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Viral myocarditis affects an estimated 5 to 20% of the human population. The antiviral cytokine beta
interferon (IFN-@) is critical for protection against viral myocarditis in mice. That is, nonmyocarditic reovi-
ruses induce myocarditis in mice that lack IFN-a/f3, and nonmyocarditic reoviruses both induce more IFN-f3
and are more sensitive to the antiviral effects of IFN-3 than myocarditic reoviruses in primary cardiac myocyte
cultures. Induction of IFN- in certain cell types involves viral activation of the transcription factor interferon
regulatory factor 3 (IRF-3). To address whether IRF-3 can induce IFN- in cardiac myocytes, primary cardiac
myocyte cultures and control 1929 cells were transfected with a plasmid constitutively expressing IRF-3.
Overexpression of IRF-3 resulted in induction of IFN-f in the absence of viral infection in both cell types. To
address whether IRF-3 is required for viral induction of IFN-@, cell cultures were transfected with a plasmid
constitutively expressing a dominant negative IRF-3 protein. The dominant negative IRF-3 reduced reovirus
induction of IFN-f3 in control 1929 cells and completely eliminated induction in primary cardiac myocyte
cultures. This provides the first identification of a cardiac cellular factor required for viral induction of IFN-3

and the first report of any cell type requiring IRF-3 for this response.

Viral myocarditis is an important human disease that affects
an estimated 5 to 20% of the population (50). Viral myocar-
ditis can be fatal in infants (4, 18) and, although usually re-
solved in older individuals, can progress to chronic myocarditis
and/or dilated cardiomyopathy and cardiac failure (3, 17, 31).
In recent years, antiviral agents have been tested in clinical
trials in the hopes of improving disease outcome. Specifically,
alpha interferon (IFN-a) and thymic agents that increase en-
dogenous IFN levels and stimulate natural killer and T-cell
activities have been shown to lower viral titer and improve
cardiac function and survival rate in patients with viral myo-
carditis (13, 27, 28, 45). Neither of these therapies, however,
completely restores cardiac function.

Enteroviruses (including coxsackieviruses) are the most fre-
quently identified viruses associated with human myocarditis
(17, 46); however, many other virus families have been impli-
cated as well (19, 24, 39, 49). While enterovirus-induced myo-
carditis most likely reflects both immune system-mediated (6,
36) and direct cytopathic effects (5, 14), clinical studies of
adenovirus (26) and human immunodeficiency virus (HIV)-
associated (8) myocarditis suggest that the degree of cardiac
inflammation does not correlate with the severity of cardiac
dysfunction. Together, these data suggest that the innate re-
sponse of cardiac cells to viral insult may be an important
determinant of cardiac damage, yet the cardiac response to
viruses remains largely unexplored.

Reovirus-induced myocarditis in mice is not mediated by the
immune system and provides an excellent model for examining
cardiac damage as a direct result of viral infection (42-44).
Genes that encode viral core proteins involved in viral RNA
synthesis are determinants of reovirus-induced myocarditis
(41), and the rate of viral RNA synthesis in primary cardiac
myocyte cultures correlates with viral myocarditic potential
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(40). In addition, myocarditic reoviruses spread through pri-
mary cardiac myocyte cultures more effectively and induce a
greater cumulative cytopathic effect than nonmyocarditic reo-
viruses (40). One mechanism by which viral RNA synthesis can
regulate viral spread is by induction of type I IFN (47). Indeed,
nonmyocarditic reoviruses both induce more IFN-3 and are
more sensitive to the antiviral effects of IFN-a/B than myocar-
ditic reoviruses in primary cardiac myocyte cultures (44).
Moreover, a nonmyocarditic reovirus induces myocarditis in
mice depleted of IFN-a/B (44).

