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ABSTRACT

Colorectal carcinoma (CRC) arises from genetic alterations in healthy intestinal epithelial cells (IECs). Sorting
nexin 10 (SNX10) functions as a suppressor of CRC progression and modulates chaperone-mediated autophagy
(CMA), a process linked to CRC development and glycolytic metabolism. DEP domain-containing protein 5
(DEPDCS) serves as an inhibitory regulator upstream of mMTOR complex 1 (mTORC1). The compound a-hederin
displays antitumor activity against CRC. Earlier work from our group showed that reducing SNX10 levels in
normal human IECs enhanced glycolytic flux while lowering DEPDCS levels, effects that a-hederin counteracted.
The precise underlying pathway, however, remained unclear. In the present investigation, we sought to clarify
how SNX10 controls DEPDCS stability and the role of a-hederin therein. Results revealed that SNX10 reduction
hastened DEPDCS5 proteolysis, leading to mTORC1 hyperactivation dependent on increased CMA activity and
improved lysosomal performance. SNX10 directly associated with DEPDCS, directing it toward lysosomal
compartments for breakdown, thereby elevating mTORCI1-driven glycolysis. Re-expression of SNX10 in
knockdown cells abolished these alterations. Furthermore, a-hederin engaged the SNX10-DEPDCS assembly,
weakening their interaction and blocking CMA-directed DEPDCS5 proteolysis. This action suppressed excessive
mTORCI signaling and ultimately normalized the heightened glycolysis triggered by SNX10 loss. Collectively,
our findings establish, for the first time, that SNX10-orchestrated DEPDCS5 proteolysis represents a critical
pathway in the oncogenic conversion of normal IECs, a process modulated by a-hederin.
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Introduction

Colorectal cancer (CRC) ranks among the most severe malignancies globally, holding the third position in
incidence and the second in cancer-related deaths [1]. The complete mechanisms driving CRC onset are still
incompletely understood. Alterations such as mutations, loss of genetic material, and dysregulated gene
expression in intestinal epithelial cells (IECs) constitute the primary triggers of colorectal tumorigenesis [2].
Consequently, exploring gene roles in non-malignant IECs holds promise for uncovering preventive therapeutic
targets against CRC.

Sorting nexin 10 (SNX10) exerts tumor-suppressive effects in CRC [3, 4] and participates in controlling
endosomal-lysosomal trafficking [5, 6], a system essential for the execution of chaperone-mediated autophagy
(CMA). CMA represents a targeted autophagic pathway that maintains cellular equilibrium through chaperone-
guided lysosomal proteolysis [7] and is frequently elevated in cancers to support oncogenic growth and survival
[8]. Prior reports documented CMA upregulation in SNX10-deficient HCT116 CRC cells, fostering cell expansion
and resistance to stress [3]. Similar activation occurred in SNX10-null mice via stabilization of lysosome-
associated membrane protein 2A (LAMP-2A), subsequent AMPK pathway engagement, and mitigation of
alcohol-related liver damage and fat accumulation [9]. In murine hepatocytes with reduced SNX10, CMA
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induction arose from blocked cathepsin A (CTSA) maturation—a protease critical for LAMP-2A turnover—
ultimately alleviating hepatic lipid buildup [10]. Enhanced glycolysis, the predominant energy pathway in
malignant cells, is markedly intensified across numerous cancers relative to healthy tissues and drives tumor
advancement [11]. Multiple investigations confirmed that heightened CMA boosts glycolytic rates in
malignancies, including breast carcinoma [12] and colorectal tumors [13]. As terminal degradative structures in
CMA, lysosomes function as central nodes for metabolic signaling [14], influencing mTORC1 [15] and AMPK
[16] cascades. Our prior research indicated that SNX10 governs glucose utilization in human IECs [17]. The
manner in which it affects lysosomal operations, however, is undetermined, as is potential interplay between
SNX10-linked CMA and glycolytic regulation.

The mTORCI1 complex orchestrates cellular growth and metabolic responses to environmental cues while
preserving internal balance. Activated at lysosomal surfaces, it phosphorylates effectors like p70S6K and 4EBP1
to stimulate biosynthetic processes [16]. DEPDCS inhibits mTORCI activity and has emerged as a suppressor in
gastrointestinal stromal tumors by restricting mesenchymal proliferation [18]. Recent evidence showed
diminished DEPDC5 in CRC patient tumors, associating with poorer survival outcomes [19]. Regulatory
pathways governing DEPDCS5 during carcinogenesis, nevertheless, are largely unexplored.

a-Hederin, a pentacyclic triterpene saponin derived from Fructus Akebia, acts as a novel inhibitor of autophagy
by obstructing terminal flux [20]. It also curbs lung carcinoma expansion through suppression of SIRT6-reliant
glycolysis [21] and triggers autophagic cell death in CRC lines via AMPK/mTOR modulation [22]. Our earlier
work revealed that o-hederin impedes terminal autophagic stages, causing substantial vesicle buildup and
proteostatic imbalance in human CRC models [23]. Together, these observations highlight a-hederin's influence
on autophagic and glycolytic pathways. We previously observed that o-hederin normalized the excessive
glycolysis and restored DEPDCS5 protein levels diminished by SNX10 silencing in IECs [17], yet the detailed
mechanism was undefined. The current work was designed to bridge this knowledge gap and delineate the
molecular basis involved.

Materials and Methods

Compounds and reagents

High-purity a-hederin (>98%) was obtained from Chengdu Herbpurify Co., Ltd. (Chengdu, China) and solubilized
in DMSO to the required concentrations. The proteasome inhibitor MG-132 (ab141003) and the vacuolar ATPase
inhibitor bafilomycin Al (ab120497) were acquired from Abcam (Cambridge, UK). Additional inhibitors,
including rapamycin (HY-10219), cycloheximide (HY-12320), chloroquine (HY-17589A), and Pronase E (HY-
114158), were purchased from MedChemExpress (Monmouth Junction, NJ, USA). A range of antibodies was
used: those recognizing mTOR (ab2732), Raptor (ab40768), p70S6K (ab32529), 4EBP1 (ab32024),
phosphorylated 4EBP1 (ab278686), LAMP-2A (ab125068 and ab18528), along with fluorescent secondary
antibodies Alexa Fluor® 594 goat anti-rabbit (ab150080), Alexa Fluor® 647 goat anti-mouse (ab150115), Alexa
Fluor® 488 goat anti-mouse (ab150113), and Alexa Fluor® 488 goat anti-rabbit (ab150077) were all from Abcam.
Phosphorylated mTOR (5536S), GBL (3274S), c-Myc (5605T), LDHA (3582T), PKM2 (4053T), HRP-
conjugated anti-mouse (7076P2), and anti-rabbit (7074P2) secondaries were sourced from Cell Signaling
Technology (Danvers, MA, USA). The SNXI10-specific antibody (sc-293380) was from Santa Cruz
Biotechnology (Dallas, TX, USA). Antibodies for -Tubulin (M20005), DEPDCS5 (TA7028), and phosphorylated
DEPDCS (Ser1002) (TA8614) were supplied by Abmart (Shanghai, China). Further antibodies targeting mTOR
(66888-1-1g), HSC70 (ab51052), LAMP2 (66301-1-Ig), and Flag tag (66008-4-Ig) were provided by Proteintech
(Wuhan, China).

