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Introduction

Among the etiological viruses of viral myocarditis, enteroviruses, in particular coxsackievirus B, are the most common.1-4 In the pathogenesis of viral myocarditis, both direct viral injury and the immune response of the host play an important role.5,6 The results from experimental viral myocarditis indicate that the immune response has not only an important protective role, but also has deleterious effects on the host.6  The balance between these protective and deleterious effects may ultimately determine the course of viral heart disease. The inflammatory cytokine mRNAs were induced and persisted up to 80 days in experimental viral myocarditis, and the levels of interleukin-1(IL-1) have a correlation with myocardial fibrosis.7 

IL-1 receptor antagonist (IL-1Ra) binds to the IL-1 receptor and competitively inhibits the local inflammatory effects of IL-1.8 Infusion of IL-1Ra during the acute phase of experimental myocarditis could decrease the myocardial inflammation and mortality.9,10 These findings suggest that anti-cytokine therapy may suppress the deleterious effect of the host immune response. And local expression of IL-1Ra may have more therapeutic effect on viral myocarditis than systemic infusion, because of its short half-life in serum.  

In the present study, we expressed human IL-1Ra in the mouse heart by direct injection of a novel and highly effective mammalian expression plasmid vector (pCK), 11 and evaluated the effects of overexpressed hIL-1Ra on CVB3 myocarditis. 

Results
Time Course of hIL-1Ra Expression
The levels of heart hIL-1Ra on day 3 (2160±1651 pg/ml/mg of total protein), day 5 (2234±713), day 7 (695±394), day 9 (1062±383) and day 14 (1221±456), were significantly higher than for controls (24±3). The levels of hIL-1Ra in the heart peaked on day 5, and lasted for two weeks. In more than 70% of pCK-IL-1Ra injected hearts with CVB3 infection, hIL-1Ra was expressed at levels at least threefold higher than in control hearts. Serum hIL-1Ra was not significantly elevated.

Survival Rates 

In ten pCK-IL-1Ra-injected mice, without CVB3 infection, no mice died during the four weeks after the operation. The pCK-IL-1Ra-injected mice with CVB3 infection (IL-1Ra-CVB3, n = 35) showed a significantly higher survival (77%) than did the pCK-CVB3 group (n = 15, 30%, p<0.01) at day 14. At the end of four weeks after infection, the survival rate of IL-1Ra-CVB3 was significantly higher than in pCK-CVB3 (48% versus 10%, p<0.01). These data suggest that expressed hIL-1Ra had a therapeutic effect on the mortality of viral myocarditis.

Changes of Viral Titers and Histologic Findings

In IL-1Ra-CVB3 mice, the viral titers in the hearts were significantly lower than in pCK-CVB3 mice at day 3 (5.13±0.19 versus 6.21±0.16 log10 PFU/mg heart, p=0.002, n = 5 in each group). In day 7 hearts, the viral titers were decreased in both groups and showed no differences (1.15±0.30 versus 2.29± 0.23, p>0.05). The myocardial inflammation on days 7 (3.0±0.5) and 14 (2.0±0.5) was markedly decreased in IL-1Ra-CVB3 when compared with the pCK-CVB3 group (2.0±0.5 at day 7, 1.5±0.5 at day 14, p<0.05). The fibrosis on day 14 was also decreased in the IL-1Ra-CVB3 group. The degree of inflammation was scored as described earlier. 12 

Discussion

In this study, we were able to overexpress hIL-1Ra in the heart by direct injection of a plasmid vector (pCK-IL-1Ra) and showed the therapeutic effect of hIL-1Ra on murine CVB3 myocarditis. The overexpressed hIL-1Ra in the hearts improved survival rates, decreased the myocardial inflammation, inhibited viral proliferation in the heart, and prevented subsequent fibrosis.

In viral myocarditis, virus proliferation in myocytes can induce direct cytotoxicity, independent of an immune response, and some coxsackieviral proteins can cause direct myocyte damage.13 The host immune responses may induce tissue damage: 1) by the protective response to remove virus-infected myocytes, and/or, 2) by inappropriate cardiac injury, where the heart is attacked mostly by sensitized T-lymphocytes.14 This immune response should be specific, attacking only infected cells, however an imbalance in the immune response may lead to either an overwhelming virus-induced myocardial injury or predominantly immune-mediated tissue damage. 6 

IL-1Ra inhibits many actions of IL-1 by competing for its receptor. The balance between endogenous IL-1 and IL-1Ra in vivo is an important determinant of the host response to infection.8 In the murine myocarditis model, the increased levels of IL-1 correlated with the myocardial fibrosis, 7 while the increased serum levels of IL-1Ra, which was delivered by electroporation with the plasmid vector or continuous IL-1Ra infusion, improved the survival rates and decreased myocardial inflammation and fibrosis.9,10 These findings suggest that anti-cytokine therapy might modulate the deleterious effect of the host immune response in viral myocarditis. 

IL-1 has negative inotropic effects and cytotoxicity through excessive NO production by iNOS in viral myocarditis.10,15 IL-1 may also activate fibroblasts, which affect the remodelling process after myocardial injury.16 To inhibit the IL-1 response in the cells that express IL-1 receptor, a 10- to 100-fold excess of IL-1Ra is required.17 In this study, we could overexpress the IL-1Ra in the hearts 100-fold higher than in control hearts by direct injection with a highly effective and novel plasmid vector. And the local expression of IL-1Ra suppressed viral replication, myocardial inflammation, and subsequent fibrosis in the heart, and improved the survival rates.

In conclusion, we demonstrated that: 1) direct injection of the expression plasmid vector into the heart was an effective method to transfer the cytokine gene in vivo, and 2) anti-cytokine therapy can modulate the deleterious effect of the host immune response in viral myocarditis.
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