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Functional studies of Bioactive Molecules in the Laboratory of dNatural Product Chemistry
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Infection Self: normal glycans Lectins (glycan recognition protein)

A

Viruses

. ® defense (Influenza virus)
Bacteria, fungi .
J Immunity Bacterial Exotoxin
Pathogens (non-self) : defense
species specific glycans {

proliferation

& Bacterial
< Glycans
= i [ | Altered self: %
: . abnormal glycans | .. Peptidoglycan
Infected cells Tumors rh Endotoxin
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Glycan libraries

\ R e liposome —
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77o—F «ﬁ’“ ,:3-» b F Sk .. Glycoproteins
:S» glycan-engineered cells \ Analogues
1R )2a—F: 20N\ OEDRET HHEE BRTYI—R EEPI VEOE AL KA
SUma—E R [Z&kYRRHREA RIS
MEEHEL VT BRIk SEEHOMBEER % {8 B 5 AT LD S I IRR
EMEEER L _ ]
Glycocode: K. Kasai, J. Hirabayashi, R AR E VE R AT LB, K

J. Biochem. 1996, 119, 1.
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Staphylococcus aureus peptidoglycan
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Staphylococcus aureus peptidoglycan GIcNAG MurNAG
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6-acyl MDP—TLR2/TLR4 recognition
/ Uehori, Fukase, Kusumoto, Seya, et al. J. Immunol., 2005, 174, 7096.

/ Nod2
Ahara, Fukase, Inamura, Hashimoto, Kusumoto, Nufiez et al.
(GIcNAc) MurNAC) MDP J. Biol. Chem. 2003, 278, 5509.
Philpott et al. J. Biol. Chem. 2003, 278, 8869.
- -GlcNAc-MurNAc-GlcNAc-MurNAc-
-GlcNAc-MurNAc—"
l(\3/L-Alx’skDiSloG'h"L-L}/EfDﬁla‘((E'y)s—> : Gram-positive bacteria
/ O :
hPGRP-S hPGRP-L 1
Cho, Fukase, Kusumoto, N-acetylmuramoyl- -isoGlu —> - i i
Fujimoto, Ezekowitz et al. L-alanine amidase I - Gram-negative bacteria
B|00d, 2005, 106, 2551. iE-DAP
Wang, Fukase, Inamura,
Kusumoto, Dziarski et al.
J.Biol.Chem., 2003, 278, = T T T T .
49044 | e o
' ; L =11 . Inohara, Fukase, Kawasaki, Hashimoto, Kusumoto, Nufiez et al.

<o <> | Nature Immunol. 2003, 4, 702.
rasiEDagexaersa@ A  Philpott et al. Science 2003, 300, 1584,
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yeast
® Mannose insect non-human mammals
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N-Glycans have high diversity and are involved in a variety of important
physiological events.
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Core fucose containing N-Glycan

-,

< a-(1,6)-Fucosyltransferase (FUT8) >

o o
¢ 0 o Core Fucose
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I

-3-Day mortality rate of FUT8 knockout mice is 70%.D

- TGF-B response is controlled by fucosylation of TGFR. 1
- Antibody-Dependent-Cellular-Cytotoxicity (ADCC) is controlled by fucosylation of IgG.?

- Cancer metastasis is controlled by fucosylation of cancer cells.

Molecules that recognized core fucose had not been unknown in mammals.

1) WangX, Inoue S, Gu J, Taniguchi N et al., Proc Nat! Acad Sci USA. 2005, 102: 15791-15796.

2) Shields RL et al., J Biol Chem, 2002, 277:26733-26740.
11
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Dectin-1 [ 77 )LIgGE R 5

Dectin-1: B-7ILHh U %2 RHIT 5B8R

ﬁg L 7 F Looe 808 Core Hetero-yalent
*E\T:'ﬁ%mﬂ@ . 7 7 D 7 7 - :\‘ '.— %IE HO\@ ? fucose interaction
S 7 JEne _

sk - L o < OH
HELBECTHRAICRRSIN-O7D o TP R g

— =3 Sk s Hoo—7 1°
O—R&xB#ITHLIFY ot |

Manabe, Marchetti, Takakura, Nagasaki, Nihei, Takebe, Tanaka, Kabayama, Chiodo, Hanashima, Kamada, Miyoshi, Dulal,
Yamaguchi, Adachi, Ohno, Tanaka, Silipo, Fukase, Molinaro. Angew. Chem. Int. Ed. Engl. 2019, 58, 18697.

What is the physiological role of Dectin-1 with core fuocsylated IgG interaction?
12



New labeling and bio-conjugation by rapid 6mt-azaelectrocyclization

Catt
= ¢

peptide, protein, antibody

Cot f}@m ) W\N N
SN

X

O
H

R = positron emitter
fluorescent group
glycan chain

X
5min,108M, rapid and simple labeling
Tanaka, K ; Mori, H.; Yamamoto, M.; Katsumura, S. J. Org. Chem. 2001, 66, 3009-3110.

Dr. Katsunori

Tanaka, K ; Katsumura, S. J. Am. Chem. Soc. 2002, 124, 9660-9661. Tanaka
STEL ¢ o
& Lysine Labeling Kit * 0O o) ,.o_\ o ]
I:‘y mr Y N N/_I—lfN-;_ \Z/EGL(Nﬁ B @(\r’}s o £ /)Lh]/\/\/\sl.,
p NI ELN P 00 7y oo
" NS st
PET, MRT pr‘oi;es Fluorescence probes

Tanaka, Fukase et. al. Angew. Chem. Int. Ed. 2008, 47, 102.
http://www.cosmobio.co.jp/export_e/products/detail/products_ksd_20091111.asp?entry_id=3888 13



Core fucose on N-glycan reduces tumor metastasis capability.

Hylite730

HCT-116 (mock)

Human colon carcinoma

e

e

HCT-116 (GMDS expression)
GMDS: GDP-mannose-4,6-dehydratase

9 Labeled tumor cells (106 cellsin HBSS) were

OH
@ A Ho injected into the abdominal cavity.
HOZ5 Whole body was scanned from the back side by

eXplore Optix, GE Healthcare, Bioscience
GlcNAC Gal NAcNeu Fuc 50 (excitation at 730 nm, emission 750 nm).
Data were normalized. BALB/cAJcl-nu/nu

Collaboration with Prof. Eiji Miyoshi

Tanaka, K., Moriwaki, K., Yokoi, S., Koyama, K., Miyoshi, E., Fukase, K., Bioorg. Med. Chem. 2013, 21(5), 1074-1077. 14



Core fucose regulates IgG dynamics in nude mice

Y N-glycan Struc. A Fucose Cot

3h 6h 0 O/\)i
Fut8 KO Mouse N
Ig6 QP
W\NH l Protem\ J Lll-UMO
1ug in PBS (100pL) NG coat

Wild Mouse \ Y 4
Ig6
,l
= ol 4 g
fEiEICH &S
BHK#IRE 2 1ug in PBS (100uL)
ool Jeied
R = Et,N oo " N CG@
Flunrzsccznce probes
Tanaka, Fukase et. al. Angew.
Chem. Int. Ed. 2008, 47, 102.

