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Enteroviruses, particularly Coxsackie B viruses, are considered to 
have a crucial role in the etiology of viral myocarditis. Virus-

induced damage to the heart tissue has been suggested as the main 
mechanism underlying myocarditis in the murine model (1,2). 
Previous studies have shown that T cell-derived cytokines, including 
some interleukins (ILs), have an important role in the development of 
Coxsackievirus B3 (CVB3) myocarditis (3-5).

ILs exert their effects through specific high-affinity receptors. These 
effects are pleiotropic, proinflammatory and even anti- inflammatory (6), 
which may explain damage to myocytes, cardiac autoimmunity and 
changes in the cardiac extracellular matrix (ECM).

IL-15 is a proinflammatory cytokine that is present in a broad variety 
of tissues and cells such as activated macrophages, keratino cytes, muscle 
cells, endothelial cells and neural cells. In addition, IL-15 has been 
shown to be expressed as a functionally active, membrane-bound form 
in monocytes (7). IL-15 binds to the alpha-chain of its own high-affinity 
receptor, but it also shares the beta-gamma c subunits with IL-2. Thus, 
similar biological activities of IL-15 and IL-2 can be explained (8). Both 
ILs cause a stimulation of T cell and B cell proliferation and activity, 

whereas IL-15 particularly promotes the proliferation and survival of 
natural killer cells (9,10). Natural killer cells are bone marrow- derived 
granular lymphocytes that, without previous sensitization and restric-
tion by major histocompatibility proteins, are cytotoxic against malig-
nant and virally infected cells (10-12). 

Various histological, immunohistological and biochemical studies 
have shown that cytokines change the cardiac ECM. Characteristic 
changes have been described in dilated cardiomyopathy, myocarditis, 
ischemic cardiomyopathy and hypertensive heart disease (13). Among 
cardiac collagens (COLs), fibrillar and interstitial COL types I, III 
and V are most abundant (14), with mainly COL I (80%) and COL III 
(20%) providing functional integrity for the cardiac ECM (13). An 
increase of COL I, which provides stiffness and tensile strength, leads 
to systolic and diastolic dysfunction in dilated cardiomyopathy (15). 
Mechanical forces and various polypeptide factors are stimulators of 
collagen synthesis and subsequent fibrosis, although their mechanisms 
are still unknown (14). Collagen is degraded via intracellular and 
extracellular pathways. The intracellular pathway degrades lysosomal 
procollagens immediately after their synthesis to prevent the secretion 
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OBJECTIVE: Cytokines have an important role in both the initiation 
and perpetuation of viral myocarditis. Because a causative therapy of myo-
carditis is not yet well established and immunomodulation is a promising 
approach, the influence of interleukin (IL)-15, a proinflammatory cytokine, 
on the course of experimental myocarditis in Coxsackievirus B3 (CVB3)-
infected mice was examined.
METHODS: Hearts from CVB3-infected (n=14), sham-infected (n=14) 
and CVB3-infected BALB/c mice treated with IL-15 (n=6) or a competi-
tive IL-15 fusion protein (n=6) were analyzed for hemodynamic function, 
cellular infiltrates and myocardial collagen content.
RESULTS: Induction of myocarditis was associated with significant loss of 
body and heart weight, decreased left ventricular function, and increased 
collagen content and cellular infiltrates in the myocardium. Treatment of 
infected animals with IL-15 resulted in normalization of body and heart 
weight, and significantly improved systolic and diastolic left ventricular 
function, comparable with that of uninfected animals. This was paralleled 
by a significant reduction of myocardial collagen content to levels observed 
in animals without disease and by markedly reduced cellular infiltration of 
lymphocytes and macrophages in the myocardium. Inhibition of intrinsic 
IL-15 with IL-15 fusion protein tended to aggravate the disease.
CONCLUSIONS: Treatment with IL-15 has a positive effect on CVB3-
induced murine myocarditis and seems to be a promising approach to 
modifying clinical course, hemodynamics and histopathology of virus- 
induced myocarditis. Further studies are needed to identify the underly-
ing mechanisms.
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Effet de l’interleukine-15 sur l’évolution de la 
myocardite chez des souris BALB/c infectées 
par le virus Coxsackie B3.

