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Abstract

The association of human parvovirus B19 infection and autoimmune diseases with
autoantibodies has been strongly suggested in these years, especially in systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA). Previously, we have found that B19
infection may be linked to the induction of autoimmune response and B19 nonstructural
protein (NS1) induces apoptosis through mitochondria cell death pathway in COS-7 cells.
However, the role of B19 mediated autoimmune diseases has not been clarified. B19 is a
small single-stranded DNA virus containing 5596 nucleotides, which has two large open
reading frames. The B19 encodes two structural proteins, the major capsid (VP2) and minor
capsid (VP1) proteins. VP1 has an identical amino-acid sequence to VP2 protein, and
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exception for an additional 227 amino acids at its amino terminus (VP1 unigue region, VP1u).
According to homology studies, a phospholipase A2 motif is present in the amino acid
sequence of the VP1 unique region. A very recent study shows the association of parvovirus
B19 infection with the presence of anti-phospholipid antibodies. Thus, these observations
encouraged us to study more about the possible link between B19 infection and autoimmune
diseases. Sera from 102 clinically suspected cases of B19 infection were analyzed. Sera from
patients with the diagnostic pattern DNA*/IgM™/IgG" had a high frequency (57%) for
recognition of CL and B2GPI. Furthermore, adsorption experiments were performed by
adding purified B19-VP1u, which partially suppressed the reactivity of anti-B19VP1u to CL
and B2GPI. Thus, serum from patients with acute B19 infection have a high frequency in
recognition of CL and B2GPI, and the phospholipase domain observed in the B19-VP1u may
have contributed to the production of aPL. These findings may provide a clue for
understanding the roles of B19-VP1u in B19 infection and aPL production.

Key words: Human parvovirus B19 (B19) - VP1 unique region (VP1u) ~ cardiolipin (CL) ~ 2
glycoprotein | (B2GPI) ~ anti-phospholipid antibody (aPL)

Introduction

Human parvovirus B19 (B19) is the only known human pathogen in the large Parvoviridae
family [1-2]. B19 is consists of a small non-enveloped particle enclosing a single-stranded
linear 5.6-kb DNA genome. The icosahedral capsid consists of two structura proteins, VP1
(83 kDa) and VP2 (58kDa), which are identical except for 227 amino acids at the
amino-termina end of the VP1-protein, the so-called VP1-unique region (VP1u) [3-5]. Over
95% of capsid proteins are VP2, whereas VP1 accounts for < 5%. Although VP2 proteins
predominate in the capsid, VP1 is critica to diciting an appropriate immune response in
humans and animals [6-8]. An antiserum produced by immunizing rabbits with a fusion
protein containing the entire unique region sequence of VP1 neutralized virus activity [9].
When rabbits were inoculated with 11 overlapping fusion proteins spanning the entire VP1
capsid protein including VP2, the VP1 unique and VP1-VP2 junction regions had the
strongest neutralizing epitopes [10]. Recently, Zuffi et al determined that amino acids 60-100
of the VP1u with a known neutralizing activity induce prolonged immune responses in
humans [11]. Most neutralizing epitopes in the VP1u are linear in contrast to thosein VP2 that
are likely conformational. [12-13].

B19 infection has been associated with production various autoantibodies, including
anti-nuclear antibody (ANA), anti-neutrophil cytoplasmic antibody (ANCA), anticardiolipin
antibody (aCL), and anti-phospholipid antibody (aPL) [14-17]. Moreover, B19 infection and
anti-phospholipid syndrome (APS) aso show congruence in the presentation of symptoms
[14-17]. The classical APS is characterized by the presence of aPL which bind target
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phospholipid molecules, mainly through beta2-glycoprotein | (B2GPI), and are associated
with recurrent fetal loss and thromboembolic phenomena. Recently, the outside location and
phospholipase domain [18-20] of B19 has been linked to B19-VP1u. However, the definite
relationship between B19 infection, B19-VP1u, and aPL production remains unclear.

Materials and methods

Sera

Serum samples from 102 patients with clinical suspicion of parvovirus B19 infection were
collected between March 2004 and December 2005 and tested in the Division of
Rheumatology, Department of internal medicine, Chung Shan Medical University affiliated
Hospital, Taichung, Taiwan. The clotted blood samples were centrifuged at 1250 rpm for 10
min and the sera were collected and stored at -70°C until examination. All subjects were the
presence of specific antibodies against parvovirus B19 structural proteins were detected by
B19 IgM/IgG ELISA kits (IBL, Hamburg, Germany) and B19 DNA were done by nested PCR
as described below. All the study participants provided written informed consent.

