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SUMMARY
CEXDLY

[. Title

Commercialization of MZ2e subunit vaccine of mammalian origin influenza viruses

II. Objective and neccesity of the research

Development of vaccines for prevent swinf influenza virus (SIV) and canine influenza
virus (CIV) infection

II. Contents and scope
O Epidemiological study of the SIV and CIV in Korea.
- Molecular-epidemiological study for different isolates

- Virus isolation for characterization and cross protection study

O Developement, producion and marketing of the effective influenza vaccine against SIV and
CIvV

Establishment of the expression process for MZ2e subunit protein presenting universal
antigenicity

Standardization of the veterinary vaccine manufacturing procedure using effective and

economic protein expression system for animal vaccine

Application and selection of the safe and effective adjuvant for MZ2e protein containing
subunit vaccine

- Development of noninvasive and effective administration route with the MZ2e recombinant
protein vaccine

IV. Results
O Isolation of canine influenza and equine influenza virus

O Confirmation of the 3MZ2e subunit protein as vaccine candidates

V. Outcome of the research and its application plan
O Improvement of the vaccine efficacy using 3M2e subunit protein

O Improvement of the influenza vaccine prepare for genetic variation in influenza virus
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4. AZT N QESFAA Hlol2 A H3N2 #8 R SAXAL

A AZFQAA oy sl RUEY Ay 20129 AFTE H3IN2 7 QZFQlAt

Hlolel 2 (CIV H3N2)E #2313t

Hoglolg A 7]E A EE® H3N1L CIV Az wloldxehs dg 8719

FAAE 7= 7Y ) AdEZFAA H3N2 f# doy Matrix (M) gene®t

2EEFFakolel 2 (pHIND) frefe] M= 3o A= vloly 230t ojn] mxof A=

71&9]  H3N2uto]# 2~} pHIN1IRIZFIA  wlo]# 2~ M genezte] Az o]

Huslov 7 AEFAa wlolg oA 918t e xS A5 BHud Aor.
weba] o owpole] o] {FHAKRE Gene bankel SHeFlow FEulolg ~E o] &3]

WA B ompo] Y Al 54 tigk 2AME st dA =i Fagolth

7}. H3N2 CIV M variant®] #4384 £
g mlole] =9 87 A EHF PB2, PB1, PA, HA, NP, NA, NSHAAE 71&9]
H3N2 CIVel 99%°]4 dxgeoy 22 M #FAAY  2009d0]3 #33t
pHINIHlol g 29 FAFeF 99.7%¢] AHsAdS BHATE (F2).
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2. H3N2 CIV M variant G829 A=A vl

Gene Nucleotide  similarity Origin/subtype % Accession no.
PB2 AJCanine/Korea/01/2007(H3N2) Canine/H3N2 99.9 JX163253
PB1 A/Canine/Korea/GCVP01/2007(H3N2) Canine/H3N2 100 FJ560889
PA A/Canine/Korea/GCVP01/2007(H3N2) Canine/H3N2 100 FJ560888
HA A/Canine/Korea/01/2007(H3N2) Canine/H3N2 99.5 JX163256
NP A/Canine/Korea/GCVP01/2007(H3N2) Canine/H3N2 99.9 FJ560887
NA A/Canine/Guangdong/02/2007(H3N2) Canine/H3N2 99.8 GU433363
M A/Korea/S1/2009(H1N1) Pandemic/H1N1 99.7 CY069622
NS A/Canine/Korea/GCVP01/2007(H3N2) Canine/H3N2 100 FJ560886
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2. M2e ¥ AEYAY 7} R ZolXe] A R Lolas Bt

BASFAA virus WA FRFO] AP FEAAY] 5% H 3M2ed FFS FUs}7]
AsA 2 2FF 71U 3FAS FASke], Wals HITEginh WAl FERFE
split?®) o= AzsRPa, 253402 23 WA F 23 HF 2% APl
A G97E SA4EAE 3M2eo £ 100ug/doseE HFEQaL, olge] 2=}

@ol HI77t 219 9.

equine H3N8 vaccination in Gineapig
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4. HQAEFAA HIN2 HAA 2] 3M2e E5H7}

N AZFAAE vlolg A H3N2¥ 3M2e B M2eZ i3 A|FWMAIS A %x3lo] nf
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2 97t sk
7k b2 E o]§% 3M2e, M2e FH WAl mvgL
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CIV H3N2#®}e]#2{2 & homologous challengeE 3 & M2ewhdo] {52 ok
A AT AFUEE e Ude FAs

