FEIZ 1 M & FRFRR IR S T 2 B 7e o0 TASA8 12 B B 7 5%

Studies on a Novel Mechanism of Recognition and Clearance of Dying Cells
by Macrophages

REMEE REFERKRE  HIFIEE  Tokyo University of Pharmacy and Life Science

Masatoshi BEPPU

HRAMRE RREREHKE FEHAH  Tokyo University of Pharmacy and Life Science

Kazuya HIRANO

Cells dying by apoptosis are swiftly ingested by macrophages before they rupture and release injurious and
immunogenic contents into the surrounding tissue, and thus clearance of apoptotic cells by macrophages is
important in maintaining tissue homeostasis and in tissue remodeling. In a series of studies, we have found a
novel mechanism of phagocytic recognition of apoptotic cells that involves cell-surface carbohydrate chains of
the apoptotic cells. The outlines of the phagocytic recognition of apoptotic cells including the carbohydrate-
mediated novel mechanism are as follows.

I. At an early stage of apoptosis of lymphocytes, glycoprotein molecules (e.g., CD43) on apoptotic cell

membrane localize to one pole of the cell and form a large cluster (cap) of the glycoprotein molecules.

Macrophages recognize the apoptotic cells at this stage through the carbohydrate chains of the glycoprotein

cluster.

2. The glycoprotein cluster gradually disappears from the cell surface in a few hours probably due to proteolytic

degradation. Accordingly, the apoptotic cells become less susceptible to the macrophage recognition.

3. In contrast, phosphatidylserine (PS) exposure becomes observable around this time and increases thereafter.

Susceptibility of the apoptotic cells to macrophage recognition increases again as PS exposure increases.
Furthermore, the macrophage receptor involved in the carbohydrate-mediated recognition of the early

apoptotic cells was identified to be a 110 kDa protein that is known to be usually present in nuclei.

MEE®

AEENTIE, 7R b= R K B5EHE, BEME, B2 ENFIZRELTHSEN, Zb
OIS A E U CRUMRRIZ A —UREBRE B 5 X 5, v~/ 07 7 — YR EOERMEM
S L » THREMICERFE S, ARICL > TEEIIREIND, AERBFESO IO L S R REMECH
EMAIT T D R A BR AR I, ARIEEEOMRR, M oEMSE, BERBOBEICE O TERD
TEETHIEZEXDLNTVS

EELIT, BEX ML KV EEEZ T oREK, Rk, Vo R~ rmn 7y —TlC &
DEFRAICERERE SN D Z LR RV L, ZOREEICIZ I b o biifaRm oREg, & Vb
TNEBEFFORY T 7 I HPEENBEEE L TWD Z E RO L TE, 7. HiaZE i
Ry YNY AR AR = b Rl o R g W) TR DM & LT MR B b 23 Ml sk &2 > /X
7% (FRILEKCIX Band 3, FMERTIL CD43 HUR) DREE (/T R# V) #5I&RI L, Z£OfE
BOMPAREICTERESNDIEZ XD 7 T A =R~ a7 7 —VRED LI F L2

1



FRLVBEENDDOTHS ) EHELTE, o, BILLITEEGEICT R b—s 25 L
M@%é<ﬁ%@%ﬁ%ﬁmiDTﬁb—vxmﬁ%ﬂ%ﬁéh\ﬁﬁ%%éﬂé:t%ﬁwﬁtho

—. w/u Ty VRECHFETHEFHEIND I OBEERBRICHE DALV F oL Ty —
fEffim ¥ & LTHFHE 50kDa D& /37 B (p50) %~ 7 77 7 — UHUBAREE 25 s &b B 5 5 7
TA=TA—70=  NIT7 4 —ICL Y HEEELT-,