OBJECTIF : Les cytokines jouent un rôle important dans l’instauration et 
la perpétuation de la myocardite virale. Étant donné que le traitement axé 
sur la cause de la myocardite n’est pas encore bien établi et que 
l’immunomodulation est une approche prometteuse, les auteurs ont 
examiné l’influence de l’interleukine (IL)-15, une cytokine pro-
inflammatoire, sur l’évolution d’une myocardite expérimentale chez des 
souris infectées par le virus Coxsackie B3 (CVB3).
MÉTHODES : Les auteurs ont analysé la fonction hémodynamique, les 
infiltrats cellulaires et le contenu myocardique en collagène de cœurs de 
souris BALB/c infectées par le CVB3 (n = 14), infectées facticement 
(n = 14) et infectées par le CVB3, mais traitées par IL-15 (n = 6) ou une 
protéine de fusion compétitive à base d’IL-15 (n = 6).
RÉSULTATS : L’induction de la myocardite a été associée à des baisses 
significatives des poids corporel et cardiaque, à une diminution de la 
fonction ventriculaire gauche et une augmentation du contenu myocardique 
en collagène et en infiltrats cellulaires. Traiter les animaux infectés au 
moyen d’IL-15 a permis une normalisation des poids corporel et cardiaque 
et une amélioration significative de la fonction ventriculaire gauche 
systolique et diastolique, comparables à celles qui s’observaient chez les 
animaux non infectés. Ces phénomènes se sont accompagnés d’une 
réduction significative du contenu myocardique en collagène, jusqu’au 
degré observé chez les animaux indemnes, et d’une réduction marquée de 
l’infiltration du myocarde par les lymphocytes et les macrophages. 
L’inhibition de l’IL-15 intrinsèque par la protéine de fusion à base d’IL-15 
a eu tendance à aggraver la maladie.
CONCLUSION : Le traitement par IL-15 a exercé un effet positif sur la 
myocardite murine induite par le CVB3 et semble être une approche 
prometteuse pour modifier l’évolution clinique, l’hémodynamie et 
l’histopathologie des myocardites d’origine virale. D’autres études devront 
être réalisées pour comprendre les mécanismes sous-jacents.
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of defective molecules and regulate the level of collagen production in 
response to extracellular stimuli (14). The extracellular pathway is 
regulated by matrix metalloproteinases (MMPs) that, acting as zymo-
gens, need extracellular activation by proteinases and are deactivated 
by tissue inhibitors of metalloproteinases (TIMPs) (16-18). Synthesis 
and degradation pathways constitute a complex regulatory system 
modulated by various factors such as ILs. 

In the present study, we investigated the effect of IL-15 on the 
course of myocarditis in BALB/c mice after infection with CVB3.

METHODS
Infection of animals
Eight-week-old male BALB/c (H-2d) mice, originally obtained from 
The Jackson Laboratory (Bar Harbor, Maine, USA) and housed in the 
animal facilities at the Charité – Medical School, Campus Benjamin 
Franklin (Berlin, Germany), were used. The animals were intraperito-
neally infected with 500,000 plaque-forming units of CVB3, strain 
Nancy (Professor Zeichhardt, Department of Virology, Charité – 
Medical School, Campus Benjamin Franklin, Berlin, Germany). 
Groups of six mice were subsequently treated with daily injections of 
recombinant murine IL-15 (250 ng) (PeproTech, USA) or an equiva-
lent dose (250 ng) of IL-15 fusion protein (IL-15fp) (Professor 
Bulfone-Paus, Department of Immunology, Borstel Research Institute, 
Borstel, Germany), which inhibits the physiological effects of IL-15. 
Groups of 14 mice, with or without infection, served as controls. No 
animals died during the administration of IL-15 or IL-15fp. The inves-
tigation was performed in accordance with the German law on animal 
protection.

