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Our previous studies have found that the crucial role
of B19-VPlu and its sPLAZ activity in viral
infectivity and development of autoimmune diseases
(ex: APS and SLE, etc.). However, the precise role
and mechanism of B19-VPlu are still unclear. In our
studies, we elucidate the function and molecular
mechanism of human parvovirus B19-VPlu in induction
of autoimmunity. We found that (1) APS patients with
anti-B19-VP1lu antibody had a 4-fold increased risk
for recurrent vascular thrombosis compared with those
without anti-B19-VPlu antibody. (2)Higher
seroreactivity for anti-B19-VPlu and anti-B19-NSI IgG
were associated with cytopenia in both AOSD and SLE



patients with unique correlation to arthritis in the
AOSD. (3) Moreover, we analyzed the antigenic regions
on VPlu that confer autoantibody binding in APS
patients, several constructs of VPlu truncations were
generated. We show a close association of B19
infection with aPL production and suggest B19-VPlu
region of 1-195 a.a may be pathogenetic importance in
patients with APS and its sPLAZ activity can also
active Raw 264.7 mouse macrophages and increase the
expression of MMP9 activity. Further studies are
necessary to determine. (4)Significant expression of
IL-1 4, IL-6 and TNF-fik were detected in NZB/W F1
mice receiving rabbit anti-B19-VPlu IgG. Markedly
cardiomyocyte disarray and lymphocyte infiltration
were observed in left ventricle of hearts from NZB/W
F1 mice receiving rabbit anti-B19-VPlu IgG.
Additionally, significant increases of MMP9 activity
and protein expression were detected in left
ventricle of hearts from NZB/W F1 mice receiving B19-
VPIu IgG. Accordingly, significant increase of
phosphorylated p-38 and NF-kB proteins were observed
in left ventricle of hearts from NZB/W F1 mice
receiving B19-VPlu IgG. However, no significant
variation of cardiac atrial natriuretic peptide
(ANP), brain natriuretic peptide (BNP), heart-type
fatty acid-binding protein (h-FABP) and creatine
kinase MB (CK-MB) were detected among all
experimental groups. These findings firstly
demonstrated the aggravated effects of anti-B19 VPlu
[gG on cardiac injury by induction of inflammatory
but not myocardial infarction -associated proteins
through activation of phosphorylated p-38 and NF-kB
signaling.

Human Parvovirus B19 (B19), VP1 unique region protein
(VP1u), antiphospholipid antibodies, antiphospholipid
syndrome (APS), Cardiac injury, Systemic lupus
erythematosus (SLE)
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Abstract

Our previous studies have found that the crucial role of B19-VP1u and its sSPLA2 activity in

viral infectivity and development of autoimmune diseases (ex: APS and SLE, etc.). However,

the precise role and mechanism of B19-VP1u are still unclear. In our studies, we elucidate the

function and molecular mechanism of human parvovirus B19-VPlu in induction of
autoimmunity. We found that (1) APS patients with anti-B19-VP1u antibody had a 4-fold increased

risk for recurrent vascular thrombosis compared with those without anti-B19-VPlu antibody.

(2)Higher seroreactivity for anti-B19-VPlu and anti-B19-NS1 IgG were associated with

cytopenia in both AOSD and SLE patients with unique correlation to arthritis in the AOSD. (3)
Moreover, we analyzed the antigenic regions on VPlu that confer autoantibody binding in

APS patients, several constructs of VPlu truncations were generated. We show a close

association of B19 infection with aPL production and suggest B19-VP1u region of 1-195 a.a may be

pathogenetic importance in patients with APS and its sSPLA2 activity can also active Raw 264.7 mouse

macrophages and increase the expression of MMP9 activity. Further studies are necessary to

determine. (4)Significant expression of IL-13, IL-6 and TNF-a were detected in NZB/W F1

mice receiving rabbit anti-B19-VP1u IgG. Markedly cardiomyocyte disarray and lymphocyte

infiltration were observed in left ventricle of hearts from NZB/W F1 mice receiving rabbit

anti-B19-VP1u IgG. Additionally, significant increases of MMP9 activity and protein
3



expression were detected in left ventricle of hearts from NZB/W F1 mice receiving B19-VP1u
IgG. Accordingly, significant increase of phosphorylated p-38 and NF-kB proteins were
observed in left ventricle of hearts from NZB/W F1 mice receiving B19-VP1u IgG. However,
no significant variation of cardiac atrial natriuretic peptide (ANP), brain natriuretic peptide
(BNP), heart-type fatty acid-binding protein (h-FABP) and creatine kinase MB (CK-MB)
were detected among all experimental groups. These findings firstly demonstrated the
aggravated effects of anti-B19 VP1u IgG on cardiac injury by induction of inflammatory but
not myocardial infarction -associated proteins through activation of phosphorylated p-38 and
NF-kB signaling.

Key words: Human Parvovirus B19 (B19), VPl unique region protein (VPlu),
antiphospholipid antibodies, antiphospholipid syndrome (APS), Cardiac injury, Systemic
lupus erythematosus (SLE)

Introduction

Human parvovirus B19 (B19) is known as an important human pathogen and has been
associated with a wide spectrum of clinical manifestations including erythema infectiosum,
arthropathy, thrombocytopenia, neurologic disorders, hepatitis, cardiovasculitis and
autoimmune disorders [1-4]. B19-VPI1-unique region (VP1u) has been reported to have the
secreted phospholipases A2 (sPLA2) activity [5-8] and is critical for playing important roles
in pathogenesis of B19 infection and development of autoimmunity [2, 9-13].

