Taylor & Francis
Taylor & Francis Group

Bioscience, Biotechnology, and Biochemistry

ISSN: 0916-8451 (Print) 1347-6947 (Online) Journal homepage: https://www.tandfonline.com/loi/tbbb20

Two Distinct Epitopes on the Ovalbumin 323-339

Peptide Differentiating CD4'T Cells into the Th2 or
Th1 Phenotype

Haruyo NAKA JIMA-ADACHI, Emiko KOIKE, Mamoru TOTSUKA, Erika HIRAIDE,
Yoshio WAKATSUKI, Hiroshi KIYONO & Satoshi HACHIMURA

To cite this article: Haruyo NAKAJIMA-ADACHI, Emiko KOIKE, Mamoru TOTSUKA, Erika
HIRAIDE, Yoshio WAKATSUKI, Hiroshi KIYONO & Satoshi HACHIMURA (2012) Two Distinct

Epitopes on the Ovalbumin 323-339 Peptide Differentiating CD4'T Cells into the Th2 or Th1
Phenotype, Bioscience, Biotechnology, and Biochemistry, 76:10, 1979-1981, DOI: 10.1271/
bbb.120349

To link to this article: https://doi.org/10.1271/bbb.120349

@ Published online: 22 May 2014.

N
EJ/ Submit your article to this journal &

||I| Article views: 412

@ Citing articles: 7 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tbbb20


https://www.tandfonline.com/action/journalInformation?journalCode=tbbb20
https://www.tandfonline.com/loi/tbbb20
https://www.tandfonline.com/action/showCitFormats?doi=10.1271/bbb.120349
https://www.tandfonline.com/action/showCitFormats?doi=10.1271/bbb.120349
https://doi.org/10.1271/bbb.120349
https://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&show=instructions
https://www.tandfonline.com/doi/citedby/10.1271/bbb.120349#tabModule
https://www.tandfonline.com/doi/citedby/10.1271/bbb.120349#tabModule

Biosci. Biotechnol. Biochem., 76 (10), 1979-1981, 2012

Note

J3A

Two Distinct Epitopes on the Ovalbumin 323-339 Peptide Differentiating
CD4*T Cells into the Th2 or Thl Phenotype

Haruyo NakanMa-Apachr>" Emiko Koikg,> Mamoru Totsuka,? Erika HIRAIDE,'?
Yoshio WakaTtsukr,® Hiroshi Kivono,* and Satoshi HACHIMURA '

'Research Center for Food Safety, Graduate School of Agricultural and Life Sciences, The University of Tokyo,

1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

2Department of Applied Biological Chemistry, Graduate School of Agricultural and Life Science,
The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan
3Department of Clinical Bio-regulatory Science, Kyoto University Graduate School of Medicine,

Yoshida-Konoe-cho, Sakyo-ku, Kyoto 606-8501, Japan

4Department of Mucosal Immunology, Institute of Medical Science, The University of Tokyo,

4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan

Received May 7, 2012; Accepted June 19, 2012; Online Publication, October 7, 2012

[doi:10.1271/bbb.120349]

The epitopes for OVA323-339-specific CD4*T cells
from OVA23-3 food allergy model and DO11.10 tolerant
induction model mice were analyzed. We found that
OVA23-3 CD4*T cells recognized the N-terminal re-
gion, showing strong proliferation and the Th2-pheno-
type, and that DO11.10 CD4*T cells recognized the
C-terminal region, showing milder proliferation and a
Thl-skewed response. These differences may regulate
the responses of those mice to OVA-feeding, inflamma-
tion and tolerance.

