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Abstract: QS-21 is an immunologically active saponin-based immunostimulant extracted from the bark of the
South American soapbark tree (Quillaja saponaria, QS). It consists of four structural domains: Quillaic acid, a
trisaccharide side chain, a tetrasaccharide chain, and a pseudodimeric acyl chain. It exists in two isomeric forms,
QS-21-Api and QS-21-Xyl, among which the C-4 aldehyde group and the acyl side chain are the key moieties for
adjuvant activity. In terms of its immunological mechanism, QS-21 can simultaneously activate Th1/Th2-type
immune responses, enhance the cross-presentation of antigens by dendritic cells, and activate the MAPK (mitogen-
activated protein kinase) pathway in T cells as well as the NLRP3 (NOD-like receptor protein 3) inflammasome. It
exhibits particularly prominent performance in inducing cellular immunity. This article summarizes the currently
developed composite adjuvant systems such as ASO1, AS02, Matrix-M, AS15, and GLA-LSQ, along with their
applications in vaccines including the malaria vaccine Mosquirix and the shingles vaccine Shingrix. Regarding
issues such as supply shortages associated with natural extraction, technologies for chemical total synthesis, semi-
synthesis, and yeast-based biosynthesis are making gradual breakthroughs, Strategies including some derivatives
(such as VSA-1 and TQL1055) also provide references for the development of new vaccines and the prevention
and control of infectious diseases as well as immunotherapy.
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Figure 1 The structure of QS-21
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Figure 2 The immune mechanisms of QS-21 simultaneously activates DC and T cell. MAPK: Mitogen activated protein kinases; ERK2:

Extracellular regulated protein kinases 2; TCR: T-cell receptor; ER: Endoplasmic reticulum
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Figure 3 The mechanism of inflammasome activation by the combined application of QS-21 and MPLA. MyD88: Myeloid differentiation

primary response 88; HMGB1: High-mobility group protein B1; TRAF6: TNF receptor associated factor 6; IRAK1/4: Interleukin-1 receptor-

associated kinase 1/4
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QS-21 ME ARG E] T Z 7T, B5E ASOL (% FH
QS-21 F1 MPLA (1) g i A4 44 71)« AS02 (& QS-21 Al
MPLA ) 7K £33 F.75)) « Matrix-M (& QS-21 #1 QS-7
R 4R K R B A2 57510)  AS 1S (5 QS-21.MPLA il CpG
(1 I SR A2 751)) A BT TILR 4 35 7)) 72 4 b o Al
#2771 (glucopyranosyl lipid adjuvant, GLA) Z&"2, Ay
SN QS-21 AV R Ge R R B EIAR -
3.1 ASO1  ASO1 & —FhdETHE Bk B 711, £ pfh
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LRI, Refd B3 o i 1) S e . BR T MPLA
ATQS-21 P A ML A bl [H], ASO1 I 5 AT I A pef 2
FEAM AT, Didierlaurent 22951 57 & L ASO1 V35 )5
2R M LA 5] 9 B35 DLN.  7E %% J5 3 h, 7155 &6
A7 FI DLN H R 0 21 40 B R 1 7= 2, i 5 20 i 55
SEAH I RS AL IR 7 R 05 175 5 2 % 4 Y2 40 e 1) UL A
FIDLN R o ELAR R, B 2R 240 M A0 vk E2 4 g
(1) %5 & 7E DLN HiV s 38 i, A8 APC AT 48 B AH B4
(5 Ze G0, 56 R TP s R 5 1 T 40 i f3 3007, [
I, ASOT & GE 35 in DLN H % 9 R 20 B v ¥ 1) 22 A
Je AR B L4 7 (W1 CD86 A CD40) HIFRIA .
RRTI X S F A PT 5 4 55 1 T 4B G 2800 6 A
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%E[ZS]O

