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AR NIAAWARTIANEANBLNENINTH, D2NaNINT4, “Find-me” signals, “Eat-me” signals, "'Don't eat me" signals
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DENONINTE (apoptosis) LURNTLUIUNTANY
YR UsENRHITI AN A lun125UsN R WAz
Amgfisenieinegrdann luansUsninszuaunises
wonlndasndudmiunisinmannaveailoiie Wy
Tunszaunmyudswesasiielwidiwadlna ans
Adauasfildsunuiems wasfinanaty vianun
Wi maspaunsaieeazuazidadalunszuiung
a8 eulwAT3aN3A1 wonanilunasiisened
weBaam Wy Mafndeladd ssuunfiduiuasiinanay
suasfierdnwasianUsniriunszuIunsesnentnds®
AINAAUINATLAARUNIZUINAIDINENINTH AT
AaYe9lsne19n 1T T3NS BodusiusAunisune
AINEANAATZNINY pro-apoptotic protein L Bel2, BelX_
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WA anti-apoptotic protein 1% Bax, Bak™ waafinasdng
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Winae® TassnfAusasfaiuuduu’ Sn1sunninysssng
Fidwe’ evumasnasdugs uazwadeausnaaniy
59LANY 138N17 apoptotic body Toglsisinnsaaneveaide
Fuwad® agrolafienuigasfiangainaznenlndsdndy
dasgnindnagniaiineuiileduadandendnim
Watlasiudnsnieluwassanaenwonas

A13A19A apoptotic cell andavnlnlys lawn
31TATNIA wazLTaaLAuASAN Teiduigasfifinain
f3130gelun1snauin F9daidu professional phago-
cyte “BAATNI apoptotic cell 8199NA1AALALLYIAR
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apoptotic cell 43gNN14ABL1953ALTI 99l ATI4
WU apoptotic cell TaluUSn1men willuiioldedia
nsnywiguvaagadag1931a152 Tennsgnaada
981971AL SR AN TATUEINTLAR secondary necrosis
¥e9 apoptotic cell wazn135alwavasansnialuas

WIuns7eeiunszuaunTs NEUTIAnaINN1In e UERe Y
vosszuLRdufudaddonans (UA o) Fordu Aana
AnUsnATiARTuUATIUINAIAE R apoptotic cell a9
dawAeadasiulangfAutugunues (autoimmune dis-
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UM o UARINIIUABULUAIYBY apoptotic cell

wadTiingnazuaunsesewlnisaziivinawadvaianas wazdefuadnes
uge lusseilieduraddolidondnm uwiwadaznds “ind-me” signals
L‘W‘aﬁa@mwﬂﬂlmﬂﬁmﬁ'auﬁﬁmw Fowlnlusazidnduin apoptotic cell
9819720153 1neende “eat-me” signals ALaAIUBAL apoptotic cell Taglsisl
MInTzFuNIReUFuesBITTUUARdaAY WannuRnUInddunszua
AN AuAu apoptotic cell azAguulasoluidu secondary necrotic cell
fnsdensnmuesfeiuad uasuanuaseasneluwad 1@ nucleosome

WAz autoantigen JorduawWAYesUHATE8NEU Inewaausnfaziinisnas

“don’t eatme” signals fiatlasiunnlnlys laildvisunseduwaa

n3zuaRnsANIn e s nAuANLYas A18an
pznaNInTa 3803 efferocytosis Tngisaarnnilnlys
AzAUIILaZATINTUR A AWaaTIndsaza g ag 19T
Ussdvisnniewfiwasazaneaiin dWedudonisUanUase
lﬁiwlﬂﬁﬁﬂizﬁuﬂﬂiéuﬂLau (pro-inflammatory cytokine)
iauﬁamﬁmmszjaéﬁlﬁwﬁwww@anajﬁa@a’l@mau
N32UIUNT efferocytosis mé’ﬂmi%mﬁmﬁwmﬂmw
izmw’%wmLma%vuﬂuwﬂﬂlﬁﬁuaﬂmaqaﬁ apoptotic
cell §9LAT129TuNN danTauUsnszUINATieany
¢ Tu4m9% THuA o) N13@WIM apoptotic cell Tng apoptotic