Key words: OVA323-339 amino acid residue; food
allergy; tolerance; oral immunotherapy;
epitope

T-cell receptor (TCR) transgenic (TCR-Tg) mice have
been often used for examining the immune responses to
orally administered antigens, because antigen-specific
T-cell responses can be visualized. TCR-Tg mice play
important roles for this characteristic in clarifying the
mechanism or developing oral immunotherapy (OIT) in
respect of the antigen-specific T-cell response with food
allergy. There are two strains of OVA-specific TCR-Tg
mice that are transgenic for OVA323-339-specific and
I-A9-restricted TCR genes, DO11.10 (D10) mice" and
OVA23-3 mice.? OVA23-3 mice have been reported as
an effective model for food allergy inflammation by
feeding an egg white diet (EW-diet) alone.® It was
suggested that IL-4 and the subsequent Th2 cytokine
responses would play critical roles in inducing food
allergy inflammation in EW-diet-fed OVA23-3 mice.”
On the other hand, D10 mice have been often used as an
oral tolerance induction model.¥’ CD4*T cells, by
recognizing the epitope peptides presented by MHC
class II molecules, critically regulate the antigen-spe-
cific immune responses in food allergy” or tolerance
induction. We have therefore tried to determine CD4TT
cell epitopes in mice or food allergic patients® to

develop effective induction of tolerance or a treatment
for food allergy. We were also interested in the regions
of OVA323-339 recognized by naive CD4*T cells from
the two strains which exhibited different characteristics
by an oral administration of OVA. Since OVA323-339
was a dominant determinant of CD4* T cells from egg
allergy patients,” examining the epitopes of the two
strains was thought to present important information for
the development of OIT.

It has been reported that OVA323-339 contained at
least two epitopes binding to the I-A¢ molecule by using
distinct registers. The crystal structure of the I-Ad-
restricted OVA323-339 peptide complex was deter-
mined and the core epitope of OVA323-339 was clearly
identified in the N-terminal region of the peptide.” This
suggested that the N-terminal region might contain the
OVA-specific CD4™TT cell epitope for OVA23-3 and
D10 mice.!? However, some reports have indicated that
an epitope for OVA-specific D10 CD4*T cells was in
the C-terminal region of OVA323-339.!) We therefore
examined in this study whether each epitope would be
different between CD4* T cells of OVA23-3 and that of
D10 mice.

To effectively obtain OV A-specific CD4™ T cells, we
used RAG-2-deficient OVA23-3 and D10 (ROVA23-3
and RD10) mice which respectively were kindly given
by Dr. S. Habu of Tokai University and by Dr. Y.
Wakatuki of Kyoto University.'” Both strains were
maintained in a specific-pathogen-free room at the
University of Tokyo. ROVA23-3 mice have also
developed severe inflammation by feeding with an
EW-diet.” The N-terminal 323-336 peptide and C-
terminal 326-339 peptide derived from the original
OVA323-339 peptide were designed according to
previous reports (Fig. 1).%!Y These peptides were
synthesized by Laboratory Center for Proteomics Re-
search at The University of Tokyo. The CD4™T cells
were purified by MACS CD4 beads with the Auto

¥ To whom correspondence should be addressed. Food and Science Center and Department of Applied Biological Chemistry, Graduate School of
Agriculture and Life Science, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan; Tel/Fax: +81-3-5841-5230; E-mail:

aryu@mail.ecc.u-tokyo.ac.jp

Abbreviations: OVA, ovalbumin; RAG, RAG-2-deficient; SP, spleen; EW-diet, egg-white-diet; TCR, T-cell receptor; Tg-mice, transgenic mice


http://dx.doi.org/10.1271/bbb.120349

1980

MACS cell separation system (Militenyi Biotec, Bergish
Gladbach, Germany). CD4™T cells (1 x 10° cells/well),
whose purity was more than 95%, were cultured with
different concentrations of three synthetic peptides
(0.00005 pm—5uM) and mitomycin-C-treated spleno-
cytes from BALB/c mice (4 x 10° cells/well). Prolifer-
ation was analyzed by a tritiated thymidine (37kBq/
well) incorporation assay.” The cytokine concentration
in the 24-h culture supernatant was measured by ELISA
(R&D Systems, MN, USA).

