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O. Alg ¥ Uy
1. A%
7F.  AMZe} wlolg 2~
oA o] AFE3F Influenza A Virus / WSN / 1933 (HIN1)+=
Mouseol] A<3AHS Al #Hfolgl2~= Madin-Darby Canine
Kidney (MDCK) Cells (Korea Cell Line Bank, Seoul, Korea)<
o] 83l FTEE =AYl MDCK:= 10% Bovine Serum Albumin
(BSA)Z} 1% Penicillin / Streptomycin (P/S)7}F 33t Minimum
Essential Medium (MEM) MediaolA ®i<FgHT}. BSA, P/S, MEM
media®™ Gibco (Thermo Fisher scientific, Waltham, MA,
UShel A g8t celle  37C, 5% (0, ZHAo|A
Hj =] ATt
U, Ad 55 2 Wy

Oz o2 da A3 792 Beenl” & AFE-3}. Beclin-1
gene®] 73] Knock out¥H™ wEdE XA} ZTHAFS H

A&lo+= Hetero type2] mouseE AF83}3 3 The Jackson

Laboratory (Bar Harbor, ME, USA)°lA FU43FT. EE
FEE2 SPF (specific, pathogen —free conditions) —1-< ol A

AbS e AMietnr o) F}rhete]  Institutional Review

Board=H-E] <<l 3to] 21& FH ). (IRB: 2015-019)
6



(2) Virus 74
Influenza A virus (HIN1) & Virus Growth Media®ll 3|2 gtc},
Virus Growth Media®] 274 10% Bovine Serum Albumin (BSA),
IM HEPES (Thermo Fisher scientific, Waltham, MA, USA), 0.25%
Trypsing EMEM (Lonza, Basel, Switzerland)o 2 AT},
200pfu/20pu1 9] TAVE Mouse®] Intranasal & 7@ A7t} 6 744
5 AgstAql WstE gl P& M Ales S43H.

01~'
_I_4

A5t Ak
2
oh2- 3 ). (D326, (D31, CD45, TER-119°] o3t FACSE &A=
BD bioscience (Franklin Lakes, NJ, USA)ollA Fisslom
LIVE/DEAD® Fixable Aqua Dead Cell Stain Kit+ Thermo Fisher
scientific (Waltham, MA, USA)elAl G+43}Slth. FACS assaye=
3171 913 Mouse LungsS Single Cell2 e ul ARSI
buffer+= HBSS buffero] 1% Type 2 collagenase (Worthington

e
o
2,
>
=
ofo
Oft
o
rir

2E A= Anti-Mouse oW EHF+&=

Biochemical Corporation, Lakewood, NJ, USA)E 412 BufferE

AHgatein.

7}.Lung sampling
Zoletil 50 (Virbac, Bogota D.C., Colombia) 30mg/kg¥}
Rompun (Bayer, Leverkusen, Germany) 10mg/kg@= 4]9]
AEF AT, o] % 9FE o AW EA Lo R Agstal

922 98 RNA F=3 virus 5% =4, FACS assay &0 =2



Abggteh. Z47he] o] ubA) RNAE-2 QIAzol Lysis Reagent
(QTAGEN, Hilden, Germany)ol Yil, virus % FAHE2
Hank’ s Balanced Salt Solution (Welgene, deagu, Korea)el,
FACS assay8<2 1% Type 2 collagenase buffer (Worthington
Biochemical Corporation, Lakewood, NJ, USA)ol Wi ZZA&

o s AT

L}, Quantitative PCR
Lung sampling®. @ A2 3 99 lungS trizol reagent®l
2ol total RNAE FE3t;. %3 1uge] RNAE template=
3le] reverse transcription¥}AgE Ax cDNAZ t},

olml HZF volume 20ulZ 3Ht}. Virus RNAE unil2 primerZ,

ol

14

T
rob

host®] RNA+ random hexamerE primer® ©]£3}% oM
Y™ X= M-MLV RT Kit (Invitrogen, Waltham, MA, USA) =
o] &t TE. A3 cDNAY 80ulel ddH0E Ho] 3]AA]7]aL,
S5ule] KAPA SYBR® fast qper kits (KAPA Biosystems,
Wilmington, MA, USA)®} 2ulel ddH:0, =z&]a2 0.5ul9
goletuat k= A primer 3 AS AolFE H 2uld
43k DNAE Mo =N HF HFIE 10ulE silv.
Realtime-PCR= Applied Biosystems 7300 Real Time PCR System
(Applied Biosystems, Foster City, CA, USA) 7]7]&
AFE-3F3 a1 Stage 1(50Co|A 2%), Stage 2(95Ceo|A 10%),
Stage 3 (95TCoA 15%, 60TColA 1%, 40 cycle), Stage
4(95Col A 15%, 60CeolA 30%, 95CoA 16x%)=
A, Ago] A3 primer &2 cosmo genetech(Seoul,
Korea)oll A 3+ 9]& ek}, (& 1)
8



