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Review Article

Cell Death and Bacterial Infection

Chang-Hwa Song’

Department of Microbiology and Research Institute for Medical Sciences, College of Medicine, Chungnam National
University, Daejeon, Korea

Cells can die through various biochemical pathways related to complex pathophysiological process. Different types
of cell death are closely associated with microbial infection. Several regulatory mechanisms of cell death during bacterial

infection play important roles to control the pathogens. Bacteria usually manipulate host defense mechanisms to survive

and eventually replicate. Host cell death is one of the intrinsic immune defense mechanisms even if infected cells were
sacrificed and it induced detrimental effects on host. Understanding the role of cell death during bacterial infection is
important to provide insight into the pathogenesis of unknown infectious diseases. In this review, the different forms of

cell death are discussed.
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Al /\(apoptosm)
ol el =
A= 2F x7100 ﬁ@’dig =3t
= AlAsRE Aloln =
I )& apoptotic bodyS E
o (7). "IAAE HYAL apoptotic cell®] A=
o] =291t pathogen associated molecular patterns (PAMPs)
gl &= v|AE FFE TLRO|Y NLRI} 722 pattern
recognition receptors (PRRs)ol| 93] Q24xof A &
2285 Lo 7|Al HATF apoptotic cells 49 'eat-me'
25 E S °ﬂ5‘ﬂ}£°] §l PRRsell oJ3) <1A#th
= AAA A E = v Eo] Ddlshe thdet
dAAstE @54 AlelE711e] #HlE F3l
CD4+TH]E—§ Th1Z% 0= #3}A17| Al == ¥ apoptotic
cells B8l HW Z2ATA RS} o] e AT
e TS FES (8). eat-me’ AT E FHII= AE
= phosphatidylserine (PS)S AXZT 02 w=ZA|7]A & o
SFAA A A3 2] TIM-1, stabilin-2, BAI1, MER, avp3 integrin
2E FEAEC] o& AT & Ak FWEAE TLR
ligand & apoptotic cell®] A-¢- AASAA T 9}
apoptotic cellol] 2]gt A& o] F3to)| 9] Th17 &= A+
3= IL-6, TGF-p, IL-23%2 Alo| E7IRIES H-H[3H
Hrh 22 ool YAz AL o] FEA A} 22 tE
gejo] ME 22 IL-1p2 TS I5A
U AEZAEES] =
2 AAZT (9).
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s 5k ool y}a1<%(phagosome) 2]

HobAY ool 2] AF(lysosome) ¥} %—a
= Wefgtoma SEAAME Yol A AEshs A

o=z A Atk (10). Aot FEAAEL U Ao

Hggronn 2ar YEo] /bsshl e A 2k
EAAEE 47 AgwgolA Ase] 7o) e

7% Bl ofEEAI 2 W
EEA 1%‘“— allske] %A
ahcha ghelAl ik
ol s %FAE

o] ohEEA2E O ol fushths AMIRTE WA
Adllo] LIEAM T o LEAAS v slth= 1A o]
ASE A =9 FHtells Adlste] HdE FEAA
F25E Y3 apoptotic vesicle®] F 2.3 o] Ay
TG slo] FAMAEL 2 FAAA AL o)
xﬂwva_ Pel-Eol4 THEES BTN A
TEAMNES] O} EA|ATL T

z L@% RG] W Bislel e AR e
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L A D
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(apoptosis) 2t HIAZA| A (necrosis)
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& WP o, WS, Wby ol vl§- Fas
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A vEZ=go} 4RI 23t cytochrome ¢2] W&
apoptosomes F/J3H EW caspase- 9= LA SHAT]
d#de] W5 ol 94 oL EAIAE AE &
o] gzt=of <Jal] MXEAPE -8 (death receptor)”} €
5} %] 31 caspase-82] A3t o FEE = AEFS
okt ofFEA|ZO] FEjAR] S0 RE AE

0] 7] ¥ (blebbing)®] BT} %3352 (pyknosis),

9

(6]

1
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2o ox Hrorlr
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8l 9} 77 (karyorrhexis), MXE75 183l o] spH Eolut
HFEA7|BE] daks] Al Al Y apoptotic bodies