The proliferative response and cytokine production of
the OVA-specific naive CD4"T cells are indicated in
Fig. 2. In response to OVA323-339, ROVA23-3 CD4*T
cells showed significantly higher response than RD10
CD4™T cells at concentrations of 0.05um and 0.5 um.
RDI10 CD4'T cells had relatively low potential to
produce IL-4 at any concentration of OVA323-339, but
showed a biased Thl response producing IFN-y.
ROVA23-3 CD4*T cells produced the highest level of
IL-4 at 0.05 um. However, the IL-4 production decreased
with increasing peptide concentration,'® suggesting that
the expression of Th2 cytokine transcription factors was
inhibited by signaling via the IL-4-receptor and TCR
signals in the naive CD4"T cells stimulated with the
peptide at high concentrations. ROVA23-3 CD4" T cells
produced lower levels of IFN-y at 0.5 and 5Sum, in
contrast with the higher IFN-y production of RDI10
CD4™T cells.

We further evaluated the OVA-specific naive
CD4"T-cell responses by using C-terminal peptide

323 326 336 339 amino acid
Original OVA323-339 ISQAVHAAHAEINEAGR
N-terminal OVA323-336 |ISQAVHAAHAEINE
C-terminal OVA326-339 VHAAHAEINEAGR

Fig. 1. Amino Acid Sequences of the OVA Peptides.
OVA323-339 peptide, N-terminal OVA323-336 peptide and C-
terminal OVA326-339 peptide were synthesized by the f-moc
system and purified by HPLC.
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OVA326-339 and N-terminal peptide OVA323-336.
The proliferative response at 0.05um of OVA323-336
was significantly higher in the ROVA23-3 CD4*T cells
than in the RD10 CD4"T cells. The response to
OVA326-339 at 0.05um was significantly higher in
the RD10 CD4*T cells than in the ROVA23-3 CD4"T
cells. These results indicate OVA323-336 to be a more
strictly defined epitope than OVA323-339 for ROVA23-
3 CD47™T cells, while OVA326-339 was the case for
RD10 CD4%T-cells. The proliferation level of RO-
VA23-3 CD4"T-cells in response to OVA323-336 at a
concentration of 0.05uM was significantly higher than
that of RD10 CD4*T cells in response to OVA326-339.
These results demonstrate that, even in response to their
respective strictly defined epitope peptides, the response
of ROVA CD4™T cells was stronger than that of RD10
CD4"TT cells. In respect of the cytokine profile,
ROVA23-3 CD4™T cells showed marked IL-4 produc-
tion when stimulated with N-terminal OVA323-336.
The amount of IL-4 decreased at concentrations of 0.5
and 5uM, reflecting the inhibited expression of Th2
cytokine transcription factors as already described.
Stimulated by OVA326-339, IL-4 production by RO-
VA23-3 CD4"T cells was detected at 5um, but IFN-y
production was suppressed. RD10 CD4*T cells, how-
ever, maintained marked IFN-y production in response
to OVA323-336 as well as to OVA326-339 at 0.5 um.
These results clearly indicate that, in response to
epitopes as well as original peptide OVA323-339,
ROVA23-3 CD4*T cells showed the Th2 phenotype,
while RD10 CD4*T cells showed the Thl phenotype.
OVA323-339 therefore contained two epitopes for
OVA-specific CD4%T-cells, each epitope-specific
CD4%T-cell respectively exhibiting the Th2 or Thl
response. The present results indicate that OVA23-3
mice, which have naive CD4"T cells preferentially
differentiating to Th2-type CD4™ T cells, had intestinal
inflammation induced by the oral administration of
OVA, while D10 mice with naive CD4TT cells
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Fig. 2. Proliferation and Functions of Naive OVA-Specific CD4*T Cells from ROVA23-3 Mice and Those from RD10 Mice in the Immediate

Response to OVA323-339, OVA326-339 and OVA326-339 Peptides.

CD4*T cells were cultured in the presence of OVA peptides and mitomycin-C-treated splenocytes from BALB/c mice to examine the
proliferation and cytokine production. Proliferation was analyzed by a tritiated thymidine incorporation assay. Culture supernatants were
collected and the cytokine production was determined by ELISA. The dose-response curves were confirmed by three repeated experiments. Each
point is presented as the mean & SD. The Mann-Whitney U test was used for comparisons between 2 groups, and differences are considered
statistically significant when p values were <0.05. *p < 0.01, **p < 0.05.
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