cell azaneaNT (soluble mediators) 333NN “find-me”
signals F9aziegarilnludlFindowinandeiladatiin
LRAYUBY apoptotic cell ) apoptotic cell LLM]GIM&Q@
§199 FINEINIT “eatme” signals ULRIWAS Ty
WA InleaTiaeudand1ansawniziu apoptotic cell b8
pe99INNg d9Na LN A RN TaNAUANIINYAR Lo
@) apoptotic cell 17'igﬂﬂ’ﬁuﬁmzgﬂﬁﬁﬂi@gﬂizmumi
fargluidnntnlalylys (phago-lysosome pathway)
Melurlnlys o lnlyasinsuanvaselynlaif

N198NLEY (anti-inflammatory cytokine) 38919 mediator
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§'w1 Wiogiudon1ssniay fermunszuInms efferocytosis
Foslun13mdn apoptotic cell fildalfiAnn1snausues
YBITTUUNAANAU (immunologically silent)*“*® (g‘ﬂ‘ﬁl o)
o. "Find-me" signals
MIfuRANwaaT M asazaneunszUaunsTie
FungneTansa aevinlFasaany apoptotic cell ddazann
wilwiloefifinnsnanuazyaiswasUsanamnn 1w
ndd w3alunszgn 1ag “find-me" signals LUuluLana
§i apoptotic cell UanUapgpaninainwaaiindossld

I lEAARIUNINTN kAT UANYARMA1U T9 "find-me"

'
v o

signals 81a98ngN3 A8 AT9s 8N 10 lUF TAeT A7
1% chemotactic factor #3e¥38lAnIZUIUAITNANAUN
UsrAndamdsiulagaananinszdurinlnlyd¥udag
SUaeseinc1gq UuAawas wievantndiiense
JLWINWAR (tethering) wenandl "find-me’ signals €98
nann9BoslageangvsTasoulafidesnasaanLien
daslfiAanisedeufiveslalulodannszusidoning
Lﬁﬂ@la (monocyte extravasation)® ** aﬁmﬁﬁﬁwﬁﬂﬁﬂu
“find-me” signals #%a8%4A 1Y% lysophosphatidylcholine,
Jandtalng (ATP ey UTP), chemokine (C-X3-C motif)
ligand 1/fractalkine Lag sphingosine 1-phosphate Lusu
(?;U‘ﬁ w) FeureviiaagldsunisUanUasgann apoptotic cel
definnanazsuanulysl caspase

Lysophosphatidylcholine (LPC)

LPC i lysophospholipid ﬁagmsﬂuﬁﬂ a5y
A3d9LAS1EIRANA phosphatidylcholine (PC) TaeLawlysl
calcium-independent phospholipase-A2f (iPLA2f) Folgsu
miﬂizéjwhw,aulmj caspase-3°° Léj‘a apoptotic cell Uan
Uane LPC azdvdayarafisgalalulodn1uswlines
G-protein-coupled receptor G2A UURIWAR u@ﬂmnﬁ LPC
gosnansanszsuigaaeulafiieaesnan i on kang
monocyte chemotactic factor-1 (MCP-1) k&g regulated and
normal T cell expressed and secreted (RANTES) %GL{J%
chemotactic factor a1daweslalules Fedagifiagns
Lun15nasu I IaaTinasazaeld annisdne
%4 G2A knock-out mice WuT1vylalsl G2A Tnsdnisy
?JmLf:aLe?iaﬁﬁawmﬂﬂﬁtﬁmﬁﬂi@@ﬁa (systemic lupus
erythematosus, SLE) %@mmwmaoﬁaﬁmwawagm
Feafudmavasnisifalsnnfiduiudiunsuesindsam

