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Abstract

Background: Bovine leukemia virus (BLV), which is closely related to human T-cell leukemia virus, is the etiological
agent of enzootic bovine leukosis, a disease characterized by a highly prolonged course involving persistent
lymphocytosis and B-cell lymphoma. The bovine major histocompatibility complex class II region plays a key role in
the subclinical progression of BLV infection. In this study, we aimed to evaluate the roles of CD4+ T-cell epitopes in
disease progression in cattle.

Methods: We examined five Japanese Black cattle, including three disease-susceptible animals, one disease-
resistant animal, and one normal animal, classified according to genotyping of bovine leukocyte antigen (BoLA)-
DRB3 and BoLA-DQA1 alleles using polymerase chain reaction sequence-based typing methods. All cattle were
inoculated with BLV-infected blood collected from BLV experimentally infected cattle and then subjected to CD4+

T-cell epitope mapping by cell proliferation assays.

Results: Five Japanese Black cattle were successfully infected with BLV, and CD4+ T-cell epitope mapping was then
conducted. Disease-resistant and normal cattle showed low and moderate proviral loads and harbored six or five
types of CD4+ T-cell epitopes, respectively. In contrast, the one of three disease-susceptible cattle with the highest
proviral load did not harbor CD4+ T-cell epitopes, and two of three other cattle with high proviral loads each had
only one epitope. Thus, the CD4+ T-cell epitope repertoire was less frequent in disease-susceptible cattle than in
other cattle.

Conclusion: Although only a few cattle were included in this study, our results showed that CD4+ T-cell epitopes
may be associated with BoLA-DRB3-DQA1 haplotypes, which conferred differential susceptibilities to BLV proviral
loads. These CD4+ T-cell epitopes could be useful for the design of anti-BLV vaccines targeting disease-susceptible
Japanese Black cattle. Further studies of CD4+ T-cell epitopes in other breeds and using larger numbers of cattle
with differential susceptibilities are required to confirm these findings.
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Background
Bovine leukemia virus (BLV) is closely related to human
T-cell leukemia virus types 1 and 2, and is associated with
enzootic bovine leukosis, a common neoplastic disease in
cattle [1, 2]. BLV infection can remain clinically silent,
with cattle in a leukemic state, or can emerge as persistent
lymphocytosis characterized by an increased number of B
lymphocytes or rarely as B-cell lymphoma in various
lymph nodes after a long period of latency [1, 2].
BLV contains the structural genes gag, pol, and env and

the two regulatory genes tax and rex. The gag gene en-
codes three mature proteins, i.e., p15 (matrix protein), p24
(an abundant capsid protein), and p12 (nucleocapsid pro-
tein). The tax gene encodes Tax protein, which activates
the transcription of BLV through the 5′ long terminal re-
peats of BLV [1, 3]. The BLV env gene encodes a mature
surface glycoprotein (gp51) and a transmembrane protein
(gp30). The gp51 protein is thought to be the major target
of humoral immunity. Callebaut et al. [4] performed CD4+

T-cell epitope mapping of the gp51 protein and identified
three epitopes: peptide 98–117, peptide 169–188, and
peptide 177–192. Gatei et al. [5] also conducted epitope
mapping in sheep, cows, and calves. They found two other
gp51 CD4+ T-cell epitopes: peptide 51–70 and peptide
61–80. Mager et al. [6] performed a CD4+ T-cell prolifera-
tion assay using eight BLV-seropositive cows and found
two epitopes in the p24 amino acid sequence: peptide 31–
55 and peptide 141–165. Sakakibara et al. identified the T-
cell epitopes Tax peptide 131–150 and Tax peptide 111–
130, both of which contained epitopes recognized by T-
cells from BALB/c and C57BL/6 mice, within the Tax pro-
tein [7]. However, to date, no Tax protein epitope map-
ping has been conducted in cattle. In fact, only two
proteins, gp51 and p24, have been studied as CD4+ T-cell
epitopes using the natural host of BLV.
BLV disease progression and proviral load are strongly

related to major histocompatibility complex (MHC) class II
alleles. The bovine MHC region is referred to as the bovine
leukocyte antigen (BoLA) region [8, 9]. The BoLA class II
region is divided into two distinct subregions: class IIa and
class IIb. Class IIa contains classical class II genes, including
at least two DQA genes, two DQB genes, one functional
DRB3 gene, and one DRA gene, and class IIb contains non-
classical class II genes. These class II genes encode proteins
that are able to bind to the processed peptides and present
the peptides to CD4+ T-cells. Class II molecules are formed
by α- and β-chains encoded by distinct genes within the
MHC region. For example, the α1 and β1 domains form
the peptide binding groove [10]. MHC genes are highly
polymorphic; to date, 65 BoLA-DQA, 87 BoLA-DQB, and
303 BoLA-DRB3 alleles have been identified according to
the BoLA Nomenclature Committee of the Immuno Poly-
morphism Database MHC database (http://www.ebi.ac.uk/
ipd/mhc/bola). Therefore, class II molecules encoding

