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24(S)-hydroxycholesterol (24S-OHC), which is enzymatically produced in the brain, is known to play an
important role in maintaining brain cholesterol homeostasis. However, 24S-OHC has been known to
possess a potent neurotoxicity and to be involved in neurodegenerative diseases. The previous studies in my
laboratory reported that 24S-OHC induces a type of non-apoptotic programmed necrosis in neuronal cells
expressing little caspase-8. Necroptosis has been characterized as a type of programmed necrosis in which

activation of receptor-interacting protein kinase 1 (RIPK1), RIPK3, and mixed lineage kinase domain-like

(MLKL) is involved in the signaling pathway.

In the present study, [ investigated the involvement of these three proteins in 24S-OHC-induced cell death. I
found that RIPK1 but neither RIPK3 nor MLKL was expressed in human neuroblastoma SH-SYSY cells,
while all three proteins were expressed in human T lymphoma caspase-8-deficient Jurkat (J urkat®®*") cells.
In Jurkat™®*" cells, tumor necrosis factor oo (TNFau)-induced cell death was significantly suppressed by
treatment with the respective inhibitor of RIPK 1, RIPK3, and MLKL. In contrast, only RIPK1 inhibitor

showed significant suppression of 24S-OHC-induced cell death in Jurkat®*”

, and even this was less
prominent than was observed in TNFa-induced cell death. In J urkat™*” cells, knockdown of either RIPK 1
or RIPK3 caused moderate but significant suppression of 24S-OHC-induced cell death, but no such effect
was observed as a result of knockdown of MLKL. Collectively, these results suggest that, for both
SH-SYS5Y cells and Jurkat“**” cells, 24S-OHC-induced necroptosis-like cell death is dependent on RIPK 1

but not on MLKL.

Moreover, the previous studies in my laboratory have shown that acyl-CoA:cholesterol acyltransferase 1
(ACAT1) esterifies 24S-OHC to be 24S-OHC esters and that lipid droplets (LDs)-like structures were
formed at an early stage in 24S-OHC-treated cells. The results have also shown that LDs-like structures

formation induced by 24S-OHC correlated with the induction of cell death. In the present study,



24S-OHC-induced LDs-like structures were compared with typical triglyceride (TG)-enriched LDs, which
was induced by oleic acid (OA) in SH-SY5Y cells. OA-induced LDs were abundant and existed in the
whole cytoplasm while a limited number of LDs-like structures was observed in response to 24S-OHC. By
using electron microscopy analysis, 24S-OHC-induced-LDs-like structures localized at the endoplasmic
reticulum (ER) and associated with the swollen ER. Furthermore, an ACAT inhibitor, F12511, suppressed
24S-OHC-induced LDs-like ‘structures. These results highlight that 24S-OHC induces the formation of
ACAT-dependent LDs-like structures along with swollen ER in SH-SYS5Y cells, which are characterized as

distinct features of typical OA-induced LDs.

In addition, I detected that 24S-OHC induced ER stress by the activation of the unfolded protein response
(UPR) signaling pathways and that ACAT inhibitor inhibited these signals in SH-SY5Y cells.
Esterified-24S-OHC induced the phosphorylation of inositol-requiring protein-1a (IRE1a), which initiated
diverse downstream signaling of the UPR through unconventional splicing of the transcription factor XBP-1
and the reduction of a RIDD substrate, Angiopoietin-like 3 (ANGPTL3). However, an inhibitor of IREla
enzyme activity, 4u8C, inhibited the XBP-I splicing but not the reduction of ANGPTL3 and failed to
suppress the cell death induced by 24S-OHC. Activating transcription factor 6 (ATF6) was also cleaved to
release the N-terminal domain into the nucleus where it acted as a transcription factor in 24S-OHC-treated
cells. Additionally, esterified-24S-OHC also induced the phosphorylation of protein kinase RNA
(PKR)-like ER kinase (PERK) resulting in the phosphorylation of eukaryotic translation initiation factor 2
(eIF2a). Also, chaperone proteins like Calreticulin and Binding Immunoglobulin (BiP) or Protein
glucose-regulated protein 78 (GRP78) were degraded during 24S-OHC-induced ER stress in SH-SYSY

cells.

Although C/EBP homologous protein (CHOP) has been abundantly reported as an important protein
involved in ER-stress-induced cell death, the previous results in my laboratory showed that knockdown of
CHOP did not affect 24S-OHC-induced cell death in SH-SYS5Y cells. I also examined the downstream
effects of IREla via stimulating the activation of Apoptotic-Signaling Kinase-1 (ASK1) and p38 to
promote cell death. The results illustrated that the inhibitors of ASK1 and p38 did not prevent
24S-OHC-induced cell death in SH-SYSY cells. To determine the possibility of ER stress due to the

accumulation of unfolded proteins, small molecular chemical chaperone 4-Phenylbutyric acid (4-PBA)



which acts like chaperones in promoting protein folding to recover ER stress was employed. Unfortunately,
co-treatment with 4-PBA could not inhibit 24S-OHC-induced cell death in SH-SYSY cells. Taken together,
these data indicate that CHOP, ASK 1 and p38 are not involved in the mechanism of 24S-OHC-induced cell

death in SH-SY5Y cells.

I therefore conclude that, in the absence of caspase-8 activity, 24S-OHC induces a necroptosis-like cell
death, which is RIPK1-dependent but MLKL-independent. Furthermore, it is supposed that LDs-like
structures formation induced by 24S-OHC at ER cause ER stress via the activation of the UPR signaling
pathways, subsequent to cell death. However, the results showed that CHOP is not the important mediator
of the cell death machinery and ASK1 and p38 are not required in response to 24S-OHC-induced cell death

in SH-SYSY cells.



