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Generation of Monoclonal Autoantibodies from Babesia rodhaini-Infected Mice
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ABSTRACT.	 The presence of anti-erythrocyte autoantibodies in animals infected with various Babesia species is well reported. However, the 
pathogenesis of autoantibodies in babesiosis is poorly understood. Here, we demonstrated that anti-erythrocyte immunoglobulin (Ig) M and 
IgG were present in B. rodhaini-infected mice at 6 and 8 days after infection, respectively. Furthermore, we generated monoclonal antibod-
ies against erythrocyte antigen from B. rodhaini-infected mice. Five clones were generated. By Western blotting analysis using whole 
erythrocyte antigens, one clone reacted with a broad band around 90–150 kDa, and the 2 clones reacted with a band larger than 150 kDa. B. 
rodhaini-infected mice and/or autoreactive monoclonal antibodies established in this study might be a powerful tool for in vivo pathogenesis 
studies of autoantibody development in infectious diseases.
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Babesiosis is a tick-borne hemoprotozoan disease of a 
wide range of mammalian hosts. Babesia spp.-infected ani-
mals sometimes develop severe anemia despite a relatively 
low parasitemia [8, 17]. This indicates that anemia caused by 
Babesia cannot only be explained by disruption of infected 
erythrocytes and that the destruction of non-infected eryth-
rocytes is a critical feature of the disease. Many studies have 
demonstrated that anti-erythrocyte autoantibodies are gener-
ated during infection in canine and bovine babesiosis [1, 2, 
7, 12, 13, 15, 16]. A major pathogenic autoantibody reported 
in canine autoimmune hemolytic anemia (AIHA), against 
erythrocyte membrane Band 3 molecule, was also reported 
in canine B. gibsoni infection [2]. Autoimmunity to eryth-
rocytes in babesiosis has also been documented in humans 
[6, 20]. As a consequence of anti-erythrocyte autoantibodies, 
extravascular hemolysis, such as up-regulated erythrocyte 
phagocytosis and increased erythrocyte aggregation, in liver 
and spleen has also been reported in canines infected with B. 
gibsoni [13, 14]. These reports suggest anemia in babesiosis 
is partially caused by such autoantibodies. However, the role 
of autoantibodies in the pathogenesis of babesiosis is poorly 
understood. To investigate the in vivo pathogenesis of such 
autoantibodies, the passive transfer of autoantibodies to non-
infected individuals can be the most simple and straightfor-
ward methodology. However, performing such experiments 
using domestic animals including dogs and cattle is unre-
alistic, and a small experimental animal model is required. 

Therefore, the present study investigated the properties of 
autoantibodies in B. rodhaini-infected mice.

Infection of C57BL/6 mice (CLEA Japan Inc., Tokyo, Ja-
pan) with B. rodhaini and detection of autoantibodies were 
performed as reported previously with minor modifications 
[5]. Briefly, 106 parasitized erythrocytes were intravenously 
injected into 8-week-old female C57BL/6 mice, and serum 
samples were collected every other day. The experiments 
were performed in accordance with the Gifu University 
Animal Care and Use Committee guidelines. Autoantibodies 
reacting with erythrocytes were detected by enzyme-linked 
immunosorbent assay (ELISA) using erythrocyte membrane 
lysate as an antigen. To detect antigen-specific immuno-
globulin (Ig) G and IgM, horseradish peroxidase (HRP)-
conjugated rabbit-anti-mouse IgG or HRP-conjugated 
rabbit-anti-mouse IgM was used. After B. rodhaini infec-
tion, IgM reacting with erythrocytes was detected 6 days 
after infection (Fig. 1A). This indicates that primary immune 
responses to erythrocytes were activated at an early phase 
of B. rodhaini infection. IgG reacting with erythrocytes was 
also detected from 8 days after infection (Fig. 1A). The early 
presence of anti-erythrocyte IgG might be the result of an 
activated secondary immune response against erythrocytes. 
Natural autoantibodies against erythrocyte Band 3 and 
phosphatidylserine antigen were found in healthy animals, 
but at a low concentration [10]. B. rodhaini infection might 
reactivate B cell clones producing these autoantibodies.