distinct alleles may exert different effects on responses of
T-cells via binding to different peptides directly within the
peptide binding groove of the various class II molecules. In-
deed, BoLA-DRB3 polymorphisms are known to be associ-
ated with BLV-induced persistent lymphocytosis [11, 12]
and BLV proviral load [13–15]. Recently, Miyasaka et al. re-
ported that the BoLA class II allele DRB3*1601 was associ-
ated with a high BLV proviral load in Japanese Black cattle
and that DRB3*0902 and DRB3*1101 were associated with
a low proviral load [16]. Additionally, BoLA-DQA1*0204
and BoLADQA1*10012 were reported to be associated with
low and high proviral loads, respectively [16]. There-
fore, it is a hypothesis that disease-susceptible cattle
may have fewer epitopes than resistant cattle, resulting
in weak immune responses. Although several groups
have used mice, sheep, and cattle to try to identify BLV
epitopes recognized by CD4+ and CD8+ T-cells and B
cells [4, 5, 7, 17–21], none of these studies have evalu-
ated the roles of MHC polymorphisms.
Accordingly, in this study, we aimed to examine the

roles of these polymorphisms and to map CD4+ T-cell
epitopes in a preliminary study in BLV-susceptible and
-resistant cattle infected with BLV.

Methods
Experimental infection with BLV and collection of blood
samples
Five 5-month-old Japanese Black cattle (S2, S4, S6, R1, and
N1), each of which was genotyped for BoLA-DRB3 and
-DQA1 alleles using a polymerase chain reaction (PCR)
sequence-based typing (SBT) method [22, 23], were experi-
mentally challenged by intravenous injection of white blood
cells obtained from BLV-seropositive Holstein-Friesian cat-
tle (Table 1). The inoculated blood had 4 × 107 copies of
provirus, as estimated by BLV-CoCoMo-qPCR-2, a quanti-
tative real-time PCR method that uses coordination of
common motifs (CoCoMo) primers to measure the proviral
loads of known and novel BLV variants in BLV-infected an-
imals [24–27]. Blood samples were collected for approxi-
mately 5months after the first inoculation, and DNA and
serum samples were obtained.
The study was approved by the Animal Ethical Commit-

tee and the Animal Care and Use Committee of the Ani-
mal Research Center, Hokkaido Research Organization
(approval number 1302).

Identification of BoLA-DRB3 and -DQA1 by PCR-SBT
BoLA-DRB3 alleles were genotyped using the PCR-SBT
method as previously described [22]. Briefly, BoLA-DRB3
exon 2 was amplified by single-step PCR using the primer
set DRB3FRW (5′-CGCTCCTGTGAYCAGATCTATCC-
3′) and DRB3REV (5′-CACCCCCGCGCTCACC-3′), and
the nucleotide sequences were determined. Sequence data
were analyzed using ASSIGN 400 ATF software (Conexio
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Genomics, Fremantle, Australia), and both BoLA-DRB3 al-
leles were determined.
BoLA-DQA1 alleles were genotyped using the PCR-SBT

method as previously described [23]. Briefly, nested PCR
was performed using the primer pair DQA1intL2 and
DQA1-677R for the first round of amplification and the
primer pair DQA1intL3 and DQA1ex2REV2.1 for the sec-
ond round. After amplicon purification using an ExoSAP-
IT PCR product purification kit (Affymetrix, Cleveland,
OH, USA), sequence processing and data analysis were
performed as described for BoLA-DRB3 typing.

Preparation of peripheral blood mononuclear cells
(PBMCs) and CD4+ T lymphocytes
PBMCs were separated according to the method of Miya-
saka and Trnka [28], and CD4+ T-cells were purified using
the MACS System (Miltenyi Biotech, Inc., Auburn, CA,
USA). Briefly, PBMCs were incubated with the ILA11A
monoclonal antibody (mouse anti-bovine CD4; VMRD,
Inc., Pullman, WA, USA) and captured with anti-mouse
IgG monoclonal antibodies conjugated to magnetic beads.
Magnetic bead-bound cells were then separated on a
MACS LS column (Miltenyi Biotech, Inc.). The purity of
CD4+ T-cells was 85–89%.