H AT, & QS-21 M7 EL4E 100 2 T Il AR 56
HEAT T PPN, DA 22 3 s e o m FF R I R 277 ASO1
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i AR AN 22 B gk A R SR B R AT T O O, B HE B ALK
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5T RTS, S il 7, FHI7 205 MRS F17 202 . H 2
H i 5 7 CMPLA AT QS-21 41 i 11 37 A% 751 & 4t ASO1
BB, N RTS, S o EPEREAE THLZ . Leroux-
Roels 2P0} A HIE R (1 B N BEAT T S PRI S 8 1
RTS, S/ASO1 11 RTS, S/AS02a ) 2a ¥k 46, 45 5 % B
ASO1 5 AS02a #H Lt B A 58 i # 2% A0CR, HRe 38 In #it
CSP HLAR A CDA™ T 40 2 3

Mosquirix ] LD & KRR HE T ASO1 7E 9% 1
fI8H o Shingrix J& 5 — Pk H T i Thg (LT A
BER AR E %, At m B, B8 AS01 &
5 A KR AR 2 0 B B (gE) PP K
L, ASOT [N AT {2 35 $2 s PU A& /K~ F1 CD4” T 4 i
SR, E T A R 2 E R, Shingrix AN f# % 452
TR G g% T BRI T 2 PR R R R 19T 80O HomT
DLERFRU4E . 324 Ak, FDA kv 7 3 FhipiiE &
Jpi &F (respiratory syncytial virus, RSV) ¥ 17, 5 ¥ i
N FIF R I AN T TP T Abrysvo, Moderna 2 7] JF
[ mRNA ¥ #f mResvia f1 GSK 2 7 JF & 1 & ASO01
P 3R B 1T Arexvy®s Hod Arexvy f2 A S LR S —
ANRAFHEAE T RSV #2175 ASO1 #4255 F1 B 4H fik
A RSV-F 2 [ 5L (RSV PreF3)P", AS01 2 Hi%E S
SR K 2 0 % e I P B 4, B A R B Arexvy Y
R4 R 2E 22 = /> RSV =71 (K£930.6 41 A)P7, 12l
Bl RSV &4

ASOT 38 3 R G 38 5l ) e ) A FH AR S e o 1 ek
I e AL, Be AT RO Yo 5 A A A S R B i A,
FT TR T T 9 I I v A ) . AR SO T ASOL
TE Mosquirix « Shingrix« Arexvy 3 3 £ fL I 1 H 1) B
L, FRA IR 7 HAEAS [F) S B v A (A v RS
P, JCHAESR TR R NBE (N RN &) 7
A LRI . ASONVEFHI R N, HES) T RE T
SRR, DN S S X B )L 2 60 B 5 A T A ) [
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w7 2%, BB TR BT i,
3.2 AS02 ASO02 72 H AS03 2043 .QS-21 1 MPLA 2
FS P — T K 6 el L 7, P 8 g % SR PERY . 5
ASO3 ¥ FIMY BE 75 5 Th2 f [7] 14 5 938 S B F 55 1 Th
NPT, #E ASO3 H N QS-21 AIMPLA AMUFE S T
558 Z0 PRI AR VR G 28 5 I, IS R ST RN 3 i T 200 D 1R 9 1,
PR3 B P2 22 G0 VR T R B A 20 L, DT 4 5 e 0% R
M EERIREE o Chen 2594 PsaA-PspA23 (fiili 4 Bk
A 3% TH A ARl 98 BR B SR T B R A4 RR I Al A R
1), PspA4 43 5] 5 Al (OH),-MF59.AS03 F1 AS02 — 2
Be 1] 3 32E 47 50 9% 22 VAL, 45 R E W, FH AS02 i 1l 1
PsaA-PspA23 Fl PspAd4 1] 1 Ay 19 B £ i il ¢ 3K 1 Jak 4%
HE AT FE B ASO2 B 1 0] 8 T iy it ¢ 35K g S
Ah, AT T i85 RSV 4. Zheng )7 BALB/c
ANER AR, B Rl AT RSV-F 2 [ 4300 5 A AL R \MF59,
AS03.AS02 Fll £, 5 5% B WE — G v R 5, o) e 713 PR ik
1T 73RN 3K BE R, R B V5 AS02 4 751 A1 RS V-F I
BT AT g D v T AR A TR R AT AR e I R 8 K T
Th1 %35 KN, X 22 ] AS02 1 7] V£ & RSV-F W7 847 %5
TR ERAR M . (H TR — B TR, B
PR T 5 RSV-F 5| 6 1 350 9 348 2% A0 T 40 i 3 A AE %
SELFE A ME o A, G 1848 00 2 77 RS V-F & 1
7R RS IEAERE ST