B19 infection has been recognized as a cause or trigger of autoimmune diseases and is associated with
the production of various autoantibodies, including anti-beta2-glycoprotein-I (anti-32GPI) and
anti-cardiolipin antibody (aCL) [14-18]. Many studies have demonstrated that a remarkable similarity
exists in the specificity of antiphospholipid antibodies (aPL) between patients with B19 infection and
those with systemic lupus erythematosus (SLE) [16-19]. Previous studies have reported that
anti-B2GPI and aCL were detected in patients with B19 infection and SLE [16-19]. These finding
highlight the remarkable similarity in the aPL between SLE and B19 infection.

Previous investigations have reported that patients with systemic lupus erythematosus (SLE)
have strikingly high rates of coronary heart disorders [20-21]. Another study indicated that the
cardiac injury in SLE patients mainly focus on pericarditis and myocarditis [22]. Recently, a
clinical research indicated that paricarditis and pleuritis are associated with B19 infection in
SLE patient [23]. Similar results were also reported in an animal experiment that myocardial
pathology and myocardial zymogram were detected in mice after treatment with B19-VP1u
recombinant protein [24]. However, the related mechanisms about B19 infection on cardiac
injury in SLE are still unclear. In our studies, we elucidate the function and molecular

mechanism of human parvovirus B19-VP1u in induction of autoimmunity.

Materials and Methods
Detection of IgM/IgG/DNA against B19-VP in serum from APS patients and Determination of IgG
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against B19-VPlu using Immunoblotting

Forty-five patients with APS (36 females and 9 males, mean age 37.0 = 13.3 years) were enrolled from
Taichung Veterans General Hospital. The enrolled subjects with APS were classified into two groups:
primary APS and SLE with secondary APS, according to the clinical course by ACR criteria. The
Clinical Research Ethics Committee at Taichung Veterans General Hospital approved the study
protocol, and informed consent was obtained from each participant. The IgM and IgG against B19-VP
were analyzed by enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's
instructions (IBL-America, Minnesota, USA). DNA was extracted using QIA Amp blood kit (QIAagen,
Hidden, Germany) as directed by the manufacturer. Nested-PCR for the detection of B19 DNA in
serum and Western blotting were performed as described in our previous report [8]. The substrate
NBT/BCIP (nitroblue tetrazolium/ 5-bromo-4-chloro-3 indolyl phosphate) was used to detect

antigen-antibody complexes.

Determination of IgG against B19-NS-1 using Immunoblotting

The nitrocellulose-transferred proteins were cut into strips and soaked in 5% nonfat dry milk
in PBS, for 30 min at room temperature, to saturate irrelevant protein binding sites. Human or
rabbit antiserum against 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 lhr 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 react
with alkaline phosphatase for detecting the goat anti-human or rabbit IgG antibodies.

Preparation of recombinant human B19 VP unique protein

E. coli (BL21-DE3) clones containing VP1u (wild type)/mutant/truncated cDNA in pET-32a
expression vector (Novagene, Cambridge, MA) were grown overnight in one liter L-Broth
containing 100ug/ml ampicillin at 37°C with shaking. When the OD 600 reached 0.7-0.9,
protein expression was induced by addition of IPTG to a concentration of 1 mM and
incubated for another 3 hr. The cells were harvested by centrifugation at 4000 g for 20 min
and resuspended in 20 ml sonication buffer (50 mM NaPO4 pH 8/0.25 mM EDTA).
Lysozyme was added to a final concentration of 1mg/ml and kept on ice for 30 min. The cells
were sonicated (W385, Heat systems-ultrasonic, INC) for a total of 30 min at 5 min intervals,
centrifuged 10,000 g for 30 min. The pellet was dissolved with 10 ml buffer B (8 M urea;
0.1M NaH2PO4; 0.02M Tris-HCI; pH 8.0) for 1 hr at room temperature, and centrifuge lysate
at 10,000 g for 30 min at room temperature to pellet the cellular debris. The supernatant was
loaded onto a Ni-NTA spin column (Qiagen, Chatsworth, CA, USA), and purified specific

VP lu/mutant/truncated proteins.

SPLA?2 catalytic activity
VP1u proteins were assayed for sSPLA2 activity by use of a colorimetric assay (SPLA2
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Activity Kit; Cayman Chemical), in accordance with the manufacturer’sinstructions, with
dynamic colorimetric measurements (the optical density at 405 nm) determined every minute

for 10 min. Results are expressed as micromoles per minute per milliliter.

Determination of levels of aCL, anti-f2GPI and anti-PhL

We used direct antigen-specific ELISA kits to detect aCL IgG (QUANTA LiteTM ACA IgG III),
anti-B2GPI I1gG (QUANTA LiteTM S2GPI IgG) (INOVA Diagnostics Inc., San Diego, CA, USA), and
anti-PhL IgG (Louisville APL Diagnostics Inc., GA, USA) according to the manufacture’s description.
Results were expressed as IgG phospholipid (GPL) units or standard IgG units (SGU) using
international reference material. For absorption analysis to assess the effect of binding inhibition,
the sera were pre-incubated with 2mM of purified VP1u recombinant proteins for one hour at
37°C before ELISA kits (aCL, anti-b2GPI and anti-PhL) were performed. Negative values
range from 0-20 GPL (aCL), 0-20 SGU (anti-b2GPI antibodies) or 0-15 GPL (anti-PhL).
Positive results are greater than 20 GPL (aCL), 20 SGU (anti-b2GPI), and 15 GPL (anti-PhL).