Synthetic peptides
A series of 20-mer peptides, each overlapping by 10 amino
acids, was synthesized based on the reported sequences of
BLV Gag (GenBank accession no. LC057268), Env (Gen-
Bank accession no. EF600696), and Tax (GenBank acces-
sion no. EF600696) proteins and purified using high-
performance liquid chromatography to greater than 70%
purity (Sigma, St. Louis, MO, USA). The peptides were
then resuspended in 80% dimethyl sulfoxide (DMSO) to
form stock solutions (2mM), separated into aliquots, and
stored at − 20 °C.

Proliferation assay
Antigen-presenting cells (APCs) were prepared by treat-
ing PBMCs with 50 μg/mL mitomycin C (Sigma-Aldrich,
St. Louis, MO, USA) in RPMI 1640 for 60 min at 37 °C.
After washing five times in phosphate-buffered saline,
cells were resuspended in RPMI 1640 and used as APCs.
APCs (8 × 106 cells/mL) and CD4+ T-cells (2 × 106 cells/
mL) were co-incubated in flat-bottomed 96-well micro-
plates (Sigma-Aldrich, Trasadingen, Switzerland) in the
presence of either 20 μM peptide or 0.8% DMSO (nega-
tive control) in a total volume of 110 μL in cell medium.
The microplates were then incubated in a 5% CO2 hu-
midified atmosphere at 37 °C. After 109 h of incubation,
10 μL Cell Counting Kit-8 solution (Dojindo Molecular
Technologies, Kumamoto, Japan) was added to each
well, and the microplates were incubated for an add-
itional 4 h under the same conditions. The microplates
were then read at an optical density of 450 nm. All test
conditions were set up in triplicate. The measured ab-
sorbance was compared with that of control wells incu-
bated without peptides, and the stimulation index (SI)
was calculated using the following equation:

Stimulation Index SIð Þ ¼ PBMC;CD4; peptide½ �− Medium only½ �
PBMC;CD4;DMSO½ �− Medium only½ �

Measurement of BLV proviral load
BLV proviral loads in BLV-infected Japanese Black cattle
were measured at a single time point using the BLV-
CoCoMo-qPCR-2 method, as previously described [24–
27, 29–31].

Detection of anti-BLV antibodies in serum samples
An anti-BLV antibody enzyme-linked immunosorbent
assay kit was used to detect antibodies according to the

Table 1 Blood samples used for epitope mapping

Animal
no.

BoLA-DRB3 allelea BoLA-DQA1 allelea Breed Ageb (months) PBLsc Proviral load Anti-BLV antibody
(ELISA)eA:B A:B (cells/μl) (CoCoMo-qPCR)d

Susceptible cattle

S4 1601:1601 10012:12021 JBf 9 10,400 76,029 +

S2 1601:1601 10012:10012 JB 10 11,600 96,232 +

S6 1601:1601 10012:10012 JB 9 10,200 100,377 +

Resistant cattle

R1 2703:1501 10011:0204 JB 9 4210 263 +

Normal cattle

N1 0503:1501 10011:0101 JB 9 10,200 50,877 +
aBoth alleles, A and B, for each animal are shown
bAge at the time of blood sample collection
cPeripheral blood lymphocyte (PBL) count per 1 μl of blood (measured at a single time point)
dProviral load (expressed as the number of copies of provirus per 105 peripheral blood mononuclear cells) was evaluated using the CoCoMo-qPCR-2 assay
eEnzyme-linked immunosorbent assay was performed using the BLV ELISA kit. +, BLV-positive
fJB, Japanese black
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manufacturer’s instructions (JNC Corporation, Tokyo,
Japan).

Statistical analysis
The SI data were analyzed using F-tests and t-tests with
the function program in Microsoft Excel. Results with p
values of less than 0.01 were considered statistically
significant.

Results
Genotyping of BoLA class II haplotypes and experimental
challenge of five Japanese black cattle with BLV
BoLA class II genotypes are major regulators of BLV-
induced persistent lymphocytosis progression and the dy-
namics of the provirus in the blood [11–14, 16, 32]. Al-
though the MHC class II genotype is the most important
factor that determines CD4+ T-cell epitopes, no studies
have combined genotyping of BoLA alleles with epitope
mapping. Here, we evaluated five BoLA class II-genotyped
Japanese Black cattle (Table 1). Three (S2, S4, and S6) of
five cattle were disease-susceptible cattle with the BoLA
class II genotype which is associated with a high proviral
load [16]. Two of these three cattle were homozygous for
DRB3*1601 and BoLA-DQA1*10012, which are associated
with a high proviral load [16], and one was homozygous
for DRB3*1601 and heterozygous for BoLA-DQA1*10012.
In contrast, the resistant animal (R1) carried the BoLA-
DQA1*0204 allele, which is related to a low proviral load
[16], and the normal animal (N1) did not harbor the
known BoLA-DRB3 or BoLA-DQA1 alleles, which are as-
sociated with BLV proviral load. BLV provirus levels were
markedly higher in all three susceptible cattle (S2, S4, and
S6); however, levels were low and moderate in one resist-
ant animal (R1) and one normal animal (N1), respectively
(Table 1). These five cattle were experimentally infected
with BLV and then used for CD4+ T-cell epitope mapping
experiments.