WAgIRIAUANNRAUINH MNITAIEA apoptotic cell”

Tmdlelng (Nuclotides)

waad ldFunanssduliiinosnenlnialussey
wsn aziinsvasianalelnaviia ATP waz UTP Foiluna
a1 anszduaulisl caspase 108 nucleotide Hazgn
dorudaruasfidelidandnimnaangnieuanitas
ATP uaz UTP azeanavsasgalalules uazanlasvinals
WaBWEW apoptotic cell K% ATP/UTP receptor P2Y2 U3
Rawas™ BnvieUsanaL ATP waz UTP fimsnzasazansnse
nazduliiwasioulafiieavesviasnaenusng vascular
cell adhesion molecule-1 (VCAM-1) wazwassnsalala
(chemokine) F9a3928 R AANIZUINNT extravasation
spdlalulwdannnssudidonangiioifofidoonis uenaini
UTP fiuaeusds UDP Tagtanlesintguenidas
agBawmileatu UDP receptor (P2Y6) UnAsnilnlugeag
WiAanszuIun1Tnawin agrglsinmunisyandane
fanilelnd Tagianng ATP Aanadaduge anwad
fionewuuwlasda (hecrosis) azdsnaliinnszuannis
nidy asan ATP Anandadugesnansanazéi nucleo-
tide receptor P2X7 FlFanTasnnanas pro-inflammatory
cytokine®™ *°

Chemokine (C-X3-C motif) ligand 1 (CX3CL1)/
fractalkine (FKN)

PN uTananadivimsindisoduflales waz
adhesion molecule &lAT9&5196% type | transmembrane
protein A9gnUaAUaBEAIN apoptotic cell JINAU vesicle
fi3en41 apoptotic microblebs NsUanUane FKN AN
mwﬂsﬂ,@g caspase thag B-cell lymphoma 2 (Bcl-2) wag
Antulunanlndideeiun1suans phosphatidylserine
(PS) UUAIAR FKN ﬁgﬂﬂamm%aaﬂmaza@ﬂaw’ﬁgﬁ
SwUmas CX3C chemokine receptor 1 (CX3CR1) U%R3
slasvia ldrlasvhawasuiisndsusoadia apoptotic
cell*® 4o FKN §991minAig1un156nL6U wag
deLasanszuauniInauiulaenszdunisdensnsinag
‘Vié'”ﬁ milk fat globule epidermal growth factor 8 (MFG-E8)
arnslnles T MFG-ES agyinwsindiuu opsonin #3e
bridging molecule L%EJSJ‘JWQ'N PS U apoptotic cell wag
integrins UuANNINTYE i lAvnInlusfAanssuIunIniy
Al

Sphingosine-1-phosphate (S1P)

S1P WuansananeUsennlusi (ipid mediator)
A5un1389LAIIEiann sphingosine tagatawulysl sphin-
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gosine kinase (SphK) Tinssinfidedaanadldowassen
Togad i maneaznauawoIsI8N1sREeuTi WIoWU
WasiNawIw wastiuazwile apoptotic cell waziinns
nazfuLenled caspase-1 azdinistanyasgiaulysl Sphk
ag sphingosine %ﬁ SphK %ﬁ’mﬁﬁ‘ﬁlmﬁﬂu sphingosine
I S1P neuenwad S1P azeanavianazdulaiulys)
211A5NNAH STP receptor URAIYAR SINALARATAS

we-be

@@Wﬂﬂlﬂﬁiﬁmﬁlautﬁwmﬁﬁ@ apoptotic cell”™ 1anan
i s1p 5@@@ﬂﬂ%’§§ﬂ§ﬂﬂﬁ%§@ pro-inflammatory cytokine
L3 tumor necrosis factor (TNF)-0t Wag interleukin (IL)-12
emenﬁmﬁ’mxmmﬁuﬂﬁwé’a immunosuppressive media-
tor 9% IL-10 uaz prostaglandin E(PGE ) N lnlya s
s S1P ReflnmusatAdusasanatefivanduntsdnua
w. “Eat-me” signals