Cell culture

Mouse macrophages RAW 264.7 cells (RAW 264.7) were originally obtained from American
type culture collection (ATCC) (Manassas, Va, USA) and were cultured in Dulbecco’™ s
modified Eagle medium (DMEM) supplemented with 10% (v/v) fetal bovine serum at 37°C
and 5% CO2 incubator. RAW 264.7 cells were incubated with various B19-VP1u
recombinant proteins for 24 h at 37°C, 5% CO2.

Gel zymography

RAW 264.7 cells were stimulated with peptides and the activities of MMP-2 and MMP-9 in
medium were measured by gelatin-zymography assays. Culture supernatant were separated by
an 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels
containing 0.1% gelatin. Gels were washed for 30min in 2.5% Triton X-100 to remove the
SDS and then soaked in the reaction buffer containing 40mM Tris-HCI, pHS8.0, 10mM CaCl2
and 0.02% NaN3 for 30 min. Gelatinolytic activity was visualized by staining the gels with
0.5% Coomassie brillant blue R-250, de-stained with methanol-acetic acid water, and relative
MMP levels were quantitated by a gel documentation and analysis system (Alphalmager,
2000, Alpha Innotech Corporation).

Animals, passive transfer and heart samples

Thirty female NZB/W F1 mice at age of 8 weeks were purchased from the Laboratory Animal
Center of National Taiwan University, Taipei, Taiwan and housed under supervision of the
Institutional Animal Care and Use Committee at Chung Shan Medical University, Taichung,
Taiwan. Normal rabbit IgG and rabbit anti-B19-VP1u IgG were isolated using Protein A
beads (Santa Cruz Biotechnology, CA, USA) described in our previous study [11-12, 28]. The
NZB/W F1 mice at the age of 12 weeks were divided into three groups and intravenously
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received PBS, normal rabbit IgG (20ug) and rabbit anti-B19-VP1u IgG (20ug) through the tail
vein, respectively. The mice were then sacrificed at day 30 (16 weeks) after intravenous
injection by CO, asphyxiation. The blood samples and heart tissues were collected and stored
at —80 °C until use.

Hematoxylin-eosin staining

The left ventricle samples of animals were excised and soaked in formalin and covered with
wax [29]. Slides were prepared by deparaffinization and dehydration. They were passed
through a series of graded alcohols (100%, 95% and 75%), 15 minutes of each. The slides
were then dyed with hematoxylin. After gently rinsing with water, each slide was then soaked
with 85% alcohol, 100% alcohol I and II for 15 minutes each. At the end, they were soaked
with Xylene I and Xylene II. Photomicrographs were obtained using Zeiss Axiophot

microscopes.

Preparation of tissue extract and determination of protein

All procedures were performed at 4°C in a cold room. The left ventricle samples of cardiac
tissue obtained from NZB/W F1 mice were homogenized in 600ul PRO-PREP™ solution
(iNtRON Biotech, Korea) by 30 strokes using a Dounce Homogenizer (Knotes Glass,
Vineland, NJ). The homogenates were centrifuged at 13,000rpm for 10 minutes at 4°C and
the supernatant was then stored at -80°C until use. Protein concentration of tissue extracts
was determined according to the method described elsewhere [30] using bovine serum

albumin as standards.

Immunoblotting

Protein samples were separated in 10% or 12.5% SDS-PAGE and electrophoretically
transferred to nitrocellulose membrane (Amersham Biosciences, Piscataway, NJ, USA)
described elsewhere [32]. After blocking with 5% non-fat dry milk in (PBS), antibodies were
diluted in PBS with 2.5% BSA and incubated for 1.5 hr with gentle agitation at room
temperature. The membranes were washed twice with PBS-Tween for 1 h and secondary
antibody conjugated with horseradish peroxidase (HRP) (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) was added. Pierce’s Supersignal West Dura HRP Detection Kit (Pierce
Biotechnology Inc., Rockford, IL) was used to detect antigen—antibody complexes. Quantified
results were performed by densitometry (Appraise, Beckman - Coulter, Brea, California,
USA).

Statistical analyses

Data were analyzed using SPSS 10.0 for windows (Chicago, Illinois, USA). Chi-Square test was used
to determine significant differences in categorical variables among groups. The paired t test was used
to analyze data for statistical significance. A binary logistic regression analysis was used to evaluate

the effect of anti-B19-VP1u IgG on the occurrence of recurrent thrombosis. P value <0.05 was
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considered to be statistically significant.

Results

Part-1

Demographic data, clinical characteristics, and the presence of aPL in APS patients

Forty-five patients with APS were classified according to the clinical course of their disease as follows:
primary APS (n=10) and SLE with secondary APS (n=35). As illustrated in Table 1, the most
commonly associated thrombosis was cerebral vascular accident in both primary APS patients (50%)
and SLE patients with secondary APS (25.7%). Significantly higher proportion of usage of
immunosuppressive agents including corticosteroids was found in SLE patients with secondary APS

than in primary APS patients.