IFN-B transcription is tightly regulated by the interactions
of multiple positive and negative regulatory factors with the
gene regulatory region (47). Positive regulatory domain III
(PRDIII) contains an interferon regulatory factor (IRF)-bind-
ing element that can be bound by IRF-3 (38), a recently iden-
tified member of the IRF family (1). IRF-3 is constitutively
expressed in all tissues examined thus far (1), thereby elimi-
nating the need for de novo synthesis upon viral infection.
Viral infection may (37) or may not (1) result in further in-
duction of IRF-3, while IFN treatment does not induce expres-
sion of IRF-3 (1). In uninfected cells, IRF-3 is present in an
autoinhibitory form (22). Viral infection can result in phos-
phorylation, activation, and homodimerization of IRF-3 (21,
22, 37,48, 51). Such activation results in translocation of IRF-3
from the cytoplasm to the nucleus (37, 51), association with
CREB binding protein (CBP) and/or p300 (37, 48, 51), and
binding and induction of IFN-a and IFN-B genes (16, 37, 38,
51) and certain interferon-stimulated genes (ISGs) (1, 7, 32,
48).

What transcription factors are required for viral induction of
IFN in the heart? Many viruses gain access to the heart, car-
diac myocytes are not replenished, and yet the cardiac factors
that mediate the cardiac IFN response to viral infection have
not previously been investigated. Here, we examined the role
of IRF-3 in reovirus induction of IFN-B in primary cardiac
myocyte cultures. Our results provide the first identification of
a transcription factor required for the cardiac IFN response to
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viruses and the first report, in any cell type, of a requirement
for IRF-3 in viral induction of IFN-(.

MATERIALS AND METHODS

Cell cultures. To generate primary cardiac myocyte cultures from Cr:NIH(S)
mice (National Cancer Institute), term fetuses or 1-day-old neonates were sac-
rificed and the apical two-thirds of the hearts were removed, minced, and
trypsinized (2). Cells were plated at a density of 1.25 X 10° cells per well in
six-well clusters (Costar, Cambridge, Mass.) and incubated for 1.5 to 2 h to
remove rapidly adherent cells (predominantly fibroblasts). The remaining cells
(predominantly myocytes) were resuspended in Dulbecco’s modified Eagle me-
dium (DMEM) (Gibco BRL, Gaithersburg, Md.) supplemented with 7% fetal
calf serum (HyClone, Logan, Utah), 0.06% thymidine (Sigma Co., St. Louis,
Mo.), and 10 pg of gentamicin (Sigma Co.) per ml. Primary cardiac myocyte
cultures were plated at a density of 3.5 X 10° to 6 X 10° cells per well in 1 ml in
12-well tissue culture plates (Costar) and allowed to adhere for 1 day prior to
transfection. Mouse 1929 cells were maintained in suspension culture with min-
imal essential medium (MEM) (Gibco BRL) supplemented with 5% fetal calf
serum (HyClone) and 2 mM L-glutamine (Gibco BRL). For transfection, cells
were plated at 5 X 10* cells per well in 1 ml in 12-well tissue culture plates.

Plasmids. pBLux was constructed by PCR to add HindIII restriction sites to
bases 38 to 470 of the murine IFN- regulatory region, containing all four PRDs
(PRDI to IV) of pMUIFCAT-1200 (9) (generously provided by Hansjorg
Hauser, Gesellschaft fiir Biotechnologische Forschung mbH, Braunschweig,
Germany). The PCR fragment was gel purified and inserted into pGL3-Basic
(containing the firefly luciferase gene but no promoter; Promega, Madison, Wis.)
by using HindIII restriction sites. pGL3-Basic (lacking a promoter and therefore
expressing baseline firefly luciferase), pGL3-Control (expressing firefly luciferase
constitutively from a simian virus 40 promoter), and pRL-SV40 (expressing
renilla luciferase constitutively from a simian virus 40 promoter) were all pur-
chased (Promega). pEF-HAIRF-3 (expressing IRF-3) and pEF-HAIRF-3°%427
(expressing a dominant negative IRF-3) contain the human EF-1a promoter for
constitutive expression (30, 51) and were generously provided by Takashi Fujita
(Kyoto University, Kyoto, Japan). pEF-BOS, a control plasmid, was constructed
by removing IRF-3 from pEF-HAIRF-3 by EcoRI restriction digestion followed
by ligation of the remaining fragment. pPBOSLux was constructed by using PCR
to add Xbal sites to the luciferase gene of pGL3-Control and then inserting the
PCR product into pEF-BOS, using Xbal restriction sites. DNA was purified for
transfection by using Qiagen’s maxiprep system (Qiagen Inc., Valencia, Calif.).

