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Elimination of Influenza Virus-infected Cells by Phagocytosis
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Infection with a variety of viruses induces apoptosis in host cells. This phenomenon may be considered to be a self-
defense mechanism to avoid viral propagation. However, the growth of influenza virus is completed before host cells
become dysfunctional due to apoptosis. To clarify the physiologic consequences of influenza virus-induced apoptosis,
the fate of influenza virus-infected cells was examined in vitro as well as in vivo. Influenza virus-infected cells were en-
gulfed by macrophages in vitro, and virus propagation was almost completely inhibited. This phagocytosis was depend-
ent on the specific recognition of the membrane phospholipid phosphatidylserine exposed on the surface of virus-infect-
ed apoptotic cells by macrophages. In addition, the activity of viral neuraminidase expressed at the surface of virus-in-
fected cells was necessary for the maximal level of phagocytosis. When mice infected with influenza virus were ad-
ministered phagocytosis inhibitors, the level of lethality and inflammation in the lung were augmented. These results
show that apoptosis makes influenza virus-infected cells susceptible to phagocytosis by macrophages, and that this leads

to a reduction in the extent of influenza pathology.
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WEDEBKIENIEEINTWS., Thbb, U1
U 2GS D BRIITIC X 25BN & AL,
JARN D A )L A a5z IS 5 B R REIRE TH D
N0 TR, UAMIVAGFOHIREERICK 2 ER
FIBINEEFHET D, B AERGEERETH 2
EamoT&ER (Fig. ). ZORKBIE, 7R b—
OAMKIFIIE B EREIC AL 0 TF/NY — > DE
bz, BMfZAENEHRT S I ETHRESNS.
—7, UAINAIKIE, BEOTRN—=ZZHHT
L0 FEEETLHHONHD, ZHUXTAIVANE
FOHHEEZERL TV EEZD I ENTE
%, ZOETI, 9, U1INRACHT 2 0ERE
BT M ERIEL, U1 AEREMED Y R
N— 2K G H A B & 2 OB ERITHENS
EUTTMHT 5.

2. TALNRICHT D2BEBEDRELEDHE
TAINVAREEMEOBZEEREEZFMHAL T,
HEDT ) AEZFDMDEN T 2IED HEEZTD
(Fig. 2). W)L ZBAHEIZ W19 % 0% i & 13 Ta-
bleliIZEEHHENS. EBEREREIL T1ILA
RGN E B b 2 WIS G 2 B A L - B
PR RZ2fT> ik IN5. 2L T, fikicks
DA ZDRIEELR T A )V ZRLF DFUKKTE D&
BHERR, = LU GG EME T /I K 2 G
DfER E, WV OMRANE D KO & 5l & 27
HARGE NG DAL, RiLiCR-s THEIN
T&E . UAIVAHRG T 25858 L 7 @i,
ARG E Z R L T A IV AR A R S
LM GRIEINEDET 6N 5. ZORINEMPNT S
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Fig. 1. Consequences of Apoptosis-dependent Phagocytosis
of Influenza Virus-infected Cells by Phagocytes

TA VAL TIX, 7R b= ZKFICHIRER— O ) TI8F —
UL, ZRAARRHEIERS, /07y —I0BHMIEARED
BMiE, AREENCERNLINY — 2 B2 Ak % M > TRYHIE 2
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Fig. 2. Structure and Life Cycle of Envelope Viruses

A) ToRNO—T AV ADORE bR Y )L A DOfER, 7
/&L TDNA XIE RNA 2855, TNEFv 7> Ry NI ENED
AT, IOV FAF T REBINDEEERTHS. Z<DTAIVA
3, IANO—FEIHENSEE _EETEDNTWS, U1 IV AKT
1%, EEMROMEEZE > THZETZ LT, ToXO—-T7&#E5T
%. B) ToRO—TUA)JVADAERER 1 ToNO—T IV, U1
WAL ANO—7 EEEMEMOR#ME, EEEQOLY KYA h—
AR K OMIEMICRAL, MilREICY / LAZRIT 5. HEO&ME
BREEICED, UANAT I LETAIAY NTEANMESRN, Hilz
WESNX 7 LA F+ 7 ROEEMEEE > THEL, Y1ILR
BiFasifasbic ittt = N5, mEMEEIE, AV ZAHROKES >N
JEBNEELTHBD, INS3UA IV ARTOmEEME» S Otz
L0, SN TA IV ZRF IR OMBLICHE L TIRAZRED
BIBRORREEDHEZE LIFTn5.

