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Abstract

Dilated cardiomyopathies (DCM) are a major cause of mortality in patients with
systemic lupus erythematosus (SLE). Immune responses induced by human
parvovirus B19 (B19) are considered an important pathogenic mechanism in
myocarditis or DCM. However, little is known about Th17-related cytokines in SLE
patients with DCM about the linkage with B19 infection. IgM and IgG against B19
viral protein, and serum levels of Th17-related cytokines were determined using
ELISA in eight SLE patients with DCM and six patients with valvular heart disease
(VHD). Humoral responses of anti-B19-VP1u and anti-B19-NS1 antibody were
assessed using Western blot and B19 DNA was detected by nested Polymerase
Chain Reaction (PCR). Levels of interleukin (IL)-17, IL-6, IL-1, and tumor necrosis
factor (TNF)-o were significantly higher in SLE patients with DCM (mean + SEM,
390.99 +125.48 pg/ml, 370.24 +114.09 pg/ml, 36.01 +16.90 pg/ml, and

183.84 +-82.94 pg/ml, respectively) compared to healthy controls (51.32 + 3.04 pg/
ml, p<<0.001; 36.88 +6.64 pg/ml, p<<0.001; 5.39+0.62 pg/ml, p<<0.005; and
82.13+2.42 pg/ml, p<0.005, respectively). Levels of IL-17 and IL-6 were higher in
SLE patients with DCM versus those with VHD (both p<0.01). Five (62.5%) of DCM
patients had detectable anti-B19-NS1 IgG and four (50.0%) of them had anti-B19-
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VP1u IgG, whereas only one (16.7%) of VHD patients had detectable anti-B19-NS1
IgG and anti-B19-VP1u IgG. Serum levels of IL-17, IL-6 and IL-13 were markedly
higher in SLE patients with anti-B19-VP1u IgG and anti-B19-NS1 IgG compared to
those without anti-B19-VP1u IgG or anti-B19-NS1 IgG, respectively. These suggest
a potential association of B19 with DCM and Th17-related cytokines implicated in
the pathogenesis of DCM in SLE patients.

Introduction

Dilated cardiomyopathy (DCM) is one of the most serious forms of organ
involvement in systemic lupus erythematosus (SLE) (Doria et al., 2005; [1-2]. The
most striking symptom of DCM is that of left ventricular (LV) systolic
dysfunction and the condition is associated with poor outcome [1-2]. Viral
infection of the myocardium is now considered the most prevalent cause of DCM
resulting from acute myocarditis [3—4]. Virus-related DCM is a triphasic disease
involving an initial virus infection of myocardium, followed by autoimmune
response and finally cardiac injury with dysfunction [5]. In addition to common
cardiotropic viruses, such as enteroviruses and adenoviruses [3, 6], human
parvovirus B19 (B19) has recently emerged as another common pathogen in these
patients with cardiomyopathies, and could be detected in 30-67% of investigated
endomyocardial biopsy samples from these patients [4,7-10]. Inflammatory
processes induced by viral infection are considered an important pathogenic
mechanism in acute myocarditis or DCM, and tumor necrosis factor (TNF)-a and
interleukin (IL)-1p may be the dominant inflammatory cytokines expressed in
viral myocarditis [11-13].

B19 comprises a small non-enveloped particle enclosing a single-stranded linear
5.6-kb DNA genome [14—15]. The icosahedral capsid of B19 consists of two
structural proteins, VP1 (83 kDa) and VP2 (58 kDa), which are identical except
for the 227 amino acids at amino-terminal end of VP1-protein, the so-called VP1-
unique region (VP1u) [16-17]. B19-VP1u has been demonstrated to have
phospholipase A2 (PLA2) activity, which is essential for its cytotoxicity and
infectivity [18-20]. PLA2 has been associated with macrophage activation and
significantly increases IL-6 and IL-1f mRNA expression [21]. We recently
demonstrated that B19-VP1u could induce human vascular endothelial cells to
produce TNF-o [22], which is known to play an important role in DCM [23]. B19
non-structural (NS1) protein also transactivates the transcription of TNF-o and
up-regulates IL-6 transcription [24]. These observations suggest that B19 infection
may play a role in cytokine modulation that is related to the pathogenesis of
DCM.

