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Progress in Influenza Virus-Like Particles Vaccine Studies
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Abstract: Vaccination is an ideal way to prevent all types of influenza, but numerous serotypes and high variability of
influenza virus challenge research and development of influenza vaccines. Virus-like particles (VLP) are hollow particles that
contain one or more structural proteins of a complete virus, they share similar struetire and immunogenicity. By vactivating antigen-
presenting cells, VLP inducing immune responses. VIP do not contain viral nucleic acid, which means that VLP has no
pathogenicity and suggested as a promising platform for vaceines. Now HIN1, H3N2, H5N1, H7NI, H5N3 and HIN2 influenza
VLP have been produced, and animal experiments have proved these VLP can induce protective immune. Several divalent
(multivalent) mixed influenza VLP have also been produced and have a cross-protection activity. Adjuvants can enhance the
immunogenicity of influenza VLP vaccine. Although current study showed that influenza VLP vaccine have high titers, can
effectively induce cross-infection immune responses and has no pathogenicity, they are all animal or pre-clinical experiments.
Safety, efficacy and immune routes of influenza VLP vaccine still need for further studies and verification of clinical trials. In this
article, we briefly describe the produce of influenza VLP, immune mechanisms,? species of influenza VLP have been producted as
well as the adjuvants.
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AP, VLP S R AR SR I IR B B ST B A,
SO LR JL5 T XL 8 2 A AURLRE 1 B 9
BOLHTEE

1 AR VLP 844 R Ak

AT BB K 7 (influenza virus) 278 6 Y
4% RNA Jd, 7E098% LB TEFRERL,
MBRENSWEAFZEAE, EREAML),
BHEEARABMaAE LM 3 FEEEA
(HA, NA, M2), Vs 25 76 57 JR L 41 Jf A 240 Ao
DA ZE AR BE Y O SR B HE BT R R R ), —
T 32 9% A A SRR T UL 2 B AR AL R R R
(M1) 5 4pfapE by “fefe” K&, JF 5 HA &5
NA Hop9 K AHELVE R, TR 2h TR SR T 2F
L RS

BEIRE R VLP R RS, E4L
FE AT, DNA FUki-T7 RNA B & mbse gy 3k
FJEREREC); A DNA FIBEAEC), BATRA
B - A ARDO%E

KPR B 0] RS (B 3 o & I HONRBTE I

FLE YA N R H) A RR R B R AR
RGEMHILHAIY AR EREIRGEA EFNEL
P, ERRAMPE LA VIP A Rk HA,
NA, M1, M2 {£—F & 5 %78 VLPM,; HA-NA-M1
VLPM-21, HA-M1 VLPUMS), H 8% 7 |, 3 4 350 K
VLP B2 80 ~ 120 nm, A & Vi /B 7 5L 50 1Y
HA FERIES 0,

R, FURER VLP AR S ba 2 AL
SRANTERE M1 B SN HA NA il M2 B EHE
YEFE, TIRETEfGTE VLP B2 A0 I 28 p it R 4R
M. Zhang SEWFST R, M EENE B H ML N B2
AREF R EE 0 H ZE AR BE AN ] . Chen SFPIRFSE R
B, WBGR BRI HA AT NA | T A= M1, 7ERUES VLP
ARG, MR KRR RN, {52 Hela
A (AF 293T 400E) BEAE A RFEIL ML EHM
DNA I, 35550 B P 2390 T /2Ry VLIPS,
MEZ HA B0 NA B3RS VP #RE 8 A A%, (HBSR
AR AR R IR B R AR 1 ML, WR/R T M1 7E
VLP G A EZEAS, RRIFR A 257
MREH T RATARNRELRSG, B—FEATRE
VLP B 72 i B B E A Rt — 26 5E

F 1 PEHRE R R B R

Table 1 Influenza virus-like particles have been reported

Subtype Components Immune effect detect - Reference
HINI(A/PR/8/34) HA,MI A/PR/8/34,A/WSN/33 Quan et al. (2007)
HINI(Pandemic 1918 A virus) HA,NA, M1,M2 A/swine/Towa (HINI) Matassov et al. (2007)
HINI(A/PR/8/34) ' HA M1 A/PR/8, A/ Philippines Wang et al. (2008)