¥ 1. Quantitative PCRO A}-&3F primers

= sequence
NS F 5 — AGCAAAAGCAGGGTGACAAAGACA -3’
R 5 - TCGGTGAAAGCCCTTA -3’
Wl F 5 — AAGACCAATCCTGTCACCTCTGA -3’
R 5 - CAAAGCGTCTACGCTGCAGTCC -3’
W2 F 5 — AAGACCAATCCTGTCACCTCTGA -3’
R 3 - CAAAGCGTCTACGCTGCAGTCC -3’
IFN-B F 5 — ATGAACAACAGGTGGATCCTCC -3’
R 3 - AGGAGCTCCTGACATTTCCGAA -3’
[FN—y F 5 — GCCATCAGCAACAACATAAGCGTC -3’
R 3" — CCACTCGGATGAGCTCATTGAATG -3’
IFN-12 F 5 — TCCCAGTGGAAGCAAAGGATTG -3’
R 3 - TCAAGCAGCCTCTTCTCGATGG -3’
[FN-A3 F 5 - AGCTGCAGGTCCAGGAGCC -3’
R 3 - GGTGGTCAGGGCTGAGTCATT -3’
11-6 F 5 — TGGAGTCACAGAAGGAGTGGCTAAG -3’
R 3" - TCTGACCACAGTGAGGAATGTCCAC -3’
CXCL10 F 5 — CCTTAAAACCAGAGGGGAGC -3’
R 3" - CCTCTGTGTGGTCCATCCTT -3’
Fasl F 5 — GGCTCCTCCAGGGTCAGTTT -3’
R 3 - GGGGTTGGCTATTTGCTTTTIC -3’
Tnf-q F 5" — CATCTTCTCAAAATTCGAGTGACAA -3’
R 3 - TGGGAGTAGACAAGGTACAACCC -3’

* Aglol] AL8-3 primere] #HF FE+ 10pmol o] T},



=

Enzyme-Linked ImmunoSorbent Assay (ELISA)

HBSS bufferol ©7! lung= homogenizer® & SHA Zol+
Uh 13,200rpmoll Al 203 1+ A EE . FHE dsds
M2 FHO %A sampleZ AF&3SHt};, 2 Ao A& mouse
TNF-o2} CXCL10 (IP-10) ELISA kit (R&D systems, Minneapolis,

MN, USA)E o]83} 32, manualol wel AdS 13PsHA ).

Flow Cytometry (FACS assay)

HBSSell 0.1% Type 2 collagenase (Worthington Biochemical
Corporation, Lakewood, NJ, USA)E 91 buffero] mouse lung=-
Fa ZA #BYgE HO37C, 5% (0, FHolA 30®
incubationA| Z1t}k. ©] % 40pme] strainer (BD Falcon, NY,
Ush=  olgsl 23 + os  1,200rpmel 4 5% 3F
AAE )3k}, SupernatantS A A3+ T 1X RBC lysis buffer
(eBioscience, San Diego, CA, USA)E °¢]&3l APFE AAST}.
5% ¥ PBS (Lonza, Basel, Switzerland)E& T Yo]F0]
Axgs] wge WAFL Al 1,200rpmell A 5E XH
Attt o]% Iml9 PBSE pellets & EP tubex
WAL, o7l Elstaat st AL FEAC A¥E
A FAE BTk (D3TCA5TER-119(D326'Y A&
357] Ay AM¥E=E, (D31TER-119(CD45'Y 4=  Myeloid
cello]ghal Aojgrt, Ax AbEe LIVE/DEAD® Fixable Aqua
Dead Cell Stain Kit (Thermo Fisher scientific, Waltham, MA,
USA) =  AAEA Y. Flow cytomery:= BD FACSVerse (BD
bioscience, Franklin Lakes, NJ, USA)Z FA3sx ZAate=

Flow Jo (Flow Jo, Ashland, OR, USA) 215102 FA&}t},
10
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=]

A}

Histopathology

Mouseo] €& 1S 4% paraformaldehyde(biosesang, seoul,
Korea)oll 2iL Aol 24413t &<t incubationA| 71T, o] %
3Mel Ewto =z ZekyE  H o cassetteo] WOl  AAdsha
oot AAgAE AT =xy el paraffin block¥t

HE&E staining slideZ A2+ 2 o] 73} c}.