T helper type 17 (Th17) cells, a novel distinct subset of Th cell, can secrete IL-
17, IL-6, and TNF-a [25-27]. IL-17 is a pleiotropic cytokine, which not only plays
a role in tissue inflammation [25], but also enhances viral replication [28-29].
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Elevated levels of serum IL-17 and cardiac IL-17 mRNA, accompanied by the
progressive cardiac dysfunction have been observed in coxsackievirus B3-induced
acute viral myocarditis [30]. The cardiac pathologic changes were reversed after
which the cardiac inflammatory cytokines IL-17, IL-1B, and TNF-o decreased
following neutralization of IL-17 [29-30]. These observations suggest that Th17-
related cytokines are important in the pathogenesis of DCM. However, little is
known about Th17-related cytokines in SLE patients complicated with DCM and
the possible linkage to B19 infection.

The current investigation examined serum levels of Th17-related cytokines in
SLE patients with DCM. This study enrolled SLE patients with valvular heart
disease (VHD) as disease control because no documented association of B19
infection with this complication. Additionally, this study examined the association
of Th17-related cytokines with the occurrence of DCM and the presence of B19
infection in such patients.

Materials and Methods
Patients and Sera

Fourteen SLE patients [31] with cardiac dysfunction (all females mean age
35.6+ 8.6 years) were enrolled from Taichung Veterans General Hospital. The
enrolled subjects were classified into two groups: SLE with DCM [32] and SLE
with VHD [1], based on clinical features and echocardiographic findings [33]. The
clinical diagnosis of DCM was made in patients who presented with global LV
dysfunction (ejection fraction <45%) and/or dilated LV in association with
symptoms of heart failure [7,32]. All patients with coronary artery disease or
other possible causes of cardiac dysfunction were excluded. Ten sex- and age-
matched healthy volunteers (10 females, mean age 33.2+4.5 years), who had no
rheumatic disease, were used as normal controls. The blood samples were
centrifuged at 1250 rpm for 10 min and the sera were collected and stored at
—70°C until examination. This study was approved by the Institutional Review
Board of Taichung Veterans General Hospital (approval number: 940123/528),
and each participant’s written consent was obtained according to the Declaration
of Helsinki.

Detection of IgM and I1gG against B19-VP in serum from SLE
patients

The IgM and IgG against B19-VP were analyzed by enzyme-linked immunosor-
bent assay (ELISA) according to the manufacturer’s instructions (IBL-America,
MN, USA). Standard, control, and diluted samples were included in each plate.
The absorbance (O.D.) was read at the wavelength of 450/620 nm after adding
100 pl of stop solution. According to the product information provided by
manufacture, the sensitivity of anti-VP ELISA is 98 to 100%. Negative values
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range from 0-11 U (B19 IgM and B19 IgG). Positive results are greater than 12 U
(B19 IgM and B19 IgG).

Determination of IgG against B19-VP1u and B19-NS1 using
Immunoblotting

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), using a
12.5% acrylamide slab gel with 5% acrylamide stacking gel, was performed
according to the method of Laemmli [34]. Samples were reduced for 5 min in
boiling water with 0.0625 M Tris-HCI buffer, pH 6.8, containing 2.3% SDS, 5%
2-mercaptoethanol, and 10% glycerol. Samples and pre-stained protein marker
(FERMENTAS Life Science, CA, USA) were applied to the gel and electrophoresis
was performed at 100150 V for 1.5 hr. The samples were electrophoretically
transferred to nitrocellulose, according to the method of Towbin [35]. Human or
rabbit antiserum against B19-VP1u or B19-NS1 was diluted with 5% nonfat dry
milk in PBS, reacted with the nitrocellulose strips and then incubated for 1.5 hr at
room temperature. The strips were washed twice with PBS-Tween for 1 hr and
secondary antibody consisting of alkaline phosphatase conjugated goat anti-
human or rabbit IgG antibodies was added. The substrate NBT/BCIP (nitroblue
tetrazolium/5-bromo-4-chloro-3 indolyl phosphate) was used to detect antigen-
antibody complexes.

DNA extraction, PCR amplification, and detection of B19 genomes

DNA was extracted from serum by using a QIA Amp blood kit (QIAagen, Hilden,
Germany) as directed by the manufacturer. In the first round of PCR
amplification, 0.2 mM of nucleotide primers corresponding to nucleotide (nt)
2381-2400 (B19SI) and nt 2781-2800 (B19ASI) (5'-
CCTTTTCTGTGCTAACCTGC-3" and 5'-CCCAGGCTTGTGTAAGTCTT-3',
respectively) were used. Two pl of each sample were used in a 50 pl reaction
containing 5 pl of 10 x buffer (500 mM Tris-HCI pH 8.7, 50 mM NH,CI,