I A3 M2eZ} 7 JNANZF<IA wAle homologous challenged S 749,
M2e#H7} %o vlusle] 9207 miced AW} AA WHets= RS Feldh
T3 M2e group® 3M2e groupitelle oAl AFTWste] olg FRIgto =y,
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5. INZFA}F HIN1HA FRFo] thg 3M2e M2ed &% H7}

® FAE S FrE CIV H3N1upolgfzol] gk AIFNAS Al=ksto] of AlF il
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C57/BL mice were infected with canine H3N2 influenza vius at LD50
(102 EIDgy/mlL) per mouse. Two-tailed Student's t-tests were used;

*P<0.05. =P=0.01, *P=0.001
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at LD50 (10*°EIDy/mlL) per mouse. Two-tailled Student'st-

tests were used: *P=0.05, =P=0.01, *=P<0 001
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M-U-11 2013.6.8 13.8.7 2704 128
M-U-12 2012.5.10 13.9.9 16714 <4
M-U-13 2013.1.7 13.9.9 8704 64
M-U-14 2013.1.7 13.9.9 8784 64
M-U-15 2012.9.28 13.9.9 12714 16
M-U-16 2012.9.28 13.9.9 12714
M-U-17 2012.5.10 13.9.9 15714
M-U-18 2012.11.8 13.9.9 10714 64
M-U-19 2012.11.8 13.9.9 1071€ 64
M-U-20 2012.4.8 13.8.7 15714 16
M-U-21 2013.1.17 13.9.9 8704 64
M-U-22 2013.1.7 13.9.9 8784 64
M-U-23 2012.9.28 13.9.9 12714 16
M-U-24 2012.9.28 13.9.9 12714 16
M-U-25 2012.11.8 13.9.9 10714 32
M-U-26 2012.11.8 13.9.9 1071€ <4
M-U-27 2013.6.8 13.9.9 34 128
M-U-28 2013.6.8 13.9.9 3704 128
M-U-29 2013.6.8 13.9.9 34 64
M-U-30 2013.6.8 13.9.9 3704 128
M-U-31 2013.6.8 13.9.9 34 128
M-U-32 2013.6.8 13.9.9 3704 64
M-U-33 2013.6.8 13.9.9 34 128
#5. MAEFAANA HF 5 FHrd A7 WHE (Hasd, 245)
7R A = HF WAl H3d Add 33713k A 7t
J-U-1 2012.12.23 13.9.25 9784 64
J-U-2 2012.12.23 13.9.25 978 64
J-U-3 2012.12.23 13.9.25 9784 32
J-U-4 2012.8.12 13.9.25 13714 8
J-U-5 2013.2.19 13.9.25 ks 64
J-U-6 2013.7.20 13.9.25 2704 128
J-U-7 2013.2.19 13.9.25 ik 64
J-U-8 2013.2.19 13.9.25 704 128
J-U-9 2012.8.12 13.9.25 13714 16
J-U-10 2012.8.12 13.9.25 13714 <4
J-U-11 2012.5.13 13.9.25 16714 16
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J-U-12 2013.6.21 13.9.25 3714 128
J-U-13 2012.8.12 13.9.25 1371 < 8
J-U-14 2012.8.12 13.9.25 1371€¥ 8
J-U-15 2013.8.20 13.9.25 2704 128
J-U-16 2013.8.20 13.9.25 2704 128
J-U-17 2013.6.21 13.9.25 3714 64
J-U-18 2013.8.20 13.9.25 2704 128
J-U-19 2013.6.21 13.9.25 3714 64
J-U-20 2013.6.21 13.9.25 3714 64
J-U-21 2013.8.20 13.9.25 2704 128
J-U-22 2013.6.21 13.9.25 3714 128
J-U-23 2013.6.21 13.9.25 34 128
J-U-24 2013.6.21 13.9.25 3714 128
6. AUST s 4% F 1de] And AR U@ 271 4% F FA7 A4 23
e F1EEY HE S 7F
M-U-2 13.8.7 13. 9. 10 64
M-U-3 13.8.7 13. 9. 10 128
M-U-4 13.9.9 13. 10. 15 128
M-U-7 13.8.7 13. 9. 10 64
M-U-9 13.8.7 13. 9. 10 64
M-U-10 13.8.7 13. 9. 10 64
M-U-12 13.9.9 13. 10. 15 64
M-U-15 13.8.7 13. 9. 10 128
M-U-16 13.8.7 13. 9. 10 64
M-U-17 13.9.9 13. 10. 15 128
M-U-20 13.9.9 13. 10. 15 64
M-U-23 13.9.9 13. 10. 15 128
M-U-24 13.9.9 13. 10. 15 128
J-U-4 13.9.25 13. 10. 21 64
J-U-9 13.9.25 13. 10. 21 64
J-U-10 13.9.25 13. 10. 21 128
J-U-11 13.9.25 13. 10. 21 128
J-U-13 13.9.25 13. 10. 21 64
J-U-14 13.9.25 13. 10. 21 64
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Influenza @]