Viruse] <45 54357 fsliA WA 8% el Madin-Darby
Canine Kidney (MDCK) cellS 96 well platee] 2.5x10%/ml=
Zrotz=tl, Lung sampling®® A& 3 & homogenizer®
Zrola=31 13,200rpmol| 4] 208 7F A E-2]$tt}. Supernatant &
1/10% 1058 10744 M ARtk Sampleo] FH =™ 96
well plated]  100ul®  8ztel]l &5 FH  2AHs<t
shaker#1el 4] incubation¥th. 2413t = mediag freshdt
Virus growth media® ®}¥ & t}& 48A)%F &<t 37C, 5%
CO.ol A1 incubationgtth. 48A1F H Mediag AAsI &
well &= Z743 574 kS REED-MUENCH Alit2lel o gishe]
s AT

—r—‘

virus

S|
ax

EA A A& (GraphPad Prism software v5.0& ©]-&3}%t}.

agze ekl 2E AdE FE g ESENe® A5 o
body weight< A|2]3k 1F7Fe] H]IL= one-way ANOVA test®=
A8kt Body weighto] %= Z4e] Days 7|Eo=
t-testF oA FAHH A4S T

11
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m. a3

1. IAV Z+9 o2 QA3 Moused] A8y W3}

7 A E2T moused o]&-3 wlolela~ T Sr]Etn

AVE 7A F Azl me At wss A

2ol X 3d= Fojrk= AlAlAM Aol 7HE T4 SHI

e 2AR sel 293 49= 49 A7E Asar. A9
A

[L-69} IFN—y= 29 o] HudS By 7
BAH(2H 1B). E3] IL-69 7

[e)
o
Hlek Al 7 F st $dY A4S HAtH(ad 10).

A2/3= ARl meEl HA Edol FFsEAAIRH(I™ 1B)

[FN-32/39] @Wd s SAHS 98] ELISAZ &1g A
[e3]

Hl#sto] 7tk 432 & F it (24 10). BEstd

protein® 7% Al7]el wEl HiaHE Holx A FHo
9] genesol 49 2 W Hide How FolH
4d 5 Aol HAR srobA 3= HE FAR st o] AlY

ek gele ) e AEe DA,

o

12

7 o] gkt
Al Adlslr] AH3ek Al7]E AASH] fE Wild type mouse©l
Hpo] g 2
el o8l AFol FHaste FoE Hol AT WEE

“
AeE WEE 4 B 5ot 4 ¢ 5 AATHIY 1),

E
=

o
==

P R



Body weight

(A)

-+ conirol
=& infection

1104

8 a8 2

(26) wbBem Apog

Days p.i.

IFN-L3

IFN-L2

IFN-g

IFN-b

IL-6

(B)

R

0 Aeq Jenc aBueya ploy

04

]

= -

0 Aeg Jeac aBueya ploy

04

-
a8

]
0 feq Janc aBueys ploy

0-

w

g = = =

0 Aeq Joao aBueys ploj

2

] 2

0 Aeq Jeno eBueyo ploj

40
30

04

Days p..

Days p.i.

Days p.l.

Days p.i.

Days p.i.

CXCL10

IFN-lamda

IL-6

(C)

1000+

g

(1wyid)

g

{1wyBd)

g

Days pi.

Days p.i.

Days p.i.

13



I 1. IAVe] 74 € mouse®] A Q0 Wsl#F. (A) Influenza A
virusol A% mouseo] AF W3 (B) 7@ 2¢9, 4¢ 3 lungolA
F=73 Gene9] 4S Real time-P(RZ Q13+ ZAxp, hx %
Adste] Adstgledl, A5A Cytokine T IL-6%5, antiviral
factors S IFN-B, y, A2/3& &3}, (C) ELISAZ protein level &

golst A¥}. Inflammatory cytokine€! IL-6, antiviral factor?l

IEN-A2/3, m}x] 2o 2 interferond] 98] &21%) &= CXCL-109] a2
TEE SA.
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(A) -
Body weight
9
=
o
@
=
-
=]
Q
o
70 T T T 1
) N 4 -3 1Y
Days p.i.
- uninfected Becn1** “* uninfected Becn1™"

++ -

- infected Becn1 infected Becn1+'r'

2% 2. Influenza Avirusoll ZE A F 49 T AF A 2.
A) AFS 7d Ae 7|Fo=m st wWaksk AFS WEEE
Aarste] g2 2 2%}, Beenl''$} Beenl?” ET 2do)A] 39=
dolz uf AFo] FAsH #Ashe S Holurt 49 2k w=
Becnl1'*e] 9= A5 ASol nla| 4
Becnl" & 20% ¥QE A% 7HA5edt. 53], Beenl” o) A 29 =}
w5 Becnl'*ol wld] AFo] 5% A JERE Aol 49 27X
A1 &= k. (p<0.0005)

Rui)
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3. Becnl'*$} Becnl”"7t9] x}o]7t gl HlolF & F&
IAV gl ofg A2 27bA ez o7 =0, host9]
Hol of S AFolAY virusd ol FHEEA Bobds
ok oolefet HE R st WA AT 2bel7) viruse] Fol
Aagt AdE yeid 5d4d AAE Fdstr] flEl virus s%
AP, Virus 55 SHsF= WHES viral gened 4E Real
time-PCRE &1etAL TCIDs*dHel ATk, & AolM= F 7H*

sEE SAsAH.