UINANNMITNAS “find me” signals e fegamTnTlys
a2 apoptotic cell Fefinsiasuunlasesnisznau
UniawasdfieuanssanwasUsng dsnaldnnlnlys
wWrduwaznauiulaog19gnaas 1ag apoptotic cell ag
finsudaslatanaiisanizendt “eatme” signals UuRa
A Detlaqiiufin1adumy “eatme” signals 413430
UUAIWAR L0% PS, annexin | Wag calreticulin 136 (U
i w) ludauinnamanees PS anaruadsiuly
@@ﬂgj@f’m%@ﬂLﬂj%mﬁmﬁ‘ﬂmmaﬂﬁlLﬂ%ﬁﬂ@m&mﬁﬂ%@ﬂ
wadiinndadingnazuaunisesnanlnda dedrutsai
Fnuagidanldusslevilunisnsaam apoptotic cell 1915
NapANAa8d Wasludninaans AREAIUAUNT apoptotic
cell lugtae Bnvedemananiaasutftandszgndld
Tunsldenitianzaslugs apoptotic cell™

Phosphatidylserine (PS)

Tudsanlananadiviiniinfiide “eatme” signals
wudn PS iulaanafiffdnuAusdeaninewans Tag
dawlnal PS azlésun1589ua3nzsidi endoplasmic reticu-
lum (ER) wazvua9NEBaTiuwad F1% trans-Golgi LAY
Golgi-derived secretory vesicle WWARUINANNTVURS PS
azgnmuaalaglsiunatesia PS Aldiumarudennis

'
=

HeRaigasazgninfsugiganideraigassiuuenid

v

genulued1933059 1age1de aminophospholipid trans-
porter (APLT) silU3unas PS fidlaviuadsnulusnnnii
finulmdoruadsuuen uazidiafinozwonlyds wad
azidoudie PS aangRawad sivldinu PS vwdady

WARAIUUENBY19A13T TIN1THAARUENY PS winlaain

warenaln Wi mMafinaudatuesuaadeuniele
wasdenal#insdiuss APLT wWAZNIE% phosholipid
scramblase (PLSCR) Tllfasiuutad B9 PLSCR agsimsin
wAanuge phospholipid nnﬂﬁ@lﬂé’a@'aﬁmmﬁﬁﬂﬁm
Tunazauuankuugs vi119 phospholipid 9nYiaAnIzane
deeneduuenuazdludotudad Fowinduiduns
WHE PS UURILYARS°

mawnAsuine PS ludadavuadsuuandiiie
FuilazlailFiBedumasiBednin usassirlivialnled
guganziu PS 19 Tage1alinilagasenis PS
receptor (PSR) MangyinuuRgaavasrnlnlys wu T
cell/ transmembrane, immunoglobulin, and mucin (TIM-4 )%,
brain angiogenesis inhibitor 1 (BAI1)*%, stabilin-2"¢
A receptor for advanced glycation end products (RAGE)™
wananannInluddeanansanmziu PS N1s8anNu
MFG-E8 %38 growth arrest-specific 6 (GAS6) %G‘ﬁmﬁﬁﬁl
usades (bridging molecule) 3£#3193LULMDITURRAD
9Inlwd wag PS U apoptotic cell 1n8 MFG-E8 wag
GASE §1:130LN1ZAU O(V[S s integrins LAy Tyro3, Axl bhag
Mer (TAM) receptor ANRANSU™™ (3U1 ) aziinlddn
w1l lyd d1u15aL19unU apoptotic cell W14 PSR
Aaevia 2819157A1NA1TWNU apoptotic cell luaLu
79987178 PSR NNYRATULIANLALIAL LAZNITUEAY
PSR wsazvinaglalwinAuuuiinlnlvsuaasusean
1Y% RAGE WUN1INUWM alveolar macrophage WAy
MFG-E8 wux1nlu tingible-body macrophage
Wuduee o ag19lsAnunITuans PS UuRILYaR
Wiggegeifgadsldiieenalunisnsedunalnlysd ™
fets apoptotic cell ﬁﬂﬁimmm?ﬂ'augmimaqaﬁm
FeuandudasagduluvositadeangRawasd Tedas
WinsBawdieaszninerinlesuag apoptotic cell §AI1
whouseBate Ta Laqaﬁwm‘ﬁ%umﬁamwm WBUUA?
WaSUSLIn apoptotic blebs Tesuustaasivanaeiasulis
WANIINAUAY apoptotic cell™