Transfection. Transfection was performed 1 day postplating as previously
described (33) by using FuGene6 according to the manufacturer’s protocol
(Boehringer Mannheim/Roche Molecular Biomedicals, Indianapolis, Ind.). Un-
less noted otherwise in figures, the amount of DNA added to the indicated wells
was as follows: pBLux, 1 pg; pGL3-Control, 0.5 pg; pRL-SV40, 0.02 pg; pEF-
HAIRF-3°%27 6 ug; and pEF-HAIRF-3, 0.3 pg. FuGene6 was used in a volume
equal to twice the total micrograms of plasmid DNA to be transfected per well
(e.g., 2 ng of plasmid DNA per well required 4 pl of FuGene6 per well).

Infection. Infection was performed 1 day posttransfection. 1.929 cells or pri-
mary cardiac myocyte cultures were washed twice with DMEM or MEM with
supplements immediately prior to infection in order to remove residual
FuGene6. The cells in two wells were trypsinized, and viable cells were counted
by using trypan blue exclusion. Cells were infected with reovirus T3D (Dearing)
at 25 PFU per cell in 300 ul of DMEM or MEM with supplements or were mock
infected. After 1 h at 37°C in 5% CO,, 700 pl of MEM or DMEM with
supplements was added. Cells were incubated at 37°C and 5% CO, for 18 to 20 h.

Dual-luciferase assay. The dual-luciferase assay was performed according to
the manufacturer’s protocol (Promega) with the following exceptions: cells were
washed twice with phosphate-buffered saline prior to the addition of lysis buffer,
and cells were allowed to remain in lysis buffer at 4°C for at least 15 min, and
then the surfaces of the wells were scraped with a Teflon cell lifter (Costar).
Measurements were made by using a Lumat LB 9507 luminometer (EG&G
Berthold, Oakridge, Tenn.) and autoinjection. Normalized luciferase activity was
determined by dividing firefly luciferase activity by renilla luciferase activity.

Statistical analysis. Statistical analysis was performed using a Student’s one-
tailed ¢ test and pooled variance. Results were considered significant at P of
=0.05.

RESULTS

Reovirus induction of IFN-f3 can be monitored by using a
luciferase reporter plasmid. Using an IFN bioassay and re-
verse transcription-PCR, we previously demonstrated that reo-
viruses induce IFN-B in primary cardiac myocyte cultures be-
tween 10 and 20 h postinfection (44). To further investigate
this induction and the cellular factors involved, a plasmid was
constructed (pBLux) by inserting the murine IFN-B regulatory
region upstream of a luciferase reporter gene. Transfection
conditions were optimized previously (33), using a B-galacto-
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FIG. 1. Myocytes in primary cardiac myocyte cultures are transfected. Pri-
mary cardiac myocyte cultures were transfected with a B-galactosidase reporter
plasmid and stained for detection of B-galactosidase (33). The arrow indicates
one example of a positively stained myocyte. Myocytes are distinguished from
fibroblasts as described previously (2). Reprinted with permission from Roche
Molecular Biochemicals.

