HE Y TR E

China Biotechnology, 2011, 31(3) .8790

B R E S H R R
) BT S MO

PEE K #£ R K ARFT KERT

O E AR M2 e 2 M BRI R o Jit o [ R T m SR . AR 3 B o T A T S B 8

[ R D B2 S

22N 730046)

WE E5R, BRI E DNA ELUEW SRR W F AT B IR RBTA L, R G AR G
]

B ER, AZE ST, BRI Z  KEVAE FAUR T R B R A, e

H RN RIG 5% 18 3R AR R A

| k¥ 5%

R F AT T B R Sk e TR M R

o MA BRI 0 Z A AACH AR IS, TR 5% AW % oW R 30 S AR A A
RAEZENEM, LA G R AFRANE, A LA FOFLEREATT HR, FRRRRRA
Bad B THALE, KGR R A Fo it — B B B 2 AR R R AE AR T SF

eSS 3 Sl
HESES Q352

TLR BEA %% %G

FERTREFE NN, A s A e 7 e Ak e
PR TR Y BRI R AE (5 5 R AUAR I 28—l B k. M
IRAEWFIE R I YL TN G358 5, B Jat o B A 328 4t i
PUNFFREE5 , MR 55 1 5 55 F0 ke S5 1k
TERPEGRRE " o B 1 RS TS R R A 4% i
G AE S OCHUNHLIE, #E APC) (55 1 (GEEHL
J5) 55 2(FEHIMIES) o WA S5 5 AN IE T8
O P SR S I B DRI T EL 3R R I B B L gl
Sy TL-12 GBS Thl 44> FL AN T 41 ff 433 TFN-y,
BRI 98 L4252 5 T A s 2 i k20 il
JEFOREZ AR Z AR ST o

1 BERREFHFTHR

11 Toll ¢k

A e R T R G F B R WIRTE E 50U
BRI B, I8 3 I R N A A (R A B 9 e
TINRE . DU ntid S A0 MO AR R 1 1 R Gk — R A Z Ak,
X7 (R REAE B AN N 19 HR R ((cross-talk ) SEBRA% I

Wk H #9:2010-11-11 & n H #:2011-01-04

T 07 R GRS AR ( 2006BADO6A03) | H R A i 2 K
AA R AH AL AT 255 H (1013JHTA008 ) %t 1551 H

sk W TAAE 2, B F {5 46 : haixueh @ 163. com; zhidong. zhang @

bbsre. ac. uk

[A] 35, Toll #£3Z 4 ( toll like recepter, TLR) [K 33k
BRALANIF] 3 A WS 23k T M i (4 TLR1 .2 45,6
1) F 323K 55 M 5T P9 4K R A W 37 6 44 B2 % TLR (4
TLR3.7 8 #19) (K 2), AEHAMT 11 F TLR, %&
E R 5% 5 AH 5240 T 15 2 ( pathogen associated molecular
pattern, PAMP) AN [A] J8 73 o 238 T AR B #iAE DC
#) TLR2 A1 TLR1 5 TLR6 f) " Z ARG 54 2% [C FH 1 5
BRSO | A 2 11 A Tl R B LT Y I R SRR
ANBIHERE DC B WEARIE AR R4 i B 40/ . T 28
L T A0 - B2 40 K % ik TLR4, TLR4 U5 K 2
HeAn N B AR IR AR 1 BB R AR BT, DC F %
20 B A0 PR A RS2 ) 0 P G o AR e e
i1 TLRS REIRIHEB A 1" o TLRIL LR/ R
WIS Y UM R 2R 11 TLR3 2 — 3k TR
WK Z AR, REUI 7 dsRNA, TLR7 .8 19 s T
BN R FN N SR, 23 330 53 ssRNA F0 40 T 5 B 1Y
CpG DNAT | FE A ef S 40 BE DC 35 19 TLR7
FITLRO BEJR Y 1 Y IFN. #fiRE DC 40 M A0 A% 40 ok
ik TLR4 1 TLRS 7557 4E 1L-6 il 1L-12 S5 45 [
To WiE DC IR B TLR BERS 4 1[5 A G S, 5
S Z 1 5 M S %, Gavin fl1 Collaborators 1, % B
TLR JeiE T 4IHE AR J5 [ F7 AR LR R AL, K%



88 th [E &4 T2 Z+E China Biotechnology

Vol. 31 No. 3 2011

=T, response

Indirect effect

E1 {EFERmE?