Ig@: MW of 150KDa Labeled Ig6s and lymphocytes were administrated infravenously and whole body
Fucose: MW of 150 was scanned from the back side by eXplore Optix, GE Healthcare, Bioscience
ucose. 0 (excitation at 646 nm, emission 663 nm). Data were normalized. 15

Lymphocyte

104 in PBS (100uL)
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SPREEHT

a) Dectin-1-GB1 vs WTIgG
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Dectin-1 binding to migG detected by ELISA.
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lgG-dependent inhibition of inflammatory bone remodeling requires

pattern recognition receptor Dectin-1t.

Seeling M. et al., Immunity, 2023, doi: 10.1016/j.immuni.2023.02.019.

IVIg is serum human IgG used for immunoglobulin therapy to suppress various chronic
inflammatory and autoimmune diseases. IVIg [ZIMREEREZH TS

Both Dectin-1 and FcyRllb are required for IVIg
anti-inflammatory response.
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N-Glycans have high diversity and are involved in a variety of important
physiological events.
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1998 Beutler % 8 0 HNO P(OH), 1J7/RZ P& : Lipopolysaccharide
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MD-2 () lipid A oA
1983
host cell Shiba, Kusumoto
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* Ipohara, Nunéz, Kusumoto, Fukase HO ° P gy
, o oH MDP 4975 \ 7
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Brief history of endotoxin (R&3%) & lipopolysaccharide (U 71 2 #)

Pfeiffer 1892, discovery of two toxins from Vibrio cholerae

Heat unstable exotoxin

Heat stable endotoxin
Westphal 1945, isolation of lipopolysaccharide (LPS), LPS is endotoxin
Westphal 1957, lipid A is endotoxic principle

Shiba, Kusumoto, Liuderitz, Galanos,
Brade, Zahringer, Seydel, Lindner,
Rietschel, 1983~1985,

Correct structure of lipid A
Shiba, Kusumoto, 1983~1985,
Total synthesis of lipid A




)iRZ#E (LPS), = A& (Endotoxin)

Immunostimulating activity, Antitumor activity, Lethal toxicity

Richard Pfeiffer identified endotoxin in 1892.

HO,CT™>

O OH o] /¥COZH o OH o

Lideritz O, Westphal O,
Phenol-water extraction

(0] NH\. &
Cell surface of Gram- o /O on O on O 0 '\ OPOH)
negative bacteria /\ 0re OH OH OH ¢ o
(C14) g (C1a) (C1a) c
(C14)(C14)(C12) (C14) (C14) €10 (C14)
Biosynthetic precursor Ia

Escherichia colilipid A (lipid TVa)

human: antagonistic
mouse: endotoxic

Highly inflammatory
Potent immunostimulant
Endotoxic principle

1983 Total Synthesis, Kusumoto, Shiba
1984, 1985 Activity, Galanos

Otto Westphal Improved synthesis was required for various bio-functional studies.

Shoichi Kusumoto

3 !

Ernst Th. Rietschel 2



TLR4/MD-2 complex is receptor for LPS and Lipid A

. . . o 0 OH 0 1) OH o)
hLF;]? p?ltent |mmun?s'[r|]mulatpt§ Rt (HO)P-Q 0 o o) o (HO),P-0 0 o o
““ . i o
ighly inflammatory, lethal toxicity . : o N 0 NHb B(OH), o NH o NHb Do),

““ : «“Q -OH O «1OH (0] fe)
j ; :ﬁ i g. 2 i: E E %g : "% OH won ("ONER
\ - .
}n . Human: antagonist

’ ©149¢ 205 (Cra (Clay ha Mouse: agonist
(C14) (C12) (C14) (C14)

E. coli Lipid A: Biosynthetic precursor, Lipid IVa
Endotoxic principle Key molecule in endotoxin study
Species specific response
Dr. Yoshizaki, Dr. Liu, Dr. Oikawa, Dr. Suda

(C14)

1998 TLR4: Beutler (Nobel Prize 2011)
1999 MD-2: Miyake

2000 Species specific response with Lipid IVa via TLR4:Golenbock
2001 Species specific response with Lipid [Va via MD-2: Miyake
2003 Direct binding of MD-2 with Lipid A and Lipid I\Va: Miyake
2007 3D-structure of MD-2/Lipid IVa complex: Ohto

« Induction of pro-inflammatory cytokines 2009 3-D structure of Human TLR4/MD-2/LPS complex: Lee
* Activation of immunity _ 2012 3-D structure of Mouse TLR4/MD-2/Lipid IVa: Ohto
* Enhancement of antibody production 57




Recognition of LPS/lipid A with TLR4/MD-2

Lee, J-O. Nature 2009

MD-2 MD-2
OH

\\‘ ,/ (HO)P- Oﬁ; . \ §
O HN Ho%‘:

Q o .g o HNo POH <t 7

&

o] OH o
(HO)}“—OWO&&
Q Q 0 =
o N°J )0 NHO-P(oH), TLR4 - =s TLR4
“OH “OH =0 ]
“OH OH = ==
as [}
[ & ] [ = ]
I B I .
5 E.coli I|p|d A
r\
L|p|d.IV.a o Cegd Activation of TLR4/MD-2
(Yersinia pestis lipid A) Signal transduction
antagonist
Miyake, Fukase, Kusumoto

J Endotoxin Res 2004, 10, 257.
International Immunol. 2004, 16, 961.

MD-2/lipid VIa complex
Ohto, Fukase, Miyake, Satow,
Science, 2007, 316,1632.

Y. pestis LPS does not activate TLR4/MD-2 and paralyzes
immune response to determine the pathogenicity.

IS Gl P Lien et al., Nature Immunol. 2006, 7, 1066.
28

No immunostimulation




Uncontainable acyl group induces the dimerization

HAANT MD-2/lipid Vla complex
Human TLR4/MD-2/ S Ohto, Fukase, Miyake, Satow, Science,
LPS complex - 2007, 316,1632.

Lee, J-O. Nature 2009 LRRCT ("4 D
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agonist antagonist in human MD-2 29



Mouse TLR4/MD2/lipid IVa: Crystal structures are almost identical
with TLR4/MD2/Re-LPS but dimerization dynamics is different.

Lipid IVa

Modest agonist in mouse
Very low dimerization of TLR4/MD-2

ERIEDFGEERRLOFHITELD

U. Ohto, K. Fukase, K. Miyake, T. Shimizu,
PNAS. 2012, 109, 7421

Re-LPS: strong agonist, high dimerization Lipid IVa
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Vaccine therapy

Live attenuate vaccines K

Killed vaccines (bacteria),
Inactivated vaccines (virus)

Purified antigen vaccines

Issue: Immunogenicity of pure antigens is weak.

i) Addition of adjuvants .