Maintenance of cell lines

Human colorectal carcinoma lines (DLD-1, LoVo, Caco-2, SW620, HT29) and normal intestinal epithelial lines
(FHC, NCM460), together with HEK-293T cells, were all procured from ATCC (Rockville, Maryland, USA).
Cultures were grown in appropriate basal media—RPMI-1640, Ham's F-12K, DMEM, Leibovitz's L-15, or
McCoy's SA—each supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin mixture, and
incubated at 37°C under 5% CO: in a humidified incubator.

Protein immunoblotting
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Harvested cells were disrupted in chilled lysis buffer (P0013J; Beyotime, Shanghai, China) fortified with complete
protease and phosphatase inhibitor cocktails (11836153001 and 4906845001; Roche, Basel, Switzerland). Protein
yields were measured via BCA assay (23225; Thermo Scientific, Waltham, MA, USA). Samples containing 20
ug protein were fractionated by SDS-PAGE, transferred to PVDF membranes, and blocked for 2 h in 5% skim
milk dissolved in PBST at ambient temperature. Primary antibody probing occurred overnight at 4°C, followed
by secondary antibody incubation for 1 h at room temperature. Chemiluminescent signals were captured using
ECL reagent (32209; Thermo Scientific) on a Bio-Rad ChemiDoc XRS+ imager (Hercules, CA, USA).

Total RNA preparation and quantitative RT-PCR

RNA was isolated from cultured cells with TRIzol reagent (15596018; Invitrogen, Carlsbad, CA, USA) per the
supplied protocol. Purity and concentration were evaluated on a NanoDrop 1000 instrument (Thermo Fisher
Scientific). First-strand cDNA was generated from 1 pg RNA using the Evo M-MLYV reverse transcription kit
with genomic DNA remover (AG11728; Accurate Biotechnology, Changsha, China). Amplification was
performed with SYBR Green-based master mix (AG11701; Accurate Biotechnology) on an Applied Biosystems
StepOnePlus platform (Foster City, CA, USA). Fold changes in transcript abundance were computed relative to
B-actin housekeeping control by the 2—AACt approach.

Construction of lentiviral vectors and stable transduction

Helper plasmids pMD2.G (P0262) and psPAX2 (P0261), plus the shRNA expression backbone pLVshRNA-
EGFP(2A)Puro (P0684), were acquired from Miao Ling Biotech (Wuhan, China). Double-stranded
oligonucleotides were ligated into EcoRI/BamHI-restricted vector (enzymes JE201-01 and JB101-01; TransGen,
Beijing, China). Recombinant shSNX10 or control vectors were introduced with packaging plasmids into near-
confluent HEK-293T cells. Viral particles were recovered from culture media at 48 and 72 h, filtered (0.45 pm),
and applied to target FHC or NCM460 cells in the presence of 10 pg/mL polybrene (P8001350; YEASEN,
Shanghai, China) using a 1:1 virus-to-basal medium ratio for 24 h. Puromycin selection (2 pg/mL; ST551;
Beyotime) established stable pools, with knockdown validated by RT-qPCR and immunoblotting.

Plasmid delivery by transient transfection

Specified expression constructs were delivered using Lipo8000 reagent (C0533; Beyotime). DNA and transfection
reagent were separately diluted in Opti-MEM without serum (31985070; Invitrogen), combined, and incubated
25 min under standard culture conditions to form complexes. These were added to HEK-293T, FHC, or NCM460
cultures at 60—70% confluence (fresh medium added 2 h beforehand). Efficacy was confirmed through qPCR and
protein analysis.

Immunoprecipitation experiments

Cells were solubilized in ice-cold buffer containing protease inhibitors for 30 min, then cleared by centrifugation
(12, 000 rpm, 15 min). Quantified lysates were rotated overnight at 4°C with appropriate primary antibodies
coupled to protein A+G magnetic beads (P2179; Beyotime). Captured immune complexes underwent three washes
in lysis buffer before elution and resolution by SDS-PAGE followed by immunoblot detection.

Immunofluorescence analysis

Cells were plated at a density of 2.5 x 10”4 cells per well on glass coverslips in 24-well plates and subjected to
the specified treatments. Following exposure to compounds, cells underwent three rinses with ice-cold phosphate
buffered saline (PBS), fixation with 4% paraformaldehyde for 10 min, and permeabilization using Saponin
(P0095; Beyotime) for 30 min at room temperature (RT). After blocking with 5% BSA in PBS for 1 h at RT,
samples were incubated overnight at 4 °C with primary antibodies. On the following day, cells were washed three
times in PBST and then exposed to Alexa Fluor®-conjugated secondary antibodies for 2.5 h at RT. Nuclear
counterstaining was achieved using antifade mounting medium containing 2-(4-Amidinophenyl)-6-
indolecarbamidine dihydrochloride (DAPI) (PO131; Beyotime) for 10 min. Fluorescence images were acquired
with either an inverted fluorescent microscope (THUNDER Imaging Systems CN, Leica, Wetzlar, Germany) or
a confocal laser-scanning microscope (Leica).

Lysosomal fractionation
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Lysosomes were purified from cultured cells via differential centrifugation of a light mitochondrial-lysosomal
pellet through a discontinuous metrizamide gradient, employing a modified rapid lysosome isolation kit (LY-034;
Invent Biotechnologies, Eden Prairie, MN, USA) in accordance with the manufacturer's guidelines. The final
purified lysosomal fraction was resuspended in radio immunoprecipitation assay (RIPA) buffer prior to
downstream immunoblot analysis.

Live-cell lysosomal labeling

LysoTracker Red (C1046; Beyotime), a red-fluorescent probe that selectively accumulates in acidic
compartments, was utilized to label lysosomes in living cells and assess intralysosomal pH. Cells were grown in
6 cm dishes until reaching 70%-80% confluence, then exposed to a-hederin, chloroquine (CQ), or Earle's
balanced salt solution (EBSS) (C0214; Beyotime) — or left untreated — for 24 h. Subsequently, cells were
incubated with 50 nM LysoTracker Red for 1 h at 37 °C in the dark. After PBS washing, nuclei were
counterstained with Hoechst 33342 (C1022; Beyotime) for 10 min at RT. Fluorescence images were obtained
using an inverted fluorescence microscope (Nikon Eclipse Ti, Nikon, Tokyo, Japan).

For quantitative assessment of LysoTracker uptake in live cells, excess dye was removed by two PBS washes,
cells were detached using EDTA-free trypsin, rinsed again with PBS, and lysosomal content was quantified by
flow cytometry (Beckman Coulter, Brea, CA, USA) with excitation at 577 nm.

Cell proliferation evaluation

In the cell viability assay, cells were seeded at 2 x 103 cells/well in 96-well plates. After 1, 2, 3, 4, and 5 days of
culture, 10% Cell Counting Kit-8 (CCK-8) (C0037; Beyotime) was added to each well, and absorbance was
recorded at 450 nm on a microplate reader (TECAN SPARK 10 M, TECAN, Ménnedorf, Switzerland).

