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vated protein kinase){5 73l i 5 3, TEEFRHTF AT
22 L 1 W Bl R b e HE— i TR T e,
AR Z IS A3, B WERT AL B WIPI3 FIWIPI4
W 5 SR U E M ATG2A/BAHE AR, NN
bR Z PR R S PR G 32 2 [ R AR AL, fR I
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A A E/MA, 5 I [R] R 20 A5 e 8 2 R AR AR
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BRI F VY, dERran i o ERsE e,

FEEFRHZT . EAA R B SRR T,
2 L P 1 i SRS A A 1 VR AMIP KGOS B0 5 77 Ik
Z 1 E I E#mTORC 1 (mechanistic target of rapamycin
complex 1)KHH, 4ki51 % & H BEFULK ] (unc-51-like
kinase 1)ESYIH0E0E. ULKIE &Y BRIk Ig
fif VPS34/PIK3C3(phosphatidylinositol 3-kinase catalytic
subunit type 3)E G Z AR R VPS345 S
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Figure 1 (Color online) Mammalian WIPI-family proteins are the
orthologues of yeast Atgl8 and Atg21. WIPI1 and WIPI2 in mammalian
cells are closely related to Atgl8 in yeast, and WIPI3 and WIPI4 in
mammalian cells are closely related to Atg21 in yeast

T, PR A IR BRPI3P, JE 2 F W/ IMA B (&
2)[20~22].

ATG8FE H K, fIFELC3(microtubule-associated
protein 1 light chain 3)FIGABARAP(gamma-aminobu-
tyric acid receptor-associated protein)f HZ %, & H K
RO ARTE ) A Wi/ VA i B R FE G, 2K
I ATG8 H H R AE Bt = IR H BEATGAR YT 5
#7 R AR H 2R, RIETEMNREZRARSR
(ubiquitination-like conjugation system)fJHpEI T, 4Hf
JoT Hh K 1 1 AT G835 11 S 15 4 ko 11 H B ke B At
W 7 R W IR It £ B2 (phosphatidyl ethanola-
mine, PE), #5510 A WEFTAESS 5 U ATGS-PE. 7E
ATG12R G H, TEEIFEEEATGTME2FEREATG10/ 1B
T, ATGSHAM 4 FIATG12 |, ATGS-ATG 124 i 38 i
HE M EAEH S5 ATG16L141% i W E3FERFATG16L1-
ATGS5-ATG12E 5Y). TEATGS RS, ATGSZE KK
TEE1FEREATGT . E2HEREATG3FME3FEATG16L1-
ATGS-ATGI2EZEWMEI T, MM EHSIATGRE
FE FIEATGS-PE. T2 Y&, ATGS-PEULH]AE
ATGARYYIE] T FHTRE 7 25 5K IV E B ATGS S H
K.

T AR SE A 1) ATGS-PEIE 11 #0355 i £ Fh
ATG8Z5 G HEHZ HIRE A A 2 B E, 48 A
Wi/ IMAR T B L WP 420 ) 4 S 0 1 s AR 1 T
243 ATG8HE A 55 = 0l 1 PR 5 AR SE R .
RZ T W & A — A 80E 2 RSF RIATGR S, & 5
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Figure 2 (Color online) An overview of autophagosome formation. Stimulated by upstream autophagic signaling, such as AMPK activation or
mTORC] inactivation, ULK1 complex is activated and leads to the activation of VPS34 complex, which triggers PI3P synthesis and subsequent
autophagy induction. Phagophore-localized PI3P binds to WIPI2, which mediates the recruitment of ATG16L1-ATG5-ATG12 complex for the lipidation
of ATG8-family proteins and leads to the conversion of soluble ATGS-family proteins into membrane-bound forms. Membrane-bound ATGS8-family

Autophagosome

proteins then recruit a number of downstream effectors to promote phagophore expansion and subsequent autophagosome formation

J¥(ATGS8-interacting motif, AIM)E &z RE G
(ubiquitin-interacting motif, UIM), ‘B {10l ifid AIMag
HUIMSATGSE HEGEM EAEN, #HMFER
ATGS-PEJJTTE 1 [ W PR A2,