WA | Real time-PCR WH © = viral gene?] NS, M1, M29] &S A
A2 3A). Interferon 7152 JAste] 1AVS] B AAHS
AR NS¢+ Matrix proteingl M1 Becnl”* ¢} Becnl®™ Alo]o
zFo] 7F AAATF Beclin-12] negative regulator® <&l M2 gene
Becnl'™ ol A w&o] folatA Z713 AL 28kt M2 proteine
beclin-1¢] © 3l negative regulatorgd <2 & ab olyg} virus’}
hostol] endocytosisE E3l] cell W= &% u vesicle WY
pHE Y3%E Ion channel 9&& = zZHo=m d#A dup.v

Becnl o A] M2 gene?] W&o] Z7lel= Ao 2 Hol virusd 7 Al

il

AN

off
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flo

M2 protein®] beclin-1S ZFH oz ZAs 7lsAo] IS o=
o FEth. oldgt FHAQl Td Frh AAAA fHAds e
Hio| 8] 29 FL7kA] FHAAE ZeAE gdstr] f8 TCIDp o=
AAdE Y vold s FEE SASSTHIY 3B). SAHATY
Becnl*9} Becnl”™ 7+e] §93 o= 9lgom T ostrain BT
A ol wpolyart ERjHE S P, AR Ko}
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% 3. Mouse lungdllA¢] viral gened wlo|¥]A FE =A. (A)
Virusoll ZFdA1Zl & 4do] AwS wf moused] lung® EHF-E] RNAZ
ZZ3l Real time-PCR ®FH O 2 viral gened %S =A3F ZAyjo|t},
NS¢t M1< Becnl”"#} Becnl"™ 7+e] Aol {IAAWF M2 gene
Becnl” ol A o] F7iE = & FlsArt. (B)

mouse?] lungel A= HFAHS = vHloly 29 FEE TCIDpo =

=238 A3}, Beenl'' T Becnl Abold] ztol= 1Tk, (p<0.0005)
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4. Becnl”™ dA ZA wIAFHE 3 uHlo|zgAAY CytokineT
Chemokine 2=}

oA mpole| s o AWE doZd F A ded T oS
Hpolgiz  FolAE Beenl”'s  Becnl'” 7te]  Aol7b &S
APk, A F AR SFAEY ulolul o ik A gl
zol7b Sle Ao m o 4 ATk, TAVel AW ofg ol
7|dEe]l 248ty =d dA 9S4 Cytokines & IL-69] gene
expression ALEE HWEAT. IL-6= FHolx ol 2|3
5% neutrophil® A¥AFEE 9o}l neutrophilel] <3+ viral
clearanceZ &l A5 Aol @ Aa%0]Auk Beenl 3} Becnl'™ Alo]d]
Aol gtk F, whelgls o= <% neutrophil?] viral
clearance 7| 5ol ZFol7F §ls Aoz oFslSltt.

Fo2 virusdl #E Al Fa3% dgdS = interferon(IFN)

o
geneE FAHEYTE. D4 T cellollq = [N~ ¢

(3

1

7+ ¥ Al 3ol autophagy= inducedli= 9GS =4, ©] gened F
strainAteloll  Zpol7b IAtE. EwE ofyel IFN-A20lA = Afo]7t
SAdtt. IFN-B= Type I interferon®] subtypes® = influenza A
virusoll &8tE host defense 7] Aol FQ3 9GS 3l 2
el A et B A3 A= Beenl” ol A expression levelo] & 43
ol = Ae gelstgltt. IFN-p3F B Becn™ o4 host defense
systemo]  thmkz]  Qlvkar AZpeE 4 QlA|RE IFN-A3¢] o]
Been” ol A o @dEo] ATt IPN-AE 7 ol w2 IFNs
family2 FH £9°] virusE Xsl= YA EF [FN-lambda2}te
BAC e B2 AF7E WPsa o

IFN-A39] 749, type 13} 2 IFNel|l & &3 = =8
FEatEd B2 IS6E T dEHORE (xel-109] #d Fs SAHHE
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A3} Becnl*oll H]3] Becnl” oA @3] Hold g HS ol
I AU, Cxcl-102 hostollA  virus® EA9F pathogenesisE