For colony formation assays, single-cell suspensions were plated at approximately 800 cells/well in 6-well plates
and cultured for 2 weeks. Colonies were fixed with 4% paraformaldehyde for 10 min, stained with 0.1% crystal
violet for 30 min, and then enumerated.

In the EdU incorporation assay, 2.5 x 104 cells/well were seeded in 24-well plates, and EdU-labeled proliferating
cells were detected and imaged using an inverted fluorescence microscope (Nikon Eclipse Ti, Nikon).

Glycolytic enzyme activity measurement

Activities of critical glycolytic enzymes, namely lactate dehydrogenase (LDH) (BC0685) and pyruvate kinase
(PK) (BC0545), were measured following the protocols provided in commercial assay kits from Beijing Solarbio
Science & Technology Co., Ltd. (Beijing, China).

Cytotoxicity screening

To determine suitable drug doses, cells were plated at 8 x 10”3 cells/well in 96-well plates and exposed to varying
drug concentrations for 24 h. Cell cytotoxicity was evaluated using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT) assay as per the manufacturer's instructions (C0009S; Beyotime).

In silico molecular docking

The three-dimensional structure of SNX10 was retrieved from the Protein Data Bank (PDB ID: 4PZG), and that
of DEPDCS from the Protein Data Bank (PDB ID: 6CET). The two-dimensional structure of a-hederin was
obtained from PubChem (PubChem CID: 73296). SNX10 and DEPDCS were designated as receptor proteins,
while a-hederin served as the ligand. Potential protein—protein interactions were predicted via the ZDOCK server.
Docking simulations were conducted with AutoDock 2, involving initial coarse docking by a simulated annealing
approach followed by refinement through a genetic algorithm.

Cellular thermal shift assay (CETSA)

Cells grown in 100-mm dishes until reaching 80% confluence were exposed to DMSO or a-hederin for 6 h.
Following trypsin detachment, cells were resuspended in PBS containing protease and phosphatase inhibitors,
then split into eight equal portions in 200 uL PCR tubes. Each aliquot was subjected to heating at 49, 52, 55, 58,
61, 64, 67, and 70 °C for 5 min using a thermal cycler (Bio-Rad). Soluble proteins were isolated through three
rounds of freeze—thaw cycles in liquid nitrogen, followed by centrifugation at 12, 000 rpm for 10 min. The
resulting supernatants were subjected to Western blot analysis using antibodies targeting SNX10 or DEPDCS.
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Drug affinity responsive target stability (DARTS)

Cells were collected and lysed in RIPA buffer supplemented with protease and phosphatase inhibitors. Equal
volumes of lysate were distributed into five Eppendorf tubes. Samples were then incubated with 0.1% DMSO or
different concentrations of a-hederin for 1 h at room temperature under gentle agitation. Pronase E (25 pg/mL)
was added for proteolytic digestion lasting 30 min. Reactions were terminated by adding SDS-PAGE loading
buffer, and target proteins were detected via Western blotting with antibodies against SNX10 or DEPDCS5.

Statistical evaluation

All data were processed and expressed as mean + standard deviation (SD) using GraphPad Prism 9.0. Comparisons
between two groups were performed with Student's t-test, while multiple groups were analyzed via one- or two-
way analysis of variance (ANOVA) followed by Bonferroni's post-hoc test. Each experiment was repeated
independently at least three times with biological replicates. A value of P < 0.05 was regarded as statistically
significant.

Results and Discussion

Depletion of SNX10 promoted lysosomal-mediated degradation of DEPDCS in FHC and NCM460 cells

In prior work [17], three distinct shRNAs targeting the SNX10 gene were developed to silence SNX10 expression
in FHC and NCM460 cells, generating stable knockdown lines designated shSNX10-1 (sh1), shSNX10-2 (sh2),
and shSNX10-3 (sh3). The lines exhibiting maximal knockdown efficiency—sh1 for FHC and sh2 for NCM460—
were chosen for further experiments. Unexpectedly, DEPDCS protein levels were markedly lower in SNX10-
depleted normal human intestinal epithelial cells (IECs). This led us to propose that SNX10 exerts positive control
over DEPDCS stability. Although the human DEPDCS5 gene (Gene ID: 9681; Mass: 181.264 kDa) produces 13
transcripts and 8 protein isoforms of varying sizes, integration of data from sources including NCBI, MANE,
RefSeq Select, Ensembl, and UniProt consistently identified the transcript NM_001242896.3 as the primary,
canonical, clinically relevant, highly conserved, most abundant, and longest variant. Primers specific to this
transcript were designed to assess DEPDCS expression in SNX10-knockdown IECs. Results revealed a substantial
reduction in DEPDCS5 protein, but no alteration in mRNA levels, in shSNX10 cells (Figures 1a and 1b). To
explore SNX10's role further, a pCR3.1-hSNX10 plasmid carrying an mCherry tag was constructed for
overexpression and rescue studies in shSNX10 lines; successful overexpression was verified by qPCR and
immunoblotting. Re-expression of SNX10 partially restored DEPDCS protein abundance without affecting its
mRNA, indicating post-transcriptional regulation by SNX10.
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Figure 1. Sorting nexin 10 (SNX10) depletion enhanced DEP domain-containing 5 (DEPDCS) protein
turnover in FHC and NCM460 cells. (a) Western blot assessment of SNX10 and DEPDCS protein in shNC
and shSNX10 lines. (b) qPCR measurement of SNX10 and DEPDCS5 mRNA in shNC and shSNX10 cells.
(¢, d) Time-course analysis of DEPDCS stability by Western blotting in FHC shNC and shSNX10-1 (sh1)
cells (¢) and NCM460 shNC and shSNX10-2 (sh2) cells (d) following treatment with cycloheximide (CHX;
30 uM) for 0, 4, 8, and 12 h. (e) Immunoblot detection of DEPDCS5 in shNC and shSNX10 cells after 24 h

exposure to MG-132 (10 uM), bafilomycin A1 (BafA1l; 100 nM), or chloroquine (CQ; 20 uM). Values

represent means + SD. *P < 0.05, *xP <0.01 compared to control; ns: not significant.

Reduced DEPDCS protein could stem from impaired synthesis, accelerated degradation, or both. To test this,
protein translation was blocked with cycloheximide (CHX), and DEPDCS half-life was monitored via CHX chase.
In both cell types, DEPDCS levels declined over time post-CHX, with a notably shorter half-life in shSNX10
compared to shNC cells (Figures 1c¢ and 1d). Thus, SNX10 loss destabilizes DEPDC5 by enhancing its post-
translational breakdown.

To identify the degradation route, inhibitors targeting the two primary eukaryotic systems—proteasome and
lysosome—were employed. shNC and shSNX10 cells were treated with the proteasomal blocker MG-132 (10
puM), or lysosomal inhibitors bafilomycin A1 (100 nM) and CQ (20 pM). In shNC cells, none of these agents
altered DEPDCS levels significantly. In contrast, lysosomal inhibitors (but not MG-132) prevented the DEPDCS
reduction in shSNX10 lines (Figure 1e). These findings demonstrate that SNX10 controls DEPDCS stability
specifically via the lysosomal degradation pathway.