20 mM MgCl,, 400 mM KCl, 1% Triton X-100), 4 pl of 25 mM dNTP, 2.5 U of
Taq DNA polymerase (Takara, Tokyo, Japan) and 36 pl sterilized water. After an
initial denaturation step of 5 min at 94°C, thirty-five cycles were performed at
94°C for 45 seconds, 54°C for 45 seconds, and 72°C for 1 min. After the first
round amplification, 2 pl of the first PCR product were added to the second
round PCR mixture containing 2 mM of each oligonucleotide primer corre-
sponding to nucleotide 2429-2448 (B19SII) and nucleotide 2730-2751 (B19ASII)
(5'-AAAGCTTTGTAGATTATGAG-3"and 5'-GGTTCTGCATGACTGCTATG G-
3"). Then thirty-five cycles of amplification were performed using the described
cycling parameters. Subsequently, the nested PCR products of size 322 bp
nucleotides and GelPilot 100 bp Plus Ladder (Qiagen, Chatsworth, CA, USA)
were electrophoresed on a 1% agarose gel in TAE buffer and visualized under
ultraviolet (UV) light after staining with ethidium bromide. B19 positive and
negative reference controls were also included in each PCR reaction. The nested
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PCR was used as it eliminates non-specific background and thus gives a clearer
final product.

Determination of serum levels of Th17-related cytokines

Serum levels of IL-1p, IL-6, IL-17, and TNF-o were determined using ELISA
according to the manufacturer’s instructions (eBiosciences, San Diego, USA).

Statistical analyses

Data were analyzed using SPSS 10.0 for windows (Chicago, IL, USA). The
nonparametric Kruskal-Wallis test and Mann-Whitney U test were used for
between-group comparison of serum levels of IL-17, IL-6, IL-1f, and TNF-a. P
value <0.05 was considered to be statistically significant.

Results

Demographic data, clinical characteristics, and laboratory
findings in SLE patients

As illustrated in Table 1, all SLE patients with cardiac dysfunction were female. The
most common cardiac symptom was dyspnea in SLE patients with DCM (100%) and
SLE patients with VHD (50%). No significant difference in age at onset of disease,
disease duration, lupus manifestations, laboratory findings, disease activity, daily dose
of corticosteroid, or the proportion of used immunosuppressive agents were observed
between the SLE patients with DCM and SLE patients with VHD.

Serum levels of Th17-related cytokines in SLE patients with DCM
and VHD

As illustrated in Figure 1, serum levels of IL-17, IL-6, IL-1f3, and TNF-a were
significantly higher in SLE patients with DCM (mean + SEM,

390.99 +125.48 pg/ml, 370.24 +114.09 pg/ml, 36.01 +16.90 pg/ml, and
183.84+82.94 pg/ml, respectively) compared to healthy controls

(51.3243.04 pg/ml, p<0.001; 36.88 +6.64 pg/ml, p<<0.001; 5.39 +0.62 pg/ml,
p<<0.005; and 82.13 +2.42 pg/ml, p<<0.005, respectively). Serum levels of IL-17
and IL-6 were also markedly higher in SLE patients with DCM than in those with
VHD (84.39+31.43 pg/ml and 59.73 +18.72 pg/ml, respectively, both p<<0.01).
No significant differences in serum levels of IL-17, IL-6, IL-1f3, and TNF-o existed
between SLE patients with VHD and healthy controls.

The association of B19 infection with DCM in SLE patients

Based on the advances in diagnosis of B19 infection [15], one (12.5%) of the eight
SLE patients with DCM had detectable B19 DNA, indicating persistent infection.
Additionally, B19-NS1 antibodies have been observed to be more prevalent in
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Table 1. Demographic data and clinical characteristics of SLE patients with dilated cardiomyopathies (DCM) and valvular heart diseases (VHD).?

Characteristics DCM VHD

Age at onset of cardiac symptoms (years)

Females

Duration of diseases (years)
Malar rash

Arthritis

Nephritis

CNS involvement
Raynaud’s phenomenon
Pulmonary hypertension
Leukopenia (<4000/mm?)
Anemia (<11.3 mg/dl)
Thrombocytopenia(<1 x 10%/mm?)
Cardiac symptoms

Dyspnea

Angina

Lower legs edema

Serum C3 levels (mg/dl)
Serum C4 levels (mg/dl)
Anti-ds DNA (U/ml)

SLEDAI

Daily dose of corticosteroid (mg)