Reactivity of IgG directed B19-VPlu in sera from APS patients

As illustrated in Table 2, all of serum samples from primary APS patients with diagnostic pattern
DNA-/IgM-/IgG+ had anti-B19-VP1u activity. The serum sample from one patient with primary APS
who had diagnostic pattern DNA+/IgM+/IgG+ showed reactivity to anti-B19-VP1u. Only one primary
APS patient with diagnostic pattern DNA-/IgM-/IgG- had a serum sample that showed reactivity to
anti-B19-VP1u. All of serum samples from SLE patients with APS who had diagnostic pattern
DNA-/IgM-/IgG+ (n=14) showed reactivity to anti-B19-VP1u. One of 4 (25%), three of 4 (75%), and
one of 4 (25%) serum samples showed positivity for aCL, anti-B2GPI, and anti-PhL respectively in 4
patients with primary APS who had diagnostic pattern DNA-/IgM-/1gG+.

Clinical characteristics of APS patients with anti-B19-VPlu antibodies

As shown in Table 3, APS patients with anti-B19-VP1u antibodies were more likely than those
without anti-B19-VP1u antibodies to have recurrent thrombosis (50.0% vs. 20.0%, p<0.05), positivity
for aCL (25.0% vs. 0.0%, p<0.05) and positivity for anti-PhL (25.0% vs. 0.0%, p<0.05). Compared
with APS patients without anti-B19-VP1lu antibody, those with anti-B19-VP1lu antibody had
significantly increased risk of recurrent vascular thrombosis, with an odds ratio of 4.000 (95%
confidence interval 1.074-14.896). In addition, high sensitivity (100%) and negative predictive value
(100%) of anti-B19-VP1u IgG were observed for predicting the reactivity to CL and PhL in APS
patients. However, there was no significant connection between the presence of anti-B19-VP1u IgG
and clinical features in APS patients. As illustrated in Figure 1, a significant decrease in the levels of
aCL, anti-B2GPI, and aPhL antibodies after absorption with B19-VP1u was observed in 20 patients
with APS. The inhibition of reactivity to CL, B2GPI and PhL by absorption with purified B19-VP1u
was 31.4 to 91.0%, 0.8 to 59.8% and 20.2 to 72.1% respectively. Among APS patients with positivity
for aPL, significantly higher degree of inhibition to CL/B2GPI/PhL by B19-VPlu absorption was
observed in sera from those with anti-B19-VP1u antibodies than from those without anti-B19-VP1u
antibodies (45.6% vs. 21.3%, p<0.05, Table 3). Moreover, significantly higher degree of inhibition to
B2GPI by B19-VP1u absorption was observed in sera from those with anti-B19-VP1u antibodies when
compared to those without anti-B19-VP1u antibodies (38.5% vs. 21.3%, p<0.05, Table 3).
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Recognition of truncated type VPlu proteins by anti-His antibody, rabbit anti-VPIu antibody,
anti-phospholipid antibody and anti-B2GPI antibody

Figure 2A illustrates the schematic diagram of three truncated VP1u with N-terminal deletions.
The four PCR products of truncated VP1u (Figure 2B) and rVPlu proteins were purified
using the affinity chromatography on immobilized nickel column and demonstrated with
SDS-PAGE (Figure 2C). Rbbit anti-VP1u antibodies (Figure 2D) were used to identify the
purified recombinant proteins. Human anti-PhL antibodies (Figure 2E), and anti-B2GPI
antibodies (Figure 2F) were used to identify the purified recombinant proteins. These data
indicated that truncated type VP1u proteins confer dominant binding reactivity in sera from

patients with APS patients.

Table 1 Table 3
Characteristics of 45 patients with antiphospholipid syndrome (APS).* Characteristics of 45 patients with APS according to the presence of anti-B19-VPlu
Characteristics Primary APS  SLE with APS sthodlee:
(n=10) (n=135) Characteristics Anti-B19-VPlu (=) Anti-B19-VPLu (+)
Age at study entry (v) 350493 3761143 (n=25) (n=20)
Duration of disease (y) 321442 66153 Age at study entry (v) 3754144 3654121
Females 8 (800%) 27 HE) Duration of disease () 59.9.£59.0 8374658

Ever smoker 1(10.0%) 3 (867%) Females 18 (72.0%) 147 (85.0%)

Number of subjects with 22 thrombosis 4 (40.0%) 11 (31.4%) Number of subjects with

Thrombosis by subtype 23 thrombosis 5 [20.0%) 10 (500%)"

Cerebral vascular accident 5 (50.0%) 9 (25.7%) Positivity for aCL 0(0.0%) I ['.!5.U«§:$
Livedo reticularis 4(4002] 8 (22.9%) Positivity for anti-fsGPI 9 (36.0%) 10 (500%)
Deelp vein thrombosis ‘ 2(200%) 4 (11.4%) Positivity for aPhL 0 (0.0%) 5 (2500
Peripheral arterial thrombosis 1(10.0%) 4(11.4%) Absarption inbibilion degree, %

Mlscarm_ge_lale L?_l in 2nd or 3rd trimester) 1 (10.0%) 2 (3.7%) Inhibition to CL/fGPI/PhL® 2134113 456223
s sl EIEDE) Ik Inhibition to ,GPI? 2134113 385+170°
Other thrombosis 3(30.0%) 17 (48.6%)

Used medications BI9-VPTu: BI9-VPL unique region protein; aCL: anti<ardiolipin antibodies; anti-
Corticosteroids 4 (40.0%) 33 {94_231" [52C11: anti-beta2-glycoprotein-1 antibodies; aPhl: antiphosphalipid antibodies.
Hydroxychlorquine 10 (100.0%) 34 [97.1%) ? Data were presented as mean 45D or number [percentage).

