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Inverse vaccination for autoimmune diseases and therapy for their chronic
progression by multi-functional antigen-specific regulatory cell governing
multiple sclerosis
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Targeted monoclonal antibodies improved therapeutic efficacy in some
autoimmune diseases, but it 1s insufficient for complete inhibition.
We can induce different clinical course of experimental autoimmune encephalomyelitis (EAE) in SJL/J
mice with different encephalitogenic peptide, through different ability to induce CD69+CD103+ (DP)
subset of regulatory T cells (Treg). DP-subset of Treg obtained high antigen-specificity within
hybrid signatures, which was induced corresponding to multiple pathogenic T cells emerging at each
phase of EAE and stabilized with proper antigen stimulation, and also exerted tissue repair
capacity, resulting in complete inhibition of acute, relapse and progression of EAE.
The ability to induce DP-subset of Treg was correlated with the functional avidity of the
sensitizing peptide, which was determined by the presence of its N- and C-terminal residues, and may
contribute to the therapy for autoimmune diseases and also to optimization of anti-tumor immunity.



MS

EAE
EAE
MS
EAE MS
EAE SJLA
EAE
EAE
CD69CD103 CD4*CD25"9"Foxp3* T
(=DP-Treg)
EAE Treg DP-Treg
EAE
DP-Treg subsets EAE
EAE
EAE
DP-Treg EAE
DP-Treg
A) DP-Treg
Treg
B) DP-Treg
EAE
C)
1) DP-Treg PLP136-150 PLP139-151
(do) (d10) (d13) (d20) (d30)
Treg Foxp3, Thet, RORyt, GATA3 T
DP-Treg  103SP-Treg Treg  hybrid
Treg Thl Thl7 T
(A- )
2) DP-Treg PLP136-150 DP-Treg
a)APC b) CD3/ CD28 TCR

(A- )



3) Treg

DNA-microarray

siRNA DP-Treg
(B- )
3) PLP136-150 PLP139-151 N C PLP136-151, PLP139-150
T prism4 functional avidity
(A- )
4) EAE
EAE
Treg
(B- )
5) EAE
EAE Treg subset
C
EAE T
RORyt, Thet Eomes DP-Treg T
hybrid Treg
hybrid Treg T hybrid Treg
A 1,2
=1 2
Treg (Foxp3*) non-Treg
non-Treg DP-Treg - xp3-)
1.0% i
Ko - 15% 19 l
Th17 10% 7 % \Bi¥ GOSP 103SPDN " DP 69SP103SP DN
(RORyt*) :Z’ dn hybrid Treg in ‘solo’ Treg
¥ "0 31 20% ‘ 20% -
5% A 15% 10"% \ 0% f
Thl 10% 1 ( | e :
(Tbet") a 5% 0%\ DP 69SP 103SP DN % 'DP69SP 103SP DN~
0% - 0% -
1 13 i & 1 1 \0 PLP136-150 immun. B PLP139-151 immun.
‘Th_Eomesasm e hybrid Treg non-Treg
(Eomes™) 5% 1 15% 15%
0% A 0% - 10% 10%
0 13 20 - 5%
BfE%E 0% 0%
9SP 103SP DN DP 69SP 103SP DN
‘ Bl PLP136-150 EAE [l PLP139-151 EAE ‘
| I peptide + APC [l aCD3/0CD28 coating |
DP-Treg preproenkephalin
(PENK) microarray SIRNA PENK
EAE DP-Treg
EAE
3
N C DP-Treg
MHC functional avidity A 4
EAE
EAE
B 5
) EAE CFA
IFA EAE
EAE
EAE
EAE
DP-Treg



Bd3 B4
RIFFEBEMTHRIERERE (suboptimal dose)

PLP136-150 EAE PLP136-151 EAE

10%

8% 15 15
6% 10 10
4% 5 5
2% o+ ——
0% 0 1 10 100 01 10 100
o PLP139-150 EAE PLP139-151 EAE
DP-Treg c
- o 183 15
0 5 10 15 20 25 30 35 [EEEA 2 1 10
- g 5 5
PENK siRNA o
0+ =——— 0 +7——1 (caliculated by Prism4)
P136-150 T 0 1 10 100 0 1 10 100
—

mixed PLPs
l stimulant peptide conc. [ug/ml] @ Bl PLP136-150 reactive
< Il PLP136-151 reactive
Al PLP139-150 reactive
[ PLP139-151 reactive

i
i
1
i
1
i
i
+

O —
i B =1/Kd

Kd=EC50 (ug/ml

0.6
70 04
Btk 2
@ PLP136-150 EAE + PENK siRNA 0
O PLP136-150 EAE + CTRL siRNA PLP136-150PLP136-151PLP139-150PLP139-151
[] PLP139-151 EAE + CTRL siRNA immun, immun,. immun, immun,.
X5 X6
04 iNOS PLP136-150/ IFA ip PLP139-151/IFA ip