Adjuvants enhance the immune ! Adjuvants @ ‘
‘

response to the antigens.

i) Conjugation with carrier proteins such as Keyhole Limpet Hemocyanin
(KLH), Tetanus toxoid

iii) Conjugation with adjuvants

31



FDA approved adjuvants

Alum
(1924)

AS04
(GSK:2005)

MF59
(Novartis:1997)
ASO03

(GSK:2009)
Virosomes

(Berna Biotech:2000)

AS01B
(GSK:2017)

CpG 1018

(Dynavax Technologies:

2017)

AIPO, or AI(OH),

MPL, Al(OH),

Squalene, Tween 80, Span 86
(lipid, surfactant)

Squalene, Tween 80, a-tocopherol
(lipid, surfactant)

Lipids
hemagglutinin

MPL, QS-21 (saponin from soap bark

tree), liposomal formulation

CpG motif (DNA)

Diphtheria
Tetanus
Pertussis, etc.

Hepatitis B
Human papilloma

Influenza

Influenza

Influenza
Hepatitis A

Herpes simplex

Hepatitis B

Antigen insolubilization
Innate immune activation
(NALP3?, TLR9)

Innate immune activation (TLR4)

Promotion of antigen uptake (oil-in-
water emulsion)

Promotion of antigen uptake (oil-in-
water emulsion)

Promotion of antigen uptake (Virus
particles)

Innate immune activation (TLR4)

Innate immune activation (TLR9)
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Development of lipid A analogs with reduced toxicity

o) NH o NH _|| (@) NH 0 NH
0 FO  Siono o Qg ,,,,% "OH=0
0O)0 0 OH o) «OH
(C14) Clay €19 (C14) (014§ (C14)
(C14) (C12) (@il (C14) (C12) (C14)
E. coli lipid A Monophosphoryl lipid A (MPL)
Highly inflammatory, toxic Mild immunostimulation

L) UEEE DIRET, BB HM, REM ., FHEEKREUER

o)
0
0
“Q 0
0005 G 0
0
(C14

C14
o1 (G ©

(C1e)

3D-MPL (GSK)

Selective Activation of Antiviral Signaling
Adjuvant for anti-viral vaccines
Hepatitis C Virus Vaccine
Human Papillomavirus Vaccine
(Cervical Cancer Preventive Vaccine)

ROMIVREEIZRS
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Adjuvant candidates in our group: appropriate

immunoactivation with low inflammatory responses

. [e) OH
o o
TLR4 ligands Ho—f o ﬁ/m . . § .
HO };m‘
o oH o OH HO o= O ©.oH o No-p OH
HO-P. o) o o o 0-P! OoH
(o) [e) o
HO o HO ° HO ° o OH o
HN o™ HO HO ow HO ° HO
0 o © OH NH o 0 o o
o o HN o
on X Ho o (° 0 N 0-P(oH), HO
o o HO o )o OH }O
o OH
(€14) { (c14) (C14) c18)
(C12) (010)(014) (c18)
(C14) \ (c14) (C14) Lo . )
(€12) Symbiotic bacteria
(C14)

Monophosphoryl lipid A (E. coli)
*Low inflammatory

(Alcaligenes faecalis)
*Low inflammatory
*Mild immunostimulation

=Th1, Th2, and Th17

Parasitic bacteria (H. pylori)
=Suppression of acute inflammation
= Chronic inflammation
*Induction of Th1l response

TLR2 ligands
TLR2-TLR6

i CH4(CH,);4,C0O-0
i CH3(0H2)14CO'O:I

CH, 5 CH, |
. o2
s : S
CH2 5 CH, ¢
: ! |
HZN’ \"_-_ peptide ECH3(CH2)14CO HN

Pam2Cys -

TLR2-TLR1

i CH4(CH,);4,C0O-0
i CH3(0H2)14CO'O:I

Pam3Cys

CH
| peptide
-

Natural antibody ligands

OH oH

o] 2 OH
H
HO % OH
0 AN
HO

OH AcHN  ©OH

a-gal epitope
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TLR2 agonists as safe and effective adjuvants
o

Trumenba: lipoprotein having triacylated Cys (TLR2/TLR1 agonist), self-adjuvanting vaccine against Neisseria
meningitidis sero group B.

Luo Y. et al., AAPS J. 2016, 18, 1562.

Lipopeptides can stimulate Th1 and antitumor responses via TLR2/TLR1 or TLR2/TLR6.

Robust immunoresposnse induced by three component vaccine: Boons et al., Nat Chem Biol. 2007, 3, 663.
MUC1 glycopeptide-lipopeptide conjugate: Kunz, Li et al., Angew. Chem. Int. Ed. 2010, 10, 49, 3688

NK activation: Seya, Fujimoto, Fukase, et al., Microbes Infect. 2011, 13, 350.

CTL activation: Seya, Hashimoto. Fujimoto, Fukase, et al., Innate Immun. 2018, doi:
10.1177/1753425918777598.

Promote Fcy receptor expression: Shah, et al., J Biol Chem. 2013, 288, 12345.

Promote antigen presentation and T Cell activation: Guo et al., Front Immunol. 2017, 8, 158.

i CH3(CH2)14CO'O i Receptor i CHS(CHZ)MCO-O i Receptor
| CH3(CH2)14CO-O:l : 5 CH3(CH2)14CO-O:l '
' CH, TLR2-TLR6 5 CH, TLR2-TLR1
S i s
CH, ! i CHp !
cH | i cH |
HN™ \ri—-peptide { CHy(CH,)14CO HN ~ \r:—-peptide
i O] o O]
Pam2Cys Pam3Cys
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How to develop safe lipid A adjuvan_gs?

(0]

NHO OO|_I|\IH%_P(OH)2 9 NHO OO:lHO O NH O P(OH)

%90 "OH 0oy OH OH --'OH TOH e
(C14) (C14) ©19 crap (€19) (C14) (C14)

Cl4

(ou(n oy €9 (C14) (C12)  (©19) (C14) Cra)
E. coli lipid A: MPL: Biosynthetic precursor
Strong agonist Mild agonist Antagonist in human
TLR4 dimerization Very low dimerization Inhibit dimerization
Highly inflammatory Low inflammatory Mild agonistin mouse
High toxicity Low toxicity Very low dimerization
Antibody production Antibody production
Anti-viral response Anti-viral response TLRAMD ;R FN7EE AL -
Ant?-bacterial response 1. YBREDKBE
Anti-tumor response 2. FUIIEDHERDT
. 4

EMEICEOT . TIRAD TV IILEDERHIEI N GEY E7G S
BESEOUENAZEAT S/\)TITIZEE
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FEREE. iEo0—>
(%9 400 E#ﬁ 1003k @) P
Sc:;gz?r}:igziﬁma 1635 B:ﬁdobacten;n; z_{ﬁg:; 171[( W ':;# E ] _;I:I;: E'd’é
@ HEICEE
ETHhLNERA?
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Bt L BRI F
THHEREIC

