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Abstract

Human parvovirus B19 infection has been frequently described as a cause or trigger of various
autoimmune diseases. In previous studies, we have postulated the association among human
parvovirus B19 (B19)-VP1 unique region (VP1lu), production of anti-beta2-glycoprotein |
(anti-p2GPI) antibody and anti-phospholipid syndrome (APS)-like autoimmunity. However,
the precise role of B19-VP1u in induction of APSis still obscure. In this study, autoantibodies
against CL, B2GPI, and phospholipid (PhL) in sera from patients with B19 infection, were
cross-reactive with B19-VP1u. Consistently, sera from rabbits immunized with recombinant
B19-VP1u protein displayed raised detectable immunoglobulins against B19-VP1u, CL,
B2GPI and PhL. Additionally, the mice immunized with anti-B19-VPlu IgG developed
thrombocytopenia, prolongation of aPTT, and autoantibody against 2GPI and PhL. Moreover,
purified 1gG from rabbits immunized with recombinant B19-VP1u proteins can up-regulate
ICAM-1 (CD54), VCAM-1 (CD106), E-selectin (CD62E), MHC class || (HLA-DR, DR, DQ)
molecule expression, and TNF-a production in endothelial cells as compared to those
endothelial cells cultured with control I1gG  Additionally, significantly increased
phosphorylated-P38 mitogen-activated protein kinase (P38 MAPK) and iNOS were observed
in both human anti-B2GPI 1gG and rabbit anti-B19-VP1lu 1gG treated-ECV-304 cdlls,
respectively. These experimental results imply that antibodies against B19-VP1lu play
important roles in the immunopathological processes as well as human anti-p2GPI 1gG that
leads to development of APS by involving p38 phosphorylation and iINOS activation. It could
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provide a clue in understanding the role of anti-B19-V P1u antibodies in APS manifestations.

Key words: Human Parvovirus B19 (B19), VP1 unique region protein (VP1u), autoantibodies

Introduction

B19 infection has been associated with the production of various autoantibodies, including
anti-neutrophil cytoplasmic antibody, anti-phospholipid antibody (APhL), and anti-cardiolipin
autoantibody (aCL) as well as various autoimmune diseases [1-6]. Notably, a remarkable
similarity exists in the specificity of APhL between patients with B19 infection or SLE has
been observed [1-3,5], and the anti-phospholipid syndrome (APS) has been hypothesized to
have an infectious origin [7]. In our previous studies, we have postulated the association
among human parvovirus B19 (B19)-VP1 unique region (VP1lu), production of
anti-beta2-glycoprotein | (anti-B2GPI) antibody and anti-phospholipid syndrome (APS)-like
autoimmunity [8]. However, the relationship among B19 infection, APhL, and APS
manifestation remains unclear. In this study, the binding activity of specific antibody with
B19-VP1u is investigated. The relationship between B19-VP1u and autoantibody production
was aso examined by using immunized rabbits with purified recombinant B19-VP1u protein,
and absorption experiments were performed to clarify the specificity of the raised antibodiesin
rabbits. Moreover, induction of passive APS by anti-B19-VP1u IgG antibodies and the effect
of antibody against B19-VP1u on vascular endothelia cells were also eval uated.

Materialsand Methods

Mice and induction of experimental APS by passive transfer

BALB/c femae mice at age of 6 weeks were purchased from National Laboratory Animal
Center, Tawan and housed under supervision of the Institutional Anima Care and Use
Committee at Chung Shan Medical University, Taichung, Taiwan. Induction of experimental
APS by passive transfer was performed according to the method of Blank [9]. A group of 15
BALB/c mice (8 weeks of age) were infused with the rabbit anti-VP1u 1gG antibodies (20ug
per mouse) through the tail vein. Affinity-purified 1gG from control rabbit that were
immunized with adjuvant and PBS were also used as controls for immunization. After three
weeks, a boost injection of 20ug of the immunoglobulin in PBS was administrated into the tail
vein. The mice were sacrificed on day 30. APS clinical parameters (thrombocytomenia and
prolonged activated partial thromboplastin time [aPTT]) were evaluated in the infused mice on
day 30. Platelet counts from individual blood samples were quantified in whole blood using
Systemex (KX-21, KOBE, Japan). The presence of lupus anticoagul ants were evaluated by the
prolongation of aPTT in a mixing tests, adding 1 volume of plasma from whole blood mixed
with sodium citrate 0.123 mol/l in a9:1 ratio to 1 volume of each cephalin and incubating for 2
minutes at 37°C . Another volume of 0.025M CaCl2 (Sigma, Saint Louis Mo, USA) was added,
and the clotting time was recorded in seconds using Coatron M1 (TECO GmbH, Neufahrn NB,
Germany).