L UFPI3PAE 5 38 A Ml AP ML 14 T IFATG8 & M
FIGING AL R, B 2 R 40 A s Sl R 3 i oA
PR AR A, WIPI2 A & B8 SEHb g T ix— 1]
. WIPRAE AR5, — 745G PI3P, — 5 T it
5 ATG16LIAHEAEFHHHSEATG16L1-ATG5-ATG12E &
Y1, Wi ATG8EE SR TE & & PI3PHY H MR A4
SERUIE FALIE(1512)).
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H W (nonselective autophagy)FIiE £ H Wi (selective
autophagy)”*?"). LR SR ML 1 WEEN R T
R AR R BEE . WIPI2TEZH A [ W rb () 45
FH d5e 02 56 1 8 35 3 355 T 0 JE S B B v
A A,

e LI & B, WIPI2 Al VE R PI3PAYRL N 25 (14
SEATG16L1-ATGS-ATGI12E &%), sk [ MR R 28
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A-WE TR W N8 Ik WL (phosphatidylinositol-4-phosphate,
PI4P)F1g BT AU R A6 1) W A Tt UL (phosphatidylinosi-
tol 3,5-bisphosphate, PI(3,5)P,)%} T WIPI2al ¥ HiAth
WIPIE [, B &R po s f 7, 9R1T, PI4PFIPI
(3,5)P & & E 20 1 ik A vp ol i 45 A WIPI2 & #4E
H, UPANERE. BEsh, WIPLE FE s 45 A A R AR
JOTAE A0 B L DA 04 A 2 o R e B R N A R
WAHMRANIGE. bR TR, AWERTARLIRABIIA
HAL AT A S WIPR2YFE55(1513). 1fii H, RABIIAGERS
B EREHPBPSWIPRIZS G RE S, #E— P2 PI3PXS
WIPT2 AL, (A T L C3%E g ST AL A i I (14
LR N, WIPI2 5SATGI6LIME S, BT h &
ATG16L1-ATGS5-ATGI12E S W HIIE5E, HAEiEmS
ATG16L1-ATG5-ATG12E S WIMEHG. Lok, WIPI24Y
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Figure 3 (Color online) Multiple roles of WIPI2 in phagophore expansion. During canonical autophagy, several different mechanisms have been
demonstrated to regulate phagophore expansion. PI3P, produced by activated VPS34 complex, and RAB11A are responsible for WIPI2 recruitment to
the phagophore. After that, WIPI2 recruits ATG16L1-ATG5-ATG12 complex to the phagophore by interacting with ATG16L1, and promotes the
lipidation of ATG8-faminly proteins and the expansion of phagophore. In addition, WIPI2 is reported to mediate the membrane contact between
phagophore and endoplasmic reticulum (ER) for phagophore expansion through interacting with ER-localized ULK1 complex. During STING-induced
autophagy, WIPI2 is also necessary for phagophore expansion. Stimulated by cytoplasmic DNA, activated cGAS synthesizes cGAMP, which binds to
ER-localized STING and triggers STING vesicle formation. STING directly interacts with WIPI2 to recruit WIPI2 to STING vesicles. After that, WIPI2
mediates the recruitment of ATG16L1-ATG5-ATG12 complex for the lipidation of ATG8-family proteins, leading to phagophore expansion

LA RE ), MRHEVPSIAE AMMITTINA S AW BRI, TEV IS A S R0
P3P, LI WIPRTEANM [ Wit B2 P ZFORRIBOVER] WIPI2AE (7 A [ MR PR AT LR i) AR AV T G,
o, WAL N ATGS B F KGR L& TEA N AR wIPL2, W2 B e e N Vo T TR Y
i, DA TIPS 1 I3 AR P S i 155, FHIWIPLRAEYD ] [CTE Y E W i vh R AT AE

VAE R — IR B, A RERTARE M FWIPI2 AT . SEARA—T0AF 9T R B, WIPI2th ] 2 5 gk ik
1 5 P (endoplasmic reticulum, ER)ZEAJULK1%E FIE. TES LR AR AT, WIPI2E ALY H W
EYMEAER, N5 A VERTARS P95 2 B R A R[] SZ 45 R 2R AR, 17143 55 VCP(valosin con-
fil(membrane contact), AT HWERTARMIEM(E taining protein)& [, (EHFZRARSMEE HAYREfFRFIZ
3P HERAE, BEEGP-3/VMPIER AWERTIR SN Rk ARG

