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pivotal form of regulated cell death, mainly encompasses two pathways: the intrinsic pathway and
the extrinsic pathway. During the pathogen infection, host cells are capable of eliminating the
infected cells through apoptosis. On the other hand, pathogens have evolved a multitude of
strategies to regulate host cell apoptosis. These strategies involve the use of effector proteins to
modulate cellular signaling pathways, the regulation of the expression of apoptosis-related genes,
the control of key proteins within the apoptosis pathway, and the modulation of the activity of
proteases in the Caspase family. This article provides a comprehensive review of the molecular
mechanisms and strategies by which intracellular pathogens, such as viruses, bacteria, parasitic
fungi, and parasites, regulate host cell apoptosis. The aim is to offer valuable references for further

exploration of the intricate interaction mechanisms between pathogens and hosts.
Keywords: apoptosis; intracellular pathogens; host cells; regulatory mechanisms
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Schematic of the strategies intracellular pathogen effectors regulate host cell apoptosis.
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Table 1

JEAATE AN ] 15 2 4 e i 45 0 T A LR 22 S
o AR SR M AT AT AE — 2L 3L A5
240 T 3 D00 20 IO A 1A R A M A T T

Partial viral-encoded effector proteins regulate apoptosis of host cells

Virus Classification Viral effector Mediated References
signaling

African swine fever virus (ASFV) Viral pro survival BCL-2 A179L MOMP [37]
Pseudorabies virus proteins M MOMP [38]
y-herpesviruses 68 Mi11 MOMP [39-40]
Adenovirus E1B19K MOMP [41]
Epstein-Barr virus BHRF1 MOMP [42-43]
Kaposi’s sarcoma-associated herpesvirus Ks-Bcel-2 MOMP [44]
Tiirkiye herpesvirus VNr-13 MOMP [45]
Orfvirus ORFV125 MOMP [46]
Hepeatitis B virus HBx MOMP [47]
Grouper iridovirus GIV66 MOMP [48]
Myxoma virus MIIL MOMP [49]
Vaccinia virus FIL MOMP [50]
Ectromelia virus EMV025 MOMP [51]
Sheeppox virus SPPV14 MOMP [52]
Deerpox virus DPVO022 MOMP [53]
Fowlpox virus FPV029 MOMP [54]
Canarypox CNPO058 MOMP [55]
Tanapoxvirus TANVI16L MOMP [56]
HIV-1 Death receptor activator Tat/Env/Vpu/gp120 Fas, TNF-R  [21,57]
HCV Core protein Fas, TNF-R  [58]
Epstein-Barr virus LMP2A/LMP1 Fas [59-60]
Lyssavirus Matrix protein TRAIL-R [61]
y-herpesviruses Death receptor inhibitor vFLIP DISC [62]
Molluscum contagiosum virus MC159 DISC [63]
HPV E6 DISC [28]
Poxvirus Caspase inhibitor Serpin Caspase [64]
Baculovirus P35 Caspase [34]
Virus 1IAP Caspase [36]

>4 actamicro@im.ac.cn, 7 010-64807516



PR 45 | fAEYaF R, 2025, 65(11)