EESHFICR I REERLE RETFo B
5N GHIERTEARza0) oA GER-MER) AOBRADRAEHEILE 37



Prof. Fujimoto

Low toxic Lipid As 1

-CH,CH,NH,
(C17) (C17)
Cq3H
(C18) (C18) R1=Horsy\'o1/\O(H T 1)
Re= o Sy S (19 PN
ciy S o RE=Hor UL (c1s)
(C16) o
Helicobacter pylori Porphyromonas gingivalis
fo Lipid A .
Lipid A s P AR

TLRAT VAT =R g %aES S FIL IL-12, 1L-18

AMEREZFRELLL Thl
BET FILEH

(C14)

(C14)
(C12)

fs\n/\rchm

O OH
(C12)

(C14) )f\n/\(CBHw sy\n/CgHm
O OH o

(C12) (C10)

Alcaligenes faecalis
Lipid A AR

TNF-a., IL-6, IL-17
Th17
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Low toxic Lipid As 2

OH o
H (0]
OH B 0
* 0&&/“'% COOH ;&/ R Q oH HO' . O&N/ ,&ﬁ 9 on
0N N ot NHyHOTO o PN o o HNG-P o o of ot 0o
o HO
0% 0 HO™ 1o oooo HO % €0l oo
OH
(C10)
(C14) (C14) RR (C12) (C12)
(C14) (C14) o o
cie) (€18 ¥ e 1 CH o (€12 (€12
16 oo NH O (C16)
Acetobacter pasteurianus NH A
Lipid A Campylobacter jejuni Pseudomo_na_ls aeruginosa
Lipid A Lipid A
EEFICEFEND P
Dr. Nakagawa Mr. Oku
Dr. Matsuura '
Mr. Fujie
Mr. Kanaoka

*Structural determination: Hashimoto, Suda, Fukase, Fujimoto et al., J. Biol. Chem. 2016, 291, 21184.

**Hashimoto, Suda, Fukase, Fujimoto, Shigehisa et al., J. Biosci. Bioeng. 2013, 116, 688.
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Toral synthesis of Acetobacter pasteurianus lipid A

TBSO Ph o) FaC CF3 Ph—X-0
ot a RO a CTOOT MR
BnO MEMO

p-NsHN "OH 05e -NsHN O .
3.0eq.° (0.5eq.) p OH o
. CH,Cl,, -20° c !
$0 s 85% (ot, o1) ;O%S/OBn
p-Ns: O 2 *Y. Takemoto, et al., Angew. Chem. Int. Ed. 2020, 59, 14054. 9% (a, B) TBSO
O,N
OBn
BnO
BnO O(E’;n BnO 0 OBn BnOOBn
BrI%’,Ono BF3°OEty, MS4A BnO 0] O CO,Bn
Bno |3no/§ﬁ CO,Bn -~ I\(j) BnO 0 2
O Ns p-NSHN 1Bno7.6 CH,Cl3, 0°C, 83% 3 AllocHN HOp-NsHN BnOT O
® AllocHN F o
5 Common tetrasaccharide
oner HO’_&[% OH o]
HO o
CO,H o
o) BFBAEE A
— ”"‘ G R EIEEER
— M ER 1
0" ( ho (e BO7oa/\UrDETEEMY

Dr. Yamaura
Acetobacter pasteunanus Hexaacylated lipid A

Yamaura H, Shimoyama A, Hosomi K, Kabayama K, Kunisawa J, Fukase K. Angew Chem Int Ed Engl. 2024, 63, €202402922. 40



Gut symbiotic bacteria (Fz#E#E) Alcaligenes faecalis

Peyer‘s patches (/A TJLfR)
« lymphoid tissue of the intestine (B M) > 7 \#EE)

Intestinal
IsA : lumen

° BEICRAT AMEERIEL . ThOEREIRRMIE 5
INAIILIRD) NI, FENLGERRIC T DlgAZZEREAN
(2l [BEEETHFT 5

A. faecalis LPS has no lethal toxicity.
cHurite el Inflammatory symptoms in the lung (7 h after injection)
Alcaligenes faecalis T ARk .

: reing o] Acatgenes %o b7 Ecol |
T AT LIRS (DC) RIS R oty L Bk

L « INAIIJLIRDA. faecalisld, BFEEMGAED | o1 il oo N
oy AEGERERTLL

: - Mice rectal temperature
(Kiyono, Kunisawa, et al., Proc. Natl. Acad.

40

. ® Mock (@)
Sci. USA 2010, 107, 7419) i
ERT G ol R — ‘%—30 Alcaligenes(0)
AHREBUR = R z
. . o E. coli(A)
Prof. Kiyono Prof. Kunisawa [ o e e Dr. Shimoyama

Hours after LPS injection
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Wild type mouse

IL-6 {(ng/mL)

Immunological Function of Alcaligenes faecalis LPS

Immunostimulation (TLR4 dependent) Promotion of antibody production
E. coli LPS > A. faecalis LPS

Moderate immune activation

E.coli LPS = A. faecalis LPS
Potent adjuvant effect

150

0+ . T r . . oK -
106 105 10¢ 107 102 107 10°
LPS concentration (ng/mL)

E.coliLPS (A)

Fluorescence

TLR4 KO mouse 7] '9A production
E. coli@) 10- -
E. coli (&) B 100-
A. faecalis©) = A. faecalis (©) 3
O L
2 5 PBS (®) : o
pBs,(®) i s
s 5 LE
1% 102 107

Intracellular NO production (mBMDCs)

Intracellular NO

A. faecalis LPS (@)

*%

10 102 10®° 104 10 108
LPS concentration (pg/ml)

LPS concentration (ug/mL)

[ O Mock @ Alcaligenes m E. coli

N. Shibata, J. Kunisawa, A. Shimoyama, K. Fukase, H.
Kiyono et al. Mucosal Immunology 2018,11, 693-702.

30 Apoptosis
*
e A. faecals LPS does not induce cell death
Q
2
;"10' —
K. Hosomi, A. Shimoyama, K. Fukase, J. Kunisawa, et al.
0

“0"\0 iae°’l"\s .G-o“ LPs Frontiers in Microbiology 2020, 11, 561005.