AA O EZMN protectivedt TS F= AFoR dHA] YA

d

TAA] Aol #g A= o Zag Ao,

upx]uko 2 cell death ligands % FasL9} Tnf-a2] 4= Real
time-PCRZ 1 RS wl Beenl” oA B #& @& IS BT
Y3k, FasLel H]3l Tnf-a® &3 FFo] ¢ =%=dl, Tnf-ad 45
[FN-y9} wl7FA 2 (D4" T cello] #Hsh= B2 7Hdd Ao
autophagy= inducedl: factor® #F <delx gr}.*

TSt B, voly s AR A 8% 4TS sk IFN-B2 gene
levelo] Zradt wbH  IFN-A3% 271813t o] Beclin-19]
IFN-BSF A39] #H] 7]d3 #do] & o= A= g A
IFN-A39] kel o F7F= Cxel-109] o] o] F7igh
2 Ho} Beclin-1¢] IFN-BE.T} IFN-A3 &H] 7] ] LA 35HA
o] A& Ao Wolr, AEAHOZ IFN-A3% Cxcl-109] T
7V2 EUZ Influenza A virusel W&3sF= hoste] defense
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3% 4. IAVY] 299 Becnl”3} Becnl’” 9] lung oA ZE#A
FRAAES W3 v, (A) pro-inflammatory cytokine$! IL-6. (B)
anti-viral factor®l Z} % interferon gene®s . IFN-y9} A29] H-$- F
straingte] o3 Aolzb  ¢ldwl whA IFN-BE Beenl' ol A
FoaA Ay WA IRN-A3E frojskAl S7rEd (O
interferon stimulating gene(ISG)= 2 <2+ 7 Cxcl-10(IP-10)
Becnl*o] H]&] Becnl' oA =& gene expression levelS HT}.
(D) cell death ligand®! FasL9} Tnf-a2] 749 X% Becnl" oA
ol atAl = Skek. (p<0.05, p<0.005)
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5. Becnl”” oA §U&A 9HAe WEE ZrbatE CXCL-10

Gene expressionolA] F&3k Fo]E HGEH TNF-a®l CXCL-10
(IP-10)9] protein level & ELISAS o]&38] &<213t3it}h. Becnl” oA
o Hhy  Jevel S HPY TNF-a9] 7Z-$ protein leveld A=
Becnl'*9} Zbol7h QIQlth. ojdl Hoz B w [AV 3 Al BH|EE
TNF-a.9} beclin-1 Ftell= #&o] 1S Ao o3 4 A2
5A). Yo = IFNel <J3] inducibledt factorql CXCL-109] 7 $-

Becnl? oA & WS B A7t proteind A% ABA A

i

Beclin-1°] ] LA #AA7} A& Aoz 3T = AT

2]
—
—_
w
=
o
1_,
JI

o=
ol frashA
AAT. o]= Beclin-1o] TAV 7ol <]+ pathogenesis® #48&

7fshE S 8% dAkm 2ES Aow 4T & AAH
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(A) (B)
Tnf-a CXCL10
1000 2000+ i
A 1500- ‘
= 600 =
£ £
= 5 10004
2 400+ - =
o | | 500-
- + -+ influenza - + -+ influenza
O Beent** EA geeni- 3 Becn1** B Beent1™”

a3 5. TAV 729 A] Becnl”*3} Becnl'” oA EH]E cytokineE<
ELISAZ =7 . (A) Mouse TNF-o¢] <& ELISAE &<l3t Ax}, (B)
Mouse CXCL-10(IP-10)¢] %< =A3 A3}, Beenl” o4 CXCL-10%F

protein level©] #olA & A& gQ&d 4= AT}k, (p<0.0005)
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6. IAV 7 Al Becnl*oll ]3] Becnl” oA ZAHE 337V
& M EAPE

a8t Real  time-PCR¥} ELISA Ad¥S Fa Felgdd
CytokineES EH|= AXEL AldHol= Aol7F A= AE FACS
analysis® =A3t. WA, #F F 4Uo] At mouse] lung
Z2& Type 2 collagenaseE ©]-83}4] single cell® W= F Airway
epithelial cell(AEC)¥} myeloid cellol]l Eo]% <l surface marker©l
FFol g FAE B FATE. Dot blot THEZE ] §3
o Azet WAAEE Aofstes RS dERHlon FAAQ RA L
P =5FS ZFusdoh (2™ 6A).% Myeloid cel 17} ARCsS A3 &
ViD @3 A xof we} cell death’} Loyt M| &S diagramo. 2 19
A8k TH (19 6B).

Becn1'*¢] Myeloid cell®] 79 IAVOl zHede] ww o 3%o 4 oF
%% cell death7} 4% FE 718t Beenl’ & oF 6.7%%
Z7bstd e (18 6C). F strainite] xpol7b gl Ao Hol IAV

oz ol HANEZES cell deathol]l+= Beclin-13 #I&Ho] §l&
AoR F=8 4 vk, ¥H AECse] A= Myeloid cell¥:=
o2 A3S 1tk 1AVE 749 A7 Beenl™ o] AECs death7} 12901 A]

oF 35%% 23% XQAEVIE F7F3F whd | (p<0.0005) TAIA S

o

A1Z1 Becnl”¢] AECs death™ Becnl”*o ®|8] 160 ZJAE &
1998 = Z7tsk=d 23t (19 60).