Table 1. Immune Response to Virus Infection in Mammalian
Cells
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DI, EEMI OB &R I I E ICFEEY D9
JEAE G RO /INGY — 22BN T H 5. 50 AL EEH
JUTORIFDOMAREIL, Toll HZ A (Toll-like
receptor; TLR) &IEIN % —[EIEE@EL Y > )X
§®77\U~T%D,ﬁ$%%ﬁ®ﬁ¥A§—/

FICHEHT D, 2055, TLRIZ T IV AER

_Eiéhé A$H RNA %, TLR7 |3 —4A$H
RNA%%m%mmﬁb P AV Ak D A BE
WEA 28— 7 20 X% DD RIE F i K D FE
HEEEGL NV THET S, UAIVAT JLE, F
Y TR NIERPI o RNO—-F g, v
AN AR TFONEICHEEL TH O, Toll k2B K

FIV—MNINEZEF#HTEDDIL, T>RY—LA
BREMBENDO/NETOAINAT ) ANEH L EE
DHTHB. Fill, FITHRLEE CTHEY %38
9% TLR4A M, PiUAIVAERZ2RT 2 &bl
INTHO, FAL,
I>ARO—7% 2 )NJEI3 TLR4 ITEFHEEN5.7
INEKD, UAINNVAKTRE DT Toll FRZ%
AHRTHFEH S NSNS > TV,

M THAEY &85 T 5 /85 — > ZRKIZTD N
T, MEOXRTFRTUAZ2UTRET S
NOD 7 7 2 U —LHIMNSH SN TNSEH, S oA
VAT U T 73 FHEDNME < &> TE 2.
RNA AN U 51 — ¥ @ retinoic-acid-inducible gene I
(RIG-I) % melanoma-differentiation-associated gene
5 (MDAS) 13I8 T 1 )L A Hi2k D —A$H RNA
R T 5.9 25O RNA A f—+F < TLR3
1%, & BHITHiIE ToEMRmERRZ T L CiRE R
F® NF-kB U\ interferon responsive factor (IRF)
EIEMEALL, A > —7 20 FOMOEEE,
YEDOEEZFHET S (Fig. 3).
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Fig. 3. Recognition of Viral Molecules by Pattern-recogni-
tion Receptors
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ZOHIZIE, HAN—EEEZHEET S —HOF >
J\/77’E TIAP (inhibitor of apoptosis protein) DiE(R
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A AL D 7 Rk — 3 23T A )L X HEhE
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@B<HBEH D5, FEo@E 2R OMEnaimcse
OB EITERTZEENHD, £DHIH AIDS
DIEFETH . AIDS DJHEK YA )V A TdH 3 HIV
1%, REOWES > N7 E %> THIME I CD4 %
95 THIIICEGEL, 7/ L RNA % DNA IZ/E
DRATEEMEOREARICHAAEE, Mlanic
BRLTWS, MoDORRICED, T1 IV AHK
DNA OEBEFHENFEIND &, 2HOTUA1 IV
ZRFAMED SN TR M S, —EiIc%
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WSHIIEAL T A DRI SRR D, R O
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WELLS ETEbNbONOKREE DT TLE
S, UAINAEEEMBEEIEXTY R b= AHIHOE
BHEAVWICEDEREEHROEDEGVEIT> T
B, EERLXINTRETRN—=ANEE SITEF]
CITHHMITITHE TERNDTH B,

4. BHRICLD 7ML AREMIPOER

4-1. TAINRRETARF -2 ZMAROER
AN AL D T R N — AD, A )L A JEG
DIERZF <KIREZEARBRWHINA DN 2T &
N, EHFSPHIEARDO YA I ARADEE 2%
ABDEOoNTERSE. A 2 TIVT T IA )L Xk
Ui TlE, 7R b= AN I N T2 SEh
XOBEIZ, UMINAKTOREMEZ>TLED
ZEMHBALZ D TR B = ANEEROEESE D
i TH D5, ZORDE®REZMSDE >
12, UAINVABEBENE IS XD BEHIZAHI NI
TTHD., —RIZ, EERKNTELCEZTHRN— M
Al BRI L 0 GE I DBIRMICA R I N, B
DIAENERZEMEO Y VY — Ak I N T
PRI NS, ZORIBIFERIENEYIC X 575
s EREFLHEEREEDEEZLONS. TR