DEPDCS5 served as a chaperone-mediated autophagy (CMA) substrate, forming a complex with SNX10 that
facilitated its recruitment to lysosomes for CMA-dependent degradation

SNX10 is known to critically modulate CMA function [3, 9, 10]. Every CMA substrate harbors KFERQ-like
pentapeptide motifs essential for recognition and degradation through this pathway [7]. These motifs enable
binding to molecular chaperones: heat shock cognate protein 70 (HSC70) identifies the motif in target proteins,
while lysosome-associated membrane protein type 2A (LAMP-2A) on the lysosomal membrane mediates
substrate translocation into the lysosomal lumen for breakdown. To determine whether DEPDCS5 possesses such
motifs, we aligned its amino acid sequences across multiple species (10 representative species shown). The
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analysis revealed two conserved canonical CMA motifs (QKVEF and VRLEQ) (Figure 2a), indicating that
DEPDCS qualifies as a potential CMA substrate and that SNX10 depletion may enhance its degradation via a

CMA -reliant mechanism.

CMAmMo 1 2M bp

HEK-203T
£K-293T HEK-293T
$ f nput P s
p e Input 1P
& B o i P Shcto| - {55 ks
i u o oFay ceme (183108 1
o o ! 18 DEPOCS, N O 161 kDo
-— - 0 . I
d) e) f)
DAPI mChe X10 DEPDCS5-Flag  Merge
ch 1
5
J
2037
\,\ HEK-293T HErca
w Input IP: Flag
= Jopul 19: Flsg 853 :
P .- el S
. GAPDH | - 37 kDa GAPDH | wees  wewe 37 kDa
o LAMP2A TN 145 kDa @ LAMP-2A [Rmee  meal45 kD3
o :- HSCT) WE 71 kDa HSCT0 (e ol 71 kDA
2 g
.J .8
z
h) i) i)
FHC NCM46(
—rtC_ _‘ﬂ_"_’ PR P LAMP-22 DEPOCSHlag Moo WP - COPOCS ) LAMP-2A
U sht 25 5 )] .
¢ " 4
E o4 g ¥ 1
LAMP-24| o D || o - |45 105 e . ! g
) 2 g
—] ) SRS
»nQ.\ "l* e @
L 0 ', Ulstance (um)
Lysosome  Lysosome DEPDCS LAMP-2A DEPOCS LAMP-2A

NCIM460

k25
520 ‘
51 g .
ETS S 2 A
v » & N D
£ R S LA S
g W X & & & &

Figure 2. Depletion of sorting nexin 10 (SNX10) enhanced DEP domain-containing 5 (DEPDCS) turnover
through the chaperone-mediated autophagy (CMA) pathway. (a) Multi-species alignment of DEPDC5
sequences; conserved CMA motifs highlighted in pink. (b) Double restriction digestion verification of
pcDNA3.1(+)-Flag plasmid. bp: base pair; 1: undigested pcDNA3.1(+)-Flag; 2: BgllI-Xhol fragments

(expected sizes: 987/4455 bp); M: DNA marker. (c) Single restriction digestion of pcDNA3.1(+)-DEPDC5-

Flag plasmid. bp: base pair; 1: undigested pcDNA3.1(+)-DEPDC5-Flag; 2: EcoRI fragments (expected sizes:
2153/8095 bp); M: DNA marker. (d) Western blot confirmation of Flag-tagged DEPDCS expression from the
recombinant plasmid. (e, f) Co-immunoprecipitation (Co-IP) validation of DEPDC5-SNX10 interaction using
anti-Flag (e) and anti-SNX10 (F) antibodies. (g) Confocal imaging of DEPDCS and SNX10 co-localization,
with qualitative/quantitative assessment via ImageJ. (h) Co-IP of DEPDCS5 with core CMA pathway
components. (i) Co-IP of DEPDCS5 with CMA components under Earle's balanced salt solution (EBSS)-
stimulated CMA activation. (j) Co-IP of SNX10 with CMA-associated proteins. (k) Lysosomal fractions
isolated from shNC and shSNX10 intestinal epithelial cells (IECs) analyzed by Western blotting with
indicated antibodies. (1) Confocal imaging of DEPDCS and LAMP-2A co-localization, with ImageJ-based
qualitative/quantitative evaluation. (m, n) qPCR (m) and Western blot (n) assessment of CMA-related gene
and protein levels following SNX10 knockdown. Values shown as means £ SD. *P < 0.05, **P < 0.01 versus

188



Moreau and Bernard, SNX10 Promotes Chaperone-Mediated Autophagic Degradation of DEPDCS in Normal Intestinal
Epithelial Cells: Reversal by a-Hederin

shNC. sh1: shSNX10-1; sh2: shSNX10-2; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; LAMP-2A:
lysosome-associated membrane protein type 2A; HSC70: heat shock cognate protein 70.

The preceding evidence establishes that SNX10 governs DEPDCS stability in a lysosome-dependent fashion. We
next examined whether SNX10 actively recruits DEPDCS to lysosomes. To test this and elucidate interactions
between DEPDCS5, SNX10, and CMA components, we employed the empty vector pcDNA3.1(+)-Flag and a Flag-
tagged full-length DEPDC5 construct based on the canonical MANE Select transcript (Gene ID: 9681;
NM 001242896.3; longest isoform; molecular mass: 181.264 kDa) termed pcDNA3.1(+)-DEPDC5-Flag
(Figures 2b and 2¢). Successful expression was confirmed by transfecting HEK-293T cells, harvesting at 72 h
post-transfection, and performing immunoblotting: empty vector samples lacked specific bands, whereas
DEPDCS5-Flag samples displayed a distinct band at approximately 183 kDa (Flag tag ~2.73 kDa, DEPDCS5 ~181
kDa) (Figure 2d), verifying proper plasmid construction and fusion protein production.

Overexpression of DEPDC5-Flag in HEK-293T cells followed by Co-IP with anti-Flag antibody revealed co-
precipitation of endogenous SNX10, demonstrating direct physical association (Figure 2e¢). Reciprocal IP using
anti-SNX10 antibody similarly confirmed this interaction (Figure 2f). Confocal microscopy further showed
substantial cytoplasmic overlap between DEPDCS5 (green) and SNX10 (red), with ImageJ analysis quantifying
robust co-localization (Figure 2g). Collectively, these data establish DEPDCS5 as a novel interacting partner of
SNX10.

Given the presence of two canonical CMA motifs in DEPDCS5 (Figure 2a), we probed its association with core
CMA machinery. Anti-Flag Co-IP pulled down LAMP-2A, HSC70, and GAPDH (a known CMA substrate),
confirming DEPDCS5 engagement with these proteins (Figure 2h). This binding intensified under EBSS-induced
CMA activation (Figure 2i), solidifying DEPDCS5 as a bona fide CMA substrate. Notably, SNX10 sequences
across species lack classic CMA motifs. Reciprocal Co-IP with anti-SNX10 antibody failed to detect direct
LAMP-2A binding but recovered GAPDH and HSC70 (Figure 2j), suggesting SNX10 does not undergo CMA
degradation itself, possibly due to absent motifs or incompatible structure.