Determination of body weight and heart weight, and hemodynamic 
evaluation
After 12 days, the animals were weighed, anesthetized using intra-
peritoneal administration of thiopental (125 µg/g body weight), 
intubated and ventilated. The chest was surgically opened, and an 
SPR-407 1.4 Fr Millar-tip catheter with a 1.4 Fr SPR-40M 
Ultraminiature Pressure Transducer (Millar Instruments Inc, USA) 
was advanced into the left ventricle as described previously (19). 
Hemodynamic parameters, such as heart rate, left ventricular pres-
sure (LVP) and slope of the LVP pulse (dP/dt max in mmHg/s), were 
assessed using a heart rate module type 669 (Hugo Sachs Electronic, 
Germany), a DC bridge amplifier type 660 (Hugo Sachs Electronic) 
and a slope quotient-coupler type 575 (Hugo Sachs Electronic), and 
were recorded on an oscillograph (WR3101 Mark VII Linearcorder; 
Graphtec Corporation, Japan). Following hemodynamic evaluation, 
the heart of each animal was harvested and weighed before further 
processing for immunohistology. 

Immunohistochemistry
Harvested hearts and spleens were embedded in a tissue medium and 
frozen in liquid nitrogen. Cryosections (5 µm) were prepared using a 
cryotome. According to the staining method described by Kühl et al 
(20), specific monoclonal rat antimouse primary antibodies directed 
against the leukocyte surface antigens CD4, CD8a, CD11a and CD11b 

(Becton Dickinson PharMingen, USA), and CD3 and CD54/ICAM-1 
(Dianova, Germany) were embedded for 60 min. Unbound antibodies 
were eluted twice with phosphate-buffered saline (PBS) for 5 min 
each. A peroxidase-conjugated rabbit antirat secondary antibody 
(Dianova), diluted to 1:200 in PBS containing 10% fetal calf serum, 
was added and incubated for 60 min. After another two washing steps 
using PBS, a 12 min stain reaction was performed using 3-amino-9-
ethylcarbazole; hematoxylin served as a counterstain. Cellular infil-
trates were detected by light microscopy at a final magnification of 
×450. At least 10 high-power fields in five different sections were 
evaluated for each single antibody.

Picrosirius red staining
For quantitative assessment of total collagen content in the myocar-
dium, the picrosirius red staining method was used. Myocardial tissue, 
which had previously been formalin-fixed, was embedded in paraffin. 
Using a microtome, sections (5 µm) were prepared and stained with 
picrosirius red (Polysciences Inc, USA). According to the method of 
Whittacker et al (21), the sections were examined under circularly 
polarized light microscopy, which was assisted by a computer-based 
digital image analysis software program (LUCIA G MV-1500 ver-
sion 4.6, Nikon Inc, USA). As previously described (21), the software 
program was calibrated to exclude interstitial space and to give a col-
lagen percentage output using the following equation:

Collagen (% output) =
Collagen area fraction in total tissue × 100%

Total tissue without gaps in tissue

Each sample was evaluated with a total of 10 fields at a final magnifica-
tion of ×400.

Statistical analysis
Statistical significance was evaluated by a nonparametric Mann-
Whitney U test for two independent samples. P<0.05 was defined as 
statistically significant. For quantitative analysis, all data were 
expressed as mean ± SD. Statistical calculation was performed with 
Microsoft Excel 2007 (Microsoft Corporation, USA) and SPSS for 
Windows version 15.0 (SPSS Inc, USA).

RESULTS
Treatment with IL-15 reverses myocarditis-associated loss of body 
and heart weight
CVB3-infected animals had a significantly reduced body weight 
compared with the uninfected group (–25%, P<0.05; Table 1). 
Interestingly, treatment with IL-15 significantly increased the 
mean body weight in CVB3-infected mice (+22%, P<0.05), virtu-
ally reversing the substantial myocarditis- associated loss. In con-
trast, IL-15fp did not alter the mean body weight in the myocarditis 
group. The changes in mean body weights were paralleled by simi-
lar changes in the heart weights – the significant, myocarditis- 
associated reduction of the mean heart weight was reversed by 
IL-15 but not IL-15fp.

IL-15 improves hemodynamics in CVB3-infected mice 
Table 1 demontrates that heart rates in CVB3-infected mice were 
significantly lower than in the control group (241±61 beats/min 
versus 290±47 beats/min; P<0.05). CVB3-infected mice treated 
with IL-15fp also had lower heart rates than control animals 
(198±29 beats/min versus 290±47 beats/min; P<0.05). However, 
treatment with IL-15 in CVB3-infected mice resulted in a signifi-
cant increase in heart rate (+33%) compared with the results in 
CVB3-infected animals that did not receive IL-15 therapy 
(320±27 beats/min versus 241±61 beats/min; P<0.05). Thus, IL-15 
therapy in CVB3-infected mice led to normalization of heart rate, 
which did not significantly differ from that in the control group 
(320±27 beats/min versus 290±47 beats/min).