AMIETIE, ZNETEBZULOMAEZBEELX T, 78 MY AWM OBEE L Uiz~ 7 o
77— B EE D EA TR E ST LUV THET 572012, 1) 78 b= 200
%@%ﬁyﬂygﬁ73xyuyﬁb\%wﬁﬁﬁﬁx&—%ﬁbfvﬁu77—yuiDmﬂén
DIEEMEHTDHIE, 2) ZOXIREHBRICEDI~ I/ n 7y —VERLE T2 —F4% L3
DRHHSYF p50 2 F03 0 & LTS A2 &, 2HIEL-,

mREE
1. PRE—SREMIICH T MMEREE VNI BEISRA YU F EZ0HEEENLETIO D
77—l Jlém.n

FEHELDOINETOUET, b b T U BRAMIAK Jukat ZFANWTT R F—3 A5 FET 3 L
&EMﬁE:éuW®TﬁF~VXM%X?~V(%%%2%%5)szfv7u77~9(tb
HECRAMAAER THP-1 2~ 27 27 7 — VAL S E-MBEER) 2L 88 (BABLU0ER) &h
R RRER—BMEICEND Z L, ZOBBMIIT R b= 2iaREGO L T ABEEGLHEY) T2
M CBIBESICIKTFET 22 &0 Bbhho Tz, SEIOFETIE, UV EREROFEL 7 oy
YRIETHORY T2 MY I URBEEE AT S CD43 FURICKT 2 HiAA 7K b — R Jurkat #
fa& THP-1 v~ n7 7y —VO#EEMRELLZEND, TR M=V AR T 27 7 — VIR
WESNDHDIL CD43 THHZ EMHBA L, TR =T RAE2FHU L7 Jurkat MEOAEZET CD43 @

DB E R BRT 5 &, MIKREO—MBIZEAT S cap A (capping) % —@MEICEZ LT
WD EDBHLMNE o, ZO—iEMED CD43 capping & Jurkat fJEDO~ 7 w7y — I kS @M
DB ZDAT =T N—H LIz Z b, TR b= ZYHIT—@YEIC capping ## = L7- CD43
DHEHNR~ a7 7 —DICL o TRBEND Y H > F (Peat m signal’) ThHDEEX LI, ERE
7%%~VXM%hWMmmkvam77~7@%%%ﬁmcmwﬁ%&bfbé:&ﬁﬁﬁénts

2. MEEHZENT DB & Phosphatidylserine (PS) #1323 & OB

TR M=V ZAMADO~ 7 27 7 —VICL 2B E L TRLE< DR, I<HEERATHED
BT R b= 2o THIIARTEICEL Lz PS 20T 2IETH B, £ 2T, 2 ORI & i
ZATT DRI & OBIR A, Jukat MIfEE THP-1 =27 0 7 7 — PO EBR R TREMICHRET L=,
T DRER, 1) CD43capping DF&EIL CD43 DFEBLEDBL (i) 1255 Z &, 2) CD43 DL fFEHIE
TTLWHD DEMND PS BHMAED Z & 3) PS BN HITHEIT LcE (7R h—2 2%H) 25
BUO=7n77=VICEVBMEINSLT< DL, 4) Zo7F b=y A%HORHBITHEHE &

2



FTLPS BNTAIE, BHLNER ST, LEDERNS, UL SERT R =258 Lis
D&, ZOWMENCHESHEZ T Ui, BT PS 20 L7- B M < Z E R B & e Tm,

8. YVADER) vNBREBEYI O T 7 —CFAVEERRRICE T D HEBEIREERSE
LBOERRIE, VoK vraTr—YonThbEERgkEAVEL O TH o, £Z T,
EF O primary fIAETH REERBHBEBRENMN N E I DHEND BT, w7 AOMIEY v 3Bk, fEE

~ /7y —=YERNT, R EITolc, ZORE. 7R =208 GEEE% 1 ERIE) |
FIRk e — M OBESIKTEER S Bl S h, 7R b= 2 %8 GElE% 6 BRHE) 121320 PS &
HABEEND L EBIT, PSENTHRMMBEZ D Z LR T,

4. TR b=V RNHMEOERKEFERBICEDLLITI O I —CHRELE T2 —DRE

v/ u7y—URENIE, TR ZAMROESGRRICEDI Ly F UL E T 4 —BEET S
ETFHREIND, EHELIZ, TOBEMHTELT THP-1 =7 127 7 — PO 54 F& 50kDa
BT (p50) HEEELZ, AE, 20 p50 © N KT I BEMOE S AT LTER, —ox
DNTHFEE B E L THbEND Y 110kDa % /X278 (pl10) THDHAHEENE X5
nic,

