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CCL CC chemokine ligand CC

CCR CC chemokine receptor CC

CFA Complete Freund’s Adjuvant

cfu colony forming unit

CIA Collagen-induced arthritis

CII Type II collagen

ClI-IgG Type II collagen specific Immunoglobulin G
CNS Central nervous system

DSS Dextran sulfate sodium

EAE Experimental autoimmune encephalomyelitis
ELISA Enzyme-Linked ImmunoSorbent Assay
FACS Fluorescence-activated cell sorting

IgA Immunoglobulin A A
IgG Immunoglobulin G G
IL- Interleukin-

INF-y Interferon-y

LAB Lactic acid bacteria

LC1185"  Lactobacillus crispatus JCM1 185"
LG1131"  Lactobacillus gasseri JCM1131"
LH1120"  Lactobacillus helveticus JCM1120"
LH2171 Lactobacillus helveticus SBT2171
LNs Lymph nodes

LPS Lipopolysaccharide



MLN Mesenteric lymph node
MS Multiple sclerosis

PP Peyer's patch

RA Rheumatoid arthritis

SP  Spleen

T Type strain

Tth cell Follicular T cell T

Tfr cell Follicular regulatory T cell T

TGF-B Transforming growth factor- -B

TNF-oo  Tumor necrosis factor-a -0

Treg cell Regulatory T cell T
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Parvez et al., 2006; Murooka and Yamshita, 2008; Kabak and

Dobson, 2011

Lactobacillus gasseri SBT2055

Nakayama et al., 2014; Miyazaki, 2015 SBT2055

Nishihira et al., 2016  Bifidobacterium longum BB536

natural killer cell NK

Namba et al., 2010; Akatsu et al., 2013 Lactobacillus rhamnosus

GG IgA

Wang et al., 2017



Lactobacillus helveticus SBT2171 LH2171

Sasaki et al., 1996 LH2171

T DSS

Hosoya et al., 2012

Ibrahim et al., 2010 Lollo et al., 2012

1 LH2171 in vitro

40

2 in vitro LH2171 in vivo



1%

LH2171

sclerosis; MS

LH2171

Rheumatoid arthritis; RA

Verstappen, 2013

LH2171

LH2171

70

LH2171

Multiple

MS

MS RA
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Lactobacillus helveticus SBT2171 LH2171 Tan et al., 1995
LH2171
T
DSS Hosoya
etal., 2012 Ibrahim et al., 2010 Lollo et al., 2012
IBD RA

Kanzato et al., 2008

Peluso et al., 2007; Yoshida et al., 2011

Atreya et al., 2000; Yamamoto ef al., 2000

Matsumoto et al., 2005; Lee et al., 2008; Philippe et al., 2011
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in vitro CD3/CD28 Lipopolysaccharide LPS

LH2171
-
1.
C57BL/6] 5 6
1 CE-2

23 +2°C 50+ 10% 12

NIH Guide for the Care and Use of Laboratory

Animals NRC National Research Council 1996

2.
7 10 MLN
PP SP RPMI1640 10%
10 mM HEPES 2mM L- 100 U/ml 100 pg/ml
0.05 mM 2-
70-um BD Biosciences San Jose

11



CA Lympholyte-M Cedarlane

Laboratories Burlington Ontario Canada

LH2171 41

Table 1  Lactobacillus kefiranofaciens Lactobacillus plantarum Lactococcus lactis ~ 30°C

Lactobacillus Streptococcus thermophilus  37°C 16 de Man,
Rogosa, and Sharpe MRS Difco Labortories Detroit MI Bifidobacterium
37°C  Leuconostoc 30°C 16 1% GAM Nissui Seiyaku

8500 <g 10 4°C

10 mg/ml 80°C 30

MLN PP SP 55<10* cells/well

10 pg/ml CD3/CD28 Life Technologies Gaithersburg
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MD 510" beads/well Escherichia coli 0111:B4 LPS Sigma-Aldrich Japan

10 pg/ml 96 Asahi Glass
5%C0O, 37°C 3 PrestoBlue Cell Viability Reagent Life
Technologies 7

Excitation 530 nm Emission 580 nm

PrestoBlue Cell Viability Reagent

NADH
5.
5><10" cells/well
10 pg/ml 96 Asahi Glass 5%CO,
37°C 3 CyQUANT Direct Cell Proliferation Assay Kit Life
Technologies 1

Excitation 485 nm Emission 530 nm
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CyQUANT Direct Cell Proliferation Assay Kit

DNA
2 DNA
PrestoBlue Cell Viability Reagent
IL-6 1IL-1pB TNF-a
MLN PP SP 5>10" cells/well
10 pg/ml LPS 10 pg/ml 96 Asahi Glass
5%C0O, 37°C 2
30°C IL-6 IL-1p tumor necrosis factor o TNF-a
R&D systems Minneapolis MN ELISA
IL-10
MLN PP SP 510 cells/well
100 pg/ml LPS 10 pg/ml 96 Asahi Glass

14



5%C0O, 37°C 24

30°C IL-10 eBioscience
ELISA
5.0<10° cells/well 100 pg/ml
“ 7z 7zes IL-6 IL-1B
TNF-a 7z 5.0><10" cells/well 10 pg/ml
IL-10
1
2 LH2171 3 LG1131"
3
8. Foxp3'T
MLN 510" cells/well 96
Asahi Glass CD3/CD28 Life
Technologies LH2171 10 pg/ml Foxp3'T
TGF-B1 3 ng/ml 5%C0O, 37°C
48
MLN Foxp3'T CD4

15



Foxp3

Intracellular Fixation & Permeabilization Buffer Set eBioscience

CD4 Foxp3

cytometer

100

Tukey-Kramer test

Cary NC USA P<0.05

LH2171

MLN CD3/CD28

40 Table 1

CD3/CD28

Figure 1-1 41

16

FACSCanto II flow

FACSDiva software BD Biosciences

I-sample t-test

StatView version 5.0 SAS institute

LH2171

CD3 CD28
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Lactobacillus helveticus 1LH2171 5 Lactobacillus
acidophilus 4 Lactobacillus kefiranofaciens 4
3 Lactobacillus gasseri Lactobacillus
delbrueckii Lactobacillus paracasei
MLN PP SP CD3/CD28
LPS LH2171 3
3 L. gasseri JCM1131" LG1131"  Figure 1-1
16s TRNA L. helveticus

L. crispatus JCM1185" LC1185"
Lactobacillus L. helveticus JCM1120" LH1120" LH2171

T Type strain

Suzuki, 2000
LH2171 LH1120" CD3/CD28 MLN PP
SP Figure 1-2 LG1131" LC1185"

LPS LH2171 LH1120" LG1131" LC1185"
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LH2171