Use of oral immunosuppressive agents °

36.9410.0 33.846.6
8 (100%) 6 (100%)
6.3+15 7.0+1.8
8 (100%) 5 (83.3%)
6 (75.0%) 4 (66.7%)
2 (25.0%) 3 (50.0%)
1 (12.5%) 2 (33.3%)
6 (75.0%) 4 (66.7%)
4 (50.0%) 1 (20.0%)
3 (37.5%) 3 (50.0%)
6 (75.0%) 4 (66.7%)
2 (25.0%) 2 (33.3%)
8 (100%) 3 (50.0%)
3 (37.5%) 2 (33.3%)
3 (37.5%) 1 (16.7%)
46.5+16.7 68.0+9.8
8.1+4.1 117435
167.4+65.2 150.0+ 112.4
211465 17.3+4.3
225465 20.0+55
8 (100%) 5 (83.3%)

SLE: systemic lupus erythematosus; Nephritis was defined as persistent proteinuria (>0.5 g/24 hours) or pathological confirmation of renal biopsy
specimens showing lupus nephritis; C3: complement 3; C4: complement 4; Anti-dsDNA: anti-double strand DNA antibody; SLEDAI: SLE disease activity

index.

®Data are presented as mean +SD or number (percentage).
®Include hydroxychloroquine, azathioprine, cyclophosphamide, mycophenolate mofetil or ciclosporine.

doi:10.1371/journal.pone.0113889.t001

patients with persistent B19 viremia or delayed control of viremia following acute
infection, indicating a persisting B19 infection [36]. Five (62.5%) of the eight SLE
patients with DCM had detectable anti-B19-NS1 IgG and four (50.0%) had anti-
B19-VP1u IgG, whereas only one (16.7%) of the six SLE patients with VHD had
detectable anti-B19-NS1 IgG and anti-B19-VP1u IgG.

Levels of Th17-related cytokines in SLE patients with and without
B19 infection

As illustrated in Figure 2, serum levels of IL-17, IL-6, and IL-1f were significantly higher
in SLE patients with anti-B19-VP1u IgG (mean + SEM, 580.70+ 144.36 pg/ml,
509.66 + 149.64 pg/ml, and 52.80 4+ 25.16 pg/ml, respectively) compared to those
without anti-B19-VP1u IgG (77.98 + 15.89 pg/ml, p<<0.005; 85.77 4 24.89 pg/ml,
p<<0.01; and 11.12 +4.12 pg/ml, p<<0.01, respectively). Serum levels of IL-17, IL-6, and
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Figure 1. Serum levels of (A) IL-17, (B) IL-6, (C) IL-1p, and (D) TNF-a in eight patients with systemic lupus erythematosus (SLE) complicated with
dilated cardiomyopathy (DCM) and six SLE patients with valvular heart disease (VHD). The data are presented as dot-plot diagrams with mean +

SEM.

doi:10.1371/journal.pone.0113889.9001

IL-1 were also significantly higher in SLE patients with anti-B19-NS1 IgG
(514.194135.34 pg/ml, 439.58 + 140.85 pg/ml, and 46.44 +21.51 pg/ml, respectively)
than in those without anti-B19-NS1 IgG (63.17 +6.66 pg/ml, p<<0.005;

85.34+28.22 pg/ml, p<<0.05; and 10.69 +4.65 pg/ml, p<<0.01, respectively). Serum
levels of TNF-a did not differ significantly between SLE patients with and without B19

infection.

Discussion

This study is the first to investigate serum levels of Th17-related cytokines in SLE
patients with DCM and examined the possible linkage to B19 Infection. The study
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Figure 2. The difference in the levels of IL-17, IL-6, IL-1p and TNF-a (A) between SLE patients with anti-
B19-VP1u IgG [VP1u (+)] and without anti-B19-VP1u IgG [VP1u (—)], and (B) between SLE patients with
anti-B19-NS1 IgG [NS1 (+)] and without anti-B19-NS1 IgG [NS1(—)]. Data are presented as mean + SEM.
*p<<0.05, **p<<0.01, ***p<<0.005, versus SLE patients without anti-B19-VP1u IgG or anti-B19-NS1 IgG.

doi:10.1371/journal.pone.0113889.9002

results show significantly higher levels of serum Th17-related cytokines, including
IL-17, IL-6, IL-1B and TNF-a in SLE patients with DCM compared to healthy
controls, indicating the existence of immune responses in DCM patients. The
study data support the findings of a recent study showing that Th17 cells facilitate
the immune response in patients with viral myocarditis [28]. Significantly elevated
IL-17 levels the SLE patients with DCM were consistent with the findings of a
recent study demonstrating that IL-17 is essential for postmyocarditis cardiac
remodeling and the progression to DCM [37]. The results of this study were also
in agreement with the results of Daniels et al. showing that Th17 cells implicated
in the myocardial inflammation in experimental autoimmune myocarditis,
mimicking viral myocarditis [38]. The study data also supported the findings of
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animal studies demonstrating the therapeutic benefits of blockade of IL-17 via
monoclonal antibodies [29-30]. These observations strongly suggest a potential
role for Th17-related cytokines in the pathogenesis of SLE with DCM. However, it
has recently been demonstrated using flow cytometry analysis that circulating
Th17 cells significantly increased in patients with acute vial myocarditis, while
circulating Th2 cells significantly increased in patients with DCM compared with
those of healthy controls [28]. This disparity in the profile of circulating cytokine
may be due to differences in population characteristics and detection method.