Airway epithelial cellol A"t cell death’7} 743t d3} AECsol A
F2 WH|E= IEN-A37F S71e 235 & o IAVe] Zslow <l
557 AMAT AEBANA Beclin-lo] o] F W] S
O A3 AR we AlEe TR QIE 23 A emsbx

o|EA & AOo® o iHrt.

Aol

_
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(A)

(B)
* Myelold cell = Alrway Eplthellal Cell
_—dhinfected uninfected infected
i §- Beent+ £l 1= Beent+
372 = 12.3
} I - Becn - i Bean I+
i 2.16 " 6.68 il 106
(© Myeloid cells death AECs death
15 wkk bl
é i ns §- 501 I
2 T < *
6 10 0t 8 404
ie ; % ol | #
S 59 : :
g 51 8 et o° >§ 20 %
0 ] . )
§- % % L] Becn!*j* (1; 104 * % . Becni"”
0 v . . ® Beem™ 8 | X 2 = © Becnt*”
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a3 6. Becnl”*$} Becnl” 9] Lung®lA] Myeloid celld® Airway
epithelial cell®] deathE ®]xl. (A) AECs¥} Myeloid cellS A olsl+=
HA-S e dot plot. Single cellollA (D31 CD45 Ter119 (D326
cellS goJgt ¥ (D326" cellZt (D45" cellS ©THAl VID'E
Diagram©.@ UEFHTE. (B) (D45" cellE FollA ViD'g celld},
CD45701WA  (D326" cell 5 ViD'3k cell. o] F 74 A&
Diagram®. & A #]d A3}, ViDE LIVE/DEAD® Fixable Aqua Dead Cell
Stain KitE ©]&3 ZAOS=R celle] FUS 45 =2 IF @S
veER A ®). (C) Myeloid (CD45") Cells®} Airway Epithelial Cell©]
Influenza A virusell 749 HAS W AZAPE o] drpv} dojyk=X&
ag=zE Jebd A3, dlolg]Aa 7 Al Myeloid cell® Airway
Epithelial cellolAl X5 MxEAPHo] fo8tA F7F (p<0.0005)
319 A 9k Becnl'*9} Becnl "7k Myeloid cell deatho| A= po]= B
G Rtk Wk, Airway epithelial (CD326'457) Cells< Becnl”*9}
Becnl”"zte]  AIZ  AbEelld  fol3k Aol7b Tk, Beenl”7}
Influenza A virusdl 7% =W ¢F 12% TR cell death7} oF
3502 23% ERJNE F7EFSITH. (p<0.0005) 3FAIRF Becnl” ol A= <F
1200014 oF 20%2 8% EQIE T7heh=tl 23tk o = ke Aol=
°F 15% ¥Q1E ). (p<0.005)
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7. IAVY] A3AFS =& Beenl” 9] Lungoll Al #23 557 AVAE
&4l B A o]

Hlol# 22 7 A7, BE A71H] &S moused] lungS HEE
stainings & ZAyE HWH <A FACSE
epithelial cell death®] zto|7} WeE|gtorw Fd3dA e}

F3 EAdE Airway

Hqe Feladrl. I1AVel #E® Beenl'o] A$ AWAE Fx7}
A3 FU wbd Beenl” 9] A9 ddHor W Fux BES
3 £ YA, =, beenl” oA wpolgze] o3
IE7IAIAMEY  Apdo] ASFHoRE A e e
H&sA T
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v. 1%

Autophagy ## 42kl Beclin-1& FEE& vlo|g A5 HIWHS
9] 3l7] 93} Target proteinl & Hlolg|A~Eo] o] o] &3t}= HL
olml & g#HA Yut.® UEH o= Herpes virus, HIV, 18
Influenza A virusE©°] Beclin-1¥ ZA&3}e] Autophagy 714S
AAgey.  SFAIRE  Autophagosomeo] A E7] H/FE VHO=
npol g z~mirt zbzb v Al7])9} WO R Autophagy 7]1HS oAt
tolzh ol& wpolels Aol fF&5HA o] &gttt dE 5o MIC
class [ cello|AlE= w®lolgi~7} Autophagy 7]1HS Ao ZH
D4" T cell® L& FE H4E 7%= aa,” V-1 celldAE
wlol2] 27} Autophagy machinery < 3FubQl Beclin-19] 2d&
S7H A autophagy 71:E& 3% Al7]71 % @}