In addition, LVP was significantly decreased in the CVB3-infected 
mice (P<0.05; Table 1). While LVP did not change in IL-15fp-treated 

Table 1
body weight, heart rate and left ventricular pressure (lVP) 
analysis

Groups
body 

weight, g
Heart  

weight, g
Heart rate, 
beats/min

lVP, 
mmHg

Control (n=14) 26.8±2.5 0.153±0.02 290±47 85.3±8.5
CVB3 (n=14) 20.1±2.4* 0.112±0.01* 241±61* 72.9±6*
CVB3 + IL-15 (n=6) 24.5±3.3† 0.144±0.01† 320±27† 75.9±4.6*
CVB3 + IL-15fp (n=6) 19.4±0.8* 0.105±0.01* 198±29* 71.4±8.8*
Data presented as mean ± SD. *P<0.05 versus controls; †P<0.05 versus 
Coxsackievirus B3 (CVB3)-infected mice. IL-15 Interleukin-15; IL-15fp 
Interleukin-15 fusion protein
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CVB3-infected animals, administration of IL-15 tended to improve 
LVP, although this effect was not statistically significant. 

Figure 1A demonstrates the results of the systolic slopes of the LVP 
pulse. CVB3-infected mice treated with IL-15fp showed no significant 
improvement but rather a trend toward deterioration (–12%) compared 
with the infected group. In contrast, treatment with IL-15 resulted in 
significantly improved systolic left ventricular function (+34%, P<0.05), 
with values comparable with healthy subjects. Assessment of the dia-
stolic slope of LVP pulse produced similar results (Figure 1B).

IL-15 but not IL-15fp ameliorates inflammation in CVB3-induced 
myocarditis
Myocardial tissue was analyzed for cellular infiltration of inflammatory 
cells using CD3, CD4, CD8a, CD11a and CD11b as specific markers. 
In addition, immunohistochemical staining for the adhesion molecule 
CD54/ICAM-1 was performed (Table 2). Spleen samples served as 
positive controls (data not shown). 

The myocardium of CVB3-infected mice showed significantly 
more CD3-positive (+), CD4+ and CD8a+ lymphocytes than the 
myocardium of noninfected controls (P<0.05). Similarly, infiltration 
with CD11a+ and CD11b+ macrophages was significantly increased in 
the myocarditis group (P<0.05). While treatment with IL-15 resulted 
in significantly fewer CD3+, CD4+, CD8a+, CD11a+ and CD11b+ 
leukocytes (P<0.05), IL-15fp did not alter the influx of inflammatory 
cells. Interestingly, myocardial expression of CD54/ICAM-1 doubled 
in the CVB3 mice, an effect that was completely reversed by IL-15 
administration (P<0.05). Compared with the uninfected animals, 
CVB3-infected animals and CVB3-infected animals treated with 
IL-15fp demonstrated a significantly increased number of cellular infil-
trates per high-power field. 

Figure 2 shows a representative staining for CD11b in the myocar-
dium of uninfected and CVB3-infected mice with and without treat-
ment. Infiltration of CD11b+ macrophages was clearly present in the 
myocarditis group (Figure 2B) compared with the controls (Figure 2A). 
Figure 2C depicts the myocardium of a CVB3-infected IL-15-treated 
mouse showing reduced cellular infiltrates. Figure 2D represents the 
myocardium of an infected, IL-15fp-treated mouse with persistent 
abundant CD11b+ cellular infiltration.

Treatment with IL-15 prevents myocardial fibrosis in  
CVB3-infected mice
To determine myocardial fibrosis and ECM deposition, overall colla-
gen content was assessed using picrosirius red staining. A significant 
increase in collagen (+36%, P<0.05) was demonstrated in the myocar-
dium of CVB3-infected mice compared with the uninfected group 
(Figure 3). Treatment with IL-15 significantly decreased collagen con-
tent of CVB3-infected mice (–34%, P<0.05), whereas IL-15fp did not 
have an effect on myocardial fibrosis in CVB3 myocarditis.