HI + H3 (A/PR/8/34 + A/Aichi/2/68 (X31)) HA (HI1+H3),M1

H3N2 (A/Udorn) HA M1
H3N2(A/Udorn/72) HA,NA,M1,M2
H3N2 (A/Fujian/411/2002) HA,NA, M1
H5N1 clade 1 (VN/04) + clade 2 (Indo/05)  HA,NA, M1
HSN1 clade 2.1 (Indo/05) HA,NA M1
H5N1 (clades 1 +2) HA,NA,M1
H5N1 clade 1 (VN/04) HA,NA, M1

H5N1 (Indo/05), HIN1 (A/New Caledonia) HA M1

H5N1 clade 1(VN/04) + clade 2 (Indo/05) Gag,HA ,NA
H5N1 + HIN1 Gag, HA,NA, M2
HI5N3 HA,NA, M1
HON2 (A/HK/1073/99) HA,NA, M1
HI9N2 (A/HK/1073/99) HA,NA, M1

A/PR/8/34,A/Aichi(X31),
A/WSN, A/Philippines
A/HK/68 (H3N2)

HALI titers

H5NT clade 1 (VN/04),
clade 2 (Indo/05) "

H5NT (Indo/05, VN 03/04)
H5N1 clade 1 (VN/04),
clade 2 (Indo/05,WS/05, Anh/05)
H5N1 (wild type, VN/04)
H5NT clade 1 (VN/04)
A/Vietnam/1203/04
Neutralizing titers

HAT (H5N3, A/duck/France)
A/HK/1073/99

/ A/HK/1073/99

Quan et al. (2008)

Galarza et al. (2005)
Latharn et al. (2001)
Bright et al. (2007)
Bright et al. (2008)

Mahmood et al. (2008)
Crevar and Ross (2008)

Kang et al. (2009)

D’ Aoust et al. (2008)
Haynes et al. (2009)
Szecsi et al. (2006)
Prel et al. (2008)

“Pushko et al. (2005)

Pushko et al. (2007)
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VLPZEIB 5 b 5 BLIE R 3R A0 [m) B 81, 1
S SURE 1 B JE T 9 I R 2 IR 400 B 4 e I 4R 2 4
Hi 5 CER B 48 T, B IRE AR, AT A 550155 S AL
PRF= A G AR BB L2,

TE /N R G 40 B A, VLP LA HA- 5 1
MHC T 5, MHC T1-FR %1 1 22 Bk 25 & ¥ o7 0003
HA H: 5% CD4F CD8*4 i 43 Thl & (IFN-y,
1L-2)#01 Th2 & (IL-4,IL-5) 40 F 7002 Gyt
VLP #9/ LA W€ 2 B 8 A9 MHC T 5 MHC 1T 2
B SRR A Y TFN-y 01 TL-2, 71 vHA BEFE 5
FEMIR B, CD4* T 4R b CD8* T 44 WA EE
21 TL-4 F1 IL-50021, $E7R VLP A [R] i35 57 A
Th1 F1 Th2 B0 M4 KR, Zhang %5 IR 57 3R
B, HA VLP %% C57BL/6 /MR, FIIAIS B2 4
TP, ez P 1gG2a S ERBUE,

3 EA R AE VIP(R 1)

3.1 HIN1 VLP

Quan %5141(2007) A A% i i B¢ M1-HA HINI
VLP(A/PR/8/34) , BA HEHL RN R FI F IR R (A/
PR/8/34, A/WSN/33) B BE 1, i 7 i 40 4 v &
BRI EFRFRERHER 100 5, 52
B RPLRER R R AL —8, FARER ML A
£ HA B9 VLP S /NRUG , HARE] 20%1/N R
TEWE, ELAFIE/INBUE ™1 A5 B R 1 B IR
B TR 3R HA FEfRP i 5E B8 2R
P AR RIS HA B2 5 00 VLP S5/
B, A BE R B MR o2 o BRI, AT HA &
VLP 5 S 7= A R iR e F 2R
3.2 H3N2 VLP

Latharn %5 11(2001) & 45 & A T HA-NA-M1-
M2 ff) H3N2 VLP (A/Udorn/72), Galarza % [
(2005) HiE T H M1-HA # H3N2 VLP(A/Udorn/
72) BB RCR PR WL BB Sy & 1 ug HA
f3X il VLP, oIS R 75 s IL-12 251, ERRESE /IS
BIEPL 5 M5F LD50 (CEEEULITHE) 9 A/Hong
Kong/68 (H3N2) %55 H Yy , B VLP 1