o] g5 wlole] 27} Autophagy”] A& ol-&hebd, AAl AA el A
Beclin-1°] §1=& 7% Wild type mousecll ®]&] of® Aejs= z}o]7}
Uetgde=AE & A5 Edl Flstaat vk, w44, Al st
ag=zE T #Y § AT wstE dEesit. a1 Ay
Becnl "ol A AFo] & Hadtd ¢ U2 BdYS B

vpolel~ Y Al ol ue FAFE HAATE AL beclin-l

AA7E 0= mouseZl ‘Wil Zoll AFgE &t o] AL ‘mlo]E &

s
e He &7 49w Ao 4 ATk wolxd 73
SF @, WYAE 498 AAT 49E Fea  UAel s
S @ 7o) 24 24 %aN7 A9E BT vl st
¥ MDCK cellollAd LC3-II9F Beclin-19] <o) ZS7}slar o] =

3352 Autophagosome®} lysosomed] ZATS oA A AL,
ol A~ EAZF fgAEE AydE F3 dielgx HA
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autophagyte] WAE #AA7F ks HE olv] HuHJL! o F
Etz do]ly e FRolA  Aelrt e TheAol dol Al
Becn1'/*¢} Becnl”?igl Hlolgl 2 FXE  Bluskgith. who]# 9]
SEE 27HA FodA SAsE e sk NS, M1 22 viral
RNAS] <& Real time-PCRE FRlste= Zolial th& shvbe Hiole|
d4e Y= YA FEE o2 #Rlshe Aot H443%
Becnl”*¢}  Becnl”"zbe]  Apoli= @IStk wbA W29 A9
=

Becnl” oA & g £ES BHYEL, oE M2 wHAo)

Hlolg & FXoo A Zfol7} §ll7] dwitel ‘WiAdeo] e =5 9

A5 odeta AYS sk, &, Beclin-lo] §lao=2ZA

=3 Mol wWo 7 ez Qd ¥ v RIS KIS
o

Aoz oiFEo] g wlolg|x Akl Cytokinesd] #xAkeh wuid
By S Sk vlolgl s el o ATA H &4 Marker=
B = JdE IL-62 A5, F mouses 7ol Zol7t glo] dF WAL
H|S=8hth= AS g2ldlt). o]yl Ayl= Autophagy 7]1# o] IAV 74
AlHe AFe FEITE AR g2 AEFS Bt
ol¢]ell Macrophageolx] F= EH]EE IFN-w/p, TNF-a% Becnl™*e}
Becnl”™ Alololl A zol& & 4 fIivh. AN dHAE FA
FAAISHE & L% CXCL-10 (IP-10) Beenl™™ ol At f-d =9}
g el wEo] A YERgTh 3 Ao wEw JAVe] s
Human Blood Macrophageoll4] CXCL-10¢] EH|7} Z7}st=d], o] W
siAtgh® Autophagy 7] knock down*7] A ™ CXCL-109] #H]7}
AAastt s BRaEQder. &, CXCL-109] &4} Autophagy 717 ZHll
LR BATE AS Ao ARG F A B AT E
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ATG6Q1 Beclin-1°] §l& 745 23] CXC(L-109] ZH7F F7H87]
wfi&-o]  CXCL-100] Macrophageﬂ old o2 AEo|A EH|HAAY
e AdzdgdAAdel o8 FREAS Aolgta 5T & AT
CXCL-100] gy Aol APEE  THAAIZ]E 3% <Q anti-viral
factorgbal o3 = fIAWF (XCL-102 wle]ejz~ 7doz <ls)
X 3}%+= protective T cell ¥FS-3} developmentol] L2344 2H8-3h
ooty A9 FY = NK cellS migration?] 7] Chemo-attractant
ERE FaF A4S 7] uZel® npolzl s Fedo R Qg (XCL-10
g FoAde AR AxHa dvk. XCL-103 FARE A=
Hol:= Interferono] U=AE sl 23, FALsAl [FN-A3RF
7kt =, CXCL-109]  #¥[7F IFN-A3e] o8] F=H3U=
7be/dol =AIRE Beclin-1 §l& wf, ¥ 7|dS &8 X
3t FEe FrhAel A7 L3kt IFN-A familyd A9 7HF
2 IFN-AYE M7bA F 45 F7F Aok P
|52 FE S57] ZAE
XS aOYa0FE 5o HOV ZAdAME=  IFN-A37F A A<
71%% 3t Cytokine™ o= ¥helx o1 Fade Hak Az a gl
A AFelME IEN-a39] EEa @ ol 1A
CXCL-109] Wdo] ZF7tEoem®  Influenza A virus #SE Al
Beclin-1 Fd#k7F IFN-23,CXCL-102] ¥4 go] Zo] o
Ao e 4 AT
28 Beenl”'9} Becnl? 7Fe] 3 wlol#] 24 cytokineo] =bo]7t
SF7] AHAEY AFEoME T UEtYE=AE Flstr] 913
FACS #4198 Abgstlrt. A9 A7} Beenl”'$h Beenl” ) Myeloid
celle] A= = He] Zpol7h gl Wk, 557 AuAE9]

