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Abstract

Abstract

Apoptosis is naturally occurring programmed cell death and autophagy is a
process of self-degradation of cellular components, both of them are essential for
normal development and tissue homeostasis. Dsregulation of apoptosis and autophagy
can impair cellular functions and cause multiple diseases including cancers and
neurological disorders. Neuronal cells are susceptible to oxidative insults. Chronical
exposure of neurons to reactive oxygen species including hydrogen peroxide leads to
cell death. Therefore, identification of new genes involved in neuronal cell death may
provide new insights into the pathogenesis of neurological disorders.

TMEMS9L is a newly identified brain-specific membrane-anchored protein with
unknown functions. The tissue expression specificity implicates that TMEM59L may
play an important role in neural functions. An early study found that overexpression
of TMEMS59L can induce apoptosis with unidentified mechanism. In addition,
TMEMS59L’s homolog, TMEM59 was found to contain an ATG16L1- binding motif
that promotes local activation of LC3 and evokes autophagy. However, so far there is
very limited information on the physiological functions of TMEMS59L and its
homolog TMEM59.

Herein, we investigated the mechanism underlying TMEMS59L-mediated
apoptosis and autophagy and compared the role of TMEM59L and TMEM59 in
mediating apoptosis and autophagy. We first found that both TMEMS59L and its
homolog, TMEMb59 were localized in the Golgi and endosomes. However, in contrast
to a ubiquitous and relatively stable temporal expression of TMEM59, TMEM59L
expression was limited in neurons and increased from embryonic day 8.5 until 3
month of age.

In addition, we found that both TMEMS59L and TMEMS59 interacted with ATG5
and ATG16L1, and that overexpression of them triggered cell autophagy. However,

overexpression of TMEMS59L induced intrinsic caspase-dependent apoptosis more



Abstract

dramatically than TMEMS59 by causing the release of cytochrome C from
mitochondria to cytosol and the activation of caspase-9 and caspase-3. Moreover, we
found that hydrogen peroxide treatment not only induced caspase-3 activation and cell
death in mouse neuronal cells but also upregulated Tmem59l expression. While
downregulation of Tmem59l prevented neuronal cell death and caspase-3 activation
caused by hydrogen peroxide insults and reduced the lipidation of LC3B.

Finally, we performed stereotactic injection of AAV-591-shRNA into the cerebral
lateral ventricles of PO neonates of wild type C57BL/6 mice to downregulate
Tmem59l and studied them at 2 months old. We found that knockdown of Tmem59l
significantly ameliorated caspase-3 activation in these mice. Moreover, mice with
Tmem591 downregulation showed increased duration in the open arm during elevated
plus maze test, reduced immobility time during forced swim test, increased
spontaneous alternation during Y-maze test, and increased time spent in target
quadrant and crossings of the platform location during Morris water maze probe test.
These results suggest that downregulation of Tmem59l may reduce anxiety- and
depressive-like behaviors and enhance memory in mice.

Together, our study indicates that TMEMS59L is a pro-apoptotic neuronal protein
and exerts important functions in animal behaviors such as anxiety, depression and
memory, and that TMEMS59L downregulation protects neurons against oxidative
stress. These findings provide a foundation for further elucidating the physiological

function of TMEMB59L in the central nervous system.
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BRREECHEIEN . MpstT:, FES R=FIE: MM C(Apoptosis, |
RINBETS). 40 E W (Autophagy, I FUEHUAET:) FIHEEASE (Necrosis,
N RS AET ) Mo =FhoR R A0 8T A 20 53 B AS R (45 5 s A 4, thT
DL 325 5 5 B S ALK R 5 A S8 A R e i

1.2 HRRAT

N iE T (Apoptosis), A&—FR AN B RIS RE, BT H 2R
&I B AR AL thE IR IR ], BT DA AR AR P M 4B L ZE T (Programmed
cell death, PCD).

UM T FE A ST 246 (Death receptor) A SHIAMEMER T84 (The
extrinsic pathway) LI R Ziis /- SR WIRPETI T2%4% (The intrinsic pathway) %
e 44 B, AT HIBET 2R, 40 Fas (CD95). Trail %4k (TRAIL-R)
ok TNFRL %522 0k, i &5 & MM Rk, 51 % R 7 caspase 24156 e i, 2%
WA NIRRT @A 32 B T AORAR MR B A, SRR T T g il s
C (Cytochrome C) MZGRLAARE R 40 B B EIAH i h AL 3= C it
AT Ak (Apoptosome) HILLAETE K. W46 AN R O 1238 B #2551
caspase FJIE LUK A 2R R KK AR, B2 S pk i oA,

121 NiFEATIER

WU T8 AE, RRNERR IR T4, 20 Ml s i LA 20 R T
AL CE1-1) 0 A0 B0 R AE POV IR R T2 A LA R I 2 PR i i i, A4
DNA #iffi. KB oK. WERRE (ER stress) AR B . 2@
i caspase & (11§ /y caspase-9, HiE 62 BT H AR MIBISE R,



Ci
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Figure 1-1. The extrinsic and the intrinsic apoptotic pathways

7. J1E J. L. Tilly. Nat Rev Mol Cell Biol 2001; 2 (11): 838-848. ']
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