Proliferation of CD4+ T-cells isolated from BLV-infected
cattle
The synthesized peptides were grouped into 23 pools,
each containing five peptides at a final concentration of
20 μM per peptide. At the first screening, CD4+ T-cells
isolated from the five cattle were stimulated with each
peptide pool, and proliferation was measured. No pep-
tide pools significantly induced the proliferation of CD4+

T-cells from the susceptible animal S6 (p < 0.01). Peptide
pools 9, 11, and 14 induced significantly high levels of
proliferation in CD4+ T-cells from S2; pool 21 induced
significantly high level of proliferation in cells from S4;
pools 9 and 21 induced high levels of proliferation in
cells from N1; and pools 21 and 22 induced high levels
of proliferation in cells from R1 (Fig. 1).

To further map the epitopes recognized by CD4+ T-cells
from the five BLV-infected cattle, proliferative responses
in the presence of peptide within the positive peptide pools
were examined in proliferation assays. The peptides
gp51N11 and tax17 induced particularly high levels of pro-
liferation in CD4+ T-cells from S2 and S4, respectively.
Five peptides (i.e., gp30N5, gp30N6, gp30N7, tax16, and
tax19) induced high proliferation of CD4+ T-cells from
N1, and six peptides (i.e., tax17, tax19, tax20, tax22, tax23,
and tax24) induced high proliferation of CD4+ cells from
R1 (Fig. 2).

Overview of the positions of CD4+ T-cell epitopes
identified in this study
In this study, we identified 11 types of 20-mer peptides
that induced the proliferation of CD4+ T-cells collected
from four of five BLV-infected cattle (Fig. 3). The number
of CD4+ T-cell epitopes was positively related to proviral
load, which dependent on the MHC class II genotype.
We identified a common epitope, gp30N6, recognized

by CD4+ T cells from the normal animal (N1); this epi-
tope corresponded to a putative immunosuppressive do-
main that affects the fusion activity of BLV in vitro [33]
(Fig. 3). Moreover, gp30N5 and gp30N7, which were lo-
cated on either side of gp30N6, were also recognized as
CD4+ T-cell epitopes in N1. Although many tax peptides
showed high SI values, these peptides were not identified
as CD4+ T-cell epitopes because of the high standard er-
rors observed during peptide screening (Fig. 2). The SI
average of peptides from pool 21 tended to be high. Four
peptides, i.e., tax20, tax22, tax23, and tax24, only in-
duced proliferation in R1 and showed low proviral loads.
In addition, N1 also had two peptides, i.e., tax16 and
tax19, which were identified as CD4+ T-cell epitopes.
Therefore, the tax extracellular domain was considered a
common CD4+ T-cell epitope in this study.
Although few cattle were examined in this study, we

found strong evidence that the genetic background may
affect the selection of proteins as immune targets for
CD4+ T cell-associated immune responses. Further stud-
ies using experimental infection should be performed to
confirm our results.

Discussion
In this study, we screened 115 synthetic peptides encom-
passing the Gag proteins (p15, p24, and p12), Env proteins
(gp51 and gp30), and Tax proteins of BLV. From this pre-
liminary study, we identified 11 epitopes recognized by
CD4+ T-cells isolated from five cattle (S2, S4, S6, R1, and
N1) showing differing susceptibilities to BLV according to
BoLA class II haplotypes. This is the first study to use
MHC class II-genotyped cattle to map CD4+ T-cell epi-
topes in BLV, and our result showed that CD4+ T-cell epi-
topes derived from disease-susceptible cattle harboring

Bai et al. Virology Journal          (2019) 16:157 Page 4 of 8



the BoLA-DRB3*1601 homozygous genotype (n = 3) were
fewer in number than those in resistant (n = 1) and nor-
mal cattle (n = 1). The BoLA-DRB3 gene regulates both
antigen epitope recognition and the magnitude of antigen-
specific T-cell responses mounted upon exposure to infec-
tion [8, 9]. Similarly, Nagaoka et al. [34] also showed the
weak reactivity for BLV peptide vaccination in BLV-
susceptible sheep and found that susceptible sheep devel-
oped BLV-induced lymphoma after challenge by BLV.
These results suggested that immune responses

contributed to individual differences in CD4+ T-cell epi-
topes owing to MHC class II polymorphisms.
Three BLV peptides, i.e., Env 98–117 [4], Env 51–70, and