DISCUSSION
Evaluation of body and heart weight
In the present study, we investigated the effect of IL-15 in a murine model 
of CVB3-induced myocarditis. It is still challenging to identify affected 
animals clinically (22). Describing the visible clinical aspects, such as 
smooth or rough fur and agility of the mice, provided an initial hint of the 
animals’ state of health. While controls and CVB3-infected, IL-15 treated 
mice showed an unobtrusive habitus and smooth fur, suggesting a healthy 
state, nontreated and IL-15fp-treated CVB3-infected mice were clearly 
sick. Besides these subjective parameters, body and heart weight permitted 
a more objective judgement; viral infection and myocarditis were associ-
ated with a significant loss of body and heart weight compared with 
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Figure 1) Systolic (A) and diastolic (B) slope of the left ventricular pressure pulse (dP/dt max). A Coxsackievirus B3 (CVB3)-infected mice treated with 
interleukin (IL)-15 fusion protein (IL-15fp) showed no significant improvement, but there was a trend toward deterioration compared with the infected group. 
In contrast, CVB3-infected IL-15-treated animals demonstrated a significantly improved left ventricular function comparable with that in uninfected animals. 
Similar results were found in the diastolic slope (B) of left ventricular pressure pulse. max Maximum; min Minimum; ns Nonsignificant

Table 2
Immunohistochemical evaluation

Groups
Control 
(n=14)

CVb3  
(n=14)

CVb3 +  
Il-15 (n=6)

CVb3 +  
Il-15fp (n=6)

CD3 0.008±0.02 0.84±0.34* 0.43±0.07† 0.89±0.22*
CD4 0.006±0.02 0.88±0.30* 0.54±0.16† 0.70±0.33*
CD8a 0.003±0.01 0.78±0.41* 0.41±0.07† 0.58±0.22*
CD11a 0.022±0.39 0.96±0.35* 0.52±0.11† 0.69±0.16* 
CD11b 0.018±0.04 0.76±0.22* 0.50±0.07† 1.07±0.28*
CD54/

ICAM-1
0.48±0.14 1.03±0.31* 0.48±0.11† 1.07±0.23*

Data presented as mean (± SD) cells per high-power field. *P<0.05 versus 
controls; †P<0.05 versus Coxsackievirus B3 (CVB3). IL-15 Interleukin-15; 
IL-15fp IL-15 fusion protein
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healthy animals. Treatment with IL-15, but not IL-15fp, reversed that 
effect, pointing to a beneficial role of IL-15 on the clinical course of myo-
carditis. This correlated with our findings on hemodynamics, collagen 
content and infiltration of inflammatory cells. These results are consistent 
with previous studies that have described a correlation of hemodynamic 

changes to the heart weight to body weight ratio (23), as well as an asso-
ciation between left ventricular dysfunction, collagen degradation and 
cellular infiltrates in the myocardium, involving regulatory cytokines in 
CVB3-induced mice with myocarditis (24).

Hemodynamic parameters
The uninfected group had a significantly higher heart rate than the 
infected group, suggesting impaired myocardial performance in the 
CVB3-infected mice. Although narcotics were weight-adjusted, we can-
not exclude that the lower heart rate is, in part, due to deeper anesthe-
sia. However, we made an effort to minimize these influences by 
performing the hemodynamic measurements under steady-state condi-
tions with constant ventilation, thus avoiding a significant influence of 
the heart rate on left ventricular function. Indeed, decreased LVP as well 
as deteriorated diastolic and systolic left ventricular function in CVB3-
infected mice reflected impaired cardiac function, which was signifi-
cantly improved by IL-15 treatment, albeit not by IL-15fp.