sidase reporter plasmid to demonstrate that myocytes in pri-
mary cardiac myocyte cultures were transfected (Fig. 1). L929
cells and primary cardiac myocyte cultures were transfected
with ppLux. Cells were then virally or mock infected, and
luciferase activity was analyzed 18 to 20 h postinfection. Viral
infection induced pBLux but not pGL3-Control activity in both
cell types (Fig. 2), confirming reovirus induction of IFN-B.
Note that the lower level of induction in primary cardiac myo-
cyte cultures most likely reflects the very low transfection ef-
ficiency achieved in these cultures (Fig. 1) (33). Addition of
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FIG. 2. Reovirus induces an IFN-B reporter construct, pLux. L929 cells or
primary cardiac myocyte cultures were transfected with the indicated plasmid
and the normalization plasmid pRL-SV40 and infected 1 day posttransfection.
The cells or cultures were mock infected (Z) or infected with reovirus T3D (m).
Luciferase activity was measured 18 to 20 h postinfection. For each well, nor-
malized luciferase activity was determined by dividing firefly luciferase activity by
renilla luciferase activity. Each bar shows the mean of three wells (or four wells
for 1929 cells) (each error bar shows the standard error of the mean). Similar
results were obtained in replicate experiments. Asterisks denote a significant
increase between mock- and virus-infected cultures (for 929 cells, P < 0.001; for
cardiac myocytes, P = 0.011).
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FIG. 3. pBLux activity is induced in cells overexpressing IRF-3. 1.929 cells or primary cardiac myocyte cultures were transfected with pLux, the normalization
plasmid pRL-SV40, and the indicated amounts of either control DNA (pEF-BOS) (@) or a plasmid expressing IRF-3 (m). Cells were infected 1 day posttransfection,
and luciferase activity was measured 18 to 20 h postinfection. For each well, normalized luciferase activity was determined by dividing firefly luciferase activity by renilla
luciferase activity. Each bar shows the mean of three wells (each error bar shows the standard error of the mean). Similar results were obtained in replicate experiments.
Asterisks denote significant increases between cultures transfected with control DNA or IRF-3 (for 1929 cells, from left to right, P = 0.046, 0.009, 0.002, <0.001, and <

0.001; for cardiac myocytes, from left to right, P = 0.001, 0.049, 0.002, and <0.001).

excess anti-IFN-o/p antibody did not affect viral induction of
pBLux (data not shown), indicating that pLux induction was
a direct effect of the virus rather than an autocrine effect of
virally induced IFN.

Overexpression of IRF-3 can induce pBLux activity in the
absence of reovirus infection. Overexpression of IRF-3 en-
hances viral induction of IFN-a and IFN-B in 1929 and 293
cells (16, 51) and IFN-« in 3T3 cells (37) but fails to induce
these genes in the absence of viral infection. In contrast, over-
expression of IRF-3 induces IFN-B and IFN-a in REF cells
independent of viral infection (16), suggesting that IRF-3 in-
duction of type I IFN genes in the absence of viral infection
may be cell type specific. To address whether IRF-3 can induce
IFN-B in cardiac myocytes in the absence of viral infection,
primary cardiac myocyte cultures and control 1.929 cells were
transfected with a plasmid constitutively expressing IRF-3 or
control DNA (pEF-BOS), infected, and harvested to assay
pBLux activity as described above. IRF-3 overexpression in-
creased ppLux activity in both 1.929 cells (Fig. 3A) and primary
cardiac myocyte cultures (Fig. 3B) even in the absence of viral
infection. In primary cardiac myocyte cultures, pBLux activity
increased with increasing IRF-3 concentration. Synergy be-
tween IRF-3 overexpression and viral infection was detected
with 0.3 pg of plasmid expressing IRF-3 in one experiment
(Fig. 3B).