A el A= Beenl'ell W3] Becnl” oA zhadte HS S1skdv.
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o4 Autophagy 7]#©] IFN-A3 %
CXCL-10 4] HAolM Tad 92s & F dvk= ol kAt
B Aol CKCL-109-E BHelahl7] el Mxl, ISG15% 3 2
ISGE9] 2d s F7HHeR o s, FAHoR oW
717l WA doju=Aed Wi Ayt dasith. 5, IIN-A39
CXCL-10¢] &d S7t= 3357 AoAEe] Apde] 4 AUA
ol Beclin-1°] §lso2 Qls) 257] BujAze] AbEe] e
cytokine®] W&ol  F7EEE ZAQIAM  dia]  FRAQl AT}
T ofof Tt
AT A wpold s el o7 HA 52 AR ¥ &4

Al Beclin-1 ZH8S dAlsl= FES o]&3ttd T35 357

ARAE E3e AAND F ode bede AAsdn, @A
Buls s QEFAR AmAs HE TE wAdN Age
Aze A5 WEE AN 5 9e AoR e
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V. 28

=
STAELE FAANA B2 WY wES FhskARE Ax A
4= Z 433 Autophagy 71HE FHXAZIY, #AE A7) we)
Autophagy 71Hd & v 24 7|5S st=dl, 7Y # 7|9+ Autophagy”}
AFEAVE S A A wpolel s HAd folstA A&k v Y
< 7]l Autophagy’} Q3|8 M¥E AES FEAIXIYE, o]d AR
3= Beclin-1°] §l+ knock-out mouse”} HIN1 Bfo]z] 2o 7+
™ Wild type mouse®| M| Z&7] A ES] AbHo] AT

A4 FAkAT. F, Beclinl FAA} #D F BF
[e) [e)

bholg) o] Fkox  zpol7t flE He= & w, Beclin-19]
volgl 2 EAlos d3s FA Fete s FTHST. oA
B, A Fol A 5% ERJAEC] zto]= wpolel s FRe] AR g
A= ofyehs Bo] 2R Beclin-1 32k vhol

Fdol §ls UbeAel Atte HS ERIET. olE Ed=E
Beclin-1¢] IAVS] WAAZ o o] & Feolgta o 4
AT, olHs AFE  FHIy] Hs ¥ wlelyx~ A9
cytokineE¥ JUHAES 4S F straingS Hu 2 FA35H.
A3 Azt Beenl” oA IFN-A32FCXCL-100] %A 2= AL
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Abstract

The role of Beclin-1 in Influenza A virus-infected mouse model
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The number of patients with severe lung injury is consistently increased
by Influenza A virus infection every year. So far, Influenza A
virus-related studies are mostly about viral proteins inducing immune
responses and cytokines activated by virus infection in macrophage or
memory B cells. Recent studies showed that viruses use autophagy for
their replication. Also, there are many studies about the relationship
between influenza A viruses and autophagy. In particular, NS and M2
proteins can block the fusion between autophagosome and lysosome
through binding to beclin-1, so autophagosome can be used as a niche for
viral replication.

This study sought to determine the role of Beclin-1 in influenza A virus
infection in vivo. Becnl™* and Becnl™" were infected by influenza A
virus and then I observed the body weight change. As a result of

1+/-

observing the change, I found that the weight of Becnl™" was higher than

that of control group. To check if the difference was resulted from
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difference of the amount of virus, I compared the amount of virus from
Becnl™* and Becnl™~. However, there was no difference. Based on this,
it seems that Beclin-1 has no effect on influenza A virus replication. Next,
to verify that the enhanced viral resistance of Becnl™, I monitored the
gene and protein expression levels of anti-virus related Cytokines.
IFN-A3 and CXCL-10 genes were specifically expressed higher and Cell
death in epithelial cells of the respiratory tract was decreased in lung of
Becnl ™" than that of Becnl™*. My recent results reveal a critical role of
Beclin-1 in which IFN-A3 and CXCL-10 are secreted by Influenza A
virus infection. Although the cell signaling mechanism still has to be
investigated in vitro to identify if cell death happens first and then
produce cytokines or opposite, I identified a possibility that beclin-1 can
mediated a lung injury caused by influenza A virus.

In conclusion, this study may provide a new way of improving

treatment against lung injury induced by virus infection.

Key Words : Influenza A virus, Airway Epithelia cell, Beclin-1, Cell

death
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