5| & HA PUURG: A R AR 715 U631 2 v AR Bl

B,

Bright 4¢0121(2007) & B T HA-NA H3N2 VLP
(A/Fujian/411/2002) , UEE/)N B ISR 1] 52 56
(HAT) /R, Hb A0 B KT v 7= A T R /K- B A
TP BB ) s SR PE R, VLP AT
S5 10 ~ 15 BT %8 HARTE M tHA) B9 I
EPURTEBE 2 5T 2R E JOE 1 1) HAL 5Tk
WEEE, S5 VLP W HA BRI A E RN
ok BE 2, A HA-NA H3N2 VLP (A/Fujian/
411,/2002) L BALB/c /N4 1gG2a . IgG2b il
IgG1 =R EBTRPLM, MIERREE LB
7= 1gG2a Hl 1gG1, AR/ HH B 1gG2b, 1 +HA F &
BHRFEA 16102,

3.3 H5N1 VLP

[H 2 H5N1 B S8R i & TER B e R g
IE, BARE M HA B2 RO, B0
F R 1) 3845 TR R AR HINT (A/PR/8/34) 8k
HAGBF RS E A RIS EE A, TTLTES
JU A P 0a2) (E R SR B 9T AR PR AR TR AR )
43 % (BSL-3) Je L 4 F kAT T VLP S 58
HR T IR BE, R AR ST R SO T I R R
Hi BT

E N 1997 47 o 1) 25 — ) R = B0
PEEWELIE, BEURESREYRE (HPADD
Z 4R 10 DB (clade 0-9) , EL A AL 5| [8)
A2 SR FR A L5 2 51 ), Bright 451
(2008) # i T HA-NA clade 2 H5N1 VLP (A/
Indonesia/05/2005) B35 AR G VR - PRAH &
A AR HA(3 ng. 600 ng) i VLP FEREYE A/
Indonesia/05/2005 X clade 1 A/Vietnam/1203/
2004 17N LIS B AR EE ) 2 B4 40 M RNV B %, T
JIA TS THA BE /N & AR SR T B E R
B R,

Mahmood %?8](2008)5}%%% , PO IR %
8 (0.6 g HA) K H5N1 (Indo_05) VLP 3 1 AE
Bl ERTFER TR clade 1 Viet_04 J55E 7
PERNE A R 2 , S I ESRAE 10FLDS0 HNE:
BEYLT  HAT RN FAMEEAFTE T T2k, #2728 HPAI
Fh AT ORI SR I e 1 SR R B0 ZE7 ik
TR,

MLV Gag %1 M1 2 I #02 VLP 28 458
[ AP H . Haynes %50161(2009) FIFFRApERE- R &
R FE Ik BG5S AL Gag HSN1 VLP (A/Vietnam/

1203/04 B A/Indonesia/5/05) Al J5-3 BB/
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T A/ Vietnam/1203/04 /N BB 35 58 72 A 4
ks, FRES HA B9 Gag VLP 5 M1 VLP
BB LMW G B,

WMYRIAGREZeWIF -85, BN
FHN—Fh R E AT VLP 75, D’Aoust 4%
(2008) FHASAEMHZEAEYIA =T H5 VLP(Indo/05),
FHXHAP VLP S4EHIHNEA NI/ N, 77X
i # & (LD50) f A/Vietnam/1194/04 (H5N1) f=
AR MG B SN, (Rl HS VLP ZEAEY 40
HROR IR T A e MR R A
3.4 HS5N3 VLP

Prel 2500 (2008 ) i B 41 AR 55 - B A 40 il
35 R 4 & B HA-NA H5N3 VLP (A/Duck/
France/02166/2002) B &4 h—Fhsh ¥ 2% i £
B FGR, HAT 5256 PH P IERR T B X A VLP
WA RE T B ISE AT AT
3.5 H7N1 VLP

H7 WIS f B E A — 0 B L R A LR
WO, Judit! (2006) FH JORL % 4 1R 2L 30 W 40 M
293T, 4= i, T HA-NA-M2(A/Chicken/FPV/Rostock/
1934 (H7N1) { A/Thailand/KAN-1/04 (H5N1))
OIS Gag VLP, PHIRGBEE /N A T Bl
SEPEBUMR  (HIAE &= A A SRR
3.6 H9N2 VLP |