To assess lysosomal targeting, purified lysosomal fractions from shNC and shSNX10 IECs were analyzed:
baseline DEPDCS5 association with lysosomes was observed in shNC cells, while shSNX10 fractions exhibited
marked DEPDC5 enrichment alongside elevated LAMP-2A (Figure 2k). Confocal imaging displayed
pronounced cytoplasmic co-localization of DEPDC5 (green) with LAMP-2A (red), corroborated by Imagel
quantification (Figure 21). These findings confirm that DEPDCS is a CMA substrate that associates with key
CMA effectors (e.g., LAMP-2A and HSC70), undergoes lysosomal delivery, and is degraded therein—further
substantiating that SNX10 forms a complex with DEPDCS5 to shuttle it to lysosomes for CMA-mediated
breakdown.

Given that elevated LAMP-2A levels are known to enhance CMA flux and having established DEPDCS5 as a new
CMA target, we next evaluated CMA flux in shNC and shSNX10 lines from FHC and NCM460 cells. Results
indicated lower gene and protein abundance of GAPDH alongside higher levels of HSC70 and LAMP-2A in
SNX10-depleted cells (Figures 2m and 2n), pointing to heightened CMA flux in IECs upon SNXI10 loss.
Furthermore, data from the prior SNX10 rescue study demonstrated that restoring SNX10 expression mitigated
DEPDCS5 protein loss and normalized CMA marker alterations in knockdown lines. Specifically, SNX10
restoration counteracted the rise in HSC70 and LAMP-2A and the drop in GAPDH triggered by depletion,
highlighting SNX10's key role in modulating CMA flux and DEPDCS stability in normal human IECs. As
lysosomal-associated membrane protein-1 (LAMP-1) represents another major lysosomal marker, we assessed its
levels and observed no alteration in protein expression following SNX10 knockdown in FHC and NCM460 cells.
We then tested whether LAMP-1 contributes to SNX10-dependent DEPDCS5 turnover. Data revealed no
association between LAMP-1 and DEPDCS, despite its interaction with SNX10, indicating that the CMA-limiting
factor LAMP-2A—rather than LAMP-1—mediates SNX10-driven DEPDCS5 breakdown, reinforcing DEPDC5
as a CMA target (Figures 2a, 2h, 2i and 21). This suggests SNX10 functions to suppress CMA, despite lacking
direct binding to the CMA-limiting protein LAMP-2A (Figure 2j). Thus, it is plausible that SNX10 modulates
CMA flux via direct association with DEPDCS.

Augmented lysosomal activity from SNX10 depletion drove CMA-dependent DEPDCS turnover
To substantiate the elevated CMA flux in shSNX10 cells (Figures 2m and 2n), we applied EBSS (a CMA
inducer) and CQ (an autophagy blocker). Following 24 h EBSS exposure, shSNX10 cells displayed more
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pronounced reductions in GAPDH and elevations in LAMP-2A and HSC70 relative to shNC cells, accompanied
by intensified CMA flux and marked DEPDCS5 protein loss under EBSS stimulation. As anticipated, CQ
suppressed lysosomal function and halted DEPDCS5 turnover. Notably, when added atop EBSS, CQ elevated
LAMP-2A and HSC70 protein while reversing the declines in DEPDC5 and GAPDH in both shNC and shSNX10
lines; inter-group disparities in DEPDCS, GAPDH, LAMP-2A, and HSC70 levels were diminished or abolished
(Figure 3a). CMA induction manifests as a shift in GAPDH fluorescence from diffuse to punctate upon substrate
delivery to lysosomes, with puncta count serving as a robust CMA metric. Immunofluorescence co-labeling of
native GAPDH (yellow) and LAMP-2A (red) revealed diffuse patterns in shNC cells versus punctate distributions
in shSNX10 cells, where puncta represented GAPDH and LAMP-2A bound to lysosomal surfaces. Puncta
numbers rose substantially, and GAPDH-LAMP-2A overlap intensified markedly, signifying that SNX10 loss
boosted lysosomal autophagy and triggered intracellular CMA (Figure 3b). Critically, GAPDH-LAMP-2A
overlap was evident. This effect intensified after 24 h EBSS treatment. Adding CQ to EBSS attenuated the
pronounced differences in LAMP-2A and GAPDH between shNC and shSNX10 cells. Overall, these data validate
upregulated CMA flux in shSNX10 cells, reinforcing SNX10's pivotal involvement in controlling CMA flux [3,
9, 10].
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Figure 3. Depletion of sorting nexin 10 (SNX10) elevated lysosomal performance and chaperone-mediated
autophagy (CMA) flux. (a) Western blot analysis of DEP domain containing 5 (DEPDC5) and CMA markers
in shNC and shSNX10 cells + chloroquine (CQ) and Earle's balanced salt solution (EBSS) exposure. (b) Co-

labeling of native glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (yellow) and lysosome-associated
membrane protein type 2A (LAMP-2A) (red) in shNC and shSNX10 cells. (c) Representative Lyso-Tracker

Red (50 nM, 1 h) staining images + CQ and EBSS. (d) Flow cytometric quantification of lysosomal activity

via Lyso-Tracker Red (50 nM, 1 h). Values are means + SD. *P <0.05, **P < 0.01 versus control; ns: not
significant. sh1: shSNX10-1; sh2: shSNX10-2; GAPDH: glyceraldehyde-3-phosphate dehydrogenase;
LAMP-2A: lysosome-associated membrane protein type 2A; HSC70: heat shock cognate protein 70.

190



Moreau and Bernard, SNX10 Promotes Chaperone-Mediated Autophagic Degradation of DEPDCS in Normal Intestinal
Epithelial Cells: Reversal by a-Hederin

Lysosomes play a pivotal role in metabolic balance [14]. Our earlier work showed SNX10 governs glucose
utilization in human [ECs [17]. Yet, its influence on lysosomal performance warrants deeper exploration. Impaired
lysosomal activity leads to buildup of undegraded material in the lumen and a compensatory rise in lysosomal
numbers [24]. Immunofluorescence was employed to examine lysosomes in FHC and NCM460 cells £ SNX10,
revealing greater lysosomal abundance in shSNX10 cells marked by LAMP-2A (Figure 3b).