B19 antibodies detection

The B19 IgM antibody (Parvovirus B19-IgM, IBL, HAMBURG) and B19 I1gG antibody
(Parvovirus B19-1gG, IBL, HAMBURG) were analyzed by enzyme-linked immunosorbent
assay (ELISA) against B19 VP2 and VPL structura protein according to the manufacturer's
instructions.

DNA extraction and PCR amplification

DNA was extracted from serum by using QIA Amp blood kit (QIAagen, Hidden, Germany) as
directed by the manufacturer. In the first round of PCR amplification, 0.2 uM of nucleotide
primers corresponding to nucleotide (nt) 2381-2400 (B19Sl) and nt 2781-2800 (B19ASI)
(5’-CCTTTTCTGTGCTAACCTGC-3> and 5-CCCAGG CTTG TGTAAGTCTT-3’,
respectively) were used. 2 ul of each sample were used in a 50 pl reaction containing 5 pl of
10x buffer (500 mM Tris-HCI pH 8.7, 50 mM NH4CI, 20 mM MgCl,, 400 mM KCI, 1%
Triton X-100), 4 ul of 25mM dNTPR, 2.5U of Tag DNA polymerase (Takara, Tokyo, Japan)
and 36 ul sterilized water. After an initia denaturation step of 5 min at 94°C, thirty-eight
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 was added to the second
round PCR mixture containing 2 uM of each oligonucleotide primer corresponding to
nucleotide 2429-2448 (B19Sll) and nucleotide 2730-2751 (B19ASII) (5-AAAGCTTTG
TAGATTATGAG-3’ and 5’-GGTTCTGCATGACTGCTATGG-3’). Then 30 cycles of
amplification were performed using the described cycling parameters. B19 positive and

negative reference controls [27] were also included in each PCR reaction. The nested PCR
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was used as it eliminates non-specific background and thus gives a clearer final product.
Because of high sensitivity of the nested PCR reaction, stringent precautions were taken to
avoid the risk of false-positive results.

Plasmids and site-directed mutagenesis

A 681-bp DNA fragment encompassing nucleotides 2444-3144 of the B19 genome (plasmid
pYT104-C) was amplified by the polymerase chain reaction using primers
5-CCGAATTCATGAGTAAAAAAAGTGGCAAATGGTGGG-3 (forward) and
5-GCGTCGACGCTTGGGTATTTTTCTGAGGCG-3' (reverse), which were introduced a
Bgl Il site at the 5° end and a Sal | site at the 3’ end for cloning into pET-32a. The
amplification was performed in a 50 pl reaction volume containing 10x reaction buffer
(Promega, Madison, Wisconsin, USA), 1.5 uM of MgCl,, 200 uM of dNTPs, 1uM of each
primer and 2.5 units of Tag DNA polymerase (Promega, Madison, Wisconsin, USA) using a
Perkin-Elmer Gene Amp PCR system 2400 (Perkin-Elmer, USA). After an initial denaturation
step of 5 min at 94°C, thirty cycles were performed at 94°C for 45 seconds, 54°C for 45
seconds, and 72°C for 1 min. The amplification PCR products were subjected to
electrophoresis on a 1% agarose gel. The ligatant is called pET32a-VP1u. The QuikChange
XL Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) was used to engineer an
aspartate to aanine (D175A) mutation into the wild-type VP1-unique region expression
vector, pET32a-VP1u, with the following oligonucleotide primers. 5’-CTCATTGGACTG
TAGCAGCTGAAGAGC-3’ (forward primer) and 5’-GCTCTTCAGCTGCTACAGTCCAA
TGAG-3’ (reverse primer) for D175A. The PCR reaction was performed according to
manufactures’ instructions. This construct is named as pET32aVP1uD175A and verified by
sequencing forwardly and reversely. The plasmids was then transformed into Escherichia
Coli BL21-DE3 competent cells (Invitrogen, Carlsbad, CA, USA) by chilling on ice for 30
minutes and bathing in 42°C  water-bath for 30 seconds.

Preparation of recombinant human B19 VP1 unique protein

E. coli (BL21-DE3) clones containing VP1u and VP1u-D175A cDNA in pET-32a expression
vector (Novagene, Cambridge, MA) were grown overnight in one liter L-Broth containing
100ug/ml ampicillin a 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 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
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washed and eluted with Buffer and analyzed by SDS-PAGE for further use. Since the
B19VP1lu and B19VP1uD175A cDNA are constructed into pET-32a expression vector, the
expressed recombinant proteins will contain S-tag and His-tag that represent the molecular
weight of nearly 47Kda.

Rabbit antisera

For generation of antisera directed against the B19-VP1u and B19-VP1uD175A, two female
New Zealand White rabbits were immunized subcutaneous in the neck region with 0.5 mg of
purified recombinant B19-VP1lu and B19-VP1uD175A in Freund’s complete adjuvant
followed by injection at two-week intervals with 0.25 mg of B19-VP1u and B19-VP1uD175A
protein in Freund’s incomplete adjuvant. All sera reacted specially with the B19-VP1u and
B19-VP1uD175A in immunoblotting analysis.