LH2171

LH2171

CyQUANT Direct Cell Proliferation Assay Kit DNA

LH2171 MLN PP SP

Figure 1-3  LH2171 LG1131"
CD3/CD28 LPS LH2171
MLN PP
SP
LH2171 1IL-6 IL-1B
LH2171 IL-6 IL-1 B TNF-a.
LH2171 LPS MLN PP SP
IL-6 Figure 1-4a LG1131" LH2171
IL-6 LH2171  LPS
SP IL-1B Figure 1-4b  MLN PP

18



LPS IL-1B LH2171 TNF-a

3
LH2171 IL-10 Foxp3'T
IL-10 Foxp3'T LH2171
IL-10 LH2171 MLN
IL-10 MLN PP
SP
LG1131" IL-10 Figure 1-5 Foxp3'T
TGF-B Fu et al,
2004 CD4'T Foxp3'T 5% 40%
Figure 1-6 LH2171 Foxp3'T
|
L. helveticus
L. helveticus LPS
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nuclear factor kB

L. helveticus

IL-8

MLN SP L. helveticus

41

LH1120"

L. acidophilus 1.-92

Kanzato et al., 2008 LH2171
L-92
paracasei ssp. paracasei B21060 CD4'T
B21060
LH2171

20

Joo et al., 2012

Wagar et al., 2009

LH2171

LH2171

L. helveticus

CD4'T

Peluso

Peluso et al., 2007

LH2171

PP



Yoshida L. gasseri

OLL2809 Yoshida et al., 2011 OLL2809 RNA
RNA
toll-like receptor 7 OLL2809 RNA
IL-10 Smits et al., 2005; Asarat et al., 2015 Foxp3"
Thakur et al., 2016 LH2171
IL-10 LG1131"
LH2171 IL-10
LH2171  Foxp3" LH2171
OLL2809
LH2171 IL-6 IL-1p TNF-a. LPS
LPS
Bacteroides LPS

Rath et al., 1999  LPS

4 Lps Lange et al.,

1996 IL-6 IL-1B TNF-a
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Philippe et al., 2011 LH2171  LPS MLN PP SP

IL-6 LH2171
SP IL-1B
16s rRNA L. helveticus Felis and Dellaglio, 2007
LG1131" L. helveticus  Lactobacillus
Lactobacillus
Mukai, 2008
Izumo et al.,
2013 L. helveticus  LG1131"
LH2171 IL-6
IL-6 IBD RA
IBD RA
IL-6 Reimund et al., 1996; Hosokawa et al., 1999; Hashizume and Mihara

2011; Oranskiy and Yeliseyeva, 2012 IL-6

Suzuki et al., 2001 RA Alonzietal., 1998

IL-6

Matsumoto et al., 2005; Fitzpatrick et al., 2008 L. casei
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IL-6 Matsumoto

et al., 2005 LH2171  in vitro MLN PP SP
IL-6 in vivo
LH2171 IL-6 IL-1B
3
n=3
duplicate
TNF-a
IL-6 IL-1B
TNF-a
LH2171
[
LH2171 CD3/CD28 LPS MLN PP SP
LH2171 LPS
MLN PP SP IL-6 SP IL-1B
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Table 1. Lactic acid bacteria (LAB) used in the present study

No. LAB Strain'

1 Lactobacillus helveticus SBT0064
2 Lactobacillus helveticus SBT0621

3 Lactobacillus helveticus JcM1120"
4 Lactobacillus helveticus SBT2161

5 Lactobacillus helveticus SBT2171

6  Lactobacillus kefiranofaciens ssp. kefiranofaciens JCM6985"
7 Lactobacillus kefiranofaciens ssp. kefirgranum JCM8572"
8  Lactobacillus kefiranofaciens ssp. kefirgranum SBT11088
9  Lactobacillus kefiranofaciens SBT11223
10 Lactobacillus kefiranofaciens SBT11295
11 Lactobacillus acidophilus SBT1372
12 Lactobacillus acidophilus SBT1921
13 Lactobacillus acidophilus SBT2062
14 Lactobacillus acidophilus SBT2068
15  Lactobacillus. gasseri JcM11317
16  Lactobacillus gasseri JCM1025
17 Lactobacillus gasseri JCM5813
18  Lactobacillus gasseri JCM8788
19 Lactobacillus buchneri JCM1115"
20 Lactobacillus. paracasei NCFB151"
21 Lactobacillus plantarum NCFB1752"
22 Lactobacillus delbrueckii ssp. bulgaricus JcM1002"
23 Lactobacillus delbrueckii ssp. lactis JCM1248"
24 Lactobacillus. rhamnosus JCM1136"
25  Lactobacillus zeae JCM11302"
26  Lactobacillus crispatus JCM1185"
27  Lactobacillus amylovorus JcM1126"
28  Lactobacillus johnsonii JCM2010"
29 Lactobacillus reuteri JcMi112"
30 Lactobacillus fermentum JcM1173"
31  Lactococcus lactis ssp. cremoris JCM16167"
32 Lactococcus lactis ssp. lactis JCM5805"
33 Bifidobacterium longum SBT2497

25



34 Bifidobacterium longum SBT10841

35  Bifidobacterium infantis SBT10258
36  Bifidobacterium breve SBT10522
37  Bifidobacterium animalis ATCC25527"
38  Bifidobacterium adolescentis SBT10830
39  Leuconostoc mesenteroides ssp. mesenteroides JCM6124"
40  Leuconostoc pseudomesenteroides JCM9696"
41  Streptococcus thermophilus ATCC19258"

'T. Type strain, JCM: Japan Collection of Microorganisms (Saitama, Japan), SBT: Snow Brand
Type culture collection (Saitama, Japan), ATCC: American Type Culture Collection (Manassas,

USA), NCFB: National Collection for Food Bacteria (Reading, UK).
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Lb. plantarum NCFB1752T |

B. breve SBT10522 |

L.crispatus JCM1185T (LC1185T)

Lc. lactis ssp. lactis JCM5805T |

B.longum SBT10841 |

B. animalis ATCC25527T :

B. infantis SBT 10844

Lb. fermentum JCM1173T |

Lb. buchneri JCM1115T |

Lc. lactis ssp. cremoris JCM16167T |

B. longum SBT2497

Leu. pseudomesenteroides JCMIB9ET |

Lb. delbrueckii ssp. lactis JCM1248T :

Lb. jonsoni JCM2010T |

Leu. mesenteroides ssp. mesenteroides JCM6124T

B. adolescentis SBT10830 |

L. gasseri JCM1131T (LG1131T) |

Lb. gasseri JCM1025

Lb. amylovorus JCM1126T |

Lb. rhamnosus JCM1136T |

Lb. gasseri JCM8788 |

Lb. zeae JCM11302T |

S. thermophilus ATCC19258T

Lb. reuteri JCM1112T |

Lb. kefiranofaciens ssp. kefiranofaciens JCMB985T |
Lb. kefiranofaciens ssp. kefirgranum SBT 11088

Lb. gasseri JCM5813 )