0.1 ug/mi

A. faecalis
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Structural determination of A. faecalis LOS and,synthesis of lipid A

UniviersiTAbec STuot o Napot
Feoerucolll

Alcaligenes faecalis dried cell

v
Pure LOS (Lipooligosaccharide)

\ 4

Structural determination
by NMR, GCMS, MSMS

. HO OH
A. faecalis LOS 0=
0N (C14)
1o 0 (C10) i P
NSNS ~
3 o o Y {o0s (o
HO O\ e~~~ (C14) PR ! I =4
AcHN ACHN o) O OH HO : I
o) HO,C o N ! I
HO _oH "o 02 o} N e~~~ (C14) = s ! : N
o HO HO o] OW\/\/\/\/ (C12) 1 1 i
HO HO HO!. : 1
AcHN | o QOYY\/\/\/\/\/ (C14) i i ()
o 0=R O OH (C14) (C10) 1
HO o O 7 \ (C14) (C14) Cc14
HC&WO *0 O=R  HO OH (C14)  ~="Tc14) : ] (014)( ) (C14)
OH &,0H HO OH (C12) =TT (12
HOWg c14) (€12
Shimoyama, Di Lorenzo, Yamaura, Mizote, Palmigiano, Pither , Speciale, Uto, Masui, A. faecalis Llpld A E. coli |_|p|d A

Sturiale, Garozzo , Hosomi , Shibata, Kabayama, Fujimoto, Silipo, Kunisawa, Kiyono,
Molinaro, Fukase, Angew. Chem. Int. Ed Engl. 2021, 60, 10023. 43



Synthetic Strategy

Troc Alloc
(C14) (C14) (C10) . :
(C14) (C14) Key Intermediate ~ Shimoyama, A., et al.,
s o Chem. Eur. J.
A. faecalis Lipid A 2011, 17, 14464-74,
Ph-—X~0
/E o )NkPh
MPMO 0" CF,4
TrocHN
HO
Glycosyl Donor HO 0
HO OH
HO |:> HCl+ H,N
BnO O Gl :
HO ucosamine
AllocHN  OAllyl

Glycosyl Acceptor
44



B-Selective glycosylation with glucosaminyl donor

.

Oxazoline method

OAc OAc OAc OAc
0 0+ Y 0 OR
OAc —> OAc D) X | — OAc + OAc
AcO X AcO [ AcO o
o AcO
NHCOR Nt N ;kn NHCOR'
f R oxazoline
X: leaving group
more acidic it RCo- = C11H2s CHCH2CO - RCO- = Cy1Hy, c=c -CO-
C11H23 -CO

N-Alkoxycarbonyl protection method

HO acceptor
)
OCOR _
OBn HO OAllyl o) .
P \

(o] (0]
O\||:|’ OCOR fo) 9 CCl, NHTroc (Di
o o NH >

TMSOTf
NHTmﬁ 74% / 0 -CH,Cl,
Schmidt’s trichloroacetimidate Neighboring group participation
OBn 0
Troc: Cl;CH,0CO- o ﬁ o o
*p NOCOR OCOR
Bn: benzyl Q_CHZ_ g —_— (:CO/ (o) HO OAllyl
NHTroc NHTroc Allyl: =\
TMSOTf 0=C CCly CHz-
M. Imoto et al., Bull. Chem. Soc. Jpn., 60, 2205 (1987). NH>

K. Fukase, et. al., Tetrahedron Lett., 36, 7455 (1995). 45



Synthesis of Alcaligenes faecalis lipid A (1)

0]
Ph"\. O
-X"0 o BnO O 0 O /BnO 0
Ph o 0 MNBA
o BnO CoiHo OH MPMO 0
1123 DIPEA TrocHN AllocHN
MPMO HO > (0] OAllyl
TrocHN AllocHN DMF/CH,CI
OAllyl 2~12 BnO

[s)
99% Oy

MNBA: Shiina et al.

O,N O O NO
Cl,e_O e : ’ '
[Troc = f‘ Alloc = })I)" MNBA = Cﬁo)j@ Chem.Asian J. 2008, 3, 454-461.
Me Me
Ph/TO o
1) Zn-Cu, AcOH/1 4-dioxane oy 1) Pd(PPhs),, TMSDMA, CHCls

AIIocHN O
0 OAllyl HATU
BnO O MNBA fi i; 2) C17H35)LO o) DMAP

2)CeHig™" 0 o  DIPEA C.eHa "~ OH DMF/CHCI
DMF/ 15M131
C15H31 OH CHC|3

88% (for 2 steps)

78% (for 2 steps)

<>8

Ph"\. O o O o Ph/TO O
@) BnO 1) DDQ, 2,6-t-butylpyridine
MPMO—"=" 1\ O~ 1N CH,Cly, H,0, 0 °C, 80%
o o) OAllyl OAIIyI
B0 o] 2 BnO O MNBA
(0] ( ) 0 C+H )\)'LOH DIPEA 10
o= Ol 1070, s DMAP
o=(§) 10 85%  DMF/CHCI,
BnO 8

(I 7T g
46



Synthesis of Alcaligenes faecalis lipid A (2)

0 0
Ph 0} TrO
/V BnO HO O  /BnoO O
1) CH,Cly, TFA, H,0, 0°C, © o
OAIIyI ) CH:Clz z -~ O o o HN oAl
2) TrCl, pyr, CH,Cl, r.t., BnO BnO o
83% (in 2 steps) ()., O )
10 10 YL 0 10 O
0 10 O=§ 0)yo
) BnO( ) ( )8
8 8
Tro o , OBn
HO O /BnO O (I-Pr)zN-ROB (lj
Ir(cod)(MePh,P),]PFg, H o o n DMDO  DMDO = ><
fir X TH|2: J2IPFe 2‘ 0 0 HN (0] OHN OH 1 H-tetrazole - in acetone= 0]
then 15, H,O © BnO > o BnO CH,Cl,, CH3CN  Effective construction of 1-phosphate
quant. 60 s ()10 0( ) MS3A Shimoyama, A., et al.,
O‘é) 10 80% Chem. Eur. J. 2011, 17, 14464-14474.
BnO ) 8
OH
8 0 O
0 o o ”O:E-oﬁoz/m%%
HO 0 o) o
BnO (@] HO o ¢} OH
HN HN L 1_OBn 2 HO
0 0-PZ Pd(OH),/C, H, (20 kgfilcm )> o o o]
o OBN T THE/H,0/ACOH, rit., o
10 T )i O 74% Ho
O )10
8
Patent application: JP2017-30179 [Lipid Al A. faecalis Lipid A

12% from glucosamine (for 18 steps) 47



IL-6 (pg/mL)

Synthetic A. faecalis lipid A is a mild TLR4 agonist

*IL-6 inducing activity

600 - /\
I
400 -
ol
200 - )

IL-10 (pg/mL)

)
—

A. faecalis Lipid A

4 _
3
2 p
11 4 I
0. ‘_;+_}
A. faecalis
Lipid A

[l 1

als
|
™

E. coli 0111LPS

*I[L-10 inducing activity (anti-inflammatory effect)

d B

.