IL-1P and IL-6 have been reported to induce the expression of retinoic acid
receptor-related orphan receptor (RORyt) and stimulate the differentiation of
Th17 cells from naive T cells [39]. Elevated levels of serum IL-6 have been
observed in myocarditis patients compared to healthy controls, and have been
related to the degree of cardiac dysfunction and overall poor outcome [40].
Additionally, IL-1f, a potent profibrotic cytokine, is critical for the development
of chronic inflammatory heart disease including DCM [41]. Previous investiga-
tions showed that the neutralization of IL-1f with an IL-1P receptor antagonist
could decrease myocardial injury in a murine model of viral myocarditis [42]. The
investigation showed that levels of serum IL-6 and IL-1p were significantly
elevated in SLE patients with DCM, suggesting Th17-related cytokines are
important in the immune response of this disease.

A recent study showed that B19 was the most frequent pathogen in the
myocardium of adults with DCM [4, 7, 32]. Pankuweit et al. also reported that
B19 was the most common detected virus in 3345 patients with cardiomyopathies,
with positivity ranging from 17.6-33.3% in patients with non-inflammatory
cardiomyopathies, inflammatory cardiomyopathies and DCM [8]. Moreover,
there was a positive correlation between detection of B19 and occurrence of
cardiac dysfunction in patients with inflammatory cardiomyopathies [8]. In the
present study, we found a higher positive rate for anti-B19-NS1 IgG and anti-B19-
VP1u IgG in SLE patients with DCM compared to those with valvular lesion,
suggesting possible involvement of B19 infection in the pathogenesis of DCM.
Both the findings of our study and previous reports suggested that B19 is a
potential important aetiological factor in SLE patients with DCM. In SLE patients
with positivity for anti-B19-VP1u or anti-B19-NS1 antibodies and cardiac
dysfunction, the presence of viral DCM should be considered. In our study, the
absence of detectable B19 genome or anti-B19-VP IgM in serum from SLE
patients with DCM supports the hypothesis that myocardial inflammatory/
immune response occurs in a few DCM patients despite virus elimination [43].
Whether B19 plays a pathogenic role or serves as an innocent bystander remains
debatable.

Significantly higher levels of Th17-related cytokines were observed in the SLE
patients with positive B19-VP1u antibody compared to those without B19-VP1u
antibody, suggesting VP1u may influence the modulation of inflammatory
reactions through its PLA2 activity [20]. Among the SLE patients with DCM,
considerably raised levels of Th17-related cytokines were also observed in those
with B19-NS1 antibody versus those without B19-NS1 antibody. Our results were
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in agreement with the findings of previous studies demonstrating that B19 NSI
protein is a transactivator of IL-6 expression [44—45], indicating that NS1 is
important in the B19-related diseases.

The limitations of this study are its retrospective design and the relatively small
number of patients enrolled. Additionally, this study did not investigate the
presence of anti-heart autoantibodies. However, it remains uncertain whether
these autoantibodies cause cardiomyopathies or appear as the result of myocardial
injury. Despite these limitations, the study findings may help understand the
potential roles of Th17-related cytokines in the immune response and the possible
linkage with B19 infection in SLE-related DCM. The aetiopathogenesis of DCM in
SLE patients is complicated, and future research should address whether B19 is a
direct pathogen or bystander, or is just the adjuvant for autoimmunity in viral
myocarditis [46].

Conclusions

The study results suggest that Th17-related cytokines may be involved in the
pathogenesis of DCM in SLE patients. The overproduction of Th17-related
cytokines may be an important therapeutic target for SLE-related DCM. A
potential association of B19 with DCM is supported by the higher positive rate of
B19-specific antibodies in SLE patients with DCM versus those with VHD.
Awareness of probability of B19-related DCM will enable clinicians to test for B19
infection and avoid the use of aggressive immunosuppressant in B19-infected
patients with DCM. Additionally, B19-VP1u may be a future target for
neutralizing antibodies or DNA vaccine.
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