Annexin | (ANXAT1)

ANXA1 % intracellular protein hungs Ca’-
dependent phospholipid-binding protein fnangwind W
SUSINTENAY WazdUSIM sS4 IuYDIWAS 393
#2819 8n137190 apoptotic cell Tagwnlnlyd f1n5u
widiigaiun13ingn apoptotic cell W wuIwasT
e sudaaraldiineznenlndsainniseengnsves
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caspase aziinnaipdeuiiuas ANXAT anldlnnandag
Bevuwad wazuansuuiaasuTnafeaiuiu PS
(co-localization) %3819 PSR ukAnInlyAddu PS aeng
AUszANTNIN

Calreticulin (CRT)

CRT u Ca’™*- binding lectin chaperone Wyl
ER siwsiiidneinlslusfuiiaistulnafizusefigndas
woitile CRT l@5uniswilgasilfinaenfiennuen ER
azaansavRinfldnainuaty W telunisinizie
Y9Laa (adhesion) N5LAREUTIUBOTAR (migration) WAz
A15nAuAL apoptotic cell Awmsunalniiigdaefu
efferocytosis SLIBHANIAINNITAZEUYDS CRT a0 ER
Juilevuassuenvasiivasldiudaanaliaeuuy
aenanlvla 1ag CRT AgnIzanuuiawaaustamie sy
U PS Wagaungaun1eiu low-density lipoprotein receptor-
related protein 1 (LRP %38 CD91) yuAu1lasHIa™ g
CRT agysminfisaniu PS shlsAnnisnauis apoptotic
cell Ludunawsell
e. Engulfment

$lo “eat me” signals AUAUIHUWBSIRAFG]
vuRIInled Swiweazaedaandiguad donalid

Anti-inflammatory mediators

N13AALILNAIYBY cytoskeleton HIHAIINTLHU Rac-1 ¥l
Bevurassusanludnuaeiiizondn membrane ruffle
L%W‘Uﬂmgm apoptotic cell LLag apoptotic cell ﬁgﬂﬂﬁuﬁuw
agnngli efferosome FoflanwaizadgnRny phagosome
LLaﬁz%QﬂﬁJaﬁamﬂﬁﬂ phagolysosomal pathway®®
Efferocytosis aglainalilAnnssuiun1soniay
foimRadoinnssuaunisitlufinianszduszungfdui
Lﬁmmﬂmidﬂé’@mw\im PSR uuRavhinlyfaznszsu
Waaian1sUanUase anti-inflammatory mediators L%
IL-10, PGE2 ag transforming growth factor (TGF) -B
(U7 w) B9 mediator aniidigrdaNInledludnune
autocrine Wag paracrine LAYLRN1E TGF-B aﬁqw'a{gug’ﬁmi
naslrinlasiuasAlalesifideiadunissnidy 1du TNF-p,
L6, IL-1B WAz CXCL-8 (IL-8) Forduntstioariulails
FPUUNNANTUADUAUBILBURLAUIINTINAULEY (self-
antigen) %BNANI TGF-B §981313N32F1N1T191%YD9
regulatory T cell (Treg) ¥ lSinsdiugiansnauauasse

|G)@’, a9-a1e)

apoptotic cel BnNN9 apoptotic cell 98N1TNAIE1IN
F9139N91 “keep-out” signals 13% lactoferrin WREUEINTT
HEUARDIIRIINIA F9928Ua9AuNITAANTZUIUAT