Aol HAe] HzH A eI 4

o

-

= % = pul e
glstr] f8l A¥FHO=Z influenzas AFAZ HAL} iz =59 HxAOZHE
RNAZE F%3}3L cDNAZS 43 % olg 9] primerZ 01%6}04 RT-PCR<& T35ttt

BT, 587 B0 ARgE Zeto]
Gene specificity Primer sequences (5'-3") Size (bps)

F5'-GTGCTTTCCGAGAACTTTGT-3'

TLR2 106

R5'-GCAGAATGAGGATGGCG-3'

F5'-TCCAACTAACAAACCAGGC-3'

TLR3 186

R5'-ACATCCTTCCACCATCT-3'

F5'-AAGGTTATTGTCGTGGTGT-3'

TLR4 179

R5'-CTGCTGAGAAGGCGATAC-3'

F5'-GTGGACTGCACAGACAAC-3'

TLR7 655

R5'-GGGCATTATAACAACGAGGG-3'

F5'-CCGCACTTCGCTATCTAAAC-3'

TLR8 792
R5-GAAAGCAGCGTCATCATCAA-3'
F5'-AGATGTTTGCTCGCCT-3'
TLR9 308
R5'-GGACACTCGGCTATGGA-3'
F5'-TGCTGAAAGTCAACCAGACG-3'
NOD1 198
R5'-CAACGGCTCAGAAACAGACA-3'
F5'-GGCACCTCAAGCTGACTTTC-3'
NOD2 226
R5-AGAGCATGTTCCACGAGCTT-3'
, F5'-ACCACTGGCATTGTCA-3'
3-actin 237
R5-CTCCTGCTCGAAGTCC-3'
Alsl A3 TLR39F TLRI9Z influenza 7443 #AIgle] ZE Ao ¥ ZZ A Hdy+=
AL ATt (2H26). o= WEAHOoE, TLR7TS ofwd JjAleAE Tl
gole]x]  erkrt. 2@y} TLR2, TLR4, TLR8 % Nodl, Nod2¥ thxtol H]ajA

influenza®] 7ol ol wdo] AAs= AE
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M N 2 8 1117 21 27 3135 38 42 4750
NOD1

NOD2
TLR2
TLR3
TLR4
TLR7
TLR8
TLRY

B-actin

1929. TRL, NOD1, NOD24| tj gt RT-PCRZ 7}

2. Influenza virus PR8Y] m}l$-~ 7+ A3

| Blol Al =84 Zo A Nod29} TLR4d| w3t
influenza &5HAUES Aol g WS Y& FELHS S35ttt WA influenza
15le] WA HEsta =

PR8 Hlolz]~E 1:50000.2 PBSe| 3|4 AF WHIs B
= HEE R a,

19 A3 WT, TLR4 KO, Nod2 KO v}~ 2% 7193 24A 3 AF A7}
3] TLR4 KO w}§-20l A AlF ZA7F g5 Eol dojwtt) (28 30). #49 149 A7EA
ek A A A= QLT

i ru>
i

120-
—~~ 110'

100+

Wight loss(%

60 I I I I I !
0 5 10 15 20 25

Days of infection

1930, JAEFAA vpolel 2 S tiZ&t, TLR4, Nod2 ol wh9-29] A|ZF Ws}
(1:50003] 4)
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r

Survivalell tak <3S Z3s7] 98, infection doseE 34ul4 1:3,0000.%
S7HAAA 7 A T AFHES mortalityES @EESIY AdAy, ATzt 99
A A Ao HEHAT (2™E31D). TLR4 KO mh¢-=odAE 74 99 A
Ao m A A7 BEEA o,

7+ 119 A/ BE QA7 AEer T (2E31). 28y WT3 Nod2 KO alg-2o A=
AP AfAI 7 g1 E R gkt
100
- WT
801 - nopbz*
- TLR4™