Anti-dsDNA, Anti-cyclic citrullinated peptide (CCP), anti-cardiolipin (aCL), and anti-2GPI
antibodies

We used direct antigen-specific ELISA kits to detect anti-dsDNA, anti-CCP, aCL and
anti-B2GPI antibodies (INOVA Diagnostics, Inc. San Diego, CA, USA) as the manufacturer's
instructions.

ELISA

Five hundred ng of B19-VP1u or B19-VP1uD175A recombinant protein in 100ul PBS (1mM)
was used and immobilized on the surface of each sample well of 96-well plates. ELISA was
performed according to the method of Rubin et al [21]. The serum samples were pretreated
with RF-absorbent (IBL, HAMBURG) to avoid false-positive IgM results due to the presence
of RF and to prevent competition by 1gG antibodies. For absorption experiments, 0.5ug VP1u
or B19-VP1uD175A recombinant protein were coated on the well and the sera were
pre-incubated with 5ug (1mM) VP1u recombinant protein for one hour at 37°C  before ELISA
was performed.

Immunobl otting

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), using 12.5%
acrylamide slab gel with 5% acrylamide stacking gel, was performed according to the method
of Laemmli [22]. Rabbit antiserum against B19-VP1u or B19-VP1uD175A were diluted with
5% nonfat dry milk in PBS and reacted with the nitrocellul ose strips and incubated for 1.5 hr
at room temperature. The strips were washed twice with PBS-Tween for 1hr and adding
secondary antibody consisting of alkaline phosphatase conjugated goat anti-human or rabbit
IgG antibodies. The substrate NBT/BCIP (nitroblue tetrazolium/ 5-bromo-4-chloro-3 indolyl
phosphate) was used to detect antigen-antibody complexes.



Results and Conclusion

Experimental results indicated that no difference exists in recognition of B19-VPlu and
B19-VP1uD175A proteins by anti-B19VP1u IgG and IgM in serum samples from patients
with the B19 diagnostic patterns DNA*/IgM/IgG*, DNA/IgM*/IgG", DNA*/IgM*/IgG" and
DNA7/IgM/IgG". Furthermore, a high frequency (57%) in recognition of CL and B2GPI by
anti-B19-VP1u was observed in serum from patients with the diagnostic pattern
DNA*/IgM*/IgG". The inhibition of binding by purified B19-VP1u and B19-VP1uD175A in
serum from patients with the B19 diagnostic pattern DNA*/IgM*/IgG" was 59 to 77%, and
64% to 82%, respectively. However, the inhibition of binding to CL and p2GPI by absorption
with 5 ug (ImM) of B19-VP1u was 41 to 51% and 37 to 55%, respectively. It indicated that
B19VP1u protein competes and influences the binding of antibodies in serum from patients
with the B19 diagnostic pattern DNA*/IgM*/1gG" to both CL and B2-GPI. In this study, no
difference existed in recognition of B19-VP1lu and B19-VP1uD175A proteins by
anti-B19-VP1u IgG and IgM in serum from patients with B19 diagnostic patterns
DNA*/IgM7/1gG", DNA/IgM*/IgG*, DNA*/IgM*/1gG" and DNA7/IgM7/1gG". Thus, acute
phase of B19 infection could be an important stage in autoantibody production in
B19-infected subjects, especially aPL antibodies. However, molecular mimicry between the
B19 pathogen and the p2GPI molecule may also present and trigger an immune response, and
the definite epitopes cause of production of autoantibodies or APS requires further studies.
However, the structure modification and generation of immunogenic epitopes on f2-GPI in
patients with B19 infection are still unclear. Structure simulation and prediction of
conformational cryptic epitopes of both f2-GPI and B19 VP1u will be crucia for further
clarifying the relationships among induction of anti-p2-GPI and aCL autoantibodies by B19
VP1u. In conclusion, our experimental results indicate that serum from patients with acute
B19 infection have a high frequency in recognition of CL and B2GPI, and the phospholipase
domain observed in the B19-VP1u may have contributed to the production of aPL. However,
these findings may provide a clue for understanding the roles of B19-VP1u in B19 infection,
aPL production, and B19-related APS syndrome.

