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Abstract There exist multiple cell death pathways, including apoptosis, necroptosis and pyroptosis, which
are defined by different signaling and execution pathways, and play disparate roles in a wide range of cellular pro-
cesses. The functions and mechanisms of cell death have been intensively studied in recent years, and a great progress
has been made toward understanding the molecular machinery of cell death pathways. Parkin, an E3 ubiquitin ligase,
exhibits a plethora of biological activities in various cellular processes by ubiquitination of its specific substrates. In
addition to its well-characterized activities in mediating mitophagy, recent studies also highlight its roles in regulating
cell death pathways and pathogenesis of cancer via direct ubiquitination of several characteristic “death™ substrates.
This review summarizes the recent advance in the role and the action mechanism of Parkin in cell death pathways with
a focus on apoptosis, necroptosis and pyroptosis, which provides in-depth comprehension of mitophagy-dependent, as
well as independent, revealing the biological mystery associated with cell death.
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(B) Mitophagy-independent mechanism

(A) Mitophagy-dependent mechanism 7
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A AR FMEARBE L . 2ok PR ThREPR IS, 2% (KIPINK 1 HE 5 WERR K12 3 MParkin, Parkindf 5548 712 R ALK AN R . TEINIZ R
B SUSCNPINK B ER AL IR, NI B9z ZA TR RR 12 Z AL I SB[ %, DU CRAT RO PRS2 AR A ZRobi A . 2 R A 15 W e B2 52 BHL 2 A5 52 452
(ERRLAIERR, ROSHE BRI, JEFEMRATPIFI/K T, IR FEUNRAET: . B: Zobifk B AR KNI a: Parkinitid 1817 Bel-2 5 R H (1 K 4%
PR TR T RE . AR T IIREN 5, Parkinff A KT AERTME 25 W67 J5 4 E1M, (28t 1 BRI BCl-2 I PEAR, Wik 1 I T
PR M5 —EeE UL, Parkindi 41 52 B LR R 5 2512 B AL Bak MIVDAC, iZ Ry THEaG 1 &A1 5 Bax MAH FLAEFHAMHIAT: . b: ParkinZ 5
WA SENE R AN T ZESRSENEIE T A RN, AMPK A Parkin B AL, 80T 1 Parkin BL#E 272 S ALRIPK3 MR SENMA K TE . 523
NLRP3#E 75 F I, Parkinfs 72 A20 38 I NF-«BI& 2 MHINLRP3FRIA . NLRP3 4$E /M1 il iiG Caspasel, % {411 Caspasel Y] E| Parkin, 1X
S RANGE THETHE 5. WK UD: K-48:Z FAL; B TUb: K-33302 3 Ak; C: R 13K C; P: R AL.

A: mitophagy-dependent mechanism. Mitochondrial dysfunction stabilizes PINK1, enabling it to phosphorylate both ubiquitin and Parkin leading to
recruitment of Parkin and subsequent ubiquitination of mitochondrial outer membrane proteins. The ubiquitin chains formed, in turn become substrates
for phosphorylation by PINK1, thus forming an ubiquitination-phosphorylation-ubiquitination positive feedback loop to ensure efficient clearance of
damaged mitochondria. Mitophagy blockade leads to the accumulation of damaged, ROS-generating mitochondria, and decreases the level of ATP,
which eventually results in cell death. B: mitophagy-independent mechanism. a: Parkin exhibits pro-apoptotic and cytoprotective functions by regulat-
ing the Bcl-2 family of proteins. For its pro-apoptotic activity, Parkin expression is upregulated upon treatment with anti-microtubular drugs, promoting
the degradation of phosphorylated Bcl-2 and activating the intrinsic pathway of apoptosis pathway. In contrast, recruitment of Parkin to mitochondria
ubiquitinates Bak and VDAC, which suppresses apoptosis by obscuring their interaction with Bax; b: Parkin is involved in regulating necroptosis and
pyroptosis. Upon stimulation by necroptotic factors, AMPK phosphorylates Parkin, and then activated Parkin directly polyubiquitinates RIPK3 and in-
hibits necrosome formation. When NLRP3 activator is induced, Parkin stabilizes A20 and inhibits NLRP3 expression via the NF-kB pathway. NLRP3
inflammasome formation results in Caspasel activation, followed by cleaving Parkin, which, in turn, reinforces pyroptosis signaling. Blue Ub: K48-
linked ubiquitination; Orange Ub: K33-linked ubiquitination; C: cytochrome C; P: phosphorylation.

Bl Parkini@id ek BIEARBIAIEMRBIRI A NIFIRAT . IREATHMETRESE XE 2811220
Fig.1 Parkin regulates apoptosis, necroptosis and pyroptosis via mitophagy-dependent and-independent mechanisms (modified
from reference [28])
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Table 1 The role of Parkin in cell death under various stress conditions

R AT Bl 4R EE PN
Stresses Mechanisms Results References
CS (cigarette smoke) PINK-Parkin mediates excessive mitophagy and elevates the expression Necroptosis [37]

of RIP3
Valinomycin PINK1 triggers autocatalytic activation of Parkin that amplifies its E3 Apoptosis [32]

ligase activity toward Mcl-1
Apoptotic stimuli Parkin ubiquitinates Bax, Bak and VDAC2 Anti-apoptosis [33]
Necroptotic stimuli AMPK-Parkin-RIPK3 axis Anti-necroptosis [2]
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HE 8 22 B, ZeORL AR B I A 1) DR A M O T R T
COPD(chronic obstructive pulmonary disease)f] & .

H COPDJifiZi i PINK1. RIPK3#1Drpl(dynamin-
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