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Abstract

Autophagy plays an important role in tumorigenesis. Mitochondrion-associated protein LRPPRC interacts with MAP1S that
interacts with LC3 and bridges autophagy components with microtubules and mitochondria to affect autophagy flux.
Dysfunction of LRPPRC and MAP1S is associated with poor survival of ovarian cancer patients. Furthermore, elevated levels
of LRPPRC predict shorter overall survival in patients with prostate adenocarcinomas or gastric cancer. To understand the
role of LRPPRC in tumor development, previously we reported that LRPPRC forms a ternary complex with Beclin 1 and Bcl-2
to inhibit autophagy. Here we further show that LRPPRC maintains the stability of Parkin that mono-ubiquitinates Bcl-2 to
increase Bcl-2 stability to inhibit autophagy. Under mitophagy stress, Parkin translocates to mitochondria to cause rupture
of outer mitochondrial membrane and bind with exposed LRPPRC. Consequently, LRPPRC and Parkin help mitochondria
being engulfed in autophagosomes to be degraded. In cells under long-term mitophagy stress, both LRPPRC and Parkin
become depleted coincident with disappearance of mitochondria and final autophagy inactivation due to depletion of
ATG5-ATG12 conjugates. LRPPRC functions as a checkpoint protein that prevents mitochondria from autophagy
degradation and impact tumorigenesis.
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Introduction

Autophagy, or self-digestion, is a process that begins with the
formation of isolation membranes that engulf substrates including
dysfunctional organelles, mis-folded/aggregated proteins and/or
other macromolecules to form autophagosomes [1,2]. Then
autophagosomes fuse with lysosomes to generate autolysosomes
in which substrates are degraded [3]. Mitochondrion is one of the
most prominent and vital type of organelles in eukaryotic cells.
During cell cycling, mitochondria are constantly synthesized, used,
damaged and destroyed through autophagy (here referred to as
mitophagy) [4,5]. Parkin, whose mutations may be counted for
Parkinson’s disease in small numbers of patients, has recently been
found to regulate the turnover of mitochondria through mitophagy
[6,7]. The role of autophagy in cancer development has attracted
great attention but is not well understood [8].

LRPPRC is an interactive protein of MAP1S, a mitochondria
and microtubule-associated protein previously named as
C19ORF5 [9–11]. It was suggested that mutations in the
LRPPRC gene cause Leigh syndrome, French-Canadian type
(LSFC), a human disorder characterized with neurodegeneration
and cytochrome c oxidase deficiency [12]. Based on the somatic
mutation data of 17301 genes from 316 ovarian cancer patients
from The Cancer Genome Atlas, mutations in both LRPPRC and
MAP1S were found to reduce the survival of patients [13]. As a
sequence homologue of the microtubule-associated protein
MAP1A and MAP1B, MAP1S similarly interacts with mammalian
autophagy marker LC3 [14–16] and bridges autophagic compo-

nents with microtubules and mitochondria to affect autophagoso-
mal biogenesis and degradation and suppress genome instability
and tumorigenesis [16–18]. Recently, we found that elevated levels
of LRPPRC in prostate adenocarcinomas are closely associated
with poor prognosis of prostate cancer patients [19]. A similar
trend was independently reported in patients with gastric cancer
[20].

To better understand the role of LRPPRC in cancer
development, we have previously reported that LRPPRC associ-
ates with mitochondria, interacts with Beclin 1 and Bcl-2 and form
a ternary complex to maintain the Bcl-2 stability. Suppression of
LRPPRC leads to Bcl-2 degradation that leads to release of more
Beclin 1 to form complexes with PI3KCIII to activate basal levels
of autophagy upstream of the ATG5-ATG12 conjugates-mediated
LC3-I to LC3-II conversion [21]. Since inner mitochondrial
membrane-associated LRPPRC [22] was suggested to interact
with mitophagy initiator Parkin based on Mass Spectrometry
analyses from different labs [23,24] and its suppression led to
enhancement of autophagy degradation of mitochondria in
lysosomes [21], we are triggered to investigate the specific role
of LRPPRC in mitophagy in addition to its general role in the
regulation of basal levels of autophagy.

In this study, we show that LRPPRC interacts with Parkin and
maintains the stability of Parkin that stabilizes Bcl-2 to suppress
autophagy from initiation. Under mitophagy stress, mitophagy
initiator Parkin translocates to depolarized mitochondria to bind
with LRPPRC. Consequently, LRPPRC and Parkin regulate
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