Lb. kefiranofaciens SBT11295 |
Lb. delbrueckii ssp. bulgaricus JCM1002T |

—1
e
%

Lb. helveticus SBT2161 _———

Lb. helveticus SBT0064

Lb. acidophilus SBT2062

Lb. kefiranofaciens ssp. kefirgranum JCM8572T
Lb. paracasei NCFB151T

Lb. helveticus SBT0621

L. helveticus SBT2171 (LH2171)

Lb. acidophilus SBT1372

Lb. kefiranofaciens SBT11223 -k
Lb. acidophilus SBT2068 ik

Lb. acidophilus SBT 1921

L. helveticus JCM1120T (LH1120T) *
1%
T
0

T

T T T

50 100 150 200 250

fluorescence intensity (%)

300

Figure 1-1. Effect of heat-treated lactic acid bacteria (LAB) on the proliferation of mesenteric

lymph node cells stimulated with anti-CD3/CD28 antibody beads

Proliferation was represented as fluorescence intensity (%), in which the control value obtained by

the anti-CD3/CD28 stimulation alone was set to 100. Data are shown as means = SD (n=3).

Asterisks indicate a significant difference (P < 0.05, one sample #-test) from the control. The top

three LAB species in terms of the number of strains that showed a significant suppression are

marked as follows: L. helveticus (W), L. acidophilus (¥4) and L. kefiranofaciens (E5).
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LAB activator cell

SP

2 - - +
§ - + + a b
Og| LG1131T  + + a
82| Lcresm  + + a
@ | w120m o+ + c
g LH2171  + + c
- - +
- + + a a a
O w1z + + a b b
— | Lc1ssT  + + b
LH1120T  + +
LH2171  + +

200 O 200 0 100 200

fluorescence intensity (%)

Figure 1-2. Effect of heat-treated lactic acid bacteria (LAB) on the proliferation of mesenteric

lymph node (MLN), Peyer’s patch (PP) and spleen (SP) cells stimulated with anti-CD3/CD28

antibody beads or lipopolysaccharide (LPS)

Proliferation was represented as fluorescence intensity (%), in which the control value obtained by

the anti-CD3/CD28 or LPS stimulation alone was set to 100. Data are shown as means £ SD (n=3).

Statistical difference between the groups was analyzed by Tukey-Kramer, and significance (P <

0.05) was represented as different alphabets. LG1131": L. gasseri JICM1131", LC1185": L. crispatus

JCM1185", LH1120": L. helveticus JCM1120", LH2171: L. helveticus SBT2171. (*: Type strain).
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LAB  cell MLN PP sP

- + ab a
LG1131T  + b b
LH2171  + NS a a

o 1 2 30 1 2 30 1 2 3

number of viable cells (x 10 cells)

Figure 1-3. Effect of heat-treated lactic acid bacteria (LAB) on the viability of mesenteric

lymph node (MLN), Peyer’s patch (PP) and spleen (SP) cells

Viability was determined as the number of viable cells. Data are shown as means + SD (n=3).

Statistical difference between the groups was analyzed by Tukey-Kramer, and significance (P <

0.05) was represented as different alphabets. LG1131": L. gasseri JICM1131", LH2171: L. helveticus

SBT2171.
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LAB  LPS cel MLN PP SP
- - +
- + + a a b
LG1131T  + + a a a
LH2171 + + b b c
0 200 400 600 0 200 400 600 0 500 1000 1500
IL-6 (pg/ml)
(b)
LAB LPS cell SP
- - +
- + + a
LG1131T + + b
LH2171 + + c

0 20 40 60 80
IL-1B (pg/ml)

Figure 1-4. Effect of heat-treated lactic acid bacteria (LAB) on the pro-inflammatory cytokines

(IL-6 (a), IL-1B (b)) produced by lipopolysaccharide (LPS)-stimulated immune cells of

mesenteric lymph node (MLN), Peyer’s patch (PP) and spleen (SP)

Data are shown as means = SD (n=3). Statistical difference between the groups was analyzed by

Tukey-Kramer, and significance (P < 0.05) was represented as different alphabets. LG1131": L.

gasseri JICM11317, LH2171: L. helveticus SBT2171.
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MLN PP

300 - a 300 - a
b
= b '—E |
E 200 A c 5 200 c
(o] o
2 e
=4 e
- 100 4 5 100 4
3 =
0 1 mmm 0
Cell + + + + Cell + + +
LPS - + + + LPS + + +
LAB - - LG11317 LH2171 LAB - LG11317 LH2171
3000 - SP
= a
£ b
S, 2000
g c
=
1000 A
0 p
Cell + + +
LPS + + +
LAB - LG1131T LH2171

Figure 1-5. Effect of heat-treated lactic acid bacteria (LAB) on the anti-inflammatory
cytokines, IL-10, produced by lipopolysaccharide (LPS)-stimulated immune cells of mesenteric
lymph node (MLN), Peyer’s patch (PP) and spleen (SP)

Data are shown as means + SD (n=3). Statistical difference between the groups was analyzed by
Tukey-Kramer, and significance (P < 0.05) was represented as different alphabets. LG1131": L.

gasseri JCM1131", LH2171: L. helveticus SBT2171.
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Figure 1-6. Effect of heat-treated LH2171 and TGF-B on the Foxp3" cells induction in immune
cells of mesenteric lymph node

TGF-B was used as a “positive control” to induce Foxp3 " cells. Data are shown as means = SD (n=3).
Statistical difference between the groups was analyzed by Tukey-Kramer, and significance (P <

0.05) was represented as different alphabets. LH2171: L. helveticus SBT2171.

32



Lactobacillus helveticus SBT2171
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IT collagen CII

LH2171  in vitro CD3/CD28 LPS
MLN PP SP
Yamashita et al., 2014 in vitro
LH2171 in vivo
Rheumatoid arthritis RA
LH2171
Hosoya et al., 2014 RA
Collagen-induced arthritis CIA RA
RA Billiau
and Matthys, 2011 RA  CIA type
Nandakumar et al., 2003 IL-6
TNF-o.  Choy and Panayi, 2001; Koch, 2005
LH2171
LH2171 CIA
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[
1.