Other immunosuppressive agents 2(20.0%) 30 (85.7%)" > Amang patients with aCL, anti-52GPI, ar anti-PhL antibodies.
* p<0.05, vs. patients with patients with anti-B19-VPlu (-, determined by the

SLE: systemic lupus erythematosus.
* Data were presented as mean 4 5D or number (percentage).
* p<0.05, vs. patients with primary APS, determined by the paired 1 test,

paired f test.
¥ p<0.01, vs. patients with patients with anti-B19-VPlu (), determined by the
paired | test.

Table 2
The diagnostic patterns of 819 infection, serology of anti-B19-VP1u, and antiphespholipid antibodies in 45 patients with antiphospholipid syndrome (APS).*
Diagnostic patterns of parvovirus B19 infection Anti-B19-VP1u Positivity of aCl Positivity of anti-PaGPI Positivity of anti-Phl
(n=20)
Primary APS (n=10)
DNA™/IlgM ~/1gG™ (n=5) 1 1(25%) 1 (25%) 1 (25%)
DNA™/lgM 1gG (n=4) 4 1 (25%) 3 (75%) 1(25%)
DNA*/1gM*1gG* (n=1) 1 1 (100%) 1 (100%) 0 (0%)
SLE with APS (n=135)
DNA~/1gM~1gG~ (n=21) 0 D (155 B (38%) 0(0%)
DNA™/IgM~1gG™" (n=14) 14 2(143%) 6 (43%) 3 (21.4%)
DNA*/1gM*1gG* (n=0) 0 0 0 0
SLE: systemic lupus erythematosus; B19-VP1u: B19-VP1 unique region protein; aCL: anti-cardiolipin antibodies; anti-p2GPI: anti-beta2-glycoprotein-l antibodies; anti-PhL:
antiphospholipid antibodies.

4 Data were presented as number (percentage) among the diagnostic patterns of B19 infection.
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Fig. 1. Changes in the levels of ant-cardiolipin antibodies (aCL}, anti-betal-
glycoprotein-l {anti-{2GP1), and antiphospholipid antibodies (aPhL) in 20 patients
with antiphospholipid syndrome, Data are expressed as median levels (the 25th to the
75th percentile), *p<0.05, #p<0.001, vs. before absorption, determined by the
Wileokon signed rank st



Part-2

Results of B19 DNA, anti-B19 IgM and IgG detection in sera

Since parvovirus B19 cannot be grown routinely in vitro, B19 infection is generally diagnosed
via direct detection of B19 DNA (virological) and by anti-B19 IgM and IgG (serological). Based
on the advances in diagnosis of B19 infection [1, 33], none of AOSD patients or controls had
detectable circulating B19 DNA or detectable anti-B19-VP1/2 IgM. In contrast, 43 (50.0%) of
AOSD patients, 27 (46.6%) of SLE patients and 30 (46.9%) of controls had detectable
anti-B19-VP1/2 IgG, indicating past B19 infection. As illustrated in Table 2, significantly higher
positive rates for anti-B19-VP1u and anti-B19-NS1 antibodies were observed in AOSD patients
(39.5% and 46.5% respectively) and SLE patients (34.5% and 36.2% respectively) than in
healthy controls (14.1% and 15.6% respectively).

The association of anti-B19-VP1/2 IgG, anti-B19-VPIu IgG and anti-B19-NSI IgG with
clinical characteristics in AOSD patients

When compared to AOSD patients and SLE patients without evidence of past B19 infection,
those with anti-B19-VP1/2 IgG were more likely to have leucopenia and thrombocytopenia
(Table 3). AOSD patients and SLE patients with anti-B19-VP1u or anti-B19-NS1 antibodies
were also more likely to have leucopenia and thrombocytopenia when compared to those
without anti-B19-VP1u or anti-B19-NS1 antibodies. AOSD patients with anti-B19-VP1u or
anti-B19-NS1 antibodies were more likely to have arthritis when compared to those without
these antibodies (Table 3). However, no significant differences in age at study entry, duration
of disease, proportion of female, or other clinical characteristics were observed between

patients with serological positivity and those with serological negativity for B19 infection.

Comparison between AOSD or SLE patients and controls

Significantly higher frequencies of leucopenia, anemia or thrombocytopenia in AOSD
patients with serologic evidence of past B19 infection were observed when compared with
anti-B19-VP1/2-positive controls (18.6% vs. 3.3%, p<0.05; 46.5% vs. 10.0%, p<0.001;
32.6% vs. 0.0%, p<0.001; respectively). Similarly, significantly higher frequencies of
leucopenia, anemia or thrombocytopenia in SLE patients with serologic evidence of past B19
infection were observed when compared with anti-B19-VP1/2-positive controls (51.9% vs.
3.3%, p<0.001; 59.3% vs. 10.0%, p<0.001; 44.4% vs. 0.0%, p<0.001; respectively).
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Table 1
Clinical characteristics of patients with adult-onset Still's disease ( AOSD), patients with
systemic lupus erythematosus (SLE), and healthy controls (HC)#.