ZIT, &7, ZOBZURIEN- a7y —UREICHGHEET L0 E S %, pll0 OFLT 2
J BERRANC KT BP0 (BT pll0 Hifk) 27 2—7 L LT, Za—9A bA MU —, RERLE,
MIRRE 2 NV EOEFTTF UERIC L BT, SICTRFLEEZA, WThoFECL>THE
KB L O~7r 77y —VOMARREIZHIT 5 pl10 OFBNRD S L7z,

FIoTH M=V RAFEIMIAO~ 7 1 7 7 — VI X BFRHERIEH p 10 FLIAIC L 0 sERIZHE S . pll0
N=rn7y—=URETT RN b= AR ORBICEE L TWD Z LR Ehiz,

pl10 DT AR b— AHMIEFEFRFSHE 2 B EAIZHEND D72, pll0 @ cDNA A FH A7 & — (7
A AT HEK293 ffRiC BB s 72L& 2 A, MEKE COREBED LiL, BEMAULT R b— 24
e & BESURFERIICERM T D L Do e, Fio, ZORHITH pl10 FUATHE shiz,

SHIT, pll0 DIEWET T 7 A M EHEE SN D truncated RICHIYS 9% cDNA Z{ER L, RH~Y
A — |\ FIA A TRIGEIC TR &8, AIEM O recombinant p110 7 5 7' A > b (rpl10) ZFHEL L 7=,
rpl10 (X7 R b= AP DO~ s a7 7 = IC L 58#EE L, ZOMEFEEERY 727 by
IUPEHOMFIC L D X v A ENTL, Fo. 20 pll0 DT R b— 2 AR IZ BT A FEA S
il CD43 D4 fi &k —H L, CD43 DAY 77 b I UPEHICHE L CHEFEEA R T2 L0 RE S
nic,

L EDEix e BEN L ORI ORER, 7R b=y 2z 2 OME#HE N L TCR#$T o~ 7
7 —UHlAREO L 7Y —iEpll0 THh D & DFERICE 72,

BE



UEDREREY, 7R M= 28O~ 7 07 7 — D10 & D8 %N U iRikR 45 04y Tk
ZDWTC, 1) TR P =V 2AMIRE CTOREH Y T FAERKE, 2) ~/n77—VERAILE T ¥ —
DT OREHEH, OWENSHMEEZHLMITI I ENTEE,

TRM=VRMRO 07 7 = VI L 5RO O b, TR ECICERR S BRED 5 &
NWTEIEDIX PS 0 LICERBHED L TH O | B AN L3RR IZ S I 2 O FED H < 2
LARBEINTWZ L b BT, U B, L7 2 —#ICERKIIRHOEE Th o1, ARF%EIT
7 b= AMMAOYER 2 T D BHEMEOMEZ ST LNV THALMIC LERIIDr — A L W2 5

A@%%ntﬁﬁ?@%ﬁw:&m\%%\Tﬁb—vxwwﬁwwﬁuﬁ:é&énfwtps
DEFEHMEINEN LIcv /77 —VICL2RBHBRELV L, EHITRWAT—UTHEHEEN LR
IR RE L VWO RTHD, ZDEIC, BRBATF—STRRIAI =AML V@ " B2

DRI L > T, ERICRETH TR P =Y ZAMBIEHEICRESA TV EDOTHA H & Bbh
5,

AR EZT THHRMY MO REHEL Lk, 1) 78 b= 2 0WMEEIZ 515 % CD43
HUR capping O A B =X AEH, 2) In vivo (31 B AN O A NS ROET, 3) v/ o
77—V ED TR b= AR EIC S T B ATESREBEO FEOES VDG, RERHY .
S, TNHORFTELT TV FETH S

MEFEE

R T
L FEREES], AR BT, ZAKHE—, BUFIER : LA PL A LMD TR b= RFFE L/ 1
7 7= VI K D HEBRATVERRAEER . 5 9 B B AR AYEEERE (B, 200245 H)

2. WL, PEFASEA, BUNIERL : Fas RECHEINLT R b= 2O~ 077 —JI2 L 3
PESHIKAE MR, &5 3 [B] Pharmaco-Hematology o > AR < & (BEL, 2002 4E 6 A)