LH2171 MRS BD Biosciences
San Jose CA United States 16 37°C 8000
<g 10 2 1

PBS 10 mg/ml 80°C
30 2><10" cfu/g
0.35 M NaHCOs/PBS 100 mg/ml
2.
FACSCanto 1II flow cytometer FACS

Fluorescence-activated cell sorting
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anti-B220 RA3-6B2 anti-CD138 281-2 anti-GL7 GL7 anti-CD3 145-2C11

anti-CD4 GKI1.5 anti-CD8 53-6.7 anti-IL-17A TC11-18H10.1  anti-IFN-y XMG1.2

anti-PD-1 RMP1-30 anti-CXCR5 L138D7 BioLegend San Diego CA United States

anti-CD25 3C7 BD Biosciences anti-Foxp3 FJK-16s  eBioscience San Diego CA

United States

ELISA  Enzyme-linked immunosorbent assay Biotinylated

anti-mouse antibodies anti-IgGl  RMGI-1 anti-lgG2a RMG2a-62 BioLegend

peroxidase-conjugated anti-mouse IgG polyclonal antibody Jackson ImmunoResearch West Grove

PA  United States

DBA/1J SLC Labo MR stock

4. LH2171

Collagen-induced arthritis CIA LH2171

36



DBA/1] 8 n=8 12

Figure 2-1 CIA Hosoya et al., 2014; Billiau and Matthys, 2011;

Kanayama et al., 2011 100 pg type II collagen
CII  Chondrex Redmond WA United States 0.05M 50 ul

50 ul Complete Freund’s Adjuvant CFA Chondrex Mycobacterium tuberculosis

H37RA 250 pg

21 Cll CFA CIA 2 1 LH2171
2 LH2171 PBS 0.35 M NaHCO5/PBS
LH2171 3 2
1 1 mg PBS 100 ul
PBS LH2171
30 mg 1.2x10" cfu/g NaHCO;/PBS
300 ul
NaHCO5/PBS
2 CIA arthritis incidence
clinical score hind paw thickness changes in body weight
2 21 Kanayama 2011
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42 CIA n=4

10% Sigma-Aldrich

H&E Merck Millipore Guyancourt France

O WALDECK GmbH & Co Division Chroma Miinster Germany

H&E 0 4 0 1
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42 CIA

I¢G CII-IgG CIl-IgG1  ClI-IgG2a CIl-IgG2b  ELISA

Nunc Thermo Fisher Scientific Hudson

NH United States 5mg/ml Cl Chondrex 4°C
CII 0.05% Tween/PBS well 5 1%BSA/PBS
well 2 0.05%
Tween/PBS well 5 HRP IgG
IgG1 I1gG2a I1gG2b
1
0.05% Tween/PBS HRP BioLegend
30 well  0.05% Tween/PBS 5 well

TMB Kirkegaard & Perry Laboratories Gaithersbug MD United States

IN HCI1 450 nm 630 nm

IgG Mouse IgG ELISA Quantitation Set

Bethyl Laboratories Montgomery TX United States

Johansen et al., 1999
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42 IL-6 TNF-o  Mouse IL-6 ELISA MAX™
Standard Mouse TNF-o. ELISA MAX™ Standard BioLegend

Patole et al., 2005; Stolk et al., 2006

8.
42 RPMI 1640
RPMI 1640 10% GIBCO Thermo Fisher Scientific
Waltham MA  United States 100 U/ml 100 pg/ml

Sigma-Aldrich St. Louis MO United States  0.05 mM 2-

100-um BD Bioscience
2
B B220" B GL7"
B220" CD138"B220° CD4'T CD3"CD4" CDS'T CD3" CD8"
Thi CD3" CD4'IFN-y"  Thl7 CD3" CD4 IL-17A" T Treg CD4"
CD25" Foxp3” T Tfh  CD4" CXCRS' PD-1" Foxp3
T Tfr CD4 CXCRS5' PD-1" Foxp3®™ FACS
Table 2-1
Thl Th17 Treg Tfr brefeldin A 1 pug/ml  GoldiPlug BD Biosciences
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Heidelberg Germany phorbol-12-acetate 50 ng/ml 500 ng/ml

BD Cytofix/Cytoperm reagents BD Biosciences Foxp3
Fix/Perm buffer BioLegend IFN-y IL-17A
Foxp3 FACSCanto II flow cytometer

FACSDiva software BD Biosciences

9.
CIA TRIzol reagent  Life Technologies Thermo Scientific
Waltham MA USA RNA RNA ReverTra Ace qPCR kit
TOYOBO cDNA cDNA  KAPA SYBR FAST

Universal qPCR Kit KAPA BIOSYSTEMS Boston MA USA

PCR
Table 2-2 Gapdh
10.
CIA log-lank test Mann-Whitney U-test
log-lank test EZR
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StatView version 5.0 SAS institute Cary NC USA

P <0.05
[
LH2171
PBS LH2171
arthritis incidence Figure 2-2A i.p. changes in body
weight Figure 2-2B i.p. hind paw thickness Figure 2-3A i.p.
clinical score Figure 2-3B i.p.
CIA pannous formation
cartilage degeneration LH2171 CIA
Figure 2-3C
NaHCO; LH2171
LH2171 changes in body weight Figure 2-2B p.o.
hind paw thickness Figure 2-3A p.o. CIA
CIA arthritis incidence Figure 2-2A p.o. clinical

score Figure 2-3B p.o.
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LH2171

42 LH2171 Figure 2-4A
Figure 2-4B Cl
IgG CIl IgGl CII IgG2
IgG Cl LH2171
LH2171
42 IL-6 TNF-a ELISA
LH2171 IL-6 Figure 2-5A
TNF-a LH2171
IL-6 TNF-a Figure 2-5B
LH2171
LH2171 CIA LH2171
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B CD4'T LH2171

Figure 2-6 CD8'T
LH2171
Figure 2-7
LH2171 B B
Germinal center B cell Plasma cell
Figure 2-8A T
T Tth LH2171
P =0.074 Figure 2-8B
Thl Th17 LH2171
T Treg
T Tfr LH2171
LH2171
LH2171 TNF-a
P=0.059 Figure 2-9A  Thl INF-y
Th2 IL-4 14 Ifng P =0.093; Figure

2-9B
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LH2171 CIA
Hosoya et al., 2014 LH2171 CIA
LH2171 CIA
LH2171 CIA
RA

Kato et al, 1998; Kano et al., 2003; Amdekar et al., 2011; Kim et al., 2015 L. casei

strain CIA Ccl Kato et al.,

1998 L. helveticus HY 7801 IgG CIA

Kim et al., 2015

Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1 CIA

Kano et al., 2003

RA CIA B
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Svensson et al., 1998; Edwards et al., 2004; Cohen et al., 2006; Yanaba et al.,

2007 RA Weyand and Goronzy, 2003 CIA Endo et al., 2015

CIA cl

Svensson et al., 1998; Cohen et al., 2006; Yanaba et al., 2007; Mullazehi et al., 2012

CII RA Nandakumar et al.,

2003 RA CIA

Vinuesa et al., 2009; Endo et al., 2015

T Tth Vinuesa and

Cyster, 2011 RA CD4'T Tth B

Tth B

King et al., 2008;

Linterman et al., 2009; Simpson et al., 2010
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LH2171 CIA

CII
CIA CII
T Murphy et al. 2010 LH2171
B B CD4'T
T Tth CII IgGl  LH2171
IgG1 CIA