4833

(I PI3K/Akt 5) . PNUE AN AM 56 1738 % OC H 2R
AR R T3 BT i G R AR A

fii 2 40 2 R IR AR S fiE 8 T P53,
PI3K/Akt, #% X ¥ xB (nuclear factor kappa-B,
NF-«B) 4515 530 fH VA s 200 M6 0 1 0 7 b O 3
G 53, MO VN o I 4 TR 3 06 R el 3k 0 T K
I35 TPk S g 5 5 aE i, AT e
20 T BN, I R B IR B (Shigella
Slexneri)[B&Yx I K7 A f5 P53 40 B 0 T B0
i, PRI R IR, 3 G A T T 1 5 T
1 2 i (type 111 secretion system, T3SS) 43 WA5K
AR VirA, I [ R Sk 6 2 1 R
BRI P53 BRI AE T, e e BE P53 A
0 i = 0 g 0T B P AR B PR B S 4
— i 1l I IO UL B R 8 IpgD, s Wl i 19 UL 1 -
4,5- %R (phosphatidylinositol 4,5-bisphosphate,
PIP2) A0 i R LE- 5 -2 (phosphatidylinositol
5-phosphate, PISP), #EIMifE#kR 5z A 32 14
(epidermal growth factor receptor, EGFR){i5 5 [t
ARy PI3K/AKe 0, MR 1RO 0%, i
25 1% 8RS IR 7% K (Yersinia pseudotuberculosis) i
1 7S KU 43U 2 4t (type VI secretion system, T6SS)
3 Wb W SE A A R I R0 0 2R 1 TkeA, %z
215 FAIM NS S DNA $ifs, dEmE cGAS-
STING-TNF #liis 54 E I =1, B ibi] I
W (Salmonella enterica)l&4 1B I Jz 4HERT, 8
1 T3SS 43N 2 11 SopB 1% PI3K/Akt i 4%
PTG, 3 Akt BERR AL IT S M AR (LR C R
W, B0 E AR PR TV YT IR S Rl LA
e E WA S, JF o W RON A 1 SipB Al
SipD 75 5 B WE AR M P8 1, DA 9 2D 40 4
PR B4 R 72 TR) A s T A [R) i 2 AT 1
P TR P R WSS [A] . FE T 4 B8 0 1 3 20
R T, T TR SR 7 A0 A R S e T
DLRLE 15 RPN E . BRILZAL, WEIliZE A1 T
(Legionella pneumophila) 43 #W 5 H LegK1 Fi
LnaB 7, RZ5HHB/R AR FCR /MR 1 Yopd'™),
B % 1 9K & (Vibrio parahaemolyticus) 5y W 8 H

VopAl® | A% e [ AR (Coxiella burnetii)f3ilh
HH AnkG RN U7 sk SR 2K H T
HU W) 15 F A0 NF-xB 8550 0%, P4 08 241
RFERFRIR, T Ti7E FEARAIH T,

— it PR 3 I A4 T 3R Ao 3 A AR B 1 R 4
16 F BCL-2 KIGHE H B RIE . BIG . B LTh
REAE 2y I 418 EARME IR T 4580
Ak (Mycobacterium tuberculosis) g IFE
Wi 20 e A M N ], AR MPT64 2 1
T s F miR-21 By R IXFH Myt E & A
BCL-2 fy#3k, JEimidm il 4 =%, i
Hb, GRS BOFF TR 43 W3R 1 Rv0355¢ BN LA
YR BCL-2 21, i Eaiigdeohiik, o
11 e o O o 3 ([ RR N
(Chlamydia trachomatis) B4 A 1R 5% P18 &
REIA TR ST, SRS TE 32 40 Lo A v 4 i
R C Bz . Bax Al Bak #6204, B
FE R B3 AW 3K 1 i CPAF RE % [ fift {3 75
BH3 45 R T BCL-2 KR L, 58 T
KPR PTITIE PR, I FLUD IR A S A4 A1 A
1 OmpA 3 o 1 IR A% I 12 i 2 1 32 Lok 1A
b, ARSI T8 1 Bax MBS, R
b, IR 9% 4% 55 QBRI (Neisseria meningitidis) 77
WAEE 11 PorB . i) A S v iz iy 2 4 A
5 AL R o €2 A N R A RN )
R C B s EE DRI T, 01
TR APE RN 7 240 AR 8 4 TR 1A T B
K (Anaplasma phagocytophilum)53 I 1) Ats-1
F L, HEE N s BE 8 HE n] I AL 14 J5 B 1
FAAARIREGYIE],  DIE = WA SRR S B
N, FHWT Bax i AFURFLIE B, T4 i Zebn