3. T. Itoh, A. Hayashi, S. Eda. Y. Miki, and M. Beppu: Involvement of apoptosis in carbohydrate-mediated
recognition of oxidized T-cells by macrophages. XIth Biennial Meeting of the Society for Free Radical Research
International (Paris, 2002.7)

4. BIFIERL : 7R b= AMfAD~ 7 0 7 7 — VI L BHESIRIF RS, 55 40 B B ARIEF S
HRe vrRTy L (B, 2002410 A)

5. ZARME—, OHEEREE], Ak W7, BUNIESC: MEoBLNEEL v v Ty — VI L RHMEED
BfR, 2 75 B AARL(LERRE (U6, 2002 410 A)

6. IR, EFAR, BUFIESK : Fas BB 7 A b— Y 2MlaD~ 7 0 7 7 — DI L BHERIREIERR
iy 2575 BIAARAE(LERRE GUHD, 2002 4F 10 A)

7. Kazuya Hirano. Yuichi Miki, Takashi Itoh, Akiko Hayashi, Rena Fukuyama, Yuriko Hirai, Masahiro
Yamanaka, Shigetoshi Eda. and Masatoshi Beppu: A macrophage-surface lectin-like protein involved in the

recognition of oxidized and apoptotic cells, XVII International Symposium on Glycoconjugates (Bangalore,

4



2003.1)

8. Masatoshi Beppu, Masahiro Yamanaka, and Yasuaki Nakano: Carbohydrate-mediated recognition of anti-Fas
antibody-induced apoptotic cells by macrophages, XVII International Symposium on Glycoconjugates
(Bangalore, 2003.1)

9. Masatoshi Beppu, Masahiro Yamanaka, Shigetoshi Eda, Kazuya Hirano, Yuichi Miki, and Takashi Itoh:
Carbohydrate-mediated recognition of early apoptotic cells by macrophages: Role of glycoprotein clustering on
apoptotic cells, Gordon Research Conference 2003: Clearance of Apoptotic Cells by Phagocytes (New London,
2003.8)

10. HHEFAREA, i SRR, BURF ERC: TR b= R By XY SR O v s a7y —
IC L DRBEMEAE OMRYT, 55 46 1] B ARSEE BRI AS (HAT, 200345 10 A)

L ERE BE, # BIF, FE fh, BUF ER: TR MY AMARESICEb v n T 7 —

VLI F ARG T OMIAREICI T B, & 46 B AARESEEHAS (HEL 2003 4 10
)
12, SFH BT, =K #—, VP o, B EM: TE M= ARSI EbAv s 0T

H>

7=V L T U REER 5 T O MV R T 5 B % T T B RE AR AT 46 [B] H AR F BRI R 2
(HIT. 2003 410 A)

I3. Masatoshi Beppu: Carbohydrate-mediated recognition of dying cells at an early stage of apoptosis by

macrophages, % 76 [Al A AE(LF R RS LR Yy A (BiE, 2003 4E 10 H)

4. Rumi Sato, Akiko Hayashi, Kazuya Hirano, and Masatoshi Beppu: A macrophage receptor for the

carbohydrate-mediated recognition of apoptotic cells: presence of a candidate protein on the cell surface. &5 76
B A AL SRS (B, 2003 4E 10 A)

15. Yuriko Hirai, Yuichi Miki, Kazuya Hirano, and Masatoshi Beppu: A macrophage receptor for the

carbohydrate-mediated recognition of apoptotic cells: recognition by the cells expressing candidate protein,

76 BEIRAAE(LFR RS (BIE, 2003 4F 10 A)

16. Yuichi Miki, Takashi Itoh, Kazuya Hirano, and Masatoshi Beppu: A macrophage receptor for the

carbohydrate-mediated recognition of apoptotic cells: recognition by a soluble recombinant of a candidate

protein, # 76 M B AL (LR RE (B, 2003 4510 A)

1. Shigetoshi Eda, Masahiro Yamanaka, and Masatoshi Beppu: Carbohydrate-mediated phagocytic recognition

of early apoptotic cells undergoing transient capping of CD43 glycoprotein, J. Biol Chem., 279, 5967-5974

(2004)