Nandakumar ef al., 2003; Thorvaldson et al., 2006

LH2171 CIA IgG1 Th2
Kato et al., 1998 LH2171  Th2
Th2 IL-4 Thl
INF-y 114 Ifng LH2171
IgG  LH2171
CIA Cl
LH2171
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LH2171 B B CD4'T

Tth
CIA
RA B T TNF-a IL-6
Choy and Panayi, 2001; Koch, 2005 I1L-6 T
B
IL-6
RA
RA IL-6
Fujimoto et al., 2008; Nakashima et al., 2014 LH2171
CIA IL-6 1 in vitro
LH2171 IL-6
Yamashita et al., 2014 in vitro
in vivo Griet et al.,
2014; Novotny Nuiiez et al., 2015 LH2171 IL-6
CIA LH2171  IL-6
IL-6
CIA
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Thl Th17

T Treg  Afzali et al., 2007
T Tfr  Vanderleyden et al., 2014
LH2171
LH2171 CIA
CIA
CIl
CIA
in vitro LH2171
B LPS Hosoya et al., 2014
LH2171
2
LH2171 CIA
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LH2171

LH2171

Wang et al., 2015

CIA

LH2171

CIA

RA

LH2171 LH2171

CIA

CIA

IL-6
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Table 2-1. Molecular markers used in the FACS analysis

Type of immune cells

molecular markers

B cells

Germinal center B cells

Plasma cells

CD4+ T cells

CD8+ T cells

Th1 cells

Th17 cells

Regulatory T (Treg) cells
Follicular T (Tfh) cells

Follicular regulatory T (Tfr) cells

B220+

GL7+ B220+

CD138+ B220-

CD3+ CD4+

CD3+ CD8+

CD3+ CD4+ IFN-y+

CD3+ CD4+ IL-17A+

CD4+ CD25+ Foxp3+

CD4+ CXCR5+ PD-1+ Foxp3-
CD4+ CXCR5+ PD-1+ Foxp3+

Table 2-2. Primers used in the gene expression analysis

Gene

Symbol Forward Primer 5'-3' Reverse Primer 5'->3'

Gapdh AAGGGCTCATGACCACAGTC GGATGCAGGGATGATGTTCT

116 CGTGGAAATGAGAAAAGAGTTGTGC TGGTACTCCAGAAGACCAGAGGA
Tnfa AGCCCACGTCGTAGCAAACCAC CGGGGCAGCCTTGTCCCTTG
Ifng CTGCAGAGCCAGATTATCTC CCTGTGGGTTGTTGACCTCA
1l17a GCTCCAGAAGGCCCTCAGA CTTTCCCTCCGCATTGACA

114 CGAGCTCACTCTCTGTGGTG TGAACGAGGTCACAGGAGAA

110 GCCCCAGGCAGAGAAGCATGG

GGGGAGAAATCGATGACAGCGCC
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intraperitoneal inoculation

(i-p)
i.p. inoculation of LH2171 i.p. inoculation of LH2171
three times per week daily
Measurements of CIA symptoms
0 21 42 Day
DBAMJ | | |

Mice |

1

) ¥

Immunization (100 ug bovine type Il collagen + CFA) « Antibody and cytokine (serum)

oral administration
(p-0.)

» FACS analysis (inguinal LNs)

p.o. administration of LH2171 daily

0
DBA/1J |

Measurements of CIA symptoms

21 42 Day

Mice |

¢

| |
) s 4

Immunization (100 pg bovine type Il collagen + CFA) « Antibody and cytokine (serum)

Figure 2-1. Experimental schedule

Male DBA/1J mice (8 weeks old) were immunized by intradermal injection with 100 pg of bovine

type II collagen emulsified with Complete Freund’s Adjuvant (CFA). For assessment of the

intraperitoneal inoculation of L. helveticus SBT2171 (LH2171), the mice were injected with 100 pl

of PBS containing 1 mg of LH2171 cells intraperitoneally three times per week after the first

immunization, and daily after the second immunization. For oral administration of LH2171, 300 ul

of an NaHCO;/PBS solution containing 30 mg of freeze-dried bacterial cells was administered daily

after the first immunization.

« FACS analysis (inguinal LNs)
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Figure 2-2. Effects of oral administration and intraperitoneal inoculation of LH2171 on

arthritis incidence and body weight loss

CIA was induced in DBA/1J mice by immunization with bovine type II collagen twice, on days 0

and 21. Mice were given LH2171 or vehicle control intraperitoneally (i.p.) (left) or orally (per os;

p.o.) (right). Arthritis incidence (A) and changes in body weight (B) were monitored after the second

immunization. Data are presented as the mean = SEM (n = 8—12). The data of the group given

LH2171 were compared to those of the control group by a log-rank test (A) or two-way

repeated-measures analysis of variance (group % time interaction) (B).
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(Figure 2-3A, 2-3B)
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Figure 2-3. Effects of oral administration and intraperitoneal inoculation of LH2171 on

arthritic symptoms

Hind paw thickness (A) and clinical score (B) were determined in CIA mice given LH2171

intraperitoneally (i.p) (left) or orally (p.o.) (right). Data are presented as the mean + SEM (n = 8-12).
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Histology of the joints (C) of normal and CIA mice receiving vehicle only (control) or

intraperitoneal inoculation of LH2171 were determined. Representative H&E and Safranin O images

(left) and histology scores (right) are shown. Bars = 500 um. Data are presented as dot plots (n = 4)

and the line represents the median. Data between groups were compared by two-way

repeated-measures analysis of variance (group X time interaction) (A, B) or the Mann-Whitney U

test (*P < 0.05) (C).
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Figure 2- 4. Effects of LH2171 on the serum level of CII-specific IgG and total IgG

The level of antibodies in the serum of CIA mice given LH2171 intraperitoneally (i.p.) (A) or orally

(p.o0.) (B) was measured at day 42. Data are presented as dot plots (n = 8—12); center line, median;

box, 25th—75th percentile of the data; error bars, 10th—90th percentile of the data. *P < 0.05, **P <

0.01, compared to the control by the Mann-Whitney U test.
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Figure 2-5. Effects of LH2171 on the serum level of IL-6 and TNF-a

The levels of the pro-inflammatory cytokines IL-6 and TNF-a in the serum of CIA mice given
LH2171 or PBS (control) intraperitoneally (i.p.) (A) or orally (p.o.) (B) were measured at day 42
after the first immunization. Data are presented as box plots (n = 9—12), as described in the legend to

Fig. 2-4. #**P < 0.001, compared to the control group by the Mann-Whitney U test.
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Figure 2-6. Effects of intraperitoneal inoculation of LH2171 on the number of immune cells in
the lymph nodes

Inguinal lymph nodes were collected at day 42 from CIA mice given LH2171 or PBS (control)
intraperitoneally. Immune cells were isolated from the lymph nodes and the numbers of total
immune cells, B cells, CD4" T cells, and CD8" T cells were analyzed by flow cytometry. Data are
presented as box plots (n = 8), as described in the legend to Fig. 2-4. *P < 0.05, compared to the

control group by the Mann-Whitney U test.
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Figure 2-7. The numbers of immune cells in the lymph nodes of the mice orally administered