Pushko 45:11:21(2005,2007) & i T 1 HA-NA
HON2 VLP (A/HongKong/1073/99), F 10 pg
HON2 VLP 7£ 0 A1 28 d Bh4351 B2 T AL Gz /s

B, 7E 100 £% MID50 (50%BR YL & ) mFERGL T, -

SEI A /N AR R AT R (O BRZE/D B
KRR TR 17%),
3.7 Z#h(&ih)iRE VLP

Quan Z£1°1(2008 )i T H1-H3 18 & — 4 HA
VLP M6 ik, KRBV A 2B B %
PP B BURE R R

Crevar and Ross!?)(2008) B il T —FF H5N1
THETE, HAA clade 1l clade 2 H5 (Viet_04
1 Indo_05) B HA YRA W) Fy% /N R, 7l 75 %
BT clade 1,2 # clade 2.3 (A/Anhui/1/2005) A9 IfiL
)AL (HAD 36 1, (B BE TS T Pl clade 2.2
(A/Bar headed goose/Qinghai/1A/2005) ) HAI
W, RS clade 2 VLP (Indo_05) R F I H —
ERIE LA ER, W R E S clade 1 VLP
(Viet_04)TEXTHL clade 2 BUSRE BRI 5 HVE A

E (CLR/NRAEREH B . R M H5NL
VIP W RAERA, H clade 2 VLP [t clade 1
VLP ELA T2 5938 AP E I (2009) BYBFSY
38 . B HSN1 VLP (A/Viet Nam/1203/04)
FE/N ] R SR R e 2 B AT
YR SN

Matassov %5 1(2007) F R AN R B R A A
AR B HA \NA (1918 influenza A virus), LA K& M2,
M1(A/Udorn, H3N2 )4 ALY VLP, VR 2 N B4
R, P Re 8 B YL A/Swine/Towa/15/30 (HIN1)
ANEFE ARSI, N CpC FERE H IR
SR LA /) B PP S ) 7 VR PRI

4 AEF)

—SBRF ST R, A5G R R R AN B L
B RIS R AT R AT B R Y, A) B L 0R
KERE T B TR TEYE, (H R a5 AT R
XA A BE R G T AT, A
Novasome (JEBEAG IR FARBCRL ) 150 68 A 1 5
vHA IR RS R, [BXT R VP A
YEFH, ATRES VLP &R e R A e,
B NZETE VIP R E B BB T, i
DC-CSF CHLAHMIAE R RIBA F) dd i TR
VLP ¥ 32, 1T LA VLP #9608 LR Toll £
ZRB AN R A5 VLP #8:7) HA
HIN1 VLP (A/PR/8)F M4 & HIEHEH WA
WE VLP (5 R, R EEER & Hy R RE
B RE I AE 109,

5 k#

VLP 1 DA 22 2 FIH0 0 38 9 A 5500, B
HEEWRORNE, BELFLHITFRRKSE
(HBV) B0 A 2523k 5 % # (HPV) ™) VLP RE 1
LT BT VLP NEHEAREH EE M, NEA %
Yk I HAEWSE T8 A P e B R 40 I
NEZ&, B R ELE B2 BTG  HIE S B AR
NESEE AR, (BB TR HE o B AR IESE T

VLP 7] AE A ST i i BE v, (BRI R

HUSED, WA VLP 2 iy Z M R A A
el PR B Y — P B
PURER B AR RBORAT AR, B
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A 2T SRR T 14 8 R O X A R B SR A
HSCH, TofER VLP S H B e7E s L+ 2
7 TR AN JR HSN 25 B BE ) U6 2) TR 40
HH B SEIR A IESE T Rk VLP S i AT ST HS A
H3 [958 SUPR A Bz Vo) (B BLAR i G e L A 3B
RERE, SFVHERECARE  HPAT i - FHAuk
JE (B HAL B ) 55 047 2 B 52 1) 558 55 (9 58 R A
508, BRHLHEA Fr it — 2B 09T il 2N T AR
BRI REL [ BR 7T RE <R VP BEH Y
RIPHER,

U JEE T B TR S AR R R M B R O E
HRER, WA VLP RBEE E R A RE
SNWABAUNIES , B TIERE b PRGBS,
SNRARTEAZ SRR GETTREAE
el B9 O FH RIS

SR
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