B9 S 5 F Utk (16). oFEEA| 20 oJ3 A 5
i gy ovAe] HloEAl e FEe Ax =
&8 A=Azl st o)A Az s2e d4
o7 oAA AL Qo A7} FEAL 3-8 (karyolysis)
oF 2 o] AEET= oA ol EA|~S FEE
o} (16). OFEEAZS] 7 7HA] AR, QR A=Ee
Uil ARe AR AdE] Jdom s JEs & 7
AT}t (17). ©] F 7HA] o} EEA|A A 2= B5F caspase®}
N &o] &3 AZd= o] =t caspase-3
| <3k DNA Adh, 3 duidoln} Alxd o
3|, whalA o] wWxFZAE apoptotic bodies?] HA &
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5
-8, -9, -10), effector (caspase-3, -6, -7), inflammatory caspase
(caspase-1, -4, -5)= FE W, 71 9% septic shockell
A o EEAIE 2 Ao BT A5l dolshs
caspase-1114} amyloid-Boll 2]t A=A 37) AXA S|4
O EA S FAISHE caspase-12 5-°] AT} (16,18, 19).
Qo1 Aol 9% o} EEA|AE A ETFEA|7) F
Atz AA7A] Ll AE Fooll #olshs 584
o} #]7k=9] %%HE FasL/FasR, TNF-o/TNFR1, Apo3L/DR3,
Apo2L/DR4, Apo2L/DR5 5°] Ut} (20~22). 71 & # &
27l FasL/FasRY} TNF-/TNFR1 R ZojA] o} EA| 27}
4e ARy Y=t Age & Alx24 Ul FADDY
TRADD®} #-& adapter YA 50] A3 5 caspase-8

P,

(16,23, 24).

QI A=l ok o} X EAI2E FEA7) ofd vk
g dde] A=5ol ofs) nEZ=gotol| A Azt W
AP, =4, AAEA, 3 T Al s mEZ=go)
ghe] W37l A7 mitochondrial permeability transition
(MPT) o] A& A ¥ mitochondrial transmembrane
potential S 217 F|©] cytochrome ¢, Smac/DIABLO “1Z]
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31 serine protease HtrA2/Omi®} 72 o} EA| 9] €21
gl A So] HEd £ o2 WEHEY (25). Cytochrome c©]
Apaf-19} Z3}38}o] apoptosomes E/J3F] caspase-9°]
#/98t¥] 31 Smac/DIABLOY HtrA2/Omi T8-S JAP
(inhibitors of apoptosis proteins)& W3] Ol EA|~E
Z7INZI} (25, 26). L ool QI ARE -
W4 2= Bel-2, Belx, Bel-XL, Bel-XS, Bel-w, BAGSH 2
2 anti-apoptotic proteinﬂ} Bcl-10, Bas, Bak, Bid, Bad, Bim,
Bik, Blk #-2 proapoptotic protein®] STt ©|E2 F=
cytochrome ¢ W&S ZHEsto M nEFCgjole] 1t

A9 S xHate] o} LEA 20 J3FS FrhFig. 1).
4. HAZAA(necrosis) 2t WIS EA|A(necroptosis)

qAEAzE FEHCI 2AHA g AFe] S
o

Aol S 4ol o8 AEES WHOE AL ] ATP

gol o]27] o] A7
gt =] MEHe] U&E :
ARE Y| AR A2 FellA TNF-0, FasL, TRAILZ} 22
agonist®} death receptors AF=FOEH k= T2
astE ME 559 & FEE olEnt vaFEA =g
3L s HlE U aFEASE 7|Ed ded =
22 FA &g AR AKnecrosis) o= THEEE 54
Az o doju= TEARl vk AT (27,
28). U FEAI2AE NF«B 243} 314 Fo] 2 o4
%1 serine/threonine kinase -2 7} receptor interacting
protein 1 (RIP1)°]t} RIP37} 8.3 93-S Falgitt
(29, 30).