E. coli LPS
(E. coli O111)

human macrophages derived from THP-1 cells

@ 10pug/mL & 1ug/ml « 100ng/mL
& 10ng/mL & 1ng/mL & 100pg/mL
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Development of a vaccine against Streptococcus pneumoniae using

A. faecalis lipid A as a novel intranasal vaccinesadjuvant

Chemically Synthesized Alcaligenes Lipid A Shows a Potent and Safe Nasal Vaccine Adjuvant Activity for
the Induction of Streptococcus pneumoniae-Specific IgA and Th17 Mediated Protective Immunity

lgA: ¥R THEAET DA

Nasal Wash IgA BALF IgA
2.0 o o s 1.57 e s
SRFR [E XIS R
1.5
1.04
2 40 3
a 1.0 a _
o
= 0.5 ~
0.5
= =
0.0 —*=—9—0—90—o— 0.0-
2 3 4 5 6 1 2 3 4 5§
Dilution (2") Dilution (2")

—@— PspA alone —®— Alcaligeneslipid A —®— Cholera toxin

Serum IgA Serum IgG

DDAEQ

O0-—0—0—0—0—9—
6 7 8 9 10 12 13 14 15 16
Dilution (2") Dilution (2")

pneumococcal surface protein A (PspA),

fiRIKEREA /NI EA (PspA)

K. Yoshii, K. Hosomi, A. Shimoyama, Y. Wang, H. Yamaura, T. Nagatake, H. Suzuki, H. Lan, H. Kiyono, K. Fukase, J. Kunisawa
Microorganisms 2020, 8(8), 1102; https://doi.org/10.3390/microorganisms8081102 49



Development of a intranasal vaccine against Streptococcus pneumoniae

Nasal vaccination with PspA, together with A. faecalis Induction of specific neutrophil responses
lipid A protects against S. pneumoniae infection. only after infection
VIOFoDREETFHHER FHRERD IS E
i g _ Pre-infection : &A1 ¢ _ 24 h after infection: &
90+ —®- Alcaligenes lipid A z
& 807 —e— Cholera toxin g 6 .
= 70- 5 FspKiakin s 61 Non-specific response 6 oo
w 604 c i i
5 —> Mock (PBS) = induced by.cholera toxin —
- 3 | (Inflammation) 4
£ 304 = 2 °
@ 20 §' '0 °
10+ £ 04 _e_ 2 o Ly
+—rrTTrrrrrrrrr g ° ® [ ]
01234567 8 91011121314 ° b
Days after intranasal challenge '#‘1"_I_ 0 '_*_I_I_
o A faecalis ) ERADBLFIEIL. ALSIERLEE Unlike cholera toxin, A. faecalis lipid A did not

A. faecalis" ) ERADSEIE R EEMLEEL. ALSEELYELBAS elicit local inflammati_on, bgt induced a rapid
ora - N response only upon infection.
A. faecalis' ) EFAIE. FUBWLRIEMZRL. iEHEY M A

YV L0 EMISHER = IS _
ops . OLSEREIERY. A faecalis') EFAIL BT
A facoalis JEFARMKRITHAE GLEMBEE)  BUOREY  gpan cicsd Bam o0 R RS

¢58
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The effect on ActHIB by A. faecalis lipid A

ActHIB®: vaccine against Haemophilus influenzae type b (Sanofi) for use in children
2 months through 5 years of age
Haemophilus b PRP—tetanus toxoid (TT) conjugate vaccine

HO O— Immunization to mice
O three immunizations at 1-week intervals

0 —OH The serum was collected after 1 week.

I L, [oH
. — OH
Chemically Synthesized Alcaligenes Lipid A as an Adjuvant to Augment
—O0—— Immune Responses to Haemophilus Influenzae Type B Conjugate
- -n Vaccine

Hib capsular polysaccharide PRP Liu, Shimoyma, Kiyono, Fukase, Kunisawa et al.,

Front. Pharmacol., 22 October 2021
https://doi.org/10.3389/fphar.2021.763657

BEE N + TP a\UR(Adjuvant) (S9N F D a3 REE)

(ActHIB®[ZIZEFENTLVELY) e



Alcaligenes lipid A enhanced antigen-specific 1IgG production in

Haemophilus B conjugate vaccination.

A PRP-specific serum IgG B TT-specific serum IgG
0.8= %k %k ¥k 0.8=
sl @ Conjugate vaccine + lipid A *%k @ Conjugate vaccine + lipid A
(O Conjugate vaccine i i (O Conjugate vaccine
* %k
0.6 . [] Control 0.6 [] Control
= —
W .
5 0.4 5 0.4 =
o o
0.2 = 0.2=
5 6 7 8 9 10 5 6 74 8 9 10
Dilution (Log,) Dilution (Log,)

Mice were immunized subcutaneously with PBS (control group) or Haemophilus b conjugate vaccine containing
0.01 pg of PRP with or without 1 pg of Alcaligenes lipid A.
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Conjugation is essential for enhancement of PRP-specific IgG production by

Alcaligenes lipid A.

A PRP-specific serum IgG

089 Conjugation is necessary for lipid A dependency for
IlgG production to both PRP and TT.
e @ PRP+lipid A
i IR DHIERAN VAR IE, RO R EETHID
5 EHEOmEAICEE HSRN YA RIEA L/ A—THIR
i IEN—TEET)
0.0 %
5 6 T 8 9 10
Dilution (Log;)
Bos- PRP-specific serum IgG C s TT-specific serum IgG
s @ PRP+TT+lipid A 0.9+ 8 igjﬁ*“p‘“
= O PRP+TT ° [J Control
c".’; 0.4 [] Control 5 0.6
(e} o
0.2 0.34
0.0 % 0.0 ?\?\?\#\?— &
5 6 7 8 9 10 5 6 7 8 9 10

Dilution (Log,) Dilution (Log,) 53



Alcaligenes lipid A directly activates B cells.

Alcaligenes lipid A [&B#fifaz E /& 1419 5 (B (X TLRAZ FIH)

A B-cell number B IgG production
¥k k %* %k
— —
40000~ 0.6
°
T .
= 30000 e
E 0.4
£ e%e ‘
B =
£ 20000- ®
2 =3 ®e
c 0.2 i
“ 10000
0 ' ' 0.0 "E!‘l .
= + - +
lipid A lipid A

Splenic B220+ cells were isolated from naive mice. After 4 days of culture with (+) or without (—) Alcaligenes lipid A.

BHEVEFAITHRZEREEFEELE
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Receptor dynamics is critical for activity Q.f lipid A.

H o
0] O I .
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Inflammatory cytokines :
(IL-6, IL-8, TNFa, etc.) —‘L ; IFNB

Int Immunol. 2014, 26:307-314. Tanimura N, Saitoh S, Ohto U, Akashi-Takamura S, Fujimoto Y, Fukase K, Shimizu T, Miyake K 55



A. faecalis lipid A elicited broad immune responses

A. faecalis lipid A (ALA) upregulated the expression of MHC Il and antigen presentation on T cells.

A
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-~ 0.3 HO oéﬁ/ o o  (HOLP OWO&L
o o HN o n-OH Q HO NH OH

o9 OH

15 1
0y g 021 o NP 0
% Q ° ° °
= ° HO
w Y .
= 8 0.1
(c14
(c14
° 1 10 0 1 10 o cr
Concentration (ng/mL) Concentration (ng/mL) (Co)
o~ ALA -+ MPLA-SM | ALA MPLA-SM
Cytokine productions
HOALREE 4 IgAEE MR DEIE- 751 4 %2 ph
D E g A . .
MCP-1 i5m IL-6 IL-4 IL-17A A. faecalis lipid A is a universal adjuvant.
ns 4004 1.5+ Lo . .
200 —ns . A. faecalis lipid A activates both anti-
- 7 A . . . . .
= = 2% =& 2 "' = 2™ bacterial and anti-viral immunity,
B =, 2004 = . ..
2 _| 2 2 while MPL skews anti-viral response.
5 . 4+ “os
100- L
s —
T T £ 0 T T T 0 T T T 0 T T m=tem
ALA MPLA-SM Blank ALA MPLA-SM Blank ALA MPLA-SM Blank ALA MPLA-SM Blank