Cytokines, particularly proinflammatory cytokines such as tumour 
necrosis factor-alpha and IL-6 (25-27), have an important role as 
negatively inotropic factors leading to myocardial dysfunction. They 
have been shown to have an influence on the changes in the ECM, 
causing left ventricular remodelling and myocardial fibrosis. However, 
a recent study by Kuhl et al (28) demonstrated that treatment with 
interferon-beta eliminates cardiotropic viruses and improves left ven-
tricular function, although virtually all patients reported flu-like side 
effects. Despite the known side effects, immunomodulation is a prom-
ising approach to the detrimental clinical outcome in patients with 
manifest dilated cardiomyopathy due to myocarditis. Intriguingly, in 
the present study, we observed a protective effect of proinflammatory 

Figure 3) Myocardial collagen content. Coxsackievirus B3 (CVB3)-
infected interleukin (IL)-15-treated animals did not show a significant 
change in collagen compared with the uninfected group. However, they were 
significantly decreased compared with the infected group. CVB3-infected 
IL-15 fusion protein (IL-15fp)-treated mice, however, presented a signifi-
cantly increased collagen content compared with the uninfected group. 
*P<0.05 compared with control group; †P<0.05 compared with CVB3-
infected group
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IL-15, resulting in amelioration of left ventricular dysfunction, 
whereas inhibition of endogenous IL-15 with IL-15fp did not improve, 
but rather, tended to impair cardiovascular hemodynamics.

Immunohistochemical evaluation
CVB3 can infect cells of the immune system and it localizes to follicles 
in the spleen and lymph nodes of infected mice. It has been suggested 
that CVB3 directly alters the immune response, delaying viral clear-
ance in affected organs (29) and leading to persistent inflammatory 
lesions in the heart with loss of cardiac myocytes (30). Thus, control 
of viral load in an early stage of myocarditis would improve histologi-
cal and clinical features of myocarditis. Both CD4+ and CD8+ T cells 
have been shown to be affected by IL-15. Although IL-15 was consid-
ered not to be required for memory CD4+ cell proliferation (31), a 
study by Purton et al (32) demonstrated that antiviral CD4+ memory 
T cells are IL-15-dependent. In addition, IL-15 seems to be crucial for 
both survival and homeostatic proliferation of memory CD4+ cells 
(32), while a lack of IL-15 results in the suboptimal priming of CD4+ 
T cell response (33). In the present study, IL-15 treatment resulted in 
downregulation of CD4+ lymphocytes in the myocardium, suggesting 
that IL-15 may not exert its possible effects on viremia control and 
CVB3 viral load in this model. Of note, another study (34) demon-
strated that IL-15 can induce viral replication in HIV-infected 
macaque monkeys.

Likewise, CD8+ cells are IL-15 dependent and appear to function in 
both innate and adaptive immunity (35). Prolonged in vivo survival and 
sustained biological action on target cells may account for the proposed 
persistent action of IL-15 that aids in the long-term survival of func-
tional CD8 memory T cells in vivo (36). Other studies reported that 
IL-15 is not essential for generation but for proliferation of memory 
CD8+ cells (31,37). Recently, Fonseca et al (37) demonstrated that 
CD8+ T cells infiltrating the heart in Chagas disease showed higher 
expression of the alpha- and gamma c-chain of the IL-15 high-affinity 
receptor than CD4+ T cells, thereby favouring a predominance of 
CD8+ cells in the presence of IL-15. In our study, IL-15 resulted not 
only in a reduction of CD4+ T cells but also CD8+ T cells, thereby not 
changing the CD4+ to CD8+ ratio and implying that the beneficial 
effect of IL-15 is not likely via control of viremia and viral load, but 
instead, via other pathways. Besides its effect on T cell activation and 
proliferation, IL-15 has been shown to promote release of pro- and anti-
inflammatory cytokines (38-40). However, it remains unclear if and how 
IL-15 ameliorates CVB3-induced myocarditis via those cytokines. 

Downregulation of both CD4+ and CD8a+ cells, albeit not to 
levels observed in normal myocardial tissue, pointed to a reduced but 
still present inflammatory response. IL-15 treatment was also associ-
ated with a reduction of CD3+ lymphocytes in the myocardial tissue. 
Myocardial inflammation has been shown to be associated with an 
increased number of CD3+ lymphocytes and anti-CD3 antibodies 
have been used to treat myocarditis (41,42), suggesting that IL-15 may 
exert its anti-inflammatory effects via inhibition of CD3+ cells.