LH2171

The numbers of total immune cells, B cells, CD4" T cells, and CD8" T cells in the inguinal lymph

nodesof CIA mice given LH2171 or PBS (control) orally were measured at day 42 after the first

immunization. Data are presented as box plots (n = 12), as described in the legend to Fig. 2-4.
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Figure 2-8. Effects of intraperitoneal inoculation of LH2171 on germinal center B cells and

follicular helper T cells in the lymph nodes

Inguinal lymph nodes were collected at day 42 from CIA mice given LH2171 or PBS (control)

intraperitoneally. Immune cells were isolated from the lymph nodes and the number of germinal

center B cells, plasma cells (A), Thl cells, Th17 cells, follicular T (Tth) cells, follicular regulatory T

(Tfr) cells, and regulatory T (Treg) cells (B) were analyzed by flow cytometry. Data are presented as

box plots (n = 8), as described in the legend to Fig. 2-4. *P < 0.05, compared to the control group by

the Mann-Whitney U test.

61



A 357 o @ Control

] 7]
3.0 LH2171

2.0 A

1.5 4

Relative expression

1.0 ~

2

/g Tnfa Ifng I17a "4 no

9y

P=0.093
2.5 - T Control
5 5 [9]

20 é’z‘é LH2171
1.5 -

1.0 A

0.5 - %

1/4 1fng (ratio)

Figure 2-9. Effects of intraperitoneal inoculation of LH2171 on cytokine gene expression levels

and the ratio of Th2 and Th1 cytokines in the lymph nodes of CIA mice

The inguinal lymph nodes of CIA mice given LH2171 intraperitoneally or PBS only (control) were

collected at day 42. Relative cytokine gene expression levels (A) and the ratio of //4 to Ifng (B) were

determined. Data are shown as box plots (n = 8), as described in the legend to Fig. 2-4. The data of

the group inoculated with LH2171 were compared to those of the control group using the

Mann—Whitney U test.
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Lactobacillus helveticus SBT2171
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2 LH2171 CIA
cu IL-6 B T
CIA Yamashita
etal., 2017 LH2171 RA
3 LH2171
2 LH2171
LH2171
Multiple sclerosis; MS
Central nervous system; CNS
IFN -y T Thl
IL -17 T Th17

Ryu et al., 2013; Cheng

et al., 2014; Serada ef al., 2016 MS CNS

QOL Brownlee et al., 2017; Ontaneda et al., 2017
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MS Gensicke et al.,

2012; Lee and Han, 2015 MS 2013

230 5 20 Ontaneda et al., 2017

Compston and Coles, 2002

MS
MS
MS

Thl Th17 MS MS

Experimental autoimmune encephalomyelitis; EAE
Goverman, 2009 MS EAE IL-12 IFN-y IL-6 IL-13 IL-21

IL-23 Thl
Th17 Bhat and Steinman, 2009; Goverman, 2009; Domingues et
al., 2010; Segal, 2010 Th17 IL-17
CNS

Ransohoff and Brown, 2012 EAE
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Th17

Ito et al., 2014 EAE

IL -17A

Ishigame et al., 2009

et al., 2002; Ivory et al., 2008

MS EAE

EAE

CNS

IL-17A

Shida

Yamamoto et al., 2016

Kato et al., 1998; So et

al., 2008; Lavasani et al., 2010; Amdekar et al., 2011; Berer et al., 2011

LH2171
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LH2171 MRS
16 37°C 8000>=<g
2 1
10 mg/ml 80°C 30
2.
SJL/J 5
encephalomyelitis; EAE LH2171
EAE
Adjuvant

and Goverman, 2006; Arima et al., 2012
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San Jose CA United States

10

PBS

LH2171

Experimental autoimmune

Labo MR stock

Greer ef al., 1996; Stromnes



, 2008 IFN-y Thl IL-17

Th17 , 2008
EAE
EAE
139-151 PLP 39151

HSLGKWLGHPDKF 100 pg 100 pl PBS 100 pl Complete Freund’s
Adjuvant CFA Difco Laboratories Detroit MI USA Mycobacterium tuberculosis
H37RA 100 pg 400 ng

List Laboratories Campbell CA USA 2

EAE 2 1 LH2171 2
LH2171 3 3
1 1 mg PBS 100 pl
PBS Figure 3-1
EAE 0 7
0 1 2 3

4 5 6 7
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EAE 2 CIA

42 EAE

Sigma-Aldrich

Merck Millipore  Guyancourt France

EAE TRIzol reagent

10%

H&E

Life Technologies Thermo Scientific
ReverTra Ace qPCR kit

cDNA  KAPA SYBR FAST

Waltham MA USA RNA RNA
TOYOBO cDNA
Universal gPCR Kit KAPA BIOSYSTEMS Boston MA USA
PCR Thl7
Table 3 Atch
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RPMI
1640 Wako RPMI 1640 10% GIBCO Thermo

Fisher Scientific Waltham MA United States 100 U/ml 100 pg/ml

Sigma-Aldrich St. Louis MO United States  0.05 mM 2-
100-pm BD
Biosciences, San Jose CA USA 2
PBS
D 2.5 mg/mL; Roche Diagnostics Mannheim Germany DNase I
50 pg/mL; Roche Diagnostics 37°C 45
100-um BD Bioscience
Myelin Removal Beads II Miltenyi-Biotec Bergisch Gladbach Germany

CD4'T CD3'CD4" Thl CD3" CD4 IFN-y" Th17 CD3"
CD4'IL-17A" CCR2'Th17 CD3" CD4'IL-17A" CCR2" CCR4'Thl17 CD3" CD4"

IL-17A" CCR4" CCR6'Th17 CD3" CD4"IL-17A" CCR6"

anti-CD3  145-2C11 anti-CD4 GKI1.5 anti-143 IL-17A TCI11-18H10.1  anti-IFN-y

XMG1.2 anti- CCR4 2G12 anti- CCR6 29-2L17 BioLegend San Diego CA USA
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anti- CCR2 475301 R&D systems Thl Th17 brefeldin A

1 ug/ml  GoldiPlug BD Biosciences Heidelberg Germany phorbol-12-acetate

50 ng/ml 500 ng/ml 55 BD

Cytofix/Cytoperm reagents BD Biosciences IFN-y
IL-17A FACSCanto II flow cytometer

FACSDiva software BD Biosciences

DC2.4 RPMI 1640 Wako RPMI 1640

10% GIBCO 0.05 mM 2- 10 mM HEPES

1 mM sodium pyruvate 100 uM minimal essential medium (MEM) non-essential amino acids