Lysosomes require a low internal pH to enable optimal function of their hydrolytic enzymes, critical for substrate
breakdown. Given SNX10's established role in endosomal/lysosomal trafficking [5, 6] and its known association
with V-ATPase [25], we investigated whether heightened DEPDCS5 turnover in shSNX10 IECs resulted from
exaggerated acidification of endosomal/lysosomal compartments. To test this, lysosomal content was assessed
using Lyso-Tracker Red, a cell-permeable red-fluorescent dye that selectively accumulates in acidic organelles,
providing specific visualization of functional lysosomes. Consistent with our prediction, SNX10 depletion
markedly elevated lysosomal mass in both FHC and NCM460 cells (Figure 3c). This observation was
corroborated by flow cytometry, which detected greater uptake of the dye (Figure 3d). Staining intensity further
increased in both shNC and shSNX10 cells upon EBSS exposure. Subsequent application of CQ to block
endosomal/lysosomal acidification reduced Lyso-Tracker Red signal in both groups; nevertheless, shSNX10 cells
retained higher lysosomal staining than shNC cells even when co-treated with EBSS and CQ (Figures 3¢ and
3d). Additionally, flow cytometry revealed that overexpressing DEPDCS5 diminished lysosomal mass in shSNX10
IECs. Collectively, these data establish that SNX10 loss stimulates lysosome biogenesis, elevates lysosomal
numbers and functionality in FHC and NCM460 cells, thereby augmenting hydrolytic capacity and accelerating
CMA-dependent DEPDCS5 breakdown via the lysosomal route. In summary, our evidence indicates that SNX10
depletion drives lysosome biogenesis and boosts lysosomal quantity and performance in FHC and NCM460 cells,
favoring enhanced activity of lysosomal hydrolases and thus facilitating CMA-orchestrated DEPDCS degradation
through lysosomal mechanisms.

Depletion of SNX10 enhanced lysosomal membrane recruitment of mTORCI and stimulated mTORC1 signaling
Lysosomes serve as key platforms for mTORCI activation [15]. Recruitment of mTORCI to the lysosomal
membrane triggers its activation, whereas dissociation suppresses activity. We therefore assessed the impact of
SNX10 loss on mTORCI1 lysosomal positioning and observed substantially greater overlap between lysosome-
associated membrane protein 2 (LAMP2) (red) and mTOR (yellow) in shSNX10 IECs (Figure 4a), indicating
that SNX 10 knockdown promotes mTORC1 accumulation on lysosomal surfaces and thereby activates mTORCI
signaling.
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Figure 4. Loss of sorting nexin 10 (SNX10) facilitated lysosomal membrane association of mammalian target
of rapamycin complex 1 (mTORC1), leading to pathway activation. (a) Confocal imaging of mammalian
target of rapamycin (mTOR) (yellow) and lysosome-associated membrane protein 2 (LAMP2) (red) co-
localization in shNC and shSNX10 IECs, with Pearson's correlation quantified via ImagelJ. (b) Western blot
assessment of phosphorylation status of DEP domain containing 5 (DEPDCY) in IECs following SNX10
depletion. (c) Protein levels of mTORC]1 pathway components in shNC and shSNX10 [ECs. (d) Western blot
detection of mTORC 1-related proteins post-rapamycin exposure. (¢) Lysosomal fractionation followed by
immunoblotting to evaluate mMTORCI1 lysosomal recruitment in FHC and NCM460 lines + SNX10
knockdown. Values are means = SD. *P < 0.05, **P < 0.01 versus control. sh1: shSNX10-1; sh2: shSNX10-
2; Raptor: regulatory-associated protein of mTOR; GBL: G protein B-subunit-like protein.

DEPDCS functions as an upstream suppressor of mTORCI. Prior reports indicate that phosphorylation at Ser1002
and Ser1530 by AKT1 and PIM1 impairs DEPDCS function, relieving mTORCI restraint [26]. We detected
elevated DEPDCS5 phosphorylation specifically at Ser1002 in SNX10-depleted cells (Figure 4b), providing
additional evidence for mTORC]1 pathway stimulation in normal human IECs upon SNX10 loss. The core
mTORCI1 complex comprises mTOR, G protein B-subunit-like protein (GBL), and regulatory-associated protein
of mTOR (Raptor). As anticipated, ratios of p-mTOR/mTOR (at Ser2448), p-4EBP1/4EBP1 (at Thr37/46), along
with protein levels of Raptor, GBL, and p70S6K were all upregulated (Figure 4c¢). Treatment with 2 pM
rapamycin, a selective mTORCI1 inhibitor, effectively suppressed this hyperactivation in shSNX10 IECs (Figure
4d), confirming pathway engagement following SNX10 depletion. Moreover, restoring SNX10 expression
normalized the aberrantly elevated mTORCI activity in knockdown lines.

To substantiate these findings, lysosomes were purified, total lysosomal proteins extracted, and levels of mMTORC1
subunits (mTOR, GBL, Raptor) evaluated by immunoblotting. Markedly higher abundance of these components
was observed in lysosomal fractions from shSNX10 compared to shNC cells (Figure 4e), indicating substantial
mTORCI clustering on lysosomal membranes and robustly supporting mTORCI activation in SNX10-deficient
IECs.

As the primary cellular energy-sensing cascade, mMTORCI1 signaling governs energy homeostasis, proliferation,
protein synthesis, and autophagy, among others [15]. Heightened mTORCI activity in SNX10-knockdown lines
correlated with increased proliferation rates. Rescue experiments showed that SNX10 re-expression decelerated
growth, impaired colony-forming capacity, while rapamycin mitigated the proliferation surge in shSNX10 cells.
These results establish that the enhanced proliferative phenotype in SNX10-depleted IECs stems directly from
intracellular mMTORC1 pathway activation.
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o-hederin suppressed the enhancement of lysosomal performance and CMA induction triggered by SNXI0
depletion

SNX10 participates in controlling the endosomal/lysosomal trafficking essential for CMA [5, 6]. No prior
investigations have explored whether a-hederin modulates lysosomal processes or influences CMA flux. To probe
a-hederin's impact on lysosomes, we first identified suitable dosing (Figure 5a) and then monitored lysosomal
alterations in a-hederin-exposed shSNX10 cells. Lyso-Tracker Red labeling revealed a substantial drop in average
fluorescence intensity following a-hederin exposure in shSNX10 cells, signifying reduced lysosomal acidification
(Figure 5b), a finding validated by flow cytometry (Figure 5c¢). As detailed in Figures 2 and 3, SNX10 loss
expedited CMA-dependent DEPDCS turnover via lysosomal mechanisms. We next assessed a-hederin's influence
on CMA stimulation in shSNX10 cells. a-hederin exposure progressively elevated GAPDH levels while reducing
SNX10, LAMP-2A, and HSC70 abundance, concurrently blocking DEPDCS5 protein loss (Figure 5d).
Immunofluorescence confirmed that the aberrant rise in HSC70 seen in SNX10-depleted cells was reversed by a-
hederin (Figure Se). Collectively, these observations offer initial proof that a-hederin curbs heightened lysosomal
activity by boosting SNX10 levels, thereby dampening CMA flux and halting DEPDCS5 breakdown in shSNX10
cells. For robust confirmation, total proteins were isolated from shNC and shSNX10 cells under basal conditions,
EBSS stimulation, and/or medium-dose a-hederin, then probed for LAMP-2A, HSC70, and GAPDH (Figure 5f).
Outcomes demonstrated aberrant CMA hyperactivation post-SNX10 depletion, further amplified by EBSS, but
mitigated by o-hederin. These patterns establish that a-hederin counteracts the augmented lysosome formation
and elevated CMA flux induced by SNX10 loss.
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Figure 5. a-hederin (a-hed) blocked sorting nexin 10 (SNX10)-driven lysosomal turnover of DEP domain