We performed Western blotting analysis using erythrocyte 
membrane lysate as an antigen to identify the target antigen 
(s) on erythrocyte membranes. However, it was difficult to 
identify specific bands, because Western blotting analysis 
using serum samples from B. rodhaini-infected mice gave 
a wide molecular weight smear (Fig. 1B). Therefore, we 
generated anti-erythrocyte monoclonal antibodies to deter-
mine the autoantigens present in erythrocyte membranes. 
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Three C57BL/6 mice were infected with B. rodhaini, and 
splenocytes from each infected mouse were isolated 11 days 
after infection. One billion splenocytes were cultured with 
107  erythrocyte ghosts for 3 days in RPMI-1640 (supple-
mented with 15% fetal calf serum). After incubation, 1.5 
× 108 splenocytes were fused with 3 × 107 myeloma cell 
(NS-1) by polyethyleneglycol (PEG) 4000 (Merck & Co., 
Whitehouse Station, NJ, U.S.A.). The hybridoma was then 
cultured in hypoxanthine-aminopterin-thymidine (HAT) 

culture medium (Sigma-Aldrich, St. Louis, MO, U.S.A.). 
As a control, a hybridoma culture was prepared from 3 non-
infected C57BL/6 mice. Fourteen days after fusion, several 
wells of the culture plate showed B. rodhaini-infected or non-
infected mouse-derived cell hybridoma growth (Table 1). 
At the first screening, 21 days after fusion, supernatants 
from each well showing colony growth were collected for 
ELISA to examine production of anti-erythrocyte IgG and 
IgM as described above. As a negative control, supernatant 

Fig. 1.	 Anti-erythrocyte autoantibodies generated by B. rodhaini infection. A. Development of anti-erythrocyte 
IgG (●) and IgM (■) after B. rodhaini infection (n=15 at 2, 4, 6, 8 and 10 days and n=14 at 11 days post-infection,  
***P<0.0001: compared with day 0, by Student’s t test). B. Western blotting analysis using B. rodhaini-infected serum. 
As a negative control, mock-infected serum was used. (Open arrowhead: Band 3-like area, right panel: long exposed). 
C. Western blotting analysis using monoclonal antibodies produced by 5 hybridoma clones. As a negative control, 
supernatant of myeloma cell cultures was used (lane (−)). Whole erythrocyte lysate was used as an antigen.

Table 1.	 Number of anti-erythrocyte antibody secreting hybridoma clones

Primary Screening Secondary Screening

Mouse No. of 
clone

α RBC 
clonea)

α RBC cloneb)