=
g

201

Survival rate(%)

L L] L] 0 . : !
5 10 15 20 25 0123

L L L L 1
567 8 91011213

1
Days of infection Days of infection
3L AEFAR vpol P APF tiEFE, TLRA, Nod2 Hobs nh9-0] A% g
(1:30003] A1)

3. Influenza ZE AAA AHEZA U F8A Nod2 £ oY £X Rip2¢9 g9

71E ATl 9skH, ssRNA wvlo]# 2~ e gloJA] Nod27l T3k 43S strfar <A
Aoy 1xd %= AT WTH Nod2 KO wvl-$2~ Abolol survival rate®] =}o]E &eldh

o m°*

A

ool 13hdRe AT = 7kl Ewsl tha oksitiy woksle] =spHom gho

%Efé— WA A AES Fdsnh. 4827 Nod2 KO vh9-2=2% WT whg-2=e |
Hog AtdEo] Frlste e AT = der (2 32A, B), 3 Nod29

adaptor A% influenzadl] thdlk vk~ A3 FQ3sitts AL 3l (¥ 32C

, D).

ol
_

4. Influenza Zgol AA AEX EH F=8A TLR4S H&

- 34 -



TLR4 KO vhg-2=ofl A Hp S510] 2] gl SebA o SlE gl (C1d 34).
H 74E F 3d A 9 2HNozHE AT cytokines ¥ chemokinesS #A3h

A3}, MCP-1, IL-6¢] 84S TLR4 KO vh$-2ol A froldom gkor} (19 354, B),
KCE frold ztol7} B#&5# kvt (28 350).

130+ 120-
< 120{ & WT(n=16) = 1004
e = NOD2 (n=16) =
@ 110 O g
w = * %
o1 g
E ‘_g 60
= S 40
[} s -
= 3wl WT(n=16)
—— NoD2'(n=16)
c T T T T 1
0 5 10 15 20 25
Week of infection Days of infection
130+ 1204
= 120{ 8 WT(n=5) >
2 100
s = RIP2'(n=6) <
o 101 0 g
0 ©
o 100 I 50
£ 90 g
=] ‘S 40
5 801 z
= 701 @ 20— WT"}'S)
== RIP2'(n=6)
Ec T T T T T T T T 1
0 1 2 3 0 5 10 15 20 25
Week of infection Days of infection

19132. Body weight and survival rate of WT, Nod2 (A and B) or Rip2 (C and D)

deficient mice infected with influenza virus strain PRS.

8

& WT(n=14) 1201
= TLR4'(n=14)

- = =
8 & 8

1

-
oL o
(=R =]
]

Weight loss (%)

- WT(n=14)
—= TLR4(n=14)

Survival rate (%)

0 1 2 3 0 5 10 15 20 25
Week of infection Days of infection

1933, Body weight (A) and survival rate (B) of WT and TLR4-deficient mice infected

with influenza virus strain PRS.



WT
Infection

TLR4 KO
Cont

13834, Gross lesion of WT and TLR4-deficient mice infected with influenza virus

strain PR8 at day 3 after infection.

o)

151

8
*
*
*

Fkk

10 _@_

i

(4]
L

| eee— 00—
WT TLR4AKO WT TLR4 KO WT TLR4KO WT TLR4KO

O McP-1 (ngigtp) &
IL-6 (ng/g t.p)

WT TLR4KO WT TLR4 KO

19135. The production of MCP-1, IL-6, and KC in lung homogenates from WT and

KC (pg/g t.p)

0

TLR4-deficient mice infected with influenza virus strain PR8 at day 3 after infection.
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5. DCs®|A] influenza virus ZFg°l €3t cytokines/chemokines A4 kinetics ¥4

nlg-2 F4o Al DCsE w238t cytokines ¥ chemokines Aol gt kinetics 41
stvh. A Ay KCek MCP-12 #9 § 4841l whzrel s #Fo %)l Aol &

ettt (¥ 36A, B). TNF-ax 24 AJ7F (data not shown) % 48 A|7F (19
360)° AFZ=ToA thEdel HlE Fg¥ow TUstE A4S YeEddeH, [L-12+
24A|7bol] alEEol A FrlelE A4S st (1™ 36D).
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‘é’ 100 o
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 Influenza virus ¢ M2 protein ¢ ectodomain (M2e)& thekst MEo] AL Y =&
QFA A et protein ¥ AFE oy 7HA FHE T3 HAH g5og
vaccine &2 &85 7} inactivated virus & £33}l vaccine &2 A g£FH o] gi}A

universal vaccine .24 9] 7l5AS AAEL L.