ALEUTINA I

ot s RAGE

—_—
L —
»
* - | MFGES
o o‘ GASE —>

AN

Integri
TAMR

“Eat-me” signals

Engulfment

UM © FUABUNNSNA efferocytosis

; . ¢ o 4 A <
(M) Apoptotic cell RaansAunlnlAlagnas “find-me” signals nanewiln Feasusazyiinazaangys

ASwmesTiTnzusRavesiinles (gneswuisy) shliinlesinasufidm apoptotic cel

@) 9 lnlsnng apoptotic cell IngoRenNI UG “eatme” signals U3 apoptotic cel

wag SwdwasuuRavinled @neswduiiv)

(M) MInszdusUmesvesrnnlyfinlieaafin1sdnises cytoskeleton sl donaliidediniyasduy

WUnmax apoptotic cell WiANIINAUABLAZINIALLWAARINAT

(9)  vlnlyafinAuin apoptotic cell WAIAZNAY mediator A1UATBALFUNBSUEINTNBURUBS

foLauGLAYN
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<. Don’t eat me signals
szjaﬁﬂiﬂaﬁagﬂuﬁwmﬂﬁtﬁmﬁu apoptotic cell
andudpelinszuiunistdesiuldlWwlnleavindunsie
Fowagmandasiimsudnsdaanauiiadasiunisdime
fovesnilnled dgynradidunduluanaiisaEandy
“don’t eat me” signals (3UT o) Tananafivinmindigus
NITUINNIT efferocytosis ﬁﬁmﬁﬁﬂwﬂmﬂﬁéj@ 7 Platelet
endothelial cell adhesion molecule-1 LLag CD47

Platelet endothelial cell adhesion molecule-1
(PECAM-1, CD31)

PECAM-1 tsiTananafivimsidliAgaduniainig
fn wazn1sdedeyaingLwas FonvuuRawasnane
YA 19U NAALAEA LEIALAEAYNT LWARLEUTATILAY
Wusu n3fawilerszndns PECAM-T uuRasnlasnia
Wag PECAM-1 UuRIWaaUsnd (homophilic PECAM-1/
PECAM-1 interaction) tun1suananlasvnaladlddinig
fuwasUsnd sesdssugensiin efferocytosis™ v
‘ﬁ'mﬁﬂﬁwju caspase b apoptotic cell aZaINALANITUAAS
PECAM-1 UnRlnwadanas dsagwmilarihlddnisinizdia
Y9N LATHIAAY apoptotic cell AgyIlALAANIINAUAY
Pniadlufign™ uonandigienydn homophiic PECAM-1
interaction AYHNALALAANTZUINAT phosphorylation 984
immunoregulatory tyrosine-based inhibition motif (ITIM)
domain F9azdugie Bax MlHlaAnAAEEN8YeS
lalanewese Asdiedpeiunsiinasnenlndsuaaa

CD47 (Integrin-associated protein, IAP)