AS02 i it 41 & AS03.QS-21 Al MPLA, 9% b T
ASO3 B FH I ) B S N S PR, SEEBL T AR e S
A0 A S R IR IR 1S 5 . A B S 58 R0 G 5 S VT IR
iz, AS02 7E i 48 BR 1 A RSV B YL TR 1) 37 87 28 1
A BRI f7 . 92T ASO2 42 552 1 1 M 57 05 B
SR T 20 M A AL K S e i AR I Ak, 5 75 58 2 A
Ft DA 5 2 L R FH Al
3.3 Matrix-M Matrix-M & — F 4 2K Bk B4 42 57,
AT 55 A [ R AR VR A T B A BRI i 5 IR 45
T4 1) 4 28 T8 2 A0 . Matrix-M A 51 e R RS [ 1
R K JIURLBE AL A, LA E I BE R A, B 85% ZH 4 A
(QS-7) Al 15% #H.7r C (QS-21)™o Hele 7713 ¥ ) S 4%
F BT QS-21, {H ph T3 A0 788 i M A v, PR N
TR LE B QS-7 P4 3 M Al 22 4 1k . FE A PR
I LT, Matrix-M A4 771 BV AT 30 J5 350 0 I B 4 928 J
N, F2 VRS S 48 h AR G g A AR A BEOE OF SR AR B
DLN. X &4 F v] B8 76 3 5828 1 P i i) 46 ORH &2 38
75 TH R FEAE LA SR A R % B8 ) B . Matrix-M 7E
DLN %o %28 ol A 55w B8 S0E 28 0E /M4 JE 2% LA e R
G J3 A L )T, AT 7= A5 AN [R] ) 48 B BT R0 4k R
T, A HEE 7 R 10 TFN-y, 1IX 56 T2 3 Th1 B CD4™ T
Y M e 2R SC EEL, Tian MR I, TEVEST T & SARS-

CoV-2 (™ B 2 PE P IR 256 iF e R 25 2) il 98 8 1 AN
Matrix-M 735 & 1804, 43 IFN-y TNF-o £ IL-2
(RP 22 i Th 48 ML R 17) A 90 5 %5 7= £ CD4 A1 CD8' T
Y1 5 35 22 T4 Wk IL-4 ATIL-5 (E Th2 40 i K 1) 140
. 5 R SARS-CoV-2 Hill 58 2K 11 1f1 5 4) h Wi 5%
B 1y A 20 il W 6 Ll IE 52 T Matrix-M A] BLi% &
Thl B & M. Matrix-M i& H A5 80 i PrJA 28 X85
5 CD8" T 4l i S b7 (1938 73, AT LAFR i i i et 0 B e o
{4 55 R % 7 A Th e 1k A0,

Novavax JF & 7 — F 4t %t SARS-CoV-2 Il RE H
A7 77 E ZHL 0 B 5 1 NVX-Co V2373, 1% B 1) o 7%
JE A4 8 T 42 751 Matrix-M, LA B R 77 & 2 KR
I BEA HE 5 T 0 SO VRN 40 S S, S B —
IHAZ AL COVID-19 WV 5 A7 49 K FRE 58 1 1 4 7770
Guebre-Xabier " 78 K I, 7£ 4 N R KK PF1 /)N
B ) o I 1) NV X-Co V2373 Ml Matrix-M 4 71| 7]
755 B4R T 40 M S8 51 & Dol S8 b A B, o
FUpE BE, AT BELIT 5 N I 5K R4 2 2 A 4
Hro FE/NER AR, 2 B AE AN 1Y S S B AR SR I 2R S8R
I LR b, IR RE T SARS-CoV-2 J& %L,