(after re-cloning)
B. rodhaini infected A 25 4 3

B 21 5 0
C 15 4 2

Mock A 11 0 0
B 5 0 0
C 4 0 0

a) Total number of well showed hybridoma growth. All established clones were 
proceeded to ELISA test for detecting erythrocyte-reacting clones. b) Number of 
clone reacting with erythrocyte antigen.
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from un-fused myeloma cell culture was used. An optical 
density value higher than the mean of the negative control 
plus 3  standard deviations was defined as positive. Some 
supernatant samples obtained from B. rodhaini-infected 
mice were positive (Table 1). Hybridoma clones producing 
erythrocyte-reactive monoclonal IgM were not observed. 
After further re-cloning, we finally obtained 5 hybridoma 
clones stably producing erythrocyte-reactive monoclonal 
IgG (Table 1). Western blotting analysis was performed to 
evaluate which erythrocyte antigens were recognized by the 
hybridoma clones. Whole erythrocyte lysate prepared with a 
reported protocol [19] was used as an antigen. Briefly, hepa-
rinized whole blood from healthy mice was centrifuged, and 
then, the plasma and buffy coat were removed. Erythrocyte 
was washed with of 0.09% NaCl, hypotonic lysed with 10 
mM Tris-HCl (pH=7.5) and incubated at 4°C for 10 min. 
The same volume of 0.25 M glucose was added into the 
lysate and incubated at 4°C for 5 min. After centrifuge, pale 
RBC ghost was collected from the bottom of tube. Fifty µl of 
erythrocyte ghost was incubated with 50 µl of SDS sample 
buffer at 98°C for 10 min and electrophoresed in a 10% 
SDS-PAGE (Atto co.). Culture supernatants, diluted twice, 
were used as the primary antibody. Secondary antibody was 
horseradish peroxidase (HRP)-conjugated rabbit-anti-mouse 
IgG. One hybridoma clone (clone 3-2) had monoclonal IgG 
reactivity recognizing a broad band of 90–150 kDa (Fig. 1C, 
lane 5). Two hybridoma clones (clones 1-1 and 2) secreted 
monoclonal IgG reactive with a band greater than 150 kDa 
(Fig. 1C, lanes 1 and 3). Two other hybridoma clones (clones 
1-2 and 3-1) which showed positive results in ELISA, 
however, did not give a clear band under Western blotting 
analysis (Fig. 1C, lanes 2 and 4). New Zealand Black (NZB) 
mice, a mouse strain that naturally develops AIHA, produced 
autoreactive antibodies, of which the most common target is 
erythrocyte Band 3 [3, 9]. Band 3 usually gives a broad band 
around 90–100 kDa. Antigen (s) recognized by hybridoma 
clone 3-2 producing monoclonal IgG might contain erythro-
cyte Band 3. Among the major antigens contained in mouse 
erythrocyte membranes, only spectrin, an actin cross-linking 
protein, had a molecular weight greater than 150 kDa [3]. 
Thus, monoclonal antibodies produced by hybridoma clones 
1-1 and 2 likely react with spectrin. It was reported that 
splenic T cells from mice with AIHA proliferated in response 
to mouse erythrocyte membrane fractions containing Band 3 
or spectrin [3].

However, due to the unstable nature of hybridoma, the 
ability of antibody secretion gradually decreased after serial 
passages. To obtain enough amount of antibody for further 
study, artificial synthesis of antibody can be performed. 
After the hybridoma from B. rodhaini-infected mice was 
established, total RNA of hybridoma could be extracted 
and mRNA sequence of antibody Fab region could then be 
analyzed [4]. Antibody against erythrocyte then could be 
artificially synthesed based on the mRNA sequence.

To our knowledge, our data show for the first time that 
B. rodhaini-infected mice produced autoreactive IgG with 
similar reactivity to IgG produced in B. gibsoni-infected 
dogs and mice with AIHA [2, 3]. Thus, B. rodhaini-infected 

mice might be a potential model to study the pathogenesis 
of Babesia-associated autoreactive antibodies. However, 
clinical symptoms of B. rodhaini-infected mice were dif-
ferent from those of canine or bovine babesiosis. Although 
extravascular hemolysis is observed in canine and bovine 
babesiosis [7, 16, 18], B. rodhaini-infected mice devel-
oped severe intravascular hemolysis associated with ex-
tremely high parasitemia [11]. The relatively larger effect 
of proliferating B. rodhaini merozoites likely masked the 
pathogenesis of the autoreactive antibodies. Therefore, B. 
rodhaini-infected mice might not be suitable for investigat-
ing canine or bovine babesiosis. Passive transfer of autore-
active antibodies harvested from B. rodhaini-infected mice 
into non-infected individuals might be a useful model to 
determine the pathogenesis of antibodies independent to the 
direct effect of proliferating merozoites. However, it is dif-
ficult to obtain purified autoreactive antibodies from small 
amounts of mouse serum. In contrast, monoclonal antibodies 
can be stably produced. Autoreactive monoclonal antibodies 
established in this study will be a powerful tool for passive-
transfer experiments to examine the properties of babesia-
associated autoreactive antibodies in vivo.
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