(LN ) Gt ) IR R O = i R
T R B TIR, — L P SR A B 4

G R E T AR BLEI A 22 5, (HAR AT LA )
200 AU T P G HEY BCL-2 B KR R ok
PR TE BT

Caspase £ [ iz 20 Ji 8 78 3 N IS
T EPATA T, AT AR S EH

http://journals.im.ac.cn/actamicrocn



4834

RAN Maoshuang et al. | Acta Microbiologica Sinica, 2025, 65(11)

— H AN Caspase #3400 4 A 07 T~ HEF2 A RE 100
B, {LREWEAER . fERK IRt f, —2k
JL PR 00 BRI AR A N R IR AR T
— BB MR Caspase TEPERY. N, R
BRGNS = RO, HAsZ 8 O
YUEIB > BES B2 5500 Caspase 454, L
i 7 PR A RE R A T A A B A ], A A
BRI B 19 A A7 R 5 4 BT 22 s [i) AR 2 i) ),

I s 2 VA1 TR 0 6 S AL FLA% A= W0 Y Ser/ Thr I8 i
LegK3, W] i % 1\ Caspase 3. Caspase 7 A
Caspase 9 15 Ser/Thr {3 5 A A BElR L, XL
(CHiinn EFJT‘IT)*LH Caspase 1E R L iFAL 1R Caspase JiX
Y Tiae, o ?ﬁ”méﬂﬂﬂ@ﬁtﬂﬁﬁﬁ {HAN Y
m&ﬁC%mw%m%@ 861 S TAETE A
NP Hb A7 I, 2 53 MARK I 2 R L2

x2 AR RERRIRAE N E BRI

Zil S T B i o R N 0 B i 1K (= e
PR A OCRE I 3R GE A N R i I T 3 g v
KSR 1 M B G 5 o A [R5 Dt 1 SR s I
AsEeME, BEEAERME T WIR S S EE
VEMLEI B A58 R B ER A, Bk 18R 22 9 i 8 4
T 32 20 ML T 0 Rl kR g g 4R T . F A3
PN AT A TR R T S A RO T R AR A S R
14380 I UL 2.
23 HANFEREREEEREEZAMR
AT

bR 7R EE AR AL, — S E R AR AR S )
SR N A A I S I AR T i,
AT B (Microsporidia) f&=—2S Pl N 77 2B 1Y
HEGEIR, 2o T HRA Y, BErsEEn

FLRAAT

Table 2 Some intracellular pathogenic bacteria secreted effector proteins regulate host cell apoptosis

Bacterium Effector Targeted pathway Mediated signaling References
Shigella flexneri VirA P53 P53 [66-67]
IpgD PI3K/Akt PI3K/Akt [87-88]
OspZ TAB2/3, IkB NF-«B, transcription [89]
Salmonella enterica SopB/SigD PDKI1/Rictor PI3K/Akt [70,90]
SseK1, SseK 2, SseK 3 TRADD NF-«xB [91-92]
Legionella pneumophila LegK1, LnaB IxBa NF-xB [74,93]
SidF BCL-2 MOMP [94]
LegK3 Caspase 3, Caspase 7, Caspase 9 Caspase [86]
LPS O-antigen Caspase Caspase [85]
Chlamydia trachomatis CPAF BH-3 only MOMP [75]
OmpA Bax/Bak MOMP [81]
CT622 Unknow MAPK [95]
Yersinia pseudotuberculosis ~ Yopl ERK/p38/JINK NF-xB, MAPK [75]
YopK Unknow Extrinsic [96]
Vibrio parahaemolyticus VopA MAPKKSs MAPK [76]
Coxiella burnetii AnkG P32 Intrinsic [77,97]
CaeA Unknown Intrinsic/extrinsic [98]
Mycobacterium tuberculosis MPT64 BCL-2 MOMP [73]
Rv0355¢ BAK MOMP [79]
Rv2387 Caspase 3, Caspase 8 Caspase [99]
ESAT-6 Caspase 3, Caspase 8 ROS/MAPK-Caspase [99]
Neisseria meningitidis PorB BCL-2 MOMP [82]
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