= ZMiBERRICIZERBHHE U TR A 7250 108
MEL, B INZ2RENZRETERL T,
EREABNEESNTNS. 1820 Z DK IKE
Pk TRl ARZLELET, REMRICE
DMAEMEREDINY — Bk LRI, HARREIS
BEDOEZSTHMTES, RBRIGRARNTADE, 1
CIIIWIZ T IA )N AR L =7 R b — A
N, BREOFRVWERET, BfillicaRInNs L
MWLM &R, 172

42, ATLNIT Y74 ) AKREMIBODO T R
b= RUBFHEEHE (27T ¥U1)L
2SR TIE, Y EED 1 D THHHRAT 7
F2ItY 278, MINEEEREE —EE o NI 54t
HIE~NERBITT D, RAT 7 F )t U JFEEM
e C VAT e D ST e 1 0 By TR BR o U T AE
LTHD, 7HRb=I2KGFICHBERRICEHT 2
DTH%. X707 7 —IRKRRZREREF ST
RAT 7 F2)tU 2FEHL, U1V ARG
ZZEIRMICART 5.1 £< O 1)) XG4
T, MIAEXEADOKA 7y F2I)I k) BEHEMES
7 RR—= ANERINTHBD, ZH50OHDIA
AETAINZADOHEEITKS TIEZ ARG EE A S
N5, UL, HIVERHEEEOHIZHZH D
D, WEHNIEZ D0,

—h, A2 TINVIZHTA ) ARG E A O
MR B FET D, ToNO— 71 )L ATk
Ll Ml OMIEEICE, YAV AT RXO—F
Y UNTENFEETS (Fig.4). 1 >7)T>2Y
TAIN ARG TIE, \IXTINFZE /4T3
5 —Y D2 EEOS > )\ 7 R B IR
5, ANV T YRG0 y — DI H
flid L, /4TI —YOREHEUIBIEMEICK
D, X707 7 —IRBEHTHEO DT IVIEDY)E
IND. BT IVEE(L S 7B SE R I A A e 2
DEHLICRY, IhDEMEOREENEZ B
TEARZRET LI ENN . ATy F It
> OMfAERE DI EB S 7 IVEELRESH D FEAE D
EB56, U AERBECMTEZ D, B
flZ ™ AV 2R PO S N BRI EfIc X 2 &
B%E%1T% (Fig. 5.2
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Fig. 4. Infection and Propagation of Influenza Virus
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RAMANTITHN, TAINAL RO —F% 287 EI37E RN i
HIND, BEMBEEZ S TFUA IV AR T HET BRI, T
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RF & fE BRI A DS 5.

virus

-

sugar chain
Hostcell 9

Virus infection PS exposure Recognition Virus exclusion

Sugar chain modification

Fig. 5. Mechanism of Phagocytic Clearance of Influenza

Virus-infected Cells by Phagocytes

ATINI I ZBEEMATIE, 78 b= ZIKFRITE R
Ty F2EU S (PS) DMIBREICELTHLEBIT, UMIIATY
NO—=THNRIVED /AT —F (NA) ixor077—VEKED
BESHAEN S 7IIVEET 2, x0Ty —21F, "RAT7 7y FII)IkY V&
AL TR 2 IRAIC AR L, B 7 )VEERES IR & <
07y =Y EOREEMMEZEZED S, ARICKD U1 )L R IEHESHIH]
TIN5,

LEERT D, A 7N YA )L ARG T
DI/ATIZHF—EOHEIL, HEOTAIL AP
EIT A EITRAEN, MOTAIINATHTAIVA
HOR D FORABZHEGTT 2N EDNEIAHTH 5.
43. ATLIT YT ABREMIBPEEDY
ANZBBRICHTFZRE A>TV HIA)L
2RO AR, 1 > 7T ORIR DR
W TnW5d (Fig.5). { > 7INIT>HTFIAIA
RS E YT A O TIE, ERBESH
2, ZROFFEREIR 707 7y =Y OEBEME
MR & DM OB & E BRI N, i
DUAIZ &R, BREHRDMICEWEEZRL, &