Myocardial upregulation of the adhesion molecule CD54/
ICAM-1, which is predominantly expressed in endothelial cells, has 
been previously demonstrated in experimental autoimmune myo-
carditis in rats (43). Increased levels of soluble CD54/ICAM-1 have 
been observed in various cardiovascular diseases, eg, myocarditis 
(44). Intriguingly, the extent of CD54/ICAM-1 expression on 
endothelial cells correlated with the severity of endothelial dysfunc-
tion in patients with myocardial inflammation (29). In the present 
study, we showed that IL-15- mediated downregulation of myocardial 
CD54/ICAM-1 expression is associated with less infiltration of 
CD11b+ macrophages and lymphocytes, suggesting that IL-15 inhib-
its leukocyte adhesion and migration. 

While IL-15 has proinflammatory effects in experimental and 
human arthritis, and has a potential pathogenetic role in inflammatory 
bowel disease and T cell leukemia (30,45-47), administration of IL-15 
seems to be a promising approach to modify the inflammatory process 
in viral myocarditis.

Evaluation of myocardial collagen content
In a study by Pauschinger et al (15), patients with dilated cardiomyo-
pathy had increased COL I and COL III messenger RNA in the myo-
cardium, causing systolic and partially diastolic dysfunction. Of 
interest, immunomodulation using IL-4 suppresses MMPs and improves 
cardiac function in murine myocarditis (48). In our experiments, a 
significant increase of myocardial collagen content was demonstrated 
in the BALB/c mouse model for myocarditis. The high percentage of 
collagen was not altered by treatment with IL-15fp, whereas collagen 
staining in IL-15-treated animals was indistinguishable from that in 
uninfected animals. Comparing these results with the hemodynamic 
parameters supports the beneficial use of IL-15 that might have an 
indirect impact on collagen content via stimulation of MMP and 
TIMP production (49). Li et al (50,51) reported the effect of the 
proinflammatory cytokines tumour necrosis factor-alpha and IL-1-beta 
in downregulating TIMPs and enhancing the activity of MMPs, 
respectively. As a consequence, the fibrillar collagens are denatured 
and new fibrous tissue is produced (52). Furthermore, reduced activity 
of MMPs due to inhibition of these enzymes and enhanced activity of 
TIMPs may result in reduced collagen expression, an increase in 
insoluble collagen and a higher non denatured to total soluble collagen 
ratio. These mechanisms may prevent myocardial hypertrophy and 
diastolic dysfunction. However, further experiments are needed to 
examine the mechanisms by which cyto kines interact with the synthe-
sis and degradation pathways of collagen during viral myocarditis.

BALB/c mice infected with CVB3 as an in vivo model for human 
myocarditis
In the present study, we exclusively used male mice because 
Coxsackievirus concentrations are consistently lower in the heart of 
female animals, resulting in minimal to nonexistent myocarditis, an 
observation that is explained on the basis of differences in sex- 
associated hormones (53,54). The BALB/c mouse model introduced 
by Woodruff et al (55,56) became an established murine model for 
CVB3-induced myocarditis, featuring a quite extensive interstitial and 
focal inflammatory cell infiltration similar to the lesions observed in 
humans (54). Interestingly, Leipner et al (57) showed a marked age-
related susceptibility to myocardial CVB3 infections. Experimental 
reproducibility and exact characterization of the genetic and immuno-
logical factors allow the study of the pathogenic mechanisms in this 
animal model (57), and can be used to test further approaches for an 
immunomodulatory therapy of viral myocarditis.

CONCLUSION
The influence of recombinant murine IL-15 and inhibiting intrinsic 
IL-15, respectively, on the course of myocarditis was tested in BALB/c 
mice after infection with CVB3. The results of the present study show 
that treatment with IL-15 had a positive effect on the clinical course 
of CVB3-induced murine myocarditis, while inhibition of intrinsic 
IL-15fb tended to have a detrimental influence. IL-15 also resulted in 
a significantly improved systolic and diastolic left ventricular function 
comparable with that of uninfected animals. IL-15 treatment was par-
alleled by a normalization of body and heart weight, whereas animals 
infected and consecutively injected with IL-15fp showed the lowest 
body and heart weights. Finally, IL-15 resulted in markedly reduced 
cellular infiltrates in the myocardium. In summary, IL-15 seems to 
have a beneficial effect on viral-induced myocarditis. The underlying 
mechanisms, however, need to be determined.
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