containing 5 (DEPDCS) by suppressing chaperone-mediated autophagy (CMA) flux. (a) Viability of FHC
shSNX10-1 (sh1) and NCM460 shSNX10-2 (sh2) cells assessed via 3-(4, 5-dimethylthiazol-2-yl)-2, 5
diphenyl tetrazolium bromide (MTT) assay after 24 h exposure to 0, 5, 10, 20, 40, and 80 uM a-hed. Half-
maximal inhibitory concentration (IC50) values calculated and indicated. (b, c) a-hed effects on lysosomal
performance evaluated by immunofluorescence (b) and flow cytometry (c). (d, e) Influence of a-hed on CMA
flux in shSNX10 cells measured by Western blotting (d) and immunofluorescence (e). (f) CMA status in
shNC and shSNX10 cells + Earle's balanced salt solution (EBSS) and/or a-hed assessed via immunoblotting.
Values shown as means + SD. *P < 0.05, P < 0.01 versus control, #P < 0.05, ##P < 0.01 versus shSNX10.
a-hed L: low-dose a-hederin; a-hed M: medium-dose a-hederin; a-hed H: high-dose a-hederin; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase; LAMP-2A: lysosome-associated membrane protein type 2A;
HSC70: heat shock cognate protein 70.
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o-hederin, serving as a direct binder of SNX10 and DEPDC), suppressed mTORCI signaling by blocking CMA-
dependent DEPDCS turnover

As an upstream inhibitor of mTORC1, DEPDCS5's involvement and mechanisms in oncogenesis, particularly
colorectal cancer (CRC), remain underexplored. Given our discovery of physical SNX10-DEPDCS association,
we analyzed their protein correlation in colon adenocarcinoma (COAD; n=457) using the TIMER database,
revealing a positive relationship (Figure 6a). We further quantified SNX10 and DEPDCS in normal human IECs
versus CRC lines via qPCR and immunoblotting, detecting reduced abundance of both in malignant cells relative
to normal counterparts (Figures 6b and 6¢). This aligns with earlier findings of diminished SNX10 in CRC patient
tumors versus adjacent tissue [3] and lower DEPDCS5 in CRC specimens [19]. A Pearson's plot yielded an R value
of 0.7670 (Figure 6d), confirming robust positive correlation. Thus, SNX10 not only physically interacts with
DEPDCS (Figures 2e, 2f, 2g and 1j) but also exhibits coordinated expression.
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Figure 6. a-hederin (o-hed) restrained mammalian target of rapamycin complex 1 (mTORCI1) signaling by

preventing chaperone-mediated autophagy (CMA)-driven degradation of DEP domain containing 5
(DEPDCS). (a) Protein correlation between sorting nexin 10 (SNX10) and DEPDCS evaluated via TIMER
database. (b, ¢) SNX10 gene and protein levels in normal human intestinal epithelial cells (IECs) and
colorectal cancer (CRC) lines determined by quantitative real-time polymerase chain reaction (qPCR) (B) and
Western blotting (c). (d) Pearson's correlation analysis of SNX10 and DEPDCS. (E, F) 3D and 2D molecular
docking of a-hed with SNX10 (e) and DEPDCS (f). (g) 3D and 2D docking of a-hed with the SNX 10—
DEPDCS complex. (h, i) Cellular thermal shift assay (CETSA) evaluation of SNX10 (h) and DEPDCS (i)
thermal stability. (j) Drug affinity responsive target stability (DARTS) confirmation of a-hed binding to
SNX10 and DEPDCS. (k) Confocal assessment of mammalian target of rapamycin (mTOR) (yellow) and
lysosome-associated membrane protein 2 (LAMP2) (red) overlap in FHC shSNX10-1 (sh1) and NCM460
shSNX10-2 (sh2) cells + a-hed, with Pearson's correlation via ImagelJ. (1) a-hed impact on SNX10 mRNA.
(m) a-hed effects on SNX10 and DEPDCS protein abundance. (n) mTORCI status in shNC and shSNX10
cells + Earle's balanced salt solution (EBSS) and/or a-hed via immunoblotting. (o, p) Co-immunoprecipitation
(Co-IP) detection of DEPDCS5 associations with heat shock cognate protein 70 (HSC70) (O) and lysosome-
associated membrane protein type 2A (LAMP-2A) (P) in o-hed-treated shSNX10 cells, analyzed by Western
blotting. (q) Viability via MTT assay over time for shNC and shSNX10 cells in EBSS. (r, s) Co-IP evaluation
of SNX10-DEPDCS interaction + a-hed in FHC sh1 and NCM460 sh2 cells using anti-SNX10 (r) and anti-
Flag (s) antibodies, with input/immunoprecipitate levels assessed by immunoblotting. Values are means + SD.
*P < 0.05, #*+P < 0.01 versus control, #P < 0.05, ##P < 0.01 versus shSNX10. DMSO: dimethyl sulfoxide;
mTOR: mammalian target of rapamycin; GBL: G protein -subunit-like protein; p70S6K: p70 ribosomal S6
kinase.

Since a-hederin elevated SNX10 abundance alongside DEPDCS stabilization (by blocking its turnover) (Figure
5d), we conducted in silico docking to explore binding modes. Interactions of a-hederin (PubChem CID: 73296)
with SNX10 (PDB ID: 4PZG) or DEPDCS5 (PDB ID: 6CET) were simulated, designating proteins as receptors
and o-hederin as ligand (Figures 6e and 6f). Docking yielded Vina scores of —9.4 for SNX10 and —9.8 for
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DEPDCS3, signifying robust affinity. Given prior evidence of SNX10-DEPDCS5 association (Figure 2) and their
positive expression correlation (Figures 6a and 6d), we extended docking to the SNX10-DEPDCS5 complex
(protein—protein pose predicted via ZDOCK server), obtaining a Vina score of —10.2 (Figure 6g). To confirm
direct binding experimentally, cellular thermal shift assay (CETSA) and drug affinity responsive target stability
(DARTS) were performed. CETSA demonstrated that a-hederin markedly improved thermal stability of both
SNX10 (Figure 6h) and DEPDCS5 (Figure 6i) versus DMSO control. DARTS similarly revealed protection of
both proteins from Pronase E digestion by a-hederin (Figure 6j). These results establish direct physical
engagement of a-hederin with SNX10 and DEPDCS.