4 1 R F T T B SARS-CoV-2 #h, Collins 2519
WA T Matrix-M 5 55— F0OE 55 % 1 R21 BB R
., RBLR21 Fl Matrix-M — #2425 S 7 )L T2 21
ToHE AR, 37 H 5 R21 FI MF59 — #2425 25 A H, R21 Al
Matrix-M 4 B A E R ZE W R . EiHAR DA HASH
e 7 iz W T 7B )L 385 ¥R )5, Arunachalam 2557
FL3 T 3 Al PR AH S (1 A2 U AE dE NS R KK Py h 75
S R21 1 B RE ST, 7 Bl & Matrix-M. 3M-052 + &
A B (— FhAE B B RS I Y TLR7/8 B30 55) Al
GLA-LSQ (7£ flg i A o 5 QS-21 e il f) — Bl TLR4 3
). 45 HE K, GLA-LSQTE T I FI& T % S 1 %
95 I IR, R £ B[R] 504 ; Matrix-M Al 3M-052 + B
WL B BE A AR (BHEERAT) R iE S T K Hard
YA, BLAh, Matrix-M 7E N o8& MG K S TR
A Th2 FH SCRFAIE 1) R 1K 1 58

#2741 Matrix-M 38 i J8U4F 19 5% 53 e B (QS-7 + QS-
21) RGN K ks 45 44, SEEL T S i 1 5 e T
17, AT RO Th i R R 4T3 S 28 RN AR S g, 4%
5 1 S 5 B 5B fE 7. Matrix-M #£ COVID-19 % 1
NVX-CoV2373 FUESZE 1 R21 FH N, 7843 50E T
FLAEAN R R B2 i o () e, B AR =B T
T BE 0 % I b, BARY RS . 5 H Al
PR AH 5% 472 79 HH EL, Matrix-M 78 45 55 5 258 f B 43 48 1k 4
TR IR, 58 B AR, AR RAE A L P A4
A BN AN E
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3.4 AS15 ASI5 £ 7 fL 45 TLR4 (MPLA) #1 TLR9
(CpG) Wsh7) Je A QS-21, LA BiE S T 40 Mo 1 5
G 58 IR, 3K T RE AR AR SR T SR TR I — 4.
7£ MPL F1 QS-21 H i A CpG it — 5 34 it 1 B Jib 983 4m
Jiil G o AS1S B 3IE B AT LLiF5 5 58 K 7 Thi 24 40 fig [A]
T, AT e b 7= A 9 A R 7 Th 40 A7, TNF-o Al
IFN-y. XFE ] 85 CpG (GBI TLRO M0 il 3
41 Y #£ DC) A1 MPLA Bk & 1E I B <P, Melssen
SEBIPEAL T AN ASTS JE B WA AU B IR 0 R R IE
I 4 2 4 B P R SR RN L R 3R 08, I AS 1S TE B0 AN
AT [ A AN R S D R O B AR R AL
fil, BT 3E i DC AT 40 M A8 5< B 5 BA & PD-L1 A11DO1
RFARIL .

H AT, ASTS #5750 1) AH ¢ B A 32 2 4 v 7E i g
T, Kruit S5 PR Al 7 P8 FlAS 5] 9 G 9% i 307 (AS02.
AS15) 5 MAGE-A3 (MR s = e b ) B B A Al
BIT R VE B AR AR, KILFTA B kN R
255 MAGE-A3 [ 3i4&, 15 AS15 2H 04430 B2 /2
AS02 ZH 1 3 f%, AS15 ZH 1) MAGE-A3 4 5 M4 240 i 1) 4
P RON A TE O . R, AS TS E MRk TR 5 MAGE-
A3 FE ARG TH M B AR IIRRRE. A
4, Rioux ZPHF 5T H & $1J5 MASH2 (mouse achaete
scute homolog 2) Bk & AS15 7E 45 B g J /) SRR 7R ep i
S 1) R CR AR FHISE, R /N B 5 MASH2 + AS15
AT R R S PR PR IR 7 2R 2 W4T M R T 1 CD4™ T
YA, {H ARSI 2] CDS” T 41 i e B2, 15 56 1T 76 /N Bl
VE S AS15 FHEK & 9 i 55 — P & 19 Bt IR MAGE-A3
& E B T s — 2.

AS15 i3 MPLA . CpG.QS-21 I [FE H, 5 5
SR AP Th 1 28 G y2 FR470 i 44 i 6 38 J I, 75 fie 98 e %
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Figure 4 The structure of MS I and VSA-1
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Figure 5 The structure of TQL1055
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