Fig.1 Mechanism of action of adjuvants'*

Adjuvants/formulations can in theory act, alone or in combination,
on each of these three signals and can be referred as adjuvants A, B
and C. Most of the recently developed specific adjuvants, such as
Toll-like receptor ( TLR) agonists, can be considered as type A
adjuvants; they act on signal 0, and indirectly on signal 2, by
activating antigen-presenting cells ( APCs ) and triggering the
secretion of cytokines such as interleukin (IL)-12. In addition, TLR
agonists can act on signal 1 by favouring efficient presentation of the
co-administered antigen ( Ag). Some TLR agonists also directly
trigger signal 0 on regulatory T cells and B cells expressing some of
the corresponding receptors. Adjuvants and formulations targeting
APCs or favouring Ag capture can be viewed as type B adjuvants
acting on signal 1, as their effect is eventually mediated by enhanced
Ag presentation to T cells. Liposomes, microspheres and some
emulsions are in this category. As stressed in this Review, targeting
signal 1 is not sufficient and an immunostimulatory signal should be
co-delivered for an optimal response. In this regard, some specific
ligands of co-stimulatory molecules can directly enhance signal 2,

acting as type C adjuvants

B TLR 959 244 TL-12p70 #1 Thl [ Rz, TLR3.7
9 By A 1A IFN, A 248 Thl 2w Fl CTL, W
WF9E %1 TLR2 fEAISL Th2 =X Treg JZ ™ M4, ik
i TLR3 7 19 REH45HR DC 4 A A 58 Sk 5 , 3X — Lkl
WA AE . TLR BCRAL RE S SR B AR B, a0, ZHF B
FEHTPA N CpG DNA BB & V- Y Pk e . T i —
S T 4 A BT R S P R N B S B At
A9 TLR 524k, BRI, 0% TLR RBi75 5 58 2L PL R RE
SPER T A1 B AR
1.2 NOD #={k

NOD & [ F A T 22 51— R A
oy L HOR AP AR RE L 4y . R BRAY 22 > NLR ik
S R AR F M 1 J& NODL Al NOD2, NOD1 45 54
PUIN K 228508 22 FRBAPE B rp & A 2 5L B R I IR

Hil, NOD2 P51 5 22 [P 7 A0 A 2 G P T e ik
{4 RE R — K (MDP) o NLR 35U PR IR & 4 45 F5 B3 AH
iy fE M4 . NALPS il IPAF SR B 5 1,
NALP1 2 13 % NLRs Uil A 306 2 A A &
TR IFHE— P ROE LR ARG 1. WOE 2 E A A1k
FRE AT 1 BT IL-18 Al IL-18 = Th2 AU4H A
T 1L-33, NLRs P55 4w fE 4 IL-18 1 1L-18, 4K
1M, 22T NLR ey 5 [ 4 S5 Fad b 1 Sz, H i
Z A FWF5E Y NOD2 X} TLR-2 4§19 NF-«B {55
S TL-12 1 Thl SO A R ER . 50—
JEPUE A NOD2 e i 19 4 Ji 3 2 4 M i 5 1-12 15
Fik o KL IE A0 f 5 S A TFN-y, 3R B NOD2
PN T A0M O . ZERLIAR Y, NODT R [ 45 %o
PEES WG HURRE S T 240 M A4 SN, v A
Th2 fZ ik 3 o NATPS 552 bk K A Jil-1 RS 15 ik
2N B TR R A O, R BS RARAK # TLR-5 ) B
BRI I 45 1A R