Cdl culture

ECV-304 cells (ECACC-92091712), an immortalized human vascular endothelial cell line and
a spontaneously transformed human umbilical vein endothelia cell line, were cultured in
DMEM supplemented with 10% fetal calf serum (FBS) (GIBCO-BRL, Carlsbad, California,
USA), 2mM glutamine, 100U/ml penicillin and 100ug/ml streptomycin, in 5% CO, a 37°C in
a humidified incubator. Treatments were carried out on 80 - 90% confluent cells. The effect of
anti-B19-VP1u immunoglobulins at different doses on activation of ECV cells was performed
in our preliminary tests and the dosage of 200ug/ml was used for Flow cytometric analysis,
Cytokine ELISA, and Immunoblotting assay.

Results

Induction of passive APS by anti-B19-VP1u antibody

BALB/c mice were immunized with purified anti-B19-V P1u antibodies from sera of rabbits as
described in materials and methods. The titers of the aCL, APhL, and anti-B2GPI antibodies in
the sera of the immunized mice were evaluated after one month of immunization. The sera of
mice immunized with anti-B19-VP1u 1gG from rabbit antisera, revealed significant increased
titer of APhL and anti-B2GPI antibody as compared to the serafrom mice immunized with 1gG
from control rabbits. The immunoglobulin isotype of APhL and anti-B2GPI antibodies in sera
from mice immunized with rabbit anti-B19-VP1u immunoglobulin were found to be 1gG but
not IgM. Additionaly, no increased titer of aCL antibodies in sera from each group of mice
was observed. Moreover, the mice immunized with anti-B19-VP1u 1gG aso reveaed
thrombocytopenia and prolonged aPTT but not in the control mice immunized with 1gG or
PBS.

Mice infused with various rabbit antibody or reagent

Antibodies or reagent infused into mice

B19-VP1u Control 1gG B19-NS1 PBS No treatment

(n=15) (n=10) (n=10) (n=10) (n=10)
Body weight* 20.3+0.2 21503 20.9+0.5 19.5£0.3 i199+0.2
B19-VPlu binding activity 0.505£0.05 * 0.183£0.02 0.122+0.03 0.176£0.01 0.147+0.02
CL binding activity b 0.033£0.03 0.004 £0.03 0.006+0.02 0.004£0.01 0.003+0.01
PhL binding activity ® 0.208:+£0.01 * 0.032£0.02 0.012+0.04 0.021£0.01 0.009+0.01
B2GPI binding activity . 0.252+0.02 % 0.023£0.01 0.020+0.07 0.014£0.01 0.011+0.01
aPTT® 743291 % 04=18 30.8+7.2 27.3£2.1 259443
Platelet count ? 3T+64* 5170 60.2+8.8 72£13.0 61.8+96

VPlu: VP1 unique region protein; CL: cardiolipin; PhL: phospholipid; p2GPI: beta2 glycoprotein [; aPTT: activated partial thromboplastin time.
* The umit of body weight 15 gram.
" The unit of the data is optical density and present as mean+SD.
¢ The unit of the data is second.
4 The unit of the data is 10" cells/mm’.
* Indicates P<0.05 as compared to group PBS or No treatment.