BEENRKNICELEZHETRERELBPLE &
HEORFERT —F). BEEMETITY AL RS
fat~rnry—2LakiEET 5T 1)) AEH
MERICHMHIND. 2 /2, ABHEROEEFR
KR TALZTANINWAZEREEIESH E, EERENRE
SPWAHT B &L BITHFHRETDORIENITHET 5. 29
INGDREFT, ABICXOIAINANTRIND
EWIIRBEHAS, £z, 127NV o1
ARG O AR, Y707 7 — P hER T
72<, BRRMIREIC XK 0fTbn a1, #BERE
INEDEBIZDRMND. 0 Lizh>T, 17T
YAV AR O BRI, HARGRE S
EOMFIZIED, 71 )V AT B AEARBH ST
BB, MDOTA I AT DNTIE, A IV R BRGE N
ORI A EDE 5 &2 EHRTHEIE RN, [
BROREDNTEET 2 aTREMED S N, BILZIE, IO
RUAIAIZDNT, BHRMIRES B & U 72 Bt
WD A )L AHK 2 484 RNA % TLR3 T4 L,
MG EE THRZFET S EAMEINTSH
0,7 BRI ARICK D U1 )V A DOE PR &%
BREREOME TORENTHINS.

5. &HYIC

B0/ — 2 RS AR DT RIT, BR%
FINEQHIZRE<EBL, TAILAITHTHE
TP S Rz, LarLl, BRBETHE
SHl=leZ 2NDET7 7 2 —NRLFERINBIT
DN, WHHEBIIZEREL, MlENRRIIEM L
T, BHANH L RBEZCCETIVKTIIEE I HE
ZRHEIINZEE L TWwd, —H T, £EAISN TV
WHRGEREEFEET etk RnWicd 0, 45
BOBEELTERINTWVS, 1990 FEREKENS,
ATIWVI T IAINA®EELRL 8T 1 IV AU
DWW, JEGRFO1E ML T DB T RBUIREE D
BB DTHONTBY, T TRALEDS DR
W RSN DN D 5.

i 21X, RNA F3 (RNA interference; RNAj)
IZK 2T A )L ZBEFEM G FAE, MR BRI
DHETEDWYTIITAINAT ) LdHDNEZFDE
BhAD 2 A8 RNA 2%, 15 AL D RNA 53 f#
B3 Dicer Ik DUIMEN5. ZL T, YMgoE
VY RNA W12 & % RNAI 3 1 )L A D s 755
RG22 —HT, £<OEMY A I A1
RNAI B =G T 25 NI EEZRFD I ENHS
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N5, INSOFEEFT, EEIZRNAIIZEDTA
WA ) LWEWEL T 4 )V AOMEEMHIL, ©
ANAEINZRBLEID ETHEEZLIENT
Z5%. RNAI DHABMSCRERTO Y1)V ZHRRIT
BN TWDNENIEZARHATH 578, WHIAEYHM
flTIE~ 1 7 0 RNA EMEI NSRRI N 0WEN
RNA WiH DB EET LI ENMENTNS, 2
NS IIBEREIEIC X 2B FRBAGEZTS Z&h
5, UAINAZ N EOFHBMEH ZBEC =1
A SEGEPN TS S EAE S 2 FTREMED D 5.

—%, HARGEINE Uz WESHESM O
A Z)VEEENCEEd 2WF3Eid £ /2 HaicEFI N Tn
B, ZOHRT, EFIVEYOBREL 3w ay
INTIE, BREEREZTTERB#EZTS Z
o, BEFEELZMBTNFETHS I E2IF0
W, FHZEEN LN NRINDDDH
5. BIZE, TS5 04EYE AW THIE I 2K
RGBEOMENESNTEBD, T4 )L ARG DR
BEOMHBIBE> TS, T T TOWMAIEM AL
RTIE/mONBRMO AR, FiklantEn
5 EHFEINS.
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