FREE A

FENFERFTRAPFRE 1000 5333 A 8]+ Bl By 2 w8~ p HA
Foh e B WPAL AR Bl o B RGRA P {2 %0 jRP] AR % Bl9 i L rA 4
ehpit w rfedn B2GPI 3o B p MFH o VPlu 2% M faens E9EH p R 80% ot ¢t &
B P ofeme RS G 0 PRy A AT o T A PR BT 4R B R kgt
EEfc) A B1O -VPlu B STl s 4 BLO B S B A Fimbry TAAMA 2 L W E R
k¢ FrFY Ry o ALY % 2 P fp T4 Clinica Chimica Acta (SCI)j¢ 64 %

JIJ’E' o

References:



[1] Young NS, Brown KE. Parvovirus B19. N Engl J Med 2004; 350:586-597.

[2] Corcoran A, Doyle S. Advances in the biology, diagnosis and host-pathogen

interactions of parvovirus B19. J Med Microbiol 2004; 53:459-475.

[3] Rayment FB, Crosdale E, Morris DJ, et a. The production of human parvovirus

capsid proteins in Escherichia coli and their potential as diagnostic antigens. J Gen

Virol 1990; 71:2665-2672.

[4] Modrow S, Dorsch S. Antibody responses in parvovirus B19 infected patients.

Pathol Biol (Paris) 2002; 50:326-331.

[5] OzawaK, Ayub J, Y-S Hao et al. Nove transcription map for the B19 (human)

pathogenic parvovirus. JVirol 1987; 61:2395-2406.

[6] Kurtzman GJ, Cohen BJ, Field AM, et a. Immune response to B19 parvovirus and

an antibody defect in persistent viral infection. J Clin Invest 1989; 84:1114-1123

[7] Schwarz TF, Roggendorf M, Deinhardt F. Human parvovirus B19: ELISA and

immunobl ot assays. J Virol Methods 1988; 20:155-168.

[8] Anderson S. Momoeda M, Kawase M, Kagjigaya S Young NS. Peptides derived from the
unique region of B19 parvovirus minor capsid protein elicit neutralizing antibodies in rabbits.
Virology 1995; 206:626-632.

[9] Rosenfield SJ, Yoshimoto K, Kajigaya S, et al. Unique region of the minor capsid protein
of human parvovirus B19 is exposed on the virion surface. J Clin Invest 1992 89:2023-2029.
[10] Saikawa T, Anderson S, Momoeda M, Kgigaya S, Young NS. Neutralizing linear
epitopes of B19 parvovirus cluster in the VP1 unique and VP1-VP2 junction regions. J Virol
1993; 67:3004-30009.

[11] Zuffi E, Manaresi E, Gallinella G, et a. Identification of an immunodominant peptide in
the parvovirus B19 VP1 unique region able to elicit a long-lasting immune response in
humans. Vira Immunol 2001; 14:151-158.

[12] Kawase M, Momoeda M, Young NS, Kgiigava S. Most of the VP1 unique region of B19
parvovirusis on the capsid surface. Virology 1995; 211:359-366.

[13] Musiani M, Manaresi E, Gallinelal G et al. Immunoreactivity against linear

epitopes of parvovirus B19 structura proteins. Immunodominance of the

amino-terminal half of the unique region of VP1. JMed Virol 2000; 60:347-352.

[14] Chou TN, Hsu TC, Chen RM, Lin LI, Tsay GJ. Parvovirus B19 infection associated with
the production of anti-neutrophil cytoplasmic antibody (ANCA) and anticardiolipin antibody
(aCL). Lupus 2000; 9:551-554.

[15] Loizou S, Cazabon JK, Walport MJ, Tait D, So AK. Similarities of specificity and
cofactor dependence in serum antiphospholipid antibodies from patients with human
parvovirus B19 infection and from those with systemic lupus erythematosus. Arthritis Rheum
1997; 40:103-108.

[16] Lehmann HW, von Landenberg P, Modrow S. Parvovirus B19 infection and autoimmune
disease. Autoimmun Rev 2003; 2:218-223.



[17] Landenberg P Modrow S. Human parvovirus B19 infection and
antiphospholipid-syndrome: the two sides of one medal? J Vet Med B Infect Dis Vet Public
Health 2005; 52:353-355.

[18] Zadori Z, Szelei J, Lacoste MC, et a. A viral phospholipase A2 isrequired for parvovirus
infectivity. Dev Cell 2001; 1:291-302.

[19] Dorsch S, Leibisch G, Kaufmann B, et a. The VP1 unique region of parvovirus B19 and
its constituent phospholipase A2-like activity. J Virol 2002; 76:2014-2018.

[20] Canaan S, Zadori Z, Ghomashchi F, et al. Interfacial enzymology of parvovirus
phospholipases A2. J Biol Chem 2004; 279:14502-14508.

[21] Rubin RL, Jodlin FG, Tan EM. An improved ELISA for anti-native DNA by elimination
of interference by anti-histone antibodies. J Immunol Methods 1983; 63:359-366.

[22] Laemmli UK. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 1970; 227:680-684.