R RS U2 1 /I Y. DL LB BR T U A R FIZORLA A W, WIPI2JE A5 7 HAt 2
R, AWRETAS N BT R AR R LR A B A BURYREREE A D ORI AN EL B, AT TR
X T WA P S AP 0 B2 . AIBIFSE T LA .
3.2 WIPRAEESEN: FAwib it fizHl 3.3 WIPRAE IR M Qb ]

prisz s e S LU ARIN A AN B LY B W E 2 s N Tl DESit TR EFRRIT P T AR R A W, IR AR

W W TS A A A5 S 1 1) S U8 1 W (xenophagy)« I SR BRI S S IR PRI A W, YR T B R YuE. DT

W4 R 2 IR AR LRI AR W (mitophagy) R W 52 &3, R FIOA S M0 40 HE A W AR Rt

JEE 400 9 T R PAY I3 4 ) PAY 5 R4 [ 15 (ER -phaagy ) 2527, SR A WEIEDN, RPN B 4T [ IR BRI s
WIPI27E B0 F Wb A Th e e R R 3 T R A g7,
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RGBT, HLARZ S 407 55 A9 S AR i T A VR 7 4
i T DNAZE 5 ¢GAS(cyclic GMP-AMP  synthase)# [
Ja, MU E A A5 cGAMPA T, cGAMPHET
545 W7 FISTING(stimulator of interferon genes)
EHLE, FESTINGM A M ATz kT8 i
STING#EY, HEMHAZ I BOE & M IMEFTBK 1 (TANK-
binding kinase 1)1 Fi#%% 5% K FIRF3(interferon reg-
ulatory factor 3), fEiff T-HLZR MR VELIME A 1%
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Jei, U5 A P M AY STING#E i 412 £ ERGIC(ER-Golgi
intermediate compartment)Zh )5 724 H WERTAR, FIH
STING:# i) 8 FAH BAE T 24 WIPLAR 55 2 FH Wi
TR, FEHE W IMA R I (813) 5, i — e,
WIPI2 | 454 STING Y K HE & FL R v 5 th 71 5T 45 &
PI3P. STINGFIPI3P3E P4, A WIPL2, FE(STINGS
(A A 25 i RN PT3 P A 5 114 20 L 1 I 000 1 % 1k 1)
EE[42,43]'

4 {EHTFWIPL2(K400E A v T 7 X

4.1 4N FRIRSATWIPL2IY 3 ]

2 0 1% 5 5 RS T3l A PR WIPI2 1 2R 1 K P 5%
M 240 A W R AR R FEE SRR AT, BUER
M TORC HALMERR L WIPI2(1 39513 s, fE i
5 # HE312 ZEHEMHUWEL(HECT, UBA and WWE
domain-containing DFHEAEH, REWIPR2 KAz %1k
FH-22 3 B (proteasome) HEA TR AfE, U T P 20 i
P WIPI2 ) 8 (K- IF 3 4 B W & A= (1€14). T
BT F, mTORCIZ:NE, WIPLR2HYE /K
Bt T AR A e MA R T . BAR, BR T R
A AR e 27 mTORC 1A Ay 38 4k 5% 1 48 it
WIPI2 )8 IR PRI B Wi AR Ay e e

4.2  ZMNEAT 245y FRFWIPLR2 )1
P 202805, 40N A WK
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Bl 4 (MR )R T WIPRAYANE B s s, 8 REwE
ML, WG mTORCT EERERR (L WIPL2FF R #EJL 5 E39Z R
ERFHUWE AR BAEF, SEOWIPI2Z: 2K (AR FAR T 2 A i
. TEVEPAMIA 220 RN AT, WIE IVE3Z ZOE L MICRLAASE
WIPI2FFAEHE S5 7 i i 4 IR RAAR, [RIRES 1 E ekl e i ek
PSR, BOE A TBRIAEWIPL2SE {3 (14 15 Wi (AL 1) A A AN BT 1900
R R RN, O g5 S I A WA A R AN TR Y B
Figure 4 (Color online) WIPI2-based mechanisms for autophagy
regulation. Under nutrient-rich conditions, activated mTORCI phos-
phorylates WIPI2 and promotes its binding to E3 ubiquitin ligase
HUWEL, leading to the proteasomal degradation of WIPI2 and the
suppression of autophagy. Upon mitosis induction, activated E3
ubiquitin ligase CRL4 interacts with WIPI2 and promotes its
proteasomal degradation, resulting in autophagy inhibition. During
bacterial infection, TBK1 is activated and promotes the recruitment of
WIPI2-localized phagophores to the invading bacteria, leading to the
initiation of xenophagy and the clearance of bacteria