Env 61–80 [5], are known CD4+ T-cell epitopes. Here, we
identified one CD4+ T-cell epitope within the gp51 protein,
namely, gp51N11, and showed that 17 of the 20 amino acid
sequences of gp51N11 were identical to Env 98–117. Pep-
tide pool 14, which contained gp51N11, showed a relatively
high SI, indicating that this region contained epitopes rec-
ognized by CD4+ T-cells. Sakakibara et al. identified T-cell

Fig. 1 CD4+ T-cell proliferative responses to 23 peptide pools. PBMCs were obtained from five BLV-infected cattle (S2, S4, S6, R1, and N1). CD4+ T-
cells were then isolated and used as effector cells. PBMCs were pre-treated with mitomycin C (4 × 105/50 μl; 50 μg/ml) for 1 h at 37 °C and then
co-incubated with CD4+ T-cells (1 × 105/50 μl) and different peptide pools (each pool contained five different peptides, each at 20 μM) for 113 h
at 37 °C. Cell Counting Kit-8 was used to measure CD4+ T-cell proliferation. The absorbance of the test wells was compared with that of control

wells that did not contain peptides. The Stimulation Index (SI) was calculated as follows: Stimulation Index ðSIÞ ¼ ½PBMC;CD4;peptide�−½Medium only�
½PBMC;CD4;DMSO�−½Medium only� . The

bars represent the mean ± standard deviation (SD) of triplicate wells. Asterisk and shade box bar mean the pool showed significantly higher
value than DMSO (negative control) well (p < 0.01)
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epitopes within the Tax protein [7], i.e., peptide 131–150
(IGHGLLPWNNLVTHPVLGKV) and peptide 111–130
(SPFQPYQCQLPSASSDGC), which contained epitopes
recognized by T-cells from BALB/c and C57BL/6 mice, re-
spectively. These regions corresponded to tax11 and tax14,
neither of which were identified as epitopes in the
current study. These findings suggested that CD4+ T-
cell epitopes are different in mice and cattle. Interest-
ingly, tax17, tax19, tax20, and tax22–24 (detected in
R1 in our study) corresponded to a leucine-rich
region (tax157–197) that may be involved in

heterologous protein interactions [35]. According to a
previous study [16], the resistance alleles BoLA-DRB3
and BoLA-DQA are commonly observed in Japanese
Black and Holstein cattle, whereas susceptible alleles
differed. Although there was only one resistant ani-
mal, more epitopes from Tax protein were identified
in resistant cattle than in other cattle, suggesting that
CD4+ T-cell epitopes (Tax22–24) from Tax protein
may induce strong immune responses. Additional
studies with more cattle are required to further con-
firm these findings.

Fig. 2 CD4+ T-cell proliferative responses to individual peptides within positive peptide pools. CD4+ T-cells (effector cells; 1 × 105 cells/50 μl) from
four BLV-infected cattle (S2, S4, R1, and N1) were co-incubated with mitomycin C-treated PBMCs (APCs; 4 × 105 cells/50 μl) and incubated with
either 80% DMSO (negative control) or peptide from pools 9, 11 and 14 (for S2), pool 21 (for S4), pools 20 and 21 (for R1), and pools 9 and 21
(for N1), all at a final concentration of 20 μM. The cells were incubated with peptide for 113 h at 37 °C and CD4+ T-cell proliferation was examined
using Cell Counting Kit-8. The absorbance of the test wells was compared with that of control wells incubated without peptide and the

Stimulation Index (SI) was calculated as follows: Stimulation Index ðSIÞ ¼ ½PBMC;CD4;peptide�−½Medium only�
½PBMC;CD4;DMSO�−½Medium only� . The bars represent the mean ± standard

deviation (SD) of triplicate wells. Asterisk and shade box bar mean the peptide showed significantly higher value than DMSO (negative control)
well (p < 0.01)
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Conclusion
We successfully identified 11 BLV epitopes recognized
by CD4+ T-cells from four of five cattle, including four
types of BoLA class II haplotypes. Among CD4+ T-cell
epitopes related to the MHC class II genotype, fewer
CD4+ T-cell epitopes were observed in susceptible cattle
than in resistant and normal cattle. Although few sam-
ples were evaluated, the result showed that antigens
were restricted according to BoLA class II haplotype, in-
dicating that genotyping is important for determining
antigenic epitopes recognized by the host immune
response.

