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Influenza virus

*Influenzatype: A, B, C

*Eight negative-strand
viral RNA segments
(PA,PB1,PB2,HA ,NP,NA,M,NS)

*Surface antigen of type A virus:
Hemagglutinin (HA) 1-16
Neuraminidase (NA) 1-9

. NA1

HA1l

HIN1 H3N2 H5N1




ALY

1. AVTVIVFIALRIZES>TEIESHEC SN, BIFFE, DL, |
BEXAEEFMEHRLL. SR BRMOKICHEL. BE.
LM TERY SRR ERE.

BATIBFILA~AANRITH .

2. fEIK : ZEHAMD3IB~39CEHBAHHE., t8)E. BEIE. AR
ZITMA., 1. WHEEE. ZAEED LRERERLAAON, &5
BEREDEHERNBO O, IL4E . SEE . i
BEIDODATIE.[REZR. MRGETHELLVEREKEDE
ItZiBE . ZEDIBAILEIZES,

3. M EZEHTYMNILOTRERHODVAMIILAMEZR
H AT RE, FEE WL, IHEBRC LR, DMK, SFEREIRGE
MoDIAIIAGEC, MERETOHRKBOEETLELE (i
KSEHANFAMELUED LR [CE>THEEND,




EHETEELEHFITEZIIILIVTISILR




AV TIVIF oA JL AR D fRERLR G

NIID Dept. of Pathol.




AVTIVIOF I AD BRI LD EILE

-

1 FLRZRETOD
A=A D45k

QAR E~D
N iEAIIADEALE

3.MH DIgGHIFEDEE

4. HMRESHTHRADOFEE




AVITINIOY A AR OIEREILS
AFRERIERE

(Common mucosal Immune system)
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Asahi Y etal

ﬁi’ﬁﬂlgAb X Bﬁfﬂ” 5‘&65‘/ J. Med. Virol., 74: 328—‘355, 2004.
A

B/lbar ive IgA and IgG
Vaccine+CTB* Challenge Nasal wash Serum Nasal virus titer
(0 wk) (Awk) (U/mi) (% 100 U/mi) (PFU/ml;log10)
pIgR (+/+) 0O 100 200 300 O 100 200 300 0 1 2 3 4 5 6
B/Victoria-lineage .
(" Bfibaraki B/lbaraki H (a/5)
BiAlchi Bilbarakl (ars)
B/Nagasaki B/lbaraki (5/5)
B/Yamagata-lineage H
B/Yamagata B/lbaraki : {5/5)
B/Mio B/ibaraki (5/5)
APRE B/ibaraki migA (s/5)
Control Bfibarakl OlgG (5/5)
B B/lk 1 ive IgA and IgG
Vaccine+CTB* Challenge Masal wash Serum Nasal virus titer
(ﬁq (4 wk) (U/m1) (% 100 U/ml) (PFU/ml; log10)
IgR (—/= 0 100 200 300 © 100 200 300 0 1 2 3 4 5 6
B/Victoria-lineage -
Bflbaraki B/ibarak]
B/Alehl B/ibaraki
B/Nagasakl B/lbarakl
B/Yamagata-lineage
B/Yamagata Bflbarakl
BMie Bflbarakl
APRB Bfibarakl
Control Bibarakl

A
BEN~DSBEIGATEN RSN, RGN RSN,
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i ERIMEEDAILAT HF 2 (FluMist)
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ESRREARTBRRREBICS TEIRBAVINIVFIIF RS

19874 REVHRESMIFREER. BME— HE. EEKICKLS
MAL>72anUNMCTBRHARRA U ILIU YO IF L | R

19895 45 JHF U EF|IREME (#D) LB AR O L EHFE,

19895 HmAUIDIMHNXFHEK (Protection against influenza virus infection by vaccine Inoculated
intranasally with CTB. (Vaccine 6:409-413,1988))