» Influenza A virus ¢ M2e protein Al 7H¥] copy ¢ flagellin B+ hepatitis B 2] core

antigen(HBc)S ZA3A|AH F E7F9 recombinant protein < vaccine candidate =4

a%g &9lgt Flagellin ¥ ZA%% M2e protein< HBc ¢ Z3%% M2e protein E. Ut}
A3 & 3FUAE Holm F recombinant virus 25 mouse 94 HIN1 virus ©l
st W 2w w7} o] Fo] .

+ Influenza virus M2e proteing Lactococcus lactis® WA WA A7]| A
keyhole-limpet-memocyanine MZ2e protein ©l| conjugationd}®] vaccine® @ 283}+=
N = AA]E. Lactococcal vaccine®} keyhole—limpet—-hemocyanin conjugated MZ2e
(KLH-M2e) 5 FAHFTA Ao AL AS F7HE e KLM-M2eo] 49
=2 M2e-specific [gGE X35t ©] @& viral loadE 2. o] 714434

a4l HE-8 universal Influenza vaccinel. 2 &g 7}53¢h

+ M2e protein trimer®} nucleoprotein (NP), Hepatitis B virus core protein (HBc)E
g7 & 3le] universal influenza VLP vaccinel & 283t o]:= mouse®l| 4] pandemic

2009 HIN1 %2 highly pathogenic avian influenza H5N1 virus® 3ZA%=o]| st

Wols8S 7HAM 53] Nucleoprotein®] Widh AXwdgutgo] WolE FZA7]&= d
Q23 9 P& AR oAE,

« Influenza A virus® M2e proteing rotavirus fragment NSP4¢} AZA3ste] aqueous
solution JEfel A tetramerEd o] F+= M2e9 AAFEHE EW3 vaccines 7WEE o
A2 Murine influenza challenge modeldl A 52 A ¥b§S FE3hH W2 dose]
Ao RE FAAZ digk WolE 7HsskAl ste] universal vaccine $HEA HFHE

7HA.

+ Immune-stimulant molecule peptide €1 Tuftsin ¥ M2e polypeptide & AZA3AL}

Toll-like receptor ligand & M=2e polypeptide & < Z23}9] influenza A vaccine &%
283t

« 1831 Human, swine, avian origin ¢ Z}Z+e] Influenza A virus oA &€z M2e
sequence = &-83lo] 7Z}7Fe] M2e protein ©) membrane 2.2 AZFE HEE A7
virus—like particle & %< ¥Helel A8 WS F%3. Heterologous VLPs & WY H

mouse + live influenza virus A Y homologous M2e VLPs, M2e monoclonal antibody

A
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14CEY ¢ & M9 cross reactivity & Holi, ¥ & AA7E FLTOEH

a3 A 9l universal vaccine 249 M 7sA S AA g

3l E.coli olA HS5N19] MZ2e protein monomer =< tetramerZ %3 3}e] inactivated
HIN2 virus®} &33sle] vaccineo® A83. ol= e HF mousedl A HIN2
Bk oluygl HHN2e thalA 53 Wol7} 71s$h Human H3N2e A += vaccine alone,

M2e alone Z1Eo| H|3|AE 58 AgF RO wxplo] 58 714,

o]2]o| %= M2e polymer = base & T lymphocyte epitope ¢+ H3 hemagglutinin %2
protein & conjugation ¥+ fusion protein & vaccine &2 83 Tt AF =0

[e)
A TR S

- 45 -



Stepanova LA et al. 2013, Immunogenicity of recombinant proteins including

ectodomain of M2 influenza virus A. Vopr Virusol. May—-Jun;58(3):21-5.

Reese KA et al. A Novel Lactococcal Vaccine Expressing a Peptide from the M2
Antigen of Hb5HNZ Highly Pathogenic Avian Influenza A Virus Prolongs Survival of
Vaccinated Chickens. 2013. Vet Med Int. 2013:316926

Gao X et al. Enhanced Influenza VLP vaccines comprising matrix—2 ectodomain and
nucleoprotein epitopes protects mice from lethal challenge. 2013. Antiviral Res.