Sigma-Aldrich 100 U/ml 100 pg/ml Wako
RAW264.7 Dulbecco's
modified Eagle medium DMEM 10% 100 uM MEM
non-essential amino acids Sigma-Aldrich 1100 U/ml 100 pg/ml
Sigma-Aldrich DC2.4 510" cells RAW264.7 5%<10"
cells 96 DC2.4 BD Biosciences Cat. # 353072 RAW264.7
IWAKI Cat. # 3860-096 5%CO, 37°C
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LH2171 10 pg/ml 4

DC2.4 E. coli 055:H5 LPS Sigma-Aldrich Cat. # L2880
1 pg/ml RAW264.7 E. coli 0111:B4 LPS
Sigma-Aldrich Cat. # L4391 10 pg/ml 20
80-90%
7.
DC24 RAW264.7 80°C
IL-6 Mouse IL-6 ELISA MAX"™ Standard BioLegend
8.
EAE log-lank test EAE
two-way repeated-measures analysis of variance EAE
14 32 post hoc analyses
Bonferroni-corrected Student's -test LPS DC2.4 RAW264.7
IL-6 Tukey-Kramer test Student's #-test
log-lank test EZR
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StatView version 5.0 SAS institute Cary NC USA

Bonferroni-corrected Student's #-test

P <0.05
[
LH2171
LH2171 PBS
EAE incidence Figure 3-2a
3-2b LH2171
P <0.0001
14 2
Bonferroni-corrected Student's ¢-test
LH2171
EAE
LH2171
Inguinal LNs LH2171
Figure 3-2d

73

P <0.025

clinical score

EAE

Figure

< days after immunization

P =0.0727

P <0.025

Figure 3-2¢

Figure 3-2¢

32

LH2171

LH2171

Spleen



LH2171

EAE Th1 Th17
LH2171 EAE
Figure 3-3
LH2171 EAE 14 CD4
T Th17 Figure 3-3b CD4 T
Th1 Th17 Thl LH2171
Figure 3-3c
LH2171 Th17
LH2171  Thl17 Thl EAE
EAE 7 LH2171 CD4
T Th17 Figure 3-4b Thl
Figure 3-4b
CD4 T Th17 Thl
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CD4

LH2171

LH2171

EAE

Figure 3-5

LH2171

EAE

LH2171

Figure 3-4¢

Th17

LH2171

Thl7

Foxp3

CCR 2 CCR4 CCR6

20 Ccl20

LPS

IL-6

Thl7

Th17

1l17a

LH2171

Th17

Th17

IL-6

75

1110

16

Foxp3

Figure 3-6a

Figure 3-6b
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LH2171 IL-6 DC2.4
RAW264.7 IL-6 LH2171
LPS IL-6
LH2171 DC2.4 Figure 3-7a RAW264.7 Figure 3-7b
IL-6
[
EAE Lavasani et al., 2010;
Takata et al., 2011 Pediococcus acidilactici 3 L. paracasei
DSM 13434 L. plantarum DSM 15312 L. plantarum DSM 15313
IL-10 EAE
Lavasani et al., 2010 LH2171 EAE
IL-10 LH2171
EAE LH2171 T Th17
Th17 CNS
Th17 IL-17
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Ransohoff and Brown, 2012 CCR2 CCR4 CCR6

CCR6 1 CCL20 CNS Th17

Kohler et al., 2003; Acosta-Rodriguez et al., 2007; Reboldi et al.,

2009; Arima et al., 2012) Thl7 CCR2 CCR4 CCR6
CCL20 CNS CNS
Kohler et al., 2003 LH2171 EAE Ccl20
Th17 CCR2 CCR4 CCR6

LH2171  Thl17

Thl7 Th17

Th17

LH2171 EAE CD4

T Th17 LH2171

Thl7 CD4

T Thl Th17 EAE MS

Goverman, 2009; Domingues et al., 2010 LH2171

LH2171  Thl
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Th17

EAE

MS Nishikawa et al., 2008; Bhat and Steinman, 2009; Goverman,
2009; Domingues et al., 2010; Segal, 2010 IL-6 Thl7
T Th17 Leung et al.,
2010  Thl17 IL-6 TGF-B transforming growth factor-p  I1L-23 IL-1B
STAT3 signal transducer and activator of transcription 3
IL-6 IL-6
STAT3 ROR-yt  RAR-related orphan receptor gamma  Th17
Jetten, 2009; Gaffen et al., 2014; Nalbant
and Eskier, 2016 ~ STAT3 Foxp3 ROR-yt TGF-p
T ROR-yt IL-23R ROR-yt  STAT3 IL-17A
IL-17F Th17
TGF-B IL-6 IL-23 / IL23R
STAT3 ROR-yt Th17
IL-6  IL-1R IL-1 B/ IL-1R ROR-yt
Figure 3-8
Th17 IL-6 TGF-f IL-23 IL-1B
Th17 IL-10 Foxp3 Zhang et al., 2004
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LH2171 16 Tgfbl
1123p19 111b 16
LH2171 IL-6 in vitro
IL-6
LH2171 LPS IL-6 LH2171
IL-6 1 in vitro LH2171
IL-6
Yamashita et al., 2014 in vitro in vivo
IL-6 Griet et al., 2014; Novotny Nufiez et al., 2015
LH2171 EAE IL-6 Th17
Th17
LH2171 EAE
EAE Lavasani et al., 2010;
Berer et al., 2011 MS Miyake et al., 2015
EAE LH2171
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LH2171

in vivo

LH2171

MS

EAE

in vitro
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Th17
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EAE
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Table 3. Primers used in the gene expression analysis

Gene

Forward Primer 5'->3’ Reverse Primer 5'-3'
Symbol
Acth GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT
Ifthg CTGCAGAGCCAGATTATCTC CCTGTGGGTTGTTGACCTCA
1l17a GCTCCAGAAGGCCCTCAGA CTTTCCCTCCGCATTGACA
16 CGTGGAAATGAGAAAAGAGTTGTGC TGGTACTCCAGAAGACCAGAGGA
Tetb1 CGGCAGTGGCTGAACCAAGGA GACGTTTGGGGCTGATCCCGTT
1123p19 GAGCAACTTCACACCTCCCT TAGAACTCAGGCTGGGCAT
1i1b CCCTGCAGCTGGAGAGTGTGGA TGTGCTCTGCTTGTGAGGTGCTG
110 GCCCCAGGCAGAGAAGCATGG GGGGAGAAATCGATGACAGCGCC
Foxp3 TTCATGCATCAGCTCTCCAC CTGGACACCCATTCCAGACT
Ccl20 CAGAAGCAGCAAGCAACTACGA CTGTCTTGTGAAACCCACTAGC
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i.p. administration of LH2171 i.p. administration of LH2171
three times per week daily

Measurements of EAE symptoms

& pertussis toxin i.p. FACS analysis (spinal cord)

-21 0 2 7 14 42 Day
s | I I I I
mice | I I I | |
4 + v : :
Immunization pertussis toxin i.p. FACS analysis & mRNA expression = :
(PLP peptide + CFA) (inguinal LNs) * H
v