*2002~2004 4
RLRC, KB FE G EFTET 2/ ELARE T OF o FHEREL f-— B DEMZ
BEETRFSE (Bells Palsy) 5 FAEL /= 7= & fHH LS H1 5,

LWRERT S/ D

2002F REVMRIHFRESN. FER.RBIIFHE BER.ESHKE:
TPoly LCH# AR EAL I IUH I IF U I EM RS

2004%F HHFHEREFTETO1N\VIEETHRIDITF IREBEED BRAMBD
FH[E HFE

2005%F BYDHXFEER (Synthetic double—stranded RNA [poly (I:C)lcombined with
mucosal vaccine protects against influenza virus infection
. J Virol 79, 2910-2919, 2005))

2006~ REMDEWVT D1/ 0 THSAmpligen (Poly I.C,,U. KE Hem#it ) #H AL

BEFRAVITILIVHFHINDDTIFUN, DOFUMERLIMORTLRHTS
AREMENBYMEER TREIN, TLUTIVIIHOF BT ERIA
20075~ EBAHBHEAREERBNMERACLEAMEEE MR

1988 ~2008% B AVINIV YD HIFUIT DNV TER X662 HE




i B8 59F > (intranasal vaccine)
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JRIRAEREHERE TLR (Toll-like receptor)

—ZREHRNA LPS -
YRR 184 CpGDNA ZARSHRNA
(%EE)J. 07’”"’") (%Ei YAILR) (ﬂ@ \5%‘(-74)1,;()

TLR1 TLR7 'TLRQ TLR4
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Compliment C3d fused HA vaccine
[ Watanabe I Hasegawa H et a/. Vaccine 2003 Nov;7(31):4532-8. ]

2) Chitin microparticles (CMP)
[ Hasegawa H et a/. J.Med.Virol. 2005 Jan;75(1):130-136. ]

3) Surfclam microparticles (SMP)
[ Ichinohe T, Hasegawa H. et a/. J.Med.Virol. 2006 May;23(7):954-963. ]

4) Synthetic double stranded RNA [poly(I:C)], Toll like receptor—3 ligand
[ lchinohe T, Hasegawa Het a/. J Virol. 2005 Mar;79 (5) :2910-9.
Asahi-0zaki Yet.al. Microbes and Infection 2006 Oct;8(12-13):2706-14.
Ichinohe T et.al. Microbes and Infection 2007 Sep;9(11) :1333-40.
Ichinohe T et.al. J Infect Dis. 2007 Nov 1:;196(9) :1313-20. ]

5) Alpha—galactosylceramide (a—GalCer), NKT cell ligand

(Mucosal Immunology in press)




Recognition of dsRNA

TLR independent

MDAS [MH

RIG-I [ B [sssss: :

IRF3, IRF7

l

Type | IFNs

Fibroblasts, cDC

TLR dependent

IRF3, IRF7

v
Type | IFNs

plasmacytoid DC

Kato et al. (2005) Immunity
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Poly (1:C) 10~0.1
AIPR8 (HIN1) HA vaccine 1pg oly ( C)OrO 0.1 ug

(split-product virus vaccine) cTB" 10wl PBS (-)

lng

CTB*: CTB containing a trace amount (0.1%) of holotoxin (CT)

A/PR8/34 (HIN1) virus

1ft ZTd challengf (1000 pfu)
Balb/c mice & ¢ 4 6
6-8 weeks old (weeks)

}

Nasal wash
Serum
Lung wash

5 ul / Nasal cavity




Poly(LC)BtRABREBEAV I IV HFUERICKY.
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Vaccine . . ) )
Anti-A/PR8 HA IgA Anti-A/PR8 HA IgG A/PR8 virus titer
Primary Secondary in nasal wash in serum in nasal wash
(ng/ml) (ug/ml) (PFU/mI; 10")

A/PR8P(I:C)A/PRSP(I:C)
(ug) (ng) (ug) (pg) O 100 200 300 400 0 1 2 3 4 5 6 0 1 2 3
1 N T N |

| | | 1 1 |

1 10 1 10 1 <1* *:p<0.05
1 10 1 -

1 3 1 3

1 3 1 -

1 1 1 1

1 1 1 -

1 0.1 1 0.1

1 0.1 1 -

1 - 1 -




Poly(:C)BtRRRBRIIFUIE EERIANNRIZHLTEHRMTHS
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A. Nasal-restricted influenza model (challenged with A/PR8 virus)