Y| FZEEA] 22+ TNFR1, TNFR2, Fas 22 death receptor
o olall fri=¥=tl agonist/} AeE wj 3 el <]
A AES F2olU AECR FE5H Hu ol EEA]
2 FEIAR 4l TNF-oF E3ste] B2 Toll-like
receptor (TLR)2] agonistE = W|FAFEA LS FEsk=d
#Lod &t} (30, 31). TNFR2E death domain®] {132 TNFRI
o] TNF-02}9] 23S &3l TNFR1S] Al U] F-9fel] W
3}7} WA silencer of death domain (SODD)7} EojA 17}
1L TNF-o receptor-associated death domain (TRADD), RIPI1,
Fas-associated death domain (FADD), 2% E3 ubiquitin ligase
7} complex -5 @/d3kAl €T} (32). RIP19] ubiquitination
SEN7E AlaEe] AEolut 535 AAsH H=t| TRAFY
5, cIAP1, cIAP2¢] 2]3F RIP19] -H|F]E18}i= IKK complex
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Figure 1. Caspase activation pathways during apoptosis. When the CD95 or TNFR1 receptor binds its ligand, this recognition event is
translated into intracellular signals that eventually lead to caspase activation. Activated caspase-8 cleaves Bid to tBid. The tBID results in
activation of Bax to mediate cytochrome c release from mitochondria. Proapoptotic Bax and Bak induce release of pro-apoptotic proteins
such as cytochrome ¢, Smac/Diablo and Omi/HtrA2. Cytochrome ¢ which is released from mitochondria binds to Apaf-1 to facilitate the

formation of apoptosome. The apoptosome can recruit and activate the

inactive pro-caspase-9, subsequently induces caspase-3 activation.

IAP renders the cell resistant to apoptotic stimuli to neutralize Smac/Diablo and Omi/HtrA2.

Abbreviations: IAP; Inhibitors of apoptosis protein, Apaf-1; Apoptotic protease activating factor 1, Bax; Bcl-2-associated X protein, Bak;
Bcl-2 homologous antagonist/killer, Smac; Second mitochondria-derived activator of caspases, DIABLO; Direct IAP-binding protein with
low PI, tBID; Truncated BH3 interacting domain death agonist, TNFR1; Tumor necrosis factor receptor-1, FADD; Fas-associated protein
with death domain, TRADD; Tumor necrosis factor receptor type 1-associated death domain protein, TRAIL; TNF-related apoptosis-
inducing ligand, Omi/HTRA2; Omi stress-regulated endoprotease/high temperature requirement protein A2.
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A Aol 7]o13) (32, 33). WHHE RIP1S] E5H]F)
El31= RIP1°] complex 1o Z3F3A ] NF-xB
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Figure 2. TNF-o mediated NF-xB activation, apoptosis and necroptosis. RIP1 is ubiquitylated in complex I, and has the ability to
activate of IKK complex and NEMO, leading to the activation of NF-kB pathway. The deubiquitination of RIP1 forms complex Ila with
FADD, RIP3 and caspase-8. Activated caspase-8 induces apoptosis through caspase cascade. When caspase-8 is blocked, phosphorylated
RIP1 and RIP3 form necrosome (complex IIb), after which initiates the necroptosis.

Abbreviations: NEMO; NF-kappa-B essential modulator, RIP1; Receptor-interacting protein 1, cIAP2; Cellular inhibitor of apoptosis-1,
TRAF; TNF receptor associated factors, FADD; Fas-associated protein with death domain TRADD; Tumor necrosis factor receptor type

1-associated death domain protein.
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A W 71A8AREe] A2 55 FeE W 754
N MES FHHol A A o] e E A ok
Ao FHt AFo A HARA| 29 22 AX FHE
caspase-1S X33} ’KZH]J-J 71Ae o8] =¥tk
= Ao] dHAITE Fo]FEA 2= caspase-19]] €541
ZRIAPSE A E 55 Dokt Arde, g ed

o}, TaAdEel 2 mAlE <M e
HIZA978 A=l o8l fFese AlE 559 & FEol
o} (38, 39). Caspase-1-=> IL-1p4} IL-182] &4 3}o] Fhof
3]_1:. proteasei’ﬂ oLgﬂzﬂ oq_ oﬂZH /\}O]Eﬂ-o]J Agﬂ
Wk opel Az sket AATAE AEAES W=
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(40) caspase-1°] &J3f A M| LS AlEQ] o] W
3He 7FA Qa1 AFESE S7HE 7 AlEe] el
AZ U dFakEo W& ololx] M XEAES 7HA L
U} (38, 40). Fo] BEEA20M FQ3 As FaEs
caspase-19] E43S AE U] Z1AAQ HH e dEh) 4
Ae) g Al #E UAFOR o BAA golt /)%
S Fsls Aow 4eA Jout RE AlFe] AA
LAl A ofUth (41, 42). o]¢} o] caspase 19] &
goll o7 slolFEA A v HEAR A5 &

S
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