IRF-3 regulates reovirus induction of IFN- in mouse 1.929
cells. To investigate the role of IRF-3 in reovirus induction of
IFN-B, L929 cells were transfected with ppLux and either
control plasmid DNA (pEF-BOS) or a construct expressing a
dominant negative IRF-3 protein (51). The dominant negative
protein retains functional binding of the transcriptional cofac-
tors CBP and p300 but lacks the DNA-binding domain and
thus competes with endogenous IRF-3 for cellular CBP and
p300. Overexpression of dominant negative IRF-3 using 6 pg
of plasmid DNA partially inhibited viral induction of pgLux in
L929 cells. The effect of the dominant negative protein on
IRF-3 was confirmed by demonstrating that the dominant neg-
ative protein could reverse enhancement of viral induction of

pBLux mediated by transfected IRF-3 (Fig. 4A). To test
whether increasing quantities of dominant negative IRF-3
could result in full inhibition of viral induction of pBLux, the
amount of dominant negative plasmid was increased in 1-pg
increments from 2 to 10 pg. There was equivalent inhibition
across the concentration range (Fig. 4B). To demonstrate that
these higher plasmid concentrations resulted in increased
protein expression, L1929 cells were transfected with
pBOSLux, a reporter constructed with luciferase, instead of
dominant negative IRF-3, downstream of the EF-1a promoter.
Increasing amounts of pBOSLux resulted in increasing lucif-
erase expression across the concentration range (Fig. 4C).
These results indicate that despite an apparent excess of dom-
inant negative IRF-3, there was only partial inhibition of reo-
virus induction of IFN-B in 1929 cells. Thus, while IRF-3
regulates reovirus induction of IFN-f in L.929 cells, 1.929 cells
may have other pathways for IFN-f induction in the absence of
IRF-3.

IRF-3 is required for reovirus induction of IFN-3 in pri-
mary cardiac myocyte cultures. Primary cardiac myocyte cul-
tures were transfected with pLux and either control plasmid
DNA (pEF-BOS) or a construct expressing a dominant nega-
tive IRF-3 protein (Fig. 5). Transfection with the dominant
negative IRF-3 inhibited reovirus induction of pBLux with no
significant effect on mock-infected baseline activity. Moreover,
the dominant negative IRF-3 completely inhibited viral induc-
tion of pBLux activity to levels comparable to those of mock-
infected cultures. Replicate experiments provided similar sta-
tistical results (Fig. 5), demonstrating that IRF-3 is required
for reovirus induction of IFN-B in primary cardiac myocyte
cultures.

DISCUSSION

We have demonstrated that IRF-3 is required for reovirus
induction of IFN-B in primary cardiac myocyte cultures, pro-
viding the first identification of a cardiac cellular factor re-
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quired for viral induction of IFN-B and the first report in any
cell type that IRF-3 is required for viral induction of IFN-.

IRF-3 overexpression can induce IFN-f in the absence of
viral infection. IRF-3 overexpression induced IFN-B in the
absence of viral infection in both 1929 cells and primary car-
diac myocyte cultures (Fig. 3). Our observation for 1.929 cells
differs from previous reports (51); however, this may reflect
transfection conditions. Indeed, when the total DNA concen-
tration (including control plasmids) was increased, resulting in
decreased transfection efficiency (data not shown), IRF-3 did
not induce IFN-B in the absence of viral infection (Fig. 4A).
The mechanism by which overexpression of IRF-3 results in
activation of IFN- in the absence of viral infection is unclear,
but similar virus-independent effects have been seen for IRF-7
(25). It is possible that IRF-3 is minimally functional in the
absence of viral activation and that overexpression allows de-
tection of this low level of activity. Alternatively, IRF-3 may be
inefficiently activated through a virus-independent mecha-
nism(s), but such activation would be detectable only with
IRF-3 overexpression.