Abbreviations
APCs: Antigen-presenting cells; BLV: Bovine leukemia virus; BoLA: Bovine
leukocyte antigen; CoCoMo: Coordination of common motifs;
DMSO: Dimethyl sulfoxide; gp30: Transmembrane protein (gp30);
gp51: Surface glycoprotein (gp51); MHC: Major histocompatibility complex;
OD: Optical density; PBMC: Peripheral blood mononuclear cell;
SBT: Sequence-based typing; SI: Stimulation Index

Acknowledgments
We thank Mr. Tsunao Hirai, Mr. Susumu Ogawa, Mr. Kenji Mizushiri, Mr. Naoya
Takahashi, and Mr. Yoshihiro Okada of the Animal Research Center, Hokkaido
Research Organization, for the care of the animals and help with drawing
blood. We also thank Miss Yuki Matsumoto, Miss Mari Kikuya, Miss Yuka
Takahashi, Dr. He Pan, Mrs. Meripet Polat and Dr. Ayumu Ohno and other
members of the Viral Infectious Diseases Unit, RIKEN, for technical assistance
and helpful discussion. We would like to thank Editage (www.editage.com)
for English language editing.

Authors’ contributions
LB and ST carried out assays, analyzed data and drafted the manuscript, MS
carried out assays and provided antigen proteins and peptides, WD provided
monoclonal antibodies, SW planned the part of study, JK prepared the
samples and helped to carry out assays, YA planned the study, performed to
analyzing the data and drafted the manuscript. All authors read and
approved the final manuscript.

Funding
This work was supported by Grants-in-Aid for Scientific Research [A
(16H02590)] from the Japan Society for the Promotion of Science (JSPS), by a
grant from the Project of the NARO Bio-oriented Technology Research Ad-
vancement Institution (the special scheme project on vitalizing management
entities of agriculture, forestry and fisheries; Grant No. 16930548), by a grant
from the program for the promotion of Basic and Applied Research for Inno-
vations in the Bio-oriented Industry (9151615).

Availability of data and materials
All data and materials are included in this published article.

Ethics approval
The study was approved by the Animal Ethical Committee and the Animal
Care and Use Committee of the Animal Research Center, Hokkaido Research
Organization (approval number 1302).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Viral Infectious Diseases Unit, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198,
Japan. 2Photonics Control Technology Team, RIKEN Center for Advanced

Fig. 3 Schematic representation of CD4+ T-cell epitopes based on the deduced amino acid sequences of the BLV Env (gp51 and gp30) (a), and
Tax (b) proteins. The epitope names, blue bold underline and pink denote the CD4+ T-cell epitopes identified in this study. The signal peptide is
shown double under line. The putative gp51 and gp30 proteins are indicated with arrows. The three conformational epitopes (G, H and F) are
shown under line. Five linear epitopes (A, B, C, D and E) are shown single under line and italic. Neutralization domains are shown in double
under line and italic

Bai et al. Virology Journal          (2019) 16:157 Page 7 of 8

http://www.editage.com


Photonics, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan. 3Faculty of Human
Life, Department of Food and Nutrition, Jumonji University, 2-1-28 Sugasawa,
Niiza, Saitama 352-0017, Japan. 4Monoclonal antibody center, Department of
Veterinary Microbiology & Pathology, Washington State University, Pullman,
WA 99164-7040, USA. 5Animal Research Center, Hokkaido Research
Organization, 5-39-1 Shintoku, Hokkaido 081-0038, Japan. 6Nakamura
Laboratory, Baton Zone Program, RIKEN Cluster for Science, Technology and
Innovation Hub, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan.

Received: 3 July 2019 Accepted: 22 November 2019

References
1. Aida Y, Murakami H, Takahashi M, Takeshima SN. Mechanisms of

pathogenesis induced by bovine leukemia virus as a model for human T
cell leukemia virus. Front Microbiol. 2013;4:328.

2. Gillet N, Florins A, Boxus M, Burteau C, Nigro A, Vandermeers F, Balon H,
Bouzar AB, Defoiche J, Burny A, et al. Mechanisms of leukemogenesis
induced by bovine leukemia virus: prospects for novel anti-retroviral
therapies in human. Retrovirology. 2007;4:18.

3. Tajima S, Aida Y. The region between amino acids 245 and 265 of the
bovine leukemia virus (BLV) tax protein restricts transactivation not only via
the BLV enhancer but also via other retrovirus enhancers. J Virol. 2000;74:
10939–49.