Vaccine Anti-A/PR8 HA IgA  Anti-A/PR8 HA IgG  A/PR8 virus titer Neutralizing
in nasal wash in serum in nasal wash antibody titers
Vaccine (ng/ml) (ng/ml) (PFU/ml; 10") to A/PR8 virus I
(1ug) Nasal
poy(tcysug § 00 (0P ) F R Y PR PP P seum  wash
A/PR8 (HIN1) <1* +:p<005 1:256 -
A/ Beijing (HIN1) <1* - -
A/ Yamagata ( HIN1) <1* - -
A/ Guizhou (H3N2) - -
B / Ibaraki - -
B / Yamagata - -
B / Aichi

B. Lethal lung influenza model (challenged with A/PR8 virus)

. 120
X
E’ 100
§ 80 —®— A/PR8 (HIN1)
= —&— A/Yamagata (H1N1)
> 60 —®&— A/Guizhou (H3N2)
b —O— B/lbaraki
5 40 NV i
(2]
20
0 1 1 1 1 1 1 1 & &

0 1 2 3 4 5 6 7 8 9 10days




[3H]-TdR incorporation

IFN-y production (pg /ml)

1200
1000
800
600
400
200

Poly(I:C)Bt RERBDIF LR DI HF SR THIRM &

@ T cells

@9 @ (spleen
B 0 poml o0 (sPeen)

B 1 pgmi
] 0.1 ugml

|:| None

Bii il

A/PR8  AlYamagata A/Guizhou B/ Ibaraki
(HIN1)  (HIN1)  (H3N2) APC + Antigen (A/PR8)

l 4 days

*:p<0.05

A/PR8 AlYamagata A/Guizhou B/ Ibaraki
(HIN1) (HIN1) (H3N2)




Relative increase in mRNA level

A Infection
50

40
30
20
10 *

0
0 6 24 72

B Vaccine + Poly (I:C)
20

15

10

168 h

o Lomor weint e s ND
0 6 24 72 168 h

Nasopharyngeal associate lymphoid tissue

W LR3
B TLR7
O7Lra

NALT — total RNAs

Sensors of dsRNA

*TLR3 (endosome)
*RIG-I (cytosol)
*MDA-5 (cytosol)

Vaccine with poly(l:C) mimics
the state of viral infection

l

Protective immune response!




Cytotoxic T cells
Influenza vaccine + poly(l:C)

4 Qe
§ %%

TLR3 m
iDC
e
st
IgA

Antibody forming cells

Innate immunity Acquired immunity
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Areas with cc

Affected areas with confirmed cases of H5N1 avian influenza since 2003
status as of 05.02.2008 (latest available update)

— . . Status as of 05 February 2008
d human cases of HSN1 avian influenza since 2003 2
7

‘Country, area or territory
Cases: cumulative number
Deaths: cumnulative number

Latest avaiable update

5 '
Bl -5 with confirmed human cases | * All dates refer to onset of iliness o w10 o0 ko
T boundaries and names shown and the designatians ued on fismap da not imgly the exgeessian of any opnien whatssever Tiata Souree: WO
ey World Health on B part of the Werld Health Cuganzabion concerming e lagal stahus of any country, torory city o area of of its suthoeities, Map Praduction: Public Health Mapping and Gi
v izati o delmitation of s Diotind fnes ke boade ies 3 Sor which there Wieahd Henth Drgantz ston
mary not yot b full nresment WHO 2008, AN rghts e served