Characteristics AOSD SLE HC
(n=86) (n=758) (n=064)

Age at study entry (y) 3714134 3504120 384+99
Proportion of females 68 (79.1%) 52 (89.7%) 52 (813%)
Fever (238 °C) 86 (100%) 46 (79.3%) NA

Rash 66 (76.7%) 40 (69.0%) NA

Sore throat 50 (6B6%) 7 (12.1%)*™ NA
Arthritis 55 (64.0%) 28 (48.3%) NA
Lymphadenopathy 28(326%) 9 (15.5%)" NA
Hepatosplenomegaly 8(9.3%) 6 (10.3%) NA

Liver dysfunction (ALT > 44 U/l) 27(31.4%) 2 (34%:)™ 0 (0.0%)™*
Hyperferritinemia (levelsZ 300 pg/) 78 (907%) NA NA
Leucocytosis (WBC =10.0x 10°1) 49 (570%) 2 (3.4%)* 0 (0.0%)™*
Anemia (hemoglobin<113 g/dl) 33 (384%) 29 (50.0%) 4(6.3%)"
Thrombocytosis (platelet>400x 10°/1) 22 (256%) 1 (1.7%)** 0(0.0%)™
Leucopenia (WBC=4.0 % 10°1) 8(9.3%) 19 (32.8%)™ 1(1.6%)
Thrombocytopenia (platelet<100=10%1) 14 (163%) 15 (25.9%) 0 (0.0%)*™*
Positivity for ANA (titer > 1:160) 2(2.3%) 54 (93.1%)** NA
Positivity for aCL 5(5.8%) 22 (38.0%)™ NA
Positivity for anti-£5;GPI 4(4.7%) 18 (31.0%)** NA

#Data are presented as mean +5D or number ( percentage); NA: not applicable.

ALT: alanine transaminase; ANA: antinuclear antibodies; aCL: anti-cardiolipin anti-
bodies; anti-p2GPl: anti-beta2-glycoprotein-1 antibodies. *p<0.05, **p<0.001, vs.
AOSD patients.

Table 2
Results of serological tests for parvovirus B19 in patients with adult-onset Still's disease (AOSD), patients with systemic lupus erythematosus (SLE), and healthy controls ( HC).
ADSD SLE HC OR (95% (1)
(n=86) (n=58) (n=64)
N (%) n (%) n (%) AOSD vs. SLE AOSD vs. HC SLE vs, HC
IgG anti-B19-VP1,2 + 43 50.0 27 46.6 30 46.9 115 1.13 099
- 43 50.0 31 53.4 34 53.1 (0.59-2.24) (0.59-2.17) (0.48-2.01)
IgM anti-B19-VP1/2 + o 0.0 o 0.0 0 0.0 - - -
- 86 100 58 100 64 100
IgG anti-B19-VP1u + 34 39.5 20 345 9 14.1 124 4,00 322
- 52 G0.5 38 65.5 55 85.9 (0.62-2.48) (1.75-9.13)* (1.32-7.82)*
IgG anti-B19-N51 + 40 46.5 21 36.2 10 15.6 153 4,70 307
- 46 53.5 37 63.8 54 84.4 (0.77-3.03) (2.12-10.42)*** (1.30-7.25)*

IgG anti-B19-VP1/2: IgG antibodies against B19-VP1/2; IgM anti-B19-VP1,/2: IgM antibodies against B19-VP1,2; VP1u: VP1-unique region protein; NS1: nonstructural protein-1;
OR: Odds ratio; 95% C1: 95% confidence interval. *p<0.05, *p<0.005, *"p<0.001, was determined by Chi-Square test with Yate's correction for continuity.

Table 3
The assodation of clinical characteristics with serological positivity for parvovirus B19 in patients with adult-onset Still's disease (AOSD) and patients with systemic lupus erythe-
matosus (SLE).

Anu-B19-VP1/2 1gG Ant-B19-VP1u IgG Anti-B19-NS51 IgG
AOSD (n=86) (+.n=43) (—.,n=43) (+.n=34) (—. n=52) {4+, n=40) (—.,n=46)
SLE (n=>58) (+.,n=27) (—.,n=31) (+,n=20) (—.n=238) (+, n=21) (—, n=237)
Leucopenia (WBC=4.0 x 10%/1)
AOSD (n=28) 8 (18.6%)™ 0 (0.0%) 8 (235%)™" 0 (0.0%) 7 (17.5%)" 1(2.2%)
SLE (n=19) 14 (51.9%)* 5 (16.1%) 11 (550%)* 8(21.1%) 12 (57.1%)** 7 (18.9%)
Anemia (hemoglobin< 11.3 g/dl)
AOSD (n=33) 20 (46.5%) 13 (30.2%) 17 (500%) 16 ( 30.8%) 19 (47.5%) 14 (30.4%)
SLE (n=29) 16 (59.3%) 13 (41.9%) 10 (500%) 19 (50.0%) 12 (57.1%) 17 (45.9%)
Thrombocytopenia (platelet count =100 x 10°/1)
AOSD (n=14) 14 (32.6%)™" 0 (0.0%) 13(38.2%)"" 1(1.9%) 13 (32.5%)*"" 1 (2.2%)
SLE (n=15) 12 (44.4%) 3 (9.7%) 10{50.0%)** 5(13.2%) 9 (42.9%)* 6 (16.2%)
Skin rash
AOQSD (n=G66) 32 (74.4%) 34 (79.15%) 24 (706%) 42 (B0.8%) 29 (72.5%) 37 (80.4%)
SLE (n=40) 19 (70.4%) 21 (67.7%) 13 (65.0%) 27 (71.1%) 15 (71.4%) 25 (67.6%)
Arthritis
AOSD (n=>55) 32 (74.4%) 23 (79.4%) 27 (794%) 28 (53.8%) 31 (77.5%)" 24 (52.2%)
SLE (n=28) 17 (63.0%) 11 (35.5%) 13 (65.0%) 15 (39.5%) 14 (66.7%) 14 (37.8%)
Sore throat
AOSD (n=59) 25 (58.1%) 34 (79.1%) 19 (559%) 40 (76.9%) 23 (57.5%) 36 (78.3%)
SLE (n=7) 5 (185%) 2 (6.5%) 4 (200%) 3(7.9%) 4 (19.0%) 3 (8.1%)
Lymphadenopathy
AOSD (n=28) 19 (44.2%)" 9 (20.9%) 15 (44.1%) 13 (25.0%) 16 (40.0%) 12 (26.1%)
SLE (n=9) 5 (185%) 4 (12.9%) 5(250%) 4 (10.5%) 5 (23.8%) 4 (10.8%)
Hepatosplenomegaly
AOSD (n=28) 4 (93%) 4 (9.3%) 2(59%) 6(11.5%) 3 (7.5%) 5 (10.9%)
SLE (n=6) 5 (185%) 1 (3.2%) 4(200%) 2(5.3%) 4 (19.0%) 2 (5.4%)
Liver dysfunction
AOSD (n=27) 15 (34.9%) 12 (27.9%) 11 (324%) 16 (30.8%) 14 (35.0%) 13 (28.3%)
ALT levels (U/1)
AOSD, mean -+ SD 5124475 469 +53.3 514+52.1 47.54+49.5 50.1+ 493 48.1+516