Sun, Hosomi, Shimoyama, Fukase, Kunisawa, et al.,Int. Immunopharmacol. 2023, 117:109852.
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JERADHEIZEY. R4S 5 FIL OHIEASTEE
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Fukase K et al., Angew Chem Int Ed Engl. 2021, 60, 10023. 57
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Self-adjuvanting vaccines

o 1 (2]
/(j,o/\/\s/\_)J\SKKKK—G -CKLFAVWITYKDTGC - T(a-D-GalNAc)SAPDTRPAP N polysaccharide epitope of
) o} NHR g
) o; CRen T epitope Tumor r@ e Streptococcus pneumoniae
14 2 R= C(O)(CH,)14CH; antigen one o antigen
Adjuvant (Pam;CSK,) HOCZD Mt
fa i oon
o < <
S
OH
Adjuvant (a-GalCer)
OH o [3]
HO P\ H HO, 0
O o (0] N
( )10 ( 110 O HO HO OH COZHHOHO OH
Mg ( )10 antigen
10
Adjuvant (MPL)

[1] Ingale, S., Wolfert, M. A., Gaekwad, J., Buskas, T., Boons, G. J. Nat. Chem. Biol. 2007, 3(10), 663-667.
[2] Cavallari, M., Stallforth, P., Kalinichenko, A. et al. Nat Chem Biol. 2014, 10, 950-956

[3] Wang, Q., Zhou, Z., Tang, S., Guo, Z., ACS Chem. Biol. 2012, 7, 235-240. 59



Various cancer antigens (¥R GV AHLR)

/ Targets for antibody drugs

Domain I
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Tumor-Associated Carbohydrate Antigens (TACAS) &% B E4EsH

@

. , O Gal @ GIcNAc A Fuc

Sialylated glycans Truncated Mucin-
I relatived glycans O GalNAc @ Ssialic acid K Glycosphingolipid

Globo H

| | I L
Sialyl Lewis* / Glycosphingolipids / Wong et al
. \ Lewis¥ e I ’
: ) y

; . ser/Tr—t—@ isTn
: e T = 4 !
: | & l Globo-H| GbS  SSEA4 Fucosyl \
' P . GM1
Ser/Thr —{ () |
er/Thr — 1T 6M3  GD3  GD2 GM2

\ lﬁﬁﬁﬁ;"

TN i%ﬁi%ﬁ b ashahamhamhins

] 1)

Polypeptide chain Cytoplasm of Tumor cells

HO_ poH COOH HO OH HO_OH HO_OH
HO: o Hoéﬂ o2 TF antigen noX—  Tnantigen
AcHN OH AcHN
HO HO_O . ACHNo CH; (H O._.CHj (H)
o STnantigen I 3 (H) I 3
HO
AcHN

rroenesNT CO et I
oj:cuﬂu) H

o7 CO
H

T0O0H

STn antigen is richly-expressed on a number of epithelial-related tumors, such as breast, lung,
colorectal, gastric, pancreas, and ovarian cancer, but rarely observed on normal tissues.
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Theratope vaccine (STn-KLH)

Phase Il trial of STn keyhole-limpet hemocyanin (KLH) was completed in 1028
women with metastatic breast cancer. (By Biomira company)

1028 Patient (Metastatic breast

cancer) Phase llI clinical trial STh-KLH KLH (Control)

Average Survival time (months) 23.1 22.3

Table 3. Median antibody titers at week 12
Treatment Anti-OSM Ighl  Anti-OSM IgG  Anti-STn IgM  Anti-5Tn IgG  Anti-KLH IgM = Anti-KLH IgG

S3Tn-KLH 1,280 320 10,240 20,480 80 20,480
KLH 0 0 0 0 1,280 81,920

Abbreviations: KLH, keyhole limpet hemocyanin; OSM, ovine submaxillary mucin: STn, sialyl-TN.

OSM: ovine submaxillary mucin
Theratope did not provide a survival benefit and longer time-to-
progression to patients, though it did not appear to be detrimental.

Oncologist, 2011, 16, 1092-1100. J. Cancer, 2013, 22, 577-584.
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TLR2 agonists as safe and effective adjuvants
o

Trumenba: lipoprotein having triacylated Cys (TLR2/TLR1 agonist), self-adjuvanting vaccine against Neisseria
meningitidis sero group B.

Luo Y. et al., AAPS J. 2016, 18, 1562.

Lipopeptides can stimulate Th1 and antitumor responses via TLR2/TLR1 or TLR2/TLR6.

Robust immunoresposnse induced by three component vaccine: Boons et al., Nat Chem Biol. 2007, 3, 663.
MUC1 glycopeptide-lipopeptide conjugate: Kunz, Li et al., Angew. Chem. Int. Ed. 2010, 10, 49, 3688

NK activation: Seya, Fujimoto, Fukase, et al., Microbes Infect. 2011, 13, 350.

CTL activation: Seya, Hashimoto. Fujimoto, Fukase, et al., Innate Immun. 2018, doi:
10.1177/1753425918777598.

Promote Fcy receptor expression: Shah, et al., J Biol Chem. 2013, 288, 12345.

Promote antigen presentation and T Cell activation: Guo et al., Front Immunol. 2017, 8, 158.

i CH3(CH2)14CO'O i Receptor i CHS(CHZ)MCO-O i Receptor
| CH3(CH2)14CO-O:l : 5 CH3(CH2)14CO-O:l '
' CH, TLR2-TLR6 5 CH, TLR2-TLR1
S i s
CH, ! i CHp !
cH | i cH |
HN™ \ri—-peptide { CHy(CH,)14CO HN ~ \r:—-peptide
i O] o O]
Pam2Cys Pam3Cys
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Self-adjuvanting vaccine candidates with T,QfSTn antigen

HO OH _ : .
H;..&ZQ;\"Z“ Tumor Antigen: Sialyl Tn (STn)
T HO O *C5-N modification (propyl modification) of sialic :
© Hoé% acid enhances the immunogenicity. & |
AcHN
0]
R = CH; or - HO OH OH CO.H Dr. Chang
chiGH, Hj:o(g “MZH fT | BOEBAKIE
HO oA <
é "o i,EX% j(-%ll_.xfbﬁﬁ?bﬁ
o cHN :

cHN
/\)J\ COOH RYILRNSLFIGITEG.
e ™, ﬁxMwww w
j 1 AcN
()14 HO
(o)
j HO HC?/#

R~ NH\_o)\ O T cell epitope
Adjuvant (Pam3CSK4) HO" GHOH  COH - Fragment of tetanus toxoid
-Toll like receptor (TLR) 2 ligand _ - T cell activation to enhance
-activate innate immune responses TrisSTn the production of IgG
and tumor immunity, and promote (clustered STn)

the antigen uptake

Chang TC, Manabe Y, Fujimoto Y, Ohshima S, Kametani Y, Kabayama K, Nimura Y, Lin CC, Fukase K. Angew Chem Int Ed Engl. 2018, 57, 8219-8224.
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STn antigens are also expressed as clusters on cancer cells.