60% 1 30% 7 6 6
40% - 20% 4 4
20% 10% 7 2 2
o/ 0% 0 0
- 0 7101316 4 0 71013716 0 5 101520 25303540 0 5 10 15 20 25 30 35 40

6 1PLP136-150IFAsc 6 7 PLP139-151 IFA sc

Neu Ar
20% A € 30% 1 g
4
20% -
10% 7 2
IOOA) o
0% - 0% - 0

. ¢
0 7101316 0 7101316 0 510152025303540 0 5 1015 20 25 30 35 40
@ PLP136-150 EAE BAEHER
CD, Argl/iN| B PLP139-151 EAE
40% A PLP178-191 EAE
300A‘ 4-0
% 3.0
20% 2.0 15% DP-Treg
10% 1.0
0% 0.0 [ control
0 7 1013 16 0 7101316

[l PLP136-150
[]PLP139-151

BAERA

‘ Il rLP136-150 EAE [l PLP139-151 EAE

DP-Treg EAE T
hybrid Treg Treg

Treg

0

10
Youwei Lin, Takashi Yamamura Manipulating the stability of antigen-specific Treg by enhancing
the functional avidity of the superior dominant peptide viaits flanking residues harnesses
autoimmunity with restricting the reactivity to disease-related antigens and promoting tissue repair
capacity 47 2018.12/10~12/12



@

@)

Youwei Lin, Takashi Yamamura Harnessing autoimmunity with superior dominant peptide to
enhance the binding stability manipulate antigen-specific Tregs that restrict the disease-related
antigens and promote tissue repair capacity; 14th International Congress of Neuroimmunology,
Brisbane, Australia, 2018.8/27~8/31 14

Youwei Lin, Takashi Yamamura Inverse vaccination by superior dominant peptide inhibit the
reactivity to disease-associated antigens and promote tissue-repair capacity in stabilized
antigen-specific regulatory T cellsto control of relapsing and progression of animal model of
multiple sclerosis 46 2017.12/12~12/14
Youwei Lin, Chandirasegaran Massilamany, Jayagopala Reddy, Takashi Yamamura Sensitization of
superior dominant peptide may eradicate relapsing and progressive multiple sclerosis by sequential
induction of stabilized antigen-specific hybrid regulatory T cells reactive to disease-associated
antigens with tissue-repair capacity 33rd Europian Congress of Treatment and Research in Multiple
Sclerosis, Paris, France, 2017.10/25~10/28 33 ECTRIMS
MS superior dominant peptide

Treg 29 2017.10/6~10/7
Youwei Lin, Chandirasegaran Massilamany, Jayagopala Reddy, Takashi Yamamura
SENSITIZATION OF SUPERIOR DOMINANT PEPTIDE MAY ERADICATE MULTIPLE
SCLEROSIS THROUGHOUT BY SEQUENTIAL INDUCTION OF STABILIZED HYBRID
REGULATORY T CELLSWITH DIVERSE ANTIGEN-SPECIFICITY AND TISSUE-REPAIR
CAPACITY 23rd World Congress of Neurology, Kyoto, Japan, 2017.9/16~9/21 23

Youwei Lin, Takashi Yamamura Inverse vaccination with superior dominant peptide may harness
autoimmune diseases via sequential induction of stabilized hybrid regulatory T cells with antigen
specificity and tissue repair capacity 45 2016.12/5~12/7
Youwei Lin, Chandirasegaran Massilamany, Jayagopala Reddy, Takashi Yamamura Inverse
vaccination with superior dominant peptide may eradicate multiple sclerosis via sequentia induction
of stabilized hybrid regulatory T cells with antigen specificity and tissue repair capacity 13th
International Congress of Neuroimmunology, Jerusalem, Israel, 2016.9/26~9/29 13

Youwei Lin, Takashi Yamamura Antigen-specificity of superior dominant encephalitogenic peptide
confersinductivity, stability, and hybrid signatures to CD69+CD103+ subset of Treg responsible for
sustainable inhibition of CNS autoimmune diseases.  16th International Congress of |mmunology,
Melbourne, Australia, 2016.8/21~8/26 16

Dominant peptide therapy may conquer M S by turning antigen-specificity and

stability to hybrid Treg. 57 2016.5/18~5/21
1
I Superior dominant peptide
T inverse vaccination
65 4 p281-289 2016 4
0
0