Tissue weight (inguinal LNs)

Figure 3-1. Experimental schedule

Female SJL/J mice (5 weeks old) were immunized by intradermal injection with 100 pg of

PLP139 151 (HSLGKWLGHPDKF) emulsified with Complete Freund’s Adjuvant (CFA), in addition

to two intraperitoneal injections of 400 ng of pertussis toxin on days 0 and 2. For assessment of

L.helveticus SBT2171 (LH2171), the mice were injected with 100 puL of PBS containing 1 mg of

LH2171 intraperitoneally three times a week from 3 weeks before immunization and then daily after

the immunization.
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Figure 3-2. Alleviative effects of LH2171 on the incidence and symptoms of EAE in mice
EAE was induced in SJL/J mice by immunisation with a major myelin protein; proteolipid protein.
Mice were intraperitoneally injected with either Lactobacillus helveticus SBT2171 (LH2171) or PBS

as a vehicle (control). After the immunisation, mice were observed for measurement of EAE
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incidence (a) and clinical score (b). On day 42 after immunisation, the spleen, inguinal lymph nodes

(LNs), draining lymph nodes in this study, and spinal cord were collected from EAE mice; the

weights of the spleen (c) and LNs (d) were measured. Data are shown as means = SEM (normal

group, n = 3; control group, n = 10; LH2171-administered group, n = 10). The EAE incidence

between LH2171-administered mice and control mice was compared with the log-rank test. For the

clinical score between groups, two-way repeated-measures analysis of variance (group x time

interaction) was performed. Where a significant difference occurred, Bonferroni-corrected Student's

t-test post hoc analyses were performed on day 14 (the first peak stage of EAE) and day 32 (the

second peak stage of EAE) after immunization (*P < 0.025). The tissue weight were compared

between groups with Student's z-test (***P < 0.001). (e) The spinal cord sections obtained from the

mice on day 42 after immunisation were analysed by haematoxylin and eosin staining. Scale bar =

100 pwm.

84



a Normal Control LH2171
103 2.4%

104} 0.04%

(Gated on CD3+CD4+) (Gated on CD3+CD4+) (Gated on CD3*CD4+)

o

skkok

w
=
[S)

[ Normal (non-immunized)
O Control (immunized)
M LH2171

N

=

Ratio of Thl cells

to CD4+ T cells (%)

Ratio of Th17 cells

to CD4+ T cells (%)
w

(=)
[=)

(9]
*
*
*
*
*

s 4 5 15 kkk 4 5 15 ssksk [ Normal
a [ 2 el (non-immunized)
Es 2510 Ex £~ 10
g, gt °g 25t O Conrol
E X S X 0s TX TX o5 (immunized)
i) + — ~ B LH2171
o & = .
0 V] 0 0 0

Figure 3-3. Reduction of the population of pathogenic immune cells in the spinal cord by
LH2171 administration at the peak stage of EAE

The spinal cord was collected from normal mice and EAE mice treated with or without LH2171 on
day 14, at the peak stage of disease activity. Immune cells isolated from the spinal cord were
analysed by flow cytometry. CD3" CD4" IFN-y" cells were identified as Th1 cells and gated with an
upper-left trapezoid and CD3" CD4" IL-17A" cells were identified as Th17 cells and gated with a
lower-right trapezoid (a). The ratio of Th1 and Th17 cells to CD4 " T cells (b) or the numbers of total
lymphocytes, CD4" T cells, Thl cells, and Th17 cells (c) were determined. Data are shown as a

means = SEM (normal group (non-immunized), n = 2; control group (immunized), n = 12;
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LH2171-treated group, n = 11). LH2171-treated mice were compared with control mice by Student's

t-test (**P < 0.01, ***P < 0.001).
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Figure 3-4. Reduction of the Th17 cell population in the inguinal lymph nodes by LH2171
administration before the onset of EAE

The inguinal LNs were collected from normal mice and EAE mice treated with or without LH2171
on day 7, before EAE onset. Immune cells isolated from the LNs were analysed by flow cytometry,
and the number of CD4" T cells (a) and the ratio of Thl or Th17 cells to CD4" T cells (b) were

determined. Expression levels of cytokine genes in immune cells from the LNs were determined by
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gRT-PCR (c). Data are shown as a means £ SEM (normal group (non-immunized), n = 2; control

group (immunized), n = 12; LH2171-treated group, n = 10). LH2171-treated mice were compared

with control mice by Student's #-test (**P < 0.01).

88



20

O Normal
O Control

3 15 J mLH2171

g %

s — * %k k

[} —_ —_—

S 10 -

m —

E —

(0]

=

= 05 A

m r

00 + : : : : .
16 Tgfbl  1123p19  Il1b 110 Foxp3

Figure 3-5. Regulation of the expression of cytokines and transcription factors involved in

Th17 differentiation in the inguinal lymph nodes by LH2171 administration before EAE onset

The inguinal LNs were collected from normal mice and EAE mice treated with or without LH2171

on day 7, before EAE onset. Data are shown as means + SEM (normal group (non-immunized), n =

2; control group (immunized), n = 12; LH2171-treated group, n = 10). LH2171-treated mice were

compared with control mice by Student's ¢-test (*P < 0.05, ***P < 0.001).
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Figure 3-6. The ratio of CCR2" Th17, CCR4" Th17, and CCR6" Th17 cells to Th17 cells
population in inguinal lymph nodes, and relative expression of Cc/20 in the spinal cord of
LH2171-administrated EAE mice before the onset

The inguinal LNs and spinal cord were collected from EAE mice treated with or without LH2171 on
day 7, before EAE onset. Immune cells isolated from the LNs were analyzed by flow cytometory,
and a ratio of CCR2" Th17, CCR4" Th17, and CCR6" Th17 cells to Th17 cells were determined (a).
Expression of Cc/20 genes in immune cells from the spinal cord were determined by qRT-PCR (b).

Data are shown as a means £ SEM (normal group (non-immunized); n=2, control group
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(immunized); n=12, LH2171-administrated group; n=10). LH2171-treated mice were compared with

control mice by Student's z-test.
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Figure 3-7. Inhibition of IL-6 production from LPS-stimulated DC2.4 and RAW264.7 cells by

LH2171

DC2.4 cells (a) or RAW 264.7 cells (b) were incubated with or without LH2171 for 4 h, and then

stimulated with LPS for 20 h. The amount of IL-6 produced was measured in the culture

supernatants by enzyme-linked immunosorbent assay. Data are shown as means &= SEM (n = 3).

Statistical differences between the groups were analysed using the Tukey-Kramer test and significant

differences (P < 0.05) are represented by different letters (a—c).
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Figure 3-8. Cytokines and transcription factors that promote or inh
and hypothetical mechanism of the suppressive effect of LH2171
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