STn antigens are expressed as clusters on cancer cells.
Clustered STn antigens should be barely expressed on normal cells.

““““ o STnantigen

X N
ser/Thr—{ =@ !sTn OICHa (H)
’ ! ’,

Se"/Th"—iD—.j sTn B

H
/0 OH COZHHO o) COZH \
| \lT o

\rf "o HO T

‘ § 0 HO TriSTn antigen
AcHN| AcHN

MUC1: 131, 139, 140, 144 positions

MUC4: 558, 569, 579, 607, 618, 629, 640, 651, 662, 673 positions
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Strategies to enhance immunogenicity of MUC antigens

COH COH
1) Clustered STn M “M
a ﬂof HO

Livingston et al., Cancer Research, 1995, 55, 3364. 0 °]\r g o KL

aqueous NaH,PO,, pH 9.5, 3 d

NH

H;N\f

MH

2) STn glycopeptides
HH

-
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RZ
H H o O a
\./\l.r \)k N»JL NJ N\.JL _,JL "\/ﬂ\ QNNJ _)L N‘,,JL X‘,NJN_,JLN__)&NJ\‘,OH
o £ l.{\/g H = 2 2 H
Kunz et al., Angew. Chem. Int. Ed., 2011, 50, 9977.
2) Self-adjuvanting vaccine

(0}

o=° NHR Th-epitope antigen
14 j 1R=H -€pitop
14 2 R=C(O)(CH,),4CH,4

j,o/\/\s/\)J\SKKKK—G -CKLFAVWITYKDTGC - T(0-D-GalNAC)SAPDTRPAP Tn antigen
)

Adjuvant (Pam;CSK,) Boons, G. et al., J. Nat. Chem. Biol. 2007, 3(10), 663—667. 6



Synthesis of Tri-STn

SPh AcO OAc COOMe
Ac0|'\‘13 07/>COOMe \A;)W
AcO 3AcO o)
1 ICI, In(OTf)3 o)
XA o
o oM o
% o T EtCN, -78 °C AcHN
o) O .CH,
AcHN

t
0. .CH3 Em ocHN)\gO Bu
t
FmocHN)\To Bu
o

2

Salmasan, R. M., Manabe, Y., Kitawaki, Y.,
Chang, T.-C., Fukase, K. Chem. Lett., 2014,
43, 956-958.

3 (ap=11/1)
94% (Brsm)

1) 20% piperidine

3) 20% piperidine

1) 80% HOAC(aq)
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. . AcO
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0. .CH, 2 v@oi/
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Construction of self-adjuvanting anticancer vaccine
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Method of Mice Immunizations

: (day) 1 14 28 42
@ COl Iection ﬁ
) (day) O 7 21 35 49

The five BALB/c Mice (8-10 weeks age) were immunized intraperitoneal
(i.p.) injection with 20 ug of the vaccines compounds on day 1.

Mouse blood samples were also collected prior to the initial immunization on
day O (as negative control) and after immunization on day 7, 21, 35 and 49.
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W BSA-STn cooo 4™ ggiSTgT
W BSA-triSTn W BSA-triSTn .
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immunization ‘
. HO_ OH oo MO OH com/
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Freund’s adjuvant

o/\/\s
Vet o

immunization

R 1 HO
o G oo MO Hoco

SKKKKK—-NH,

m iXtU re 0" “CH,

HO 5 OH  COH

Self-adjuvanting vaccines
effectively induce antibodies.

Antibodies recognize cancer cells
(Next slide).

Additional adjuvant is not
necessary.
Addition of complete Freund’s
adjuvant caused un-specific
inflammation.

Three component conjugation is
necessary.
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Importance of conjugation of three-components

a) IgG antibody titers on day 49 w@;ﬂ,\
6000 "° oe
M s " gl {Ji TS AT AN
uuuuuu Y\Vé\o /\(\/}N,‘N,‘n"u“u,‘u“n“um
5000 BSA-linker - Hynd et J\&” C ’L! A |
4000 | [ll BSA-STn b J = ke
) Toll-like receptor 1/2 ligand "o Co | '
3000 . BSA-triSTn (Pam3CSKy) “Eéc?ril :ﬁ.‘ggfs) Vi - P HTh P pep(ide]
1000 comt0_on com
" pd V%o’f’\, ‘%m& mf%
/H\A/ N‘[g" »‘:;" "(;'mf%wuji%ﬁ)\,%ﬁ), HAC JT‘(\%%”P m"‘}"ég .(:n ,,gu ,‘J;)n Ax i ;J;» ,, "Jon
500 \o{«o o il V3
VZ AcHN, HO No
no'ﬁﬁm,n Am

[CoaT] H

— W ' = ITriSTn HTh cell peptide]

o H'HE W

peioDfORR.. Vi V2 V3
immunization

Simultaneous stimulation by the three components is necessary to induce antibody
production against glycan antigen.

T.-C. Chang, Y. Manabe, K. Ito, R. Yamamoto, K. Kabayama, S. Ohshima, Y. Kametani, Y. Fujimoto, C.-C. Lin,
K. Fukase, RSC Advances, 2022, 12, 18985.
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Response of dendritic cells to a three-component conjugated vaccine
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Chem. Asian. J. 2019, 14, 4268. Angew

. Chem. Int. Ed. 2020, 59, 17705.
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Self-adjuvanting Composite Vaccine (B27>a
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Self-assembling Self-adjuvaning Anti-breast Cancer Vaccine Candidates

O o)

0_0 HN_O
OJ\W m;r j . |
)14 )14 antigen
I |
Pam3CSK, (TLR2 ligand)

B cell epitope
9aa(N:165-173: DTILWKDIF)

Feng Q, Manabe Y, Kabayama K, Aiga T, Miyamoto A, Ohshima S, Kametani Y, Fukase K. Chem Asian J. 2019, 14, 4268.

B + T epitopes
%\ﬁ 8?N)LSKKKK NH\/\0/\/0\)\YHKNNQLALT
CH401 peptide: epitope for Her2

14

Eﬁgéﬂf:*ﬁﬁsﬁmi:g ';_)0)7575‘\_%“,\ Her2§?§'~1$§1_’7'|:|°/?/#7'—‘5, 2L7§§AJUE§<O)7§§/\I‘:E%I—%

Aiga T, ManabeY, Ito K, Chang TC, Kabayama K, Ohshima S, Kametani Y, Miura A, Furukawa H, Inaba H, Matsuura K, Fukase K.
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Antigen/adjuvant-displaying enveloped viral replica as a new LNP vaccine platform

Enveloped viral replica vaccine
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Antibody production by viral replica-LNP-type vaccines
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