin depo-
sition (D1 and D2) as described. Original magnification, �200.
Arrows indicate the mfgl2 markedly expressed cells (C2) and fi-
brin-stained cells (D2).

mfgl2 ANTISENSE REVERSAL OF FULMINANT VIRAL HEPATITIS 597

A

http://www.liebertonline.com/action/showImage?doi=10.1089/hum.2006.17.589&iName=master.img-006.jpg&w=230&h=210
http://www.liebertonline.com/action/showImage?doi=10.1089/hum.2006.17.589&iName=master.img-007.jpg&w=401&h=396


lation initiation site and part of exon 1 of mfgl2, which encodes
the active site of this protein (Chan et al., 2002). To test the bi-
ological effect of mfgl2 antisense plasmid both in vitro and in
vivo, Lipofectamine-mediated transfection and tail vein hydro-
dynamic injection were performed, respectively. Efficient trans-
fection (more than 90% in our hands) was achieved by Lipo-
fectamine-mediated transfection, as observed in a cell culture
system with plasmid pEGFP, which encodes enhanced green
fluorescent protein. Approximately 40% gene transfection effi-
ciency was obtained in vivo within seconds by the method of
tail vein hydrodynamic injection of target gene(s), as shown by
the X-Gal staining of pCMV-LacZ plasmid-transfected liver
sections.

Activated macrophages have been reported to play a role in
the pathogenesis of fulminant viral hepatitis both in humans and
in mice (Ding et al., 1997; Marsden et al., 2003). It was dem-
onstrated the activated macrophages highly expressed Fgl2 pro-
thrombinase, which in turn cleaves prothrombin to thrombin,
eventually leading to fibrin deposition. Our previous reports
have shown that IFN-� is a potent inducer of mfgl2 both in pri-
mary macrophages and in the transformed RAW 264.7 cell line,
which normally expresses only low basal levels of this gene
(Liu et al., 2003). In vitro we were able to decrease IFN-�-in-
duced mfgl2 expression by 78% with mfgl2 antisense plasmid.
This promising result led us to investigate its effects in vivo.
Gene transfer of mfgl2 antisense in vivo also resulted in a sig-
nificant reduction of mfgl2 expression and fibrin deposition, im-
provement of liver function and histology, prolongation of the
survival time period, and elevation of the survival rate in
BALB/cJ mice with MHV-3-induced fulminant hepatitis. The
possible mechanisms behind these results are still an open ques-
tion. It should be noted that activation of the coagulation cas-
cade is an integral component of host inflammation. Experi-
mental evidence in animal models also indicates that the
coagulation cascade plays a crucial role in the outcome of in-
flammatory insults. Fibrin deposition simultaneously causes mi-
crovascular thrombosis, leukocyte accumulation, and upregula-
tion of inflammatory responses. Silencing of the gene encoding
Th1 immune coagulant mfgl2 leads to a significant decrease in
fibrin deposition in liver; this negative feedback in turn could
result in the diminishment of inflammation or lymphocyte in-
flux. Experiments need to be performed to provide the details
of mechanisms leading to the biological effects described, in-
cluding the function of macrophages and endothelium within
the liver. A cytokine profile study, both local (liver) and sys-
temic (serum), is under way in our laboratory. Gene delivery
procedures will be optimized and a combination of antiviral
medicine along with gene delivery of more than one cytokine
antisense sequence is under consideration.

A crucial consideration in the design of an antisense inhibi-
tor is specificity (Bestor, 2000; Cordeiro et al., 2003; Furling
et al., 2003). One parameter that affects specificity is the rela-
tive accessibility to hybridization of the target sequence versus
the accessibility of targets with undesired homology to the in-
tended target. The target site for the 322-bp antisense plasmid
was chosen because of its proximity to the AUG start codon
and in vitro mapping had shown that this site was accessible to
hybridization. To test the specificity of the 322-bp antisense
plasmid, two additional reporter constructs were used. The first
was pEGFP, which, like the basic plasmid pcDNA3.0, encodes

a green fluorescence protein under the control of the CMV pro-
moter. The second construct was mfgl2 sense plasmid, which
is identical to our antisense construct except that the latter car-
ries the 322-bp mfgl2 antisense DNA. These two constructs
failed to inhibit mfgl2 expression either at the level of tran-
scription or translation (some of the data are shown in Figs.
4–7). These data provided additional evidence of the specificity
of the 322-bp antisense DNA and indicated that mfgl2 expres-
sion was specifically targeted by the mfgl2 antisense DNA.

It should be noted that data are now emerging to support the
hypothesis that, irrespective of the etiology of fulminant hepatic
failure, the host immune response (including production of
proinflammatory cytokines and mediators) contributes to mi-
crocirculatory disturbances that result in hypoxic injury and cell
death (apoptosis). Given the complexity of this multidimen-
sional disorder, the challenge is to provide a rational basis for
treatment. This might include enhancement or suppression of
immune responsiveness by manipulation of multiendogenous
cytokine synthesis or by cytokine administration and, at the
same time, use of strategies to increase hepatic regeneration. In
our current study the survival rate at 60 hr posttreatment was
as high as 66.7% and the overall survival rate was 33.33% af-
ter mfgl2 antisense administration in MHV-3-induced fulminant
hepatitis. The mice that died between 60 and 72 hr posttreat-
ment displayed a later break of fulminant viral hepatitis with
similar biochemistry and pathology when compared with mice
in the control group (data not shown). This result indicated there
are other target factors that need to be considered, and appro-
priate investigation is under way.

There has been significant interest in the use of RNA inter-
ference (RNAi) inhibition of gene expression (Bass, 2000; Dave
and Pomerantz, 2003; Stevenson, 2004). A frequently asked
question concerns whether RNAi has significant advantages
over antisense. However, it has been described that if a suffi-
cient amount of antisense DNA can be delivered to the appro-
priate subcellular compartment, antisense inhibition of gene ex-
pression can be as potent as RNAi (McCaffrey et al., 2003;
Morgan et al., 2005; Mourich and Marshall, 2005). RNAi is
thought to catalytically trigger degradation of target mRNAs
before translation (Cordeiro et al., 2003). However, this degra-
dation is not complete because residual translation is observed.
Antisense DNA acts at a different step in gene expression, by
blocking translational initiation. It is therefore possible that an-
tisense and RNAi could act synergistically to specifically result
in more efficient gene silencing. We have successfully con-
structed a small hairpin RNA for mfgl2 and preliminary data
have shown its promising inhibitory effect on mfgl2 expression
in a cell culture system. Studies are underway to investigate its
biological effects in vivo and its synergistic action when used
together with mfgl2 antisense plasmid.

Here we have demonstrated that a novel mfgl2 antisense plas-
mid can be successfully used to block the expression of mfgl2
in a cell culture system and in an in vivo animal model. We fur-
ther showed that the administration of mfgl2 antisense plasmid
ameliorates liver pathology including inflammatory infiltration,
fibrin deposition, and hepatocyte necrosis. Furthermore, it pro-
longed the survival period and elevated the survival rate of
MHV-3-infected BALB/cJ mice, which normally died of a fa-
tal disease, fulminant hepatitis. This study may provide an ef-
fective way to interfere with the potential therapeutic target
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mfgl2 gene for microcirculation disorders including fulminant
hepatitis, severe or marked chronic viral hepatitis (acute or
chronic viral hepatitis), and acute rejection of allograft trans-
plantation, in which mfgl2 plays an important role (Ning et al.,
2005; Zhu et al., 2005).
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