Effect of rabbit anti-B19-VP1u antibodies on the expression of ICAM-1, VCAM-1, E-selectin,
and MHC class|1

Significant up-regulated expression of ICAM-1, VCAM-1, E-selectin, and MHC class I
(HLA-DR, DP, DQ) was observed in ECV-304 cells treated with human anti-p2GPI 1gG and
rabbit anti-B19-VP1u 1gG, respectively.
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Effect of anti-B19-VP1u antibodies on the production of TNF-«

The significant increase of TNF-a was observed in ECV-304 cells treated with rabbit anti
B19-VP1u IgG as compared to those cells treated with control rabbit 1gG. Similar result was
obtained in ECV-304 cells treated with human anti-B2GPI antibody.

Effect of purified rabbit anti-B19-VP1u antibodies on the phosphorylation of p38 MAPK and
on the expression of INOS

Purified rabbit 1gG against B19-VP1u induced significant increase in p38 phosphorylation and
INOS in ECV-304 cells. Thisresult issimilar to the result of treatment with human 1gG against
B2GPI and is consistent with a previous report [10].
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Conclusion

Sera from rabbits immunized with recombinant B19-VP1u protein displayed raised detectable
immunoglobulins against B19-VP1u, CL, f2GPI and PhL. Additionally, the mice immunized
with anti-B19-VP1lu I1gG developed thrombocytopenia, prolongation of aPTT, and
autoantibody against B2GPI and PhL [11]. Moreover, purified IgG from rabbits immunized
with recombinant B19-VP1u proteins can up-regulate ICAM-1 (CD54), VCAM-1 (CD106),
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E-selectin (CD62E), MHC class Il (HLA-DR, DP, DQ) molecule expression, and TNF-a
production in endothelial cells as compared to those endothelial cells cultured with control 1gG.
Additionally, significantly increased phosphorylated-P38 mitogen-activated protein kinase
(P38 MAPK) and iNOS were observed in both human anti-B2GPI IgG and rabbit
anti-B19-VP1u I1gG treated-ECV-304 cells, respectively [12].
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Induction Of Antiphospholipid Antibodies And Antiphospholipid Syndrome-Like
Autoimmunity In Naive Mice With Antibody against Human ParvovirusB19 VP1
Unique Region Protein

Tsai-Ching Hsu* and Bor-Show Tzang?
Institutes of ‘Immunology and “Biochemistry and Biotechnology, Chung Shan
Medical University, Taichung, Taiwan, R.O.C. E-mail: htc@csmu.edu.tw

Abstract

Previous studies have postulated a connection between human parvovirus B19 (B19)
infection and anti-phospholipid antibodies (APhL). Indeed, B19 infection and
anti-phospholipid syndrome (APS) aso exhibit congruent symptoms. However, the
precise role of B19-VP1 unique region (VP1u) in pathogenesis of autoimmunity is
still obscure. To elucidate the roles of VP1u in B19 infection and autoimmunity, the
reactivity of B19-VP1lu proteins with various autoantibodies were evauated by
ELISA and Immunoblotting. Rabbits were immunized with purified recombinant
B19-VP1u protein to generate anti-sera. Absorption experiments were then performed
to determine the binding specificity of rabbit anti-sera against B19-VP1u, cardiolipin
(CL) and beta-2- glycoprotein I (B2GPI). Moreover, the effects of passive transfer of
polyclonal rabbit anti-B19-VP1u IgG antibodies on platelets, activated partia
thromboplastin time (aPTT), and autoantibodies were assessed. Autoantibodies
against CL, B2GPI, and phospholipid (PhL) in sera from patients with B19 infection,
were cross-reactive with B19-VP1u. Consistently, sera from rabbits immunized with
recombinant B19-VP1u protein displayed raised detectable immunoglobulins against
B19-VP1lu, CL, B2GPI and PhL. Additionally, the mice immunized with
anti-B19-VP1u 1gG developed thrombocytopenia, prolongation of aPTT, and
autoantibody against B2GPI and PhL. These experimental results suggested the
association between B19-VP1u and production of anti-B2GPI antibodies, APhL, and
APS-like autoimmunity. Altogether, it may provide a clue in understanding the role of
B19-VP1u in inducing autoantibodies and B19-associated A PS manifestations.