E=a=1
i =N

ERERERAIINIFIALILA (HENL) D OFY
(%.EFCORTERBICBUODTRERESHNELCE
NESN TS

" JAIWRDEDKENINTIVIERIT ONFR
$HEFELL, RITAN/NATIVIIDIFUE
HERLTHLIZEETHS

-RTERTIFUIK. DOFoHRERITIAILAHK
BN —HBLEBWNETIFUDHESBFTEEL

BRI AR BE T TRCGHIEEADBRENBESN TS,
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/\ -ﬁ- H5N1 (A/Hong Kong/483/97)
// — -ﬁ- H5N1 (A/Vietnam/1194/2004)

Mucosal IgA \

H5N1 (unpredictable virus/ 20?7?)




i Polyl:PolyC,,U (Ampligen®)
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- B ABHRNA
TLR3 | d o ,,U o Wi al.” g
igan | ‘ ’ (C

AR IR & TN
SA3THERER B ERIE T (USA) yree J

> 75,000 dose (400 mg V) ¥

12 EICURES I YT T
Proc Natl Acad Sci U S A. 2008 Feb 19;105(7):2574-9. s °

The adjuvant role of poly IC requires Toll-like receptor (TLR) 3and
melanoma differentiation-associated gene-5 (MDADS) receptors,
but its analog poly 1C12U requires only TLR3.
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SRFARFELCTIFY 1pg: NIBRG14 (A/Vietnam/1194/2004)

PAPEVAVIS 10ug : Polyl:PolyC,,U (Ampligen®)

-* A/Vietnam/1194/2004(H5N1)

_*_ _*_ -‘- A/Hong Kong/483/97(H5N1)

15t ond -ﬁ- Allndonesia/6/2005(H5N1)
0 4 6 (weeks)

1000PFU / 2ul
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05/06—XV AV IIVIUHPHADHYFY 1pg: A/New Caledonia (HIN1)
A/NewYork (H3N2)
B/Shanghai

AP EVAVIS 10pg : dsRNA

-* A/Vietnam/1194/2004(H5N1)

‘@ 5 "- Al/Hong Kong/483/97(H5N1)
-1*5{ 2?(; :ﬁ -ﬁ- Allndonesia/6/2005(H5N1)
| } | |
@"b‘ : 4 6 8 (weeks)

1000PFU / 2ul
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Vaccine Vaccine-specific IgA Vaccine-specific IgG
in nasal wash in serum
(Abs. at 405 nm ) (Abs. at 405 nm )
Trivalent dsRNA Route
vaccine 00 02 04 06 08 10 1.2 14 00 0.2 04 06 038 1.0
(ng) (ug) T TR N N I T T N T S |

. - ox I

1 10 k. — :

* *

1 - I.n. '
- 10 i.n
*
1 - . I
S.C ' Y
- 10 s.C

O A/New Caledonia (HIN1)
- - - [0 A/New York (H3N2)
B B/Shanghai
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A2)NT
letham/1194/2004 (H5N1)

™1 JLAHEN 10 B B

S . 100
E 3 * @ 80
2 s
re Z 60
= 2 [ —e— Intranasal
g 2 40 [ —o—subcutaneous
» 1 u:) 20  —O—Control
E]
£ o bu
Naive  Trivalent Trivalent 0 2 4 6 8 10 12 14
vaccine  vaccine Days after VN/1194/04 infection
(s.c.) (i.n)
B
= A/HongKong/483/97 (H5N1)
=] 100
5, g oo r
@
B Z 60 |
= 3 —e— Intranasal
2L 1 > 40 I —o— Ssubcutaneous
2 @ 20 | —0—Control
'§O 0 P S S T S S S S S A R
Naive  Trivalent Trivalent 0 2 4 6 8 10 12 14
vaccine  vaccine Days after HK/483/97 infection
(s.c.) @i.n.)
c _ Allndonesia/6/2005 (H5N1)
& 5 *
o * _100
E 4 gl
: e :
© -
> Z 60 —@— Intranasal
5 2 S 40 F
2 ; —O— Subcutaneous
w1 5 20 | —O—Control
El [
S 0 o bl
Naive  Trivalent Trivalent 0 2 4 6 8 10 12 14
vaccine  vaccine Days after Indonesia/6/05 infection

(s.c.)

(i)
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