4. Callebaut I, Voneche V, Mager A, Fumiere O, Krchnak V, Merza M, Zavada J,
Mammerickx M, Burny A, Portetelle D. Mapping of B-neutralizing and T-
helper cell epitopes on the bovine leukemia virus external glycoprotein
gp51. J Virol. 1993;67:5321–7.

5. Gatei MH, Good MF, Daniel RC, Lavin MF. T cell responses to highly
conserved CD4 and CD8 epitopes on the outer membrane protein of
bovine leukemia virus: relevance to vaccine development. J Virol. 1993;67:
1796–802.

6. Mager A, Masengo R, Mammerickx M, Letesson JJ. T cell proliferative
response to bovine leukaemia virus (BLV): identification of T cell epitopes
on the major core protein (p24) in BLV-infected cattle with normal
haematological values. J Gen Virol. 1994;75(Pt 9):2223–31.

7. Sakakibara N, Kabeya H, Ohashi K, Sugimoto C, Onuma M. Epitope mapping
of bovine leukemia virus transactivator protein tax. J Vet Med Sci. 1998;60:
599–605.

8. Aida Y, Takeshima SN, Baldwin CL, Kaushik AK. Bovine Immunogenetics. In:
Garrick DJ, Ruvinsky A, editors. The genetics of cattle. 2nd ed. Wallingford,
Oxfordshire, UK: CAB International; 2014. p. 153.

9. Takeshima S-N, Aida Y. Structure, function and disease susceptibility of the
bovine major histocompatibility complex. Anim Sci J. 2006;77:138–50.

10. Painter CA, Stern LJ. Conformational variation in structures of classical and
non-classical MHCII proteins and functional implications. Immunol Rev.
2012;250:144–57.

11. Lewin HA, Bernoco D. Evidence for BoLA-linked resistance and susceptibility
to subclinical progression of bovine leukaemia virus infection. Anim Genet.
1986;17:197–207.

12. Xu A, van Eijk MJ, Park C, Lewin HA. Polymorphism in BoLA-DRB3 exon 2
correlates with resistance to persistent lymphocytosis caused by bovine
leukemia virus. J Immunol. 1993;151:6977–85.

13. Juliarena MA, Poli M, Sala L, Ceriani C, Gutierrez S, Dolcini G, Rodriguez EM,
Marino B, Rodriguez-Dubra C, Esteban EN. Association of BLV infection
profiles with alleles of the BoLA-DRB3.2 gene. Anim Genet. 2008;39:432–8.

14. Forletti A, Juliarena MA, Ceriani C, Amadio AF, Esteban E, Gutierrez SE.
Identification of cattle carrying alleles associated with resistance and
susceptibility to the bovine leukemia virus progression by real-time PCR. Res
Vet Sci. 2013;95:991–5.

15. Takeshima SN, Ohno A, Aida Y. Bovine leukemia virus proviral load is more
strongly associated with bovine major histocompatibility complex class II
DRB3 polymorphism than with DQA1 polymorphism in Holstein cow in
Japan. Retrovirology. 2019;16:14.

16. Miyasaka T, Takeshima SN, Sentsui H, Aida Y. Identification and diversity of
bovine major histocompatibility complex class II haplotypes in Japanese
black and Holstein cattle in Japan. J Dairy Sci. 2012;95:420–31.

17. Callebaut I, Mornon JP, Burny A, Portetelle D. The bovine leukemia virus
(BLV) envelope glycoprotein gp51 as a general model for the design of a
subunit vaccine against retroviral infection: mapping of functional sites

through immunological and structural data. Leukemia. 1994;8(Suppl 1):
S218–21.

18. Ohishi K, Kabeya H, Amanuma H, Onuma M. Peptide-based bovine leukemia
virus (BLV) vaccine that induces BLV-Env specific Th-1 type immunity.
Leukemia. 1997;11(Suppl 3):223–6.

19. Kabeya H, Ohashi K, Ohishi K, Sugimoto C, Amanuma H, Onuma M. An
effective peptide vaccine to eliminate bovine leukaemia virus (BLV) infected
cells in carrier sheep. Vaccine. 1996;14:1118–22.

20. Bai L, Takeshima SN, Isogai E, Kohara J, Aida Y. Novel CD8(+) cytotoxic T cell
epitopes in bovine leukemia virus with cattle. Vaccine. 2015;33:7194–202.

21. Bai L, Otsuki H, Sato H, Kohara J, Isogai E, Takeshima SN, Aida Y.
Identification and characterization of common B cell epitope in bovine
leukemia virus via high-throughput peptide screening system in infected
cattle. Retrovirology. 2015;12:106.