IRF-3 regulates reovirus induction of IFN-3 in L929 cells.
Overexpression of a dominant negative IRF-3 resulted in only
partial inhibition of viral induction of IFN-B in L929 cells.
Moreover, this partial inhibition was not increased when the
dominant negative plasmid concentration was increased five-
fold (Fig. 4B). These data suggest that reovirus induction of
IFN-B in L929 cells uses both IRF-3-dependent and -indepen-
dent pathways, although alternative interpretations of the data
are possible. It is possible that endogenous IRF-3 or cofactors
that interact with IRF-3 are expressed at higher levels in 1.929

IRF-3
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FIG. 4. IRF-3 is not required for but regulates pgLux induction in 1929 cells.
(A) L1929 cells were transfected with ppLux, the normalization plasmid pRL-
SV40, the indicated plasmid (IRF-3 and/or Dom.Neg. IRF-3), and/or control
DNA (pEF-BOS) for a constant plasmid DNA concentration of 7.32 pg per well.
Cells were infected 1 day posttransfection, and luciferase activity was measured
18 to 20 h postinfection. The cells were mock infected (Z) or infected with
reovirus T3D (m). For each well, normalized luciferase activity was determined
by dividing firefly luciferase activity by renilla luciferase activity. Each bar shows
the mean of three wells (each error bar shows the standard error of the mean).
(B) 1929 cells were transfected with pBLux, the normalization plasmid pRL-
SV40, and the indicated amounts of control DNA (pEF-BOS) or a plasmid
expressing a dominant negative IRF-3 protein. Cells were infected, and lucif-
erase activity was measured as described above. Fold inhibition was calculated by
dividing normalized luciferase activity from virally infected cells transfected with
control DNA by those transfected with dominant negative IRF-3. Each datum
point is expressed as the average fold inhibition of three wells * standard error
of the mean. The results of two separate experiments are shown by the two lines,
with average values of viral induction of pBLux of 9- and 11-fold. (C) 1929 cells
were transfected with the normalization plasmid pRL-SV40 and the indicated
amounts of pPBOSLux, mock infected, and harvested for luciferase as described
above. For two separate experiments (depicted by the two lines), each datum
point is expressed as 10° times the mean of three wells + standard error of the
mean.

cells than in cardiac myocytes, generating a requirement for
greater concentrations of dominant negative IRF-3 in the
former than in the latter cells. The constant fold inhibition in
L1929 cells despite increasing plasmid concentrations however,
would argue that the dominant negative IRF-3 concentration is
sufficient regardless of IRF-3 and IRF-3 cofactor levels. More-
over, transfection with higher concentrations of pBOSLux, ex-
pressed from the same promoter as the dominant negative
IRF-3, resulted in higher normalized luciferase values (Fig.
4C), indicating that larger amounts of plasmid did increase
protein expression. Together, the data demonstrate that in-
creasing expression of dominant negative IRF-3 by fivefold in
L1929 cells does not increase inhibition of viral induction of
pBLux, indicating that the amount of dominant negative IRF-3
is not limiting in the assay. In sum, the data suggest that
reovirus induction of IFN-$ in 1.929 cells can use IRF-3-inde-
pendent pathways.

IRF-3 is required for reovirus induction of IFN-f in pri-
mary cardiac myocyte cultures. Overexpression of a dominant
negative IRF-3 resulted in complete inhibition of viral induc-
tion of IFN-B in primary cardiac myocyte cultures (Fig. 5).
Previous characterization of the dominant negative IRF-3
demonstrated that, as for wild-type IRF-3, it is phosphorylated
at the C terminus, translocates to the nucleus, and binds CBP
and/or p300 (51). The N-terminal deletion, however, prevents
DNA binding and therefore provides dominant negative func-
tion. Our data confirm that the dominant negative IRF-3 func-
tions to inhibit IRF-3 (Fig. 4A). Could the dominant negative
IRF-3 also inhibit IRF-1 or IRF-2, which can mediate viral
regulation of IFN-B (10-12, 34), and could the full inhibition in
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FIG. 5. IRF-3 is required for reovirus induction of ppLux in primary cardiac
myocyte cultures. Primary cardiac myocyte cultures were transfected with ppLux,
the normalization plasmid pRL-SV40, and control DNA (pEF-BOS) or a plas-
mid expressing a dominant negative (Dom.Neg.) IRF-3 protein. Cells were
infected 1 day posttransfection, and luciferase activity was measured 18 to 20 h
postinfection. The cells were mock infected (Z) or infected with reovirus T3D
(w). Results from three independent experiments are shown. For each well,
normalized luciferase activity was determined by dividing firefly luciferase activ-
ity by renilla luciferase activity. Each bar shows the mean of three wells (each
error bar shows the standard error of the mean). Asterisks denote no significant
difference between virus- and mock-infected cultures (P > 0.05 for all three
experiments).