Apr;98(1):4-11

Andersson AM et al. Increased immunogenicity and protective efficacy of influenza

M2e fused to a tetramerizing protein. 2012. PLoS One. 7(10):e46395

Liu X et al. Enhanced immune response induced by a potential influenza A vaccine
based on branched MZe polypeptides linked to tuftsin. 2012. Vaccine. Oct
12;30(46):6527-33

Wang BZ et al. Enhanced influenza virus-like particle vaccines containing the
extracellular domain of matrix protein 2 and a Toll-like receptor ligand. 2012. Clin

Vaccine Immunol. Aug;19(8):1119-25

Kim MC et al. Multiple heterologous M2 extracellular domains presented on virus-like
particles confer broader and stronger M?2 immunity than live influenza A virus

infection. 2013. Antiviral Res. Sep;99(3):328-35

Kim EH et al. Prokaryote—-expressed MZe protein improves HINZ influenza vaccine
efficacy and protection against lethal influenza A virus in mice. 2013. Virol J. Apr

3;10:104

Ebrahimi SM et al. In contrast to conventional inactivated influenza vaccines,
4xM2e.HSP70c fusion protein fully protected mice against lethal dose of H1, H3 and
H9 influenza A isolates circulating in Iran. 2012. Virology. Aug 15;430(1):63-72

- 46 -



Wang B et al. Protective efficacy of a broadly cross-reactive swine influenza DNA
vaccine encoding MZe, cytotoxic T Ilymphocyte epitope and consensus H3

hemagglutinin. 2012. Virol J. Jun 27;9:127.

Wolf Al et al. Vaccination with MZ2e-based multiple antigenic peptides: characterization
of the B cell response and protection efficacy in inbred and outbred mice. 2011. PLoS

One. 6(12):e28445

Li R et al. Development of live attenuated Bordetella pertussis strains expressing the

universal influenza vaccine candidate M2e. 2011. Vaccine. Jul 26:;29(33):5502-11

- 47 -



	포유류 유래 인플루엔자 바이러스에 대한 M2e 서브유닛 백신 산업화

	요약문

	목차

	제 1 장 연구개발 과제의 개요

	제 1 절 연구개발의 필요성

	제 2 절 연구 개발의 목표 및 범위


	제 2 장 국내외 개발 현황

	제 3 장 연구개발 수행 내용 및 결과

	제 1 절 국내 분리 인플루엔자 바이러스의 특성 연구

	1. 최근 분리·검출되는 개 인플루엔자바이러스의 유전학적 특성분석

	2. 재조합 개 인플루엔자 바이러스 H3N1의 특성조사
	3. 국내 스터드 팜에서 말인플루엔자 H3N8바이러스 분리 및 특성 규명

	4. 재조합 개 인플루엔자 바이러스 H3N2 분리 및 특성조사


	제 2 절 M2e protein포함백신의 제작 및 평가]

	1. 포유류 인플루엔자 바이러스에 대한 Universal한 방어가 가능한 M2e 재조합 단백질 발현

	2. M2e 함유 시험백신의 개 및 말에서의 면역원성 및 방어효능 평가

	3. 인플루엔자 백신 평가를 위한 기니픽 모델 확립

	4. 개인플루엔자 H3N2 백신에서의 3M2e 효능평가

	5. 개인플루엔자 H3N1백신 후보주에 대한 3M2e와 M2e의 효능 평가

	6. 돼지에서 3M2e subunit 단백질의 적용

	7. 개 인플루엔자 불활화 백신과 3M2e subuniut 단백질 혼합백신 시험


	제 3 절 인플루엔자 백신에 대한 세포성 면역 확인

	1. 돼지의 폐조직에서 Influenza 감염에 의한 TLRs 및 Nod1, Nod2의 발현 변화 
	2. Influenza virus PR8의 마우스 감염 실험

	3. Influenza 감염에 있어서 세포질 내 수용체 Nod2 및 어뎁터 분자 Rip2의 역할

	4. Influenza 감염에 있어서 세포 표면 수용체 TLR4의 역할

	5. DCs에서 Influenza virus 감염에 의한 cytokines/chemokines 생성 kinetics 분석



	제 4 장 목표 달성도 및 관련분야에의 기여도

	제 1 절 연차별 목표 및 달성도

	제 2 절 관련분야 기여도


	제 5 장 연구개발 성과 및 성과 활용 계획

	제 1 절 연구개발 성과

	제 2 절 성과활용계획


	제 6 장 연구개발과정에서 수집한 해외과학기술 정보

	제 7 장 참고 문헌