1.3 RIG-1 =&

MR 1755 L A 1 (retinoic acid inducible gene- 1,
RIG-1) B4 9 40 A A C 53 F (MDA-5) il LGP2 J&
RLH % i i) 32 20 5%, RIG-T Al MDA-5 JEAS 45 44 i
N i Ry JoE R 2 1 il S 45 A4 3% ( CARD) |, C 3 S 4l A
DExD/H HEfY RNA fif B 25 #4480, LGP2 J& 5 RIG-I
HHSE  {E Bl D o R A HH S 45 M 3 1) fft e i . LGP2
& BB 2540 S8, 7T RR 2 [ AT SR i 4 i T ¢, RLR 3%
IR T U 4 L, A R R N A )
TREEST o 0 B B I, 240 Jf P O d 77 A XUEE RNA
i RIG-1 1 MDA5 5] X85 RNA J5 3 7& NF-«B I
IRF3/7 , i3 BA SUm s E G 1 BT IR R
J%, BRI TLR3 AR B HLR L[] s 5800 .
FH MDAS Gl /N BREE 55, & 8L MDAS 1 RIG-1 514
[A2E ALY dsRNAs, MDAS 551 poly (1:C) , RIG-1 $151]
AL dsRNAs o, B B 1A, RIG-1 2 515 F 5]
RNA J5 8 < B o 2 /K I8 Pk 17 98 93 25 AL 65 909 25
RIZhR R B B L H AN R EE . MDAS 1 511 /MZ
WZmR S . 5 —5K, RIG-1-/F1 MDAS-/-/\N .5
% FRIEFERIAR
1.4 Hftt=4

PUITEE 52 40 8 e 35 5 LB AT AR BT RAE O 1
b2 A4, Qi T8 % 32 14 H 58 B 52 14 . TREM ( triggering
receptors expressed on myeloid cell) , & & R 52 & AR {Y
Z 5E A %, HIE BT RE 8 E A, K2 R &



2011,31(3)

PNBEAE S, (A SR B F ST T GBI 3 P50 e 8 44 300 ) 7 89

Surface TLRs and agonists

Triacyl lipopeptides, [Pam3Cys 5 T0.T.2
Diacyl lipopeptides, T.0T.2
Lipoteichoic acids, Zymosan HE

LPs MPLILPS analogues, Tacol (D@
fagelln QEED® T
[ ]

Uropathogenic bacteria,
Toxoplasma profilin

Endosome TLRs and agonists

dsRNA BBl () D@
= s DO
[e—))

Unmethylated CpG DNA,
Synthetic oligonucleotides

NLRs (bacteria)
Peptidoglycan, muropeptides [DAP e tems-

NOD2
Peptidoglycan, muropeptides, MDP

NALP3

Bacterial RNA, uric acid crystals, toxins, MDP

Scavenger receptors

Gram positive and Gram negative
polyanionic ligands, LDL, apoptotic cells

CLRs

Polysaccharides

RLHs {viruses)

5™-triphosphate RNA, ssRNA  pjG-1
SV, paramyxoviruses,
influenza virus, JEV)
MDAS
[Py (C), picomavirus - —om——

2 fEFBENERLE™

Fig.2 Potential targets for adjuvants and formulations'
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Each particular type of APC can express a restricted array of these receptors, which can regulate each others signalling through some cross-talk within

the cell. Different types of receptors on antigen-presenting cells ( APCs) can be targeted by the corresponding ligands which can be used an adjuvants
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The Progress of Study on Innate Immunity Led to the Design and
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Abstract

Recombinant DNA vaccines, subunit vaccines and synthetic peptide vaccines have sprung up

one after another in recent years. These vaccines are characteristic with high purity, specificity, but they can not

induce efficient immune response because of small molecule and low immunogenicity. Therefor, there is demand

for safe and non-toxic adjuvants able to enhance the protective immune response. Recent advances in basic

immunology have elucidated how early innate immune signals can shape subsequent adaptive responses, and this

coupled with improvements in biochemical techniques, has led to the design and development of more specific

and focused adjuvants. The type and mechanism of adjuvants, the progress of study on innate immunity and also

explores future directions of adjuvant development are reviewed. All these could provide some references for the

study on highly active, low toxicity adjuvants.
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