BETHESY BRI, A 2253208008, AN
WIPL2Y & & it 25 TR, 53040 M B Wi sz 204 .
LK 8, M 225y 2430010, B37Z2 Rk H
CRL4(CUL4-RING ubiquitin ligases)¥ &7 b, S5k
HIRYIWIPI2 K A 92 A48 h 85 1 B A U A7 R A (12
4RI, 5 PANMA 2250 B0 A TE T, fTR (s SR
17 FEEECRLANI IS N AE. Lok, B T WIPI2,
HoAh [ WA R S Z B CRLARY IR, (EISHTSE.
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PRI, WFIT &P, T4 S PI3PRE S BIWIPI2ZE
AR AR AN AN AL E A k. Sib—3nY
2, T2 VPS345Z B E M, DT AR A Py
[IPI3PE &, AT HIWIPI2 5 A (240 i 1 3 sz 1P,
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Macroautophagy (hereafter referred to as autophagy) is a highly conserved lysosome-dependent degradation pathway in
eukaryotic cells. Autophagy helps maintain cell homeostasis by eliminating unwanted cellular materials, including protein
aggregates, damaged organelles and invading pathogens. Dysfunction of autophagy has been linked to a variety of human
diseases, such as cancers, metabolic diseases and neurodegenerative diseases. As a sequential cellular process, autophagy is
typically divided into several major steps, including autophagy initiation, membrane nucleation, phagophore expansion,
autophagosome formation and autophagosome-lysosome fusion. These distinct autophagy steps are spatiotemporally
controlled by a great number of autophagy-related proteins. Among these proteins, WIPI-family proteins, comprised with
four members, have been demonstrated to play an important role in phagophore expansion. Mammalian WIPI1 and WIPI2
are highly related to yeast Atgl8 while mammalian WIPI3 and WIPI4 are highly close to yeast Atg21. Of note, WIPI2 but
not WIPII is essential for autophagy, and WIPI3 and WIPI4 are each only partially necessary for autophagy. During
canonical autophagy, WIPI2 has been demonstrated to regulate phagophore expansion through several different
mechanisms. On the phagophore, PI3P, produced by activated VPS34 complex, and RAB11A mediate the recruitment of
WIPI2, which then recruits ATG16L1-ATG5-ATG12 complex by interacting with ATG16L1, resulting in the lipidation of
ATG8-family proteins and the expansion of phagophore. Recently, WIPI2 is also shown to promote phagophore expansion
by mediating the membrane contact between phagophore and endoplasmic reticulum through interacting with endoplasmic
reticulum-localized ULK1 complex. In addition to nutrient starvation-induced canonical autophagy, WIPI2 is required for
viral infection-induced non-canonical autophagy, which depends on the activation of cGAS-STING pathway. Interestingly,
STING-induced autophagy does not require the upstream autophagic machinery, such as ULK1 complex and VPS34
complex. Stimulated by cytoplasmic DNA, activated cGAS synthesizes cGAMP, which binds to endoplasmic reticulum-
localized STING to initiate its intracellular trafficking, leading to STING vesicle formation. By providing membrane
sources, STING vesicles act as the primary sites for autophagosome formation. Through a direct interaction, STING brings
WIPI2 to STING vesicles to mediate the subsequent recruitment of ATG16L1-ATG5-ATG12 complex, bypassing the
upstream autophagic machinery. In response to different cellular or extracellular cues, a variety of WIPI2-based regulation
mechanisms are adopted by the cell to tightly control autophagy. Under nutrient-rich conditions, activated mTORC1
phosphorylates WIPI2 to enhance its binding to E3 ubiquitin ligase HUWE], leading to the proteasomal degradation of
WIPI2 and the suppression of autophagy. Upon mitosis induction, activated E3 ubiquitin ligase CRL4 interacts with WIPI2
to promote its ubiquitination and proteasome-dependent degradation, resulting in autophagy inhibition. During bacterial
infection, activated TBK1 promotes the recruitment of WIPI2-localized phagophores to bacteria for the initiation of
xenophagy and the clearance of bacteria. It is worth noting that a mutation of WIPI2, decreasing its autophagic function, is
associated with global developmental abnormalities in humans. In this paper, we aim to review the emerging roles of
WIPI2 in the regulation of canonical and non-canonical autophagy.

WIPI2, canonical autophagy, non-canonical autophagy, autophagosome, phagophore
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