CD47 Whilusiuiiunsnsninoideriugas (integral
membrane protein) M7 ULneS IR AUTUS
1Lag adhesion molecule ®aNYYRA N1TAUIDY CDA7 U
AgaaUsnfiuag integrin a B UuRINIATNIR9ZE S
deyayrand1guaanin cytoplasmic tail ¥e9 B, A9palA
Annnssugensimsinfives integrin ap Foudunis
FuFenTzUINAITNEUABYILAR ™ UBNAINENNTEN
WiSlea3EW319 CDA7 UnRIWAS waz signal regulatory
protein alpha (SIRPOY) U1AINTLATNNA azdedeyayasnszs
inhibitory tyrosine phosphatase 14 Src homology-containing
tyrosine phosphatase-1 (SHP-1) A1glua1lasnia dena
WHARNNTIUE9INTEUIUN TN B WAL Tagdaann
7N SHP-1 %aﬁaw“ﬁsﬁwué’mmmﬁﬂﬁzé‘uma PS way CRT
waafingnazuauntsazwenIndaasuang CDA7 UuRa
wasanas Wasannianseduioulesl caspase Favinld

apoptotic cell ¥Ry AlUNIIHANNNIATHIALIgAB BN
NNWaa™ TuaLiiedtu apoptotic cell a¥din13LaA9 CRT
Saufy PS unRawaadaEL sldanlaswnadnduuas
nAuAUWaR LA dEAIND RN
AMNUNNIDIYDINTSUIUNNT efferocytosis

Efferocytosis AUNUMANAalunsHanwaad
FeudawvIowasiivaneny TaglinaliAauiisen
Snau fesmnnalansidnwasiinanaRanain
a2l apoptotic cell ﬁ%mm’iaagﬁﬂﬁ@hﬁulmﬂu
secondary necrotic cell aehesiniding (3‘1}171‘ o) 1ng secondary
necrotic cell ‘ﬁ%mzéummamu@waﬁizwqa’iémﬁu
L‘fimmﬂﬁmiﬂa@ma'aﬂu,auﬁL'&mmnmzﬂ,u@aﬂajﬂmuaﬂ
AR dowaiﬁtﬁmwm%amﬂuﬁaL?J'aﬁw] Frofinule
TanfifinmssniduiFass Wy Tantanganudass (chronic
obstructive pulmonary disease, COPD) kaglsanasnLasn
wASLT9 (atherosclerosis) uwu Tnewasdilasunis
nszduaniladsunsaeng wWu aluywily COPD wie
LDL 34 atherosclerosis azifinasnenlydalusniigandy
UsnBun TeAMAANUINRYDINTZUIBAN efferocytosis
azBodonaialiiinaszan apoptotic cell Wi foam cell 15
atherosclerosis %Q Lﬁ@ﬁﬁ%ﬁmim'ﬁﬁlmmmlﬁ v second-
ary necrotic cell A9lidin1INITFUUPATLENLEUDL
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Abstract

Clearance of apoptotic cells by phagocytes

Kalaya Aree

Division of Microbiology and Immunology, Department of Preclinical Science, Faculty of Medicine, Thammasat University

Apoptosis or programmed cell death is a physiologic process used to eliminate unwanted or damaged cells. This pro-

cess occurs in many tissues during normal and pathologic processes throughout life. Cells undergoing apoptosis are rapidly

removed from the body by both professional and non-professional phagocytes without neutrophil recruitment and inflamma-

tion. This phagocytic clearance or efferocytosis of the apoptotic cells is a multi-step process involving diverse interactions

between a wide variety of receptors on phagocytes and ligands expressed on or secreted from apoptotic cells. The dying

cells secrete unique signals called “find-me” signals which attract phagocytes to the site of apoptotic cell death. In the

absence of “don’t eat-me” signals, apoptotic cells are selectively recognized and phagocytosed through “eat-me” signals

expressed on apoptotic cell surface. Efficient apoptotic cell removal prevents secondary necrosis of dying cells, which can

release intracellular contents and cause inflammation. In addition, the release of anti-inflammatory mediators from phagocytes

is necessary for silencing the immune response. Thus, the defective of apoptotic cell clearance has been linked to pathologic

inflammation found in many chronic inflammatory diseases such as autoimmune diseases and atherosclerosis.

Key words: Efferocytosis, Apoptosis, “Find-me” signals, “Eat-me” signals, “Don’t eat me” signals
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