22. Takeshima SN, Matsumoto Y, Miyasaka T, Arainga-Ramirez M, Saito H,
Onuma M, Aida Y. A new method for typing bovine major
histocompatibility complex class II DRB3 alleles by combining two
established PCR sequence-based techniques. Tissue Antigens. 2011;78:208–
13.

23. Takeshima S, Miki A, Kado M, Aida Y. Establishment of a sequence-based
typing system for BoLA-DQA1 exon 2. Tissue Antigens. 2007;69:189–99.

24. Takeshima SN, Kitamura-Muramatsu Y, Yuan Y, Polat M, Saito S, Aida Y. BLV-
CoCoMo-qPCR-2: improvements to the BLV-CoCoMo-qPCR assay for bovine
leukemia virus by reducing primer degeneracy and constructing an optimal
standard curve. Arch Virol. 2015;160:1325–32.

25. Polat M, Ohno A, Takeshima SN, Kim J, Kikuya M, Matsumoto Y, Mingala CN,
Onuma M, Aida Y. Detection and molecular characterization of bovine
leukemia virus in Philippine cattle. Arch Virol. 2015;160:285–96.

26. Jimba M, Takeshima SN, Matoba K, Endoh D, Aida Y. BLV-CoCoMo-qPCR:
quantitation of bovine leukemia virus proviral load using the CoCoMo
algorithm. Retrovirology. 2010;7:91.

27. Jimba M, Takeshima SN, Murakami H, Kohara J, Kobayashi N, Matsuhashi T,
Ohmori T, Nunoya T, Aida Y. BLV-CoCoMo-qPCR: a useful tool for evaluating
bovine leukemia virus infection status. BMC Vet Res. 2012;8:167.

28. Miyasaka M, Trnka Z. Lymphocyte migration and differentiation in a large-
animal model: the sheep. Immunol Rev. 1986;91:87–114.

29. Panei CJ, Takeshima SN, Omori T, Nunoya T, Davis WC, Ishizaki H, Matoba K,
Aida Y. Estimation of bovine leukemia virus (BLV) proviral load harbored by
lymphocyte subpopulations in BLV-infected cattle at the subclinical stage of
enzootic bovine leucosis using BLV-CoCoMo-qPCR. BMC Vet Res. 2013;9:95.

30. Ohno A, Takeshima SN, Matsumoto Y, Aida Y. Risk factors associated with
increased bovine leukemia virus proviral load in infected cattle in Japan
from 2012 to 2014. Virus Res. 2015;210:283–90.

31. Yuan Y, Kitamura-Muramatsu Y, Saito S, Ishizaki H, Nakano M, Haga S,
Matoba K, Ohno A, Murakami H, Takeshima SN, Aida Y. Detection of the BLV
provirus from nasal secretion and saliva samples using BLV-CoCoMo-qPCR-2:
comparison with blood samples from the same cattle. Virus Res. 2015;210:
248–54.

32. Zanotti M, Poli G, Ponti W, Polli M, Rocchi M, Bolzani E, Longeri M, Russo S,
Lewin HA, van Eijk MJ. Association of BoLA class II haplotypes with
subclinical progression of bovine leukaemia virus infection in Holstein-
Friesian cattle. Anim Genet. 1996;27:337–41.

33. Gatot JS, Callebaut I, Mornon JP, Portetelle D, Burny A, Kerkhofs P, Kettmann
R, Willems L. Conservative mutations in the immunosuppressive region of
the bovine leukemia virus transmembrane protein affect fusion but not
infectivity in vivo. J Biol Chem. 1998;273:12870–80.

34. Nagaoka Y, Kabeya H, Onuma M, Kasai N, Okada K, Aida Y. Ovine MHC class
II DRB1 alleles associated with resistance or susceptibility to development of
bovine leukemia virus-induced ovine lymphoma. Cancer Res. 1999;59:975–
81.

35. Willems L, Kettmann R, Burny A. The amino acid (157-197) peptide segment
of bovine leukemia virus p34tax encompass a leucine-rich globally neutral
activation domain. Oncogene. 1991;6:159–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bai et al. Virology Journal          (2019) 16:157 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Experimental infection with BLV and collection of blood samples
	Identification of BoLA-DRB3 and -DQA1 by PCR-SBT
	Preparation of peripheral blood mononuclear cells (PBMCs) and CD4+ T lymphocytes
	Synthetic peptides
	Proliferation assay
	Measurement of BLV proviral load
	Detection of anti-BLV antibodies in serum samples
	Statistical analysis

	Results
	Genotyping of BoLA class II haplotypes and experimental challenge of five Japanese black cattle with BLV
	Proliferation of CD4+ T-cells isolated from BLV-infected cattle
	Overview of the positions of CD4+ T-cell epitopes identified in this study

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