Hyperferritinemia (serum levels2 300 ug/l)

AOSD (n=78) 41 (95.3%) 37 (B6.0%) 33 (971%) 45 (BB6.5%) 39 (97.5%) 39 (34.8%)
Ferritin levels (ug/1)
AOSD, mean -+ SD 2919 + 5201 2064 + 4689 3393 + 5757 1902 + 4284 2875+ 5230 2158+ 4708

IgG anti-B19-VP1/2: IgG antibodies against B19-VP1,2; IgM anti-B19-VP1/2: IgM antibodies against B19-VP1,/2; VPlu: VP1-unique region protein; N51: nonstructural protein-1;
WBC: white cell count; ALT: alanine aminotransferase. *p=0.05, **p=0.01, ***p<0.001, vs. serologic negative group.
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Part-3

Recombinant B19-VPlu proteins reveal sPLA2 activity and MMP9 activity [25]

The full length and N-terminal deletion of recombinant B19-VPlu protein, and
B19-VP1uD175A protein were purified (Fig 1A and Fig 2A) and analyzed for sPLA2 activity
(Fig 1B and 2B). As shown in Figure 1B, significant decreases of sPLA2 activity were
observed in the 21-227 a.a and 91-227 a.a as compared to the other group. To examine
whether B19-VP1u and its sPLA2 enzymatic activity could influence the activities of the
ECM degrading proteases such as MMP9 or MMP2, the effect of B19-VP1u on the secretion
of MMPs was investigated using a zymography assay. As shown in Figure 1C and 2C,
significant decreases of MMP9 activity was observed in the experimental group treated with
B19-VP1u 21-227 a.a or 196-227 a.a as compared to the other group. Quantified results are
shown in the right panel of Fig 1C and 2C. No sPLA2 activity was detected in
B19-VP1uD175A as previously shown. Furthermore, we show a close association of B19
infection with aPL production and suggest B19-VP1lu region of 1-195 a.a may be pathogenetic
importance in patients with APS (Fig 2D).
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Part-4

Increased expression of IL-1B, IL-6 and TNF-a in NZB/W FI1 mice receiving rabbit
anti-B19-VP1u IgG [25]

Passively transfer of IgG against B19-VP1u has been demonstrated playing crucial role in
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development of autoimmunity. To investigate the influence of rabbit anti-B19-VP1u IgG on
hearts of NZB/W F1 mice, various cardiac inflammatory associated proteins such as IL-1[3,
IL-6 and TNF-a were examined. Figure 1A revealed the loading control and levels of serum
IL-1B, IL-6 and TNF-a protein in NZB/W FI1 mice receiving PBS, normal rabbit IgG and
rabbit anti-B19-VP1u IgG. The protein levels of IL-1B, IL-6 and TNF-a in serum from
NZB/W F1 mice receiving rabbit anti-B19-VP1u IgG were significant higher than in those
receiving PBS or normal rabbit IgG (Fig 1B, 1C and 1D).

Cardiac architecture changes in NZB/W FI mice receiving rabbit anti-B19-VP1u IgG [25]

To observe the effects of anti-B19-VP1u IgG on cardiac architectures in NZB/W F1 mice, we
performed a histopathological analysis of left ventricular tissue of hearts stained with
hematoxylin and eosin (Fig. 2). Abnormal myocardial architecture and increased interstitial
space were observed in left ventricle tissue of hearts from NZB/W F1 mice receiving
anti-B19-VP1u IgG (Fig. 2C) compared to those mice receiving PBS (Fig. 2A) or normal
rabbit IgG (Fig. 2B). Additionally, lymphocyte infiltration was observed in left ventricle
tissue of hearts from NZB/W F1 mice receiving rabbit anti-B19-VP1u IgG (Fig. 2D).