primary cardiac myocyte cultures reflect this pleiotropic effect?
IRF-1, which can induce IFN-B in other cell types (10, 23, 29),
is not required for reovirus induction of IFN-B in primary
cardiac myocyte cultures (unpublished data), indicating that
the inhibitory effect of the dominant negative IRF-3 could not
be due to interactions with IRF-1. IRF-2 represses IFN-B
induction in other cell types (12, 23) and in primary cardiac
myocyte cultures (unpublished data), indicating again that the
dominant negative IRF-3 effects could not be mediated
through this factor. Together, the data indicate that IRF-3 is
required for reovirus induction of IFN-B in primary cardiac
myocyte cultures. This provides the first identification of a
cardiac cellular factor required for viral induction of IFN-
and the first report of any cell type requiring IRF-3 for this cell
response. Moreover, given our evidence here that 1929 cells
may use IRF-3-independent pathways, the data suggest that
cardiac myocytes may be uniquely dependent on IRF-3.

We previously demonstrated that nonmyocarditic reoviruses
induce more IFN-B than do myocarditic reoviruses in primary
cardiac myocyte cultures (44). This raises the intriguing possi-
bility that myocarditic reoviruses differ from nonmyocarditic
reoviruses in their activation or suppression of IRF-3. Recent
investigations suggest that many viruses have mechanisms for
interfering with IRF-3-mediated induction of IFN. Adenovirus
has been implicated in cases of viral myocarditis (26) but me-
diates cardiac damage through an undetermined mechanism.
Given that the heart requires IRF-3 for viral induction of
IFN-B (this report) and that adenovirus protein E1A binds
CBP and/or p300, thereby competing with IRF-3 for transcrip-
tional cofactors required for induction of both IFN and ISG
transcription (1, 16), it is possible that the mechanism of car-
diac damage by adenovirus could be linked to its ability to
interfere with the function of IRF-3. HIV Tat protein binds
CBP and/or p300 to activate HIV transcription (15) and po-
tentially competes with cellular IRF-3 for transcription cofac-
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tors. Although the impact on IFN induction has not been
determined, expression of a dominant negative IRF-3 can in-
hibit the expression of the B chemokine RANTES (20) thereby
lessening the cell’s innate antiviral response to HIV. Finally,
the E6 oncoprotein of human papillomavirus 16 directly binds
IRF-3 and interferes with the ability of Sendai virus to induce
IFN-B (35). Our future investigations will compare IRF-3 ac-
tivation by nonmyocarditic and myocarditic reoviruses.

We previously demonstrated that nonmyocarditic reoviruses
are more sensitive to the antiviral effects of IFN-f (44). IFN
induction of ISGs, which provide the antiviral effector func-
tions, is mediated by activation of the JAK-STAT pathway
(47). IRF-3, however, can directly induce ISGs (1, 7, 48) even
in the absence of IFN (32). Therefore, it is possible that the
differences in sensitivity to IFN-B between nonmyocarditic and
myocarditic reoviruses are due, in part, to a difference in IRF-3
activation. Again, our future investigations will address this
possibility.

Our results indicate that cardiac myocytes are dependent on
IRF-3 for viral induction of IFN-3. Previous evidence indicates
that the heart expresses a higher constitutive level of another
IRF, IRF-1, than other tissues examined (29), but the effects of
such expression remain unexamined. Together, these data sug-
gest that the heart may provide a unique environment for IRF
function. Further investigation of the cardiac IRF roles in viral
induction of IFN-B will provide essential insight for more-
effective IFN-based therapies for patients with viral myocardi-
tis.
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