Increased MMP-9 activity and protein expression in NZB/W FI mice receiving rabbit
anti-B19-VP1u IgG [25]

Elevated MMP-9 activity has linked to a variety of cardiac disorder. To further examine the
effect of anti-B19-VP1u IgG on pathogenesis of heart in NZB/W F1 mice, MMPs activity and
protein expression were detected. Significant increase of MMP9 activity was observed in left
ventricular tissue of hearts from NZB/W F1 mice receiving rabbit anti-B19-VP1lu IgG
compared to those mice receiving PBS or normal rabbit IgG, respectively (Fig. 3A). The ratio
of MMP-9/MMP-2 was shown in lower panel of Fig 3A. The protein level of MMP-9 and
MMP-2 were also examined by Western blotting. Significant increase of MMP-9/ ¢ -tubulin
ratio was detected in left ventricle tissue of hearts from NZB/W F1 mice receiving
anti-B19-VP1u IgG compared to those receiving PBS or normal rabbit IgG, respectively (Fig
3B). However, no significant variation was observed in MMP-2/ ¢ -tubulin ratio among all
experimental groups (Fig. 3B). Quantified results of MMP-9/ « -tubulin and MMP-2/ o/

-tubulin ratio were shown in the lower panel of Fig 3B.

Increased expression of NF-kB and phosphorylated p-38 proteins in NZB/W F1 receiving
rabbit anti-B19-VPIu IgG [25]

To clarify the possible signaling involved in activation of MMP9 in hearts of NZB/W F1 mice
receiving rabbit anti-B19-VP1u IgG, various signaling molecules including NF-kB (p65),
Erk1/2-p, p38-p, and JNK-p were examined. Notably, significant increase of NF-kB (p65)
protein was detected in left ventricle tissue of hearts from NZB/W F1 mice receiving
anti-B19-VP1u IgG compared to those receiving PBS or normal rabbit IgG, respectively (Fig.

4A). Similar results were shown in the phosphorylation of p38 protein in left ventricle tissue
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of hearts from NZB/W F1 mice receiving anti-B19-VP1u IgG compared to those receiving
PBS or normal rabbit IgG, respectively (Fig. 4B). However, no significant variation in
phosphorylation of ERK and JNK proteins were observed in all experimental groups (Fig. 4C).
Quantified results were shown in left panels of figure 4A, 4B and 4C.

Expression of myocardial infarction (MI) markers in NZB/W FI mice receiving rabbit
anti-B19-VP1u IgG [25]

To investigate the effects of anti-B19-VP1u IgG on induction of myocardial infarction (MI)
associated proteins, ANP, BNP, h-FABP and CK-MB were detected by Western blotting (Fig.
5A). Notably, no significant variation of ANP, BNP, h-FABP and CK-MB proteins was
observed in left ventricle tissue of hears from NZB/W F1 mice receiving rabbit anti-B19
VPlu IgG compared to those mice receiving PBS or normal rabbit IgG, respectively.
Quantified results of ANP/a -tubulin, BNP/ ¢ -tubulin, h-FABP/ ¢ -tubulin and CKMB/ «
-tubulin were show in Fig 5B, 5C and 5D.
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Topic: 1 ANIMAL MODELS

Title: INCREASED CARDIAC INJURY IN NZB/W F1 MICE RECEIVED ANTIBODY AGAINST
HUMAN PARVOVIRUS B19 VP1 UNIQUE REGION PROTEIN

Author(s): T.-C.Hsu', B.-S. Tzang?3, T-M. Lin', C.-C. Tsai'

Institute(s): 1institute of Microbiology and Immunology, Chung Shan Medical University, 2Depamnem of

Biochemistry, School of Medicine, Chung Shan Medical University, Sinstitute of Biochemistry and
Biotechnology, Chung Shan Medical University, Taichung, Taiwan R.QO.C.

Text: Introduction: Human parvovirus B19 (B19) infection has been postulated to both myocardial
injury and development of systemic lupus erythematosus (SLE). Objectives: However, the
influence of anti-B19-VP1u antibodies on cardiac disorders in SLE is still obscure Aims and
Methods: To elucidate the effects of anti-B19-VP1u lgG in SLE, passive transfer of PBS, normal
rabbit IgG or rabbit anti-B19-VP1u IgG was injected intravenously into NZB/W F1 mice,
respectively. Results: Significant expression of IL-1B, IL-6 and TNF-a were detected in NZB/W
F1 mice receiving rabbit anti-B19-VP1u IgG. Markedly cardiomyocyte disarray and lymphocyte
infiltration were observed in left ventricle of hearts from NZB/W F1 mice receiving rabbit ant-B19-
WVP1u 1gG. Additionally, significant increases of matrix metalloproteinase-9 (MMP9) activity and
protein expression were detected in left ventricle of hearts from NZB/W F1 mice receiving B19-
WP1u lgG. Accordingly, significant increase of phosphorylated p-38 and NF-kB proteins were
observed in left ventricle of hearts from NZB/W F1 mice receiving B19-VP1u IgG. However, no
significant variation of cardiac atnal natriuretic peptide (ANP), brain natriuretic peptide (BNP),
heart-type fatty acid-binding protein (h-FABP) and creatine kinase MB (CK-MB) were detected
among all experimental groups. Conclusions: These findings firstly demonstrated the
aggravated effects of anti-B19 VP 1u IgG on cardiac injury by induction of inflammatory but not
myocardial infarction -associated proteins through activation of phosphorylated p-38 and NF-kB
signaling.

Author Keywords: Human Parvovirus B19 (B19), VP11 unigue region protein (VP 1u), Cardiac injury, Systemic lupus
erythematosus (SLE)
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