As established in Figure 4, SNX10 depletion drove mTORCI recruitment to lysosomal membranes and pathway
stimulation. o-hederin exposure substantially diminished overlap between LAMP2 (red) and mTOR (yellow)
(Figure 6k) while increasing SNX10 mRNA (Figure 6l) and protein levels (Figure 6m). To link mTORCI
hyperactivation in shSNX10 cells to CMA flux, proteins were harvested from shNC and shSNX10 lines + EBSS
and/or medium-dose a-hederin, then probed for mTOR, p-mTOR, GBL, and p70S6K. EBSS further amplified
mTORCI signaling in knockdown cells, whereas a-hederin countered this elevation (Figure 6n). Co-IP further
showed weakened DEPDCS5 binding to HSC70 and LAMP-2A post-a-hederin in shSNX10 cells (Figures 6o and
6p), indicating that mTORC1 upregulation from SNX10 loss requires CMA engagement and is reversible by a-
hederin via SNX10 restoration. Heightened mTORCI1 activity in knockdown lines promoted rapid proliferation.
Even under EBSS-induced starvation, shSNX10 cells outgrew shNC counterparts, implying enhanced survival in
nutrient scarcity (Figure 6q). Given DEPDCS5 turnover in shSNX10 cells and its mTORC1-suppressive role, we
overexpressed DEPDCS in knockdown lines and assessed growth via CCK8, colony formation, and EdU labeling.
Overexpression curtailed the proliferation surge, consistent with DEPDCS as an interacting partner (Figures 2e,
2f, and 2j) and co-expressed protein (Figures. 6a and 6d) of SNX10.

Synthesizing our data, we posited a ternary complex involving a-hederin, SNX10, and DEPDCS5. Co-IP testing
this revealed that a-hederin disrupted SNX10-DEPDCS5 association (Figures. 6r and 6s), thereby preserving
DEPDC5 from CMA degradation (Figure 6m), reducing mTORCI1 lysosomal docking (Figure 6k), and
ultimately blunting mTORCI1 activation in shSNX10 IECs (Figure 6n).

o-hederin normalized heightened glycolysis in SNX10-depleted IECs

mTORCI influences glucose and amino acid metabolism downstream via transcription factors like MYC proto-
oncogene (c-Myc), often overexpressed in cancers [27, 28]. Glycolytic targeting represents a promising
therapeutic avenue [29]. Key enzymes include lactate dehydrogenase A (LDHA) and pyruvate kinase M2 (PKM2)
[30]. LDHA is c-Myc-regulated; its upregulation in tumors drives progression [31]. c-Myc also engages PKM2
to control the terminal glycolytic step and boosts expression of GLUT-1, LDHA, and hexokinase genes [32].
Elevated PKM2 enhances glucose consumption and lactate output, supporting tumor growth [33].

In shSNX10 lines, c-Myc levels rose, accompanied by increased LDHA and PKM2 (Figures 7a and 7b). SNX10
restoration lowered protein abundance of these factors and reduced or normalized their mRNA relative to vector
control. Enzymatic assays confirmed heightened lactate dehydrogenase (LDH) and pyruvate kinase (PK) activities
in shSNX10 IECs (Figure 7c¢), which declined upon SNX10 re-expression and was corroborated by
immunofluorescence, affirming suppression of c-Myc-driven glycolytic effectors. a-hederin exposure diminished
the intensified LDHA and PKM2 signals in shSNX10 cells, aligning with activity measurements showing elevated
LDH and PK in knockdowns that reverted toward shNC levels dose-dependently with a-hederin (Figure 7f).
gPCR and immunoblotting across a-hederin doses similarly revealed reversal of upregulated c-Myc, LDHA, and
PKM2 mRNA and protein in shSNX10 cells, approaching control levels (Figures 7g and 7h). Thus, a-hederin
counteracted the aberrant elevation of pivotal glycolytic enzymes LDH and PK in SNX10-deficient IECs.
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Figure 7. Influence of a-hederin (0-hed) on glycolytic activity in sorting nexin 10 (SNX10)-depleted cell
lines. (a, b) Levels of glycolytic regulators, including MY C proto-oncogene (c-Myc), lactate dehydrogenase
A (LDHA), and pyruvate kinase M2 (PKM2), were assessed by Western blotting (A) and quantitative real-

time polymerase chain reaction (qQPCR) (b). (c) Activities of lactate dehydrogenase (LDH) and pyruvate

kinase (PK) were quantified using commercial kits in shNC and shSNX10 cells. (d, e) Effects of a-hed on
LDHA (d) and PKM2 (e) abundance in shSNX10 cells evaluated via immunofluorescence. (f) Impact of a-
hed on enzymatic function in shSNX10 cells. (g, h) a-hed modulation of c-Myc, LDHA, and PKM2
expression in shSNX10 cells measured by qPCR (g) and Western blotting (h). Values are means + SD. *P <
0.05, *xP < 0.01 versus shNC, #P < 0.05, ##P < 0.01 versus shSNX10. a-hed L: low-dose a-hederin; o-hed
M: medium-dose a-hederin; a-hed H: high-dose a-hederin. sh1: shSNX10-1; sh2: shSNX10-2.

Colorectal cancer (CRC) currently represents a major public health challenge, severely impacting population well-
being [1]. It typically arises from cumulative alterations in normal intestinal epithelial cells (IECs) triggered by
diverse stressors, including metabolic imbalances [34], persistent inflammation [35], microbial imbalance [36],
dysregulated immunity [37], and hereditary predispositions or acquired mutations [38] that inactivate suppressors
or activate oncogenes. To endure such hostile conditions, normal IECs adapt through altered proliferation,
autophagy, and metabolism. Prolonged exposure to these insults can drive genetic instability, culminating in
neoplastic transformation.

SNX10 acts as a suppressor in CRC [3, 4] and critically modulates chaperone-mediated autophagy (CMA) flux
[3,9, 10], a process markedly elevated in CRC lines [4, 13]. CMA selectively degrades proteins bearing KFERQ-
like motifs via chaperone-assisted lysosomal delivery [14], with lysosomes functioning as central metabolic nodes
that control pathways like mTORCI [15]. Our earlier work revealed that SNX10 depletion in normal human IECs
abnormally boosted proliferation and glucose utilization, reduced DEPDCS5 protein, and showed reversal by o-
hederin. This implied potential SNX10 control over DEPDC5—a suppressor in gastrointestinal tumors [18]—
possibly linked to IEC malignant progression. The precise regulatory mechanism and a-hederin’s involvement
remained unclear, prompting us to explore early CRC drivers. Here, we established that SNX10 loss lowers
DEPDCS5 protein via post-transcriptional means and lysosomal routing (Figure 1). DEPDCS harbors two
conserved CMA motifs (QKVEF and VRLEQ) across species (Figure 2a), qualifying it as a novel CMA target
confirmed by Co-IP (Figures 2h and 2i), lysosomal fractionation (Figure 2k), and confocal analysis (Figure 21).
We newly identified DEPDCS5 as an SNX10 partner (Figures 2e, 2f, 2g, and 2j), with SNX10 governing CMA
by direct binding and lysosomal shuttling of DEPDCS5 (Figures 2 and 3). We also first demonstrated positive
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SNX10-DEPDCS expression correlation (Figures 6a and 6d). Together, these reveal a previously unknown post-
translational control of DEPDCS5 by SNX10.

Lysosomes serve as key platforms for mTORCI signaling [14, 15]. Our prior data linked SNX10 to IEC glucose
handling [17], but lysosomal regulation needed clarification. Presently, we showed SNX10 depletion augments
lysosomal performance and CMA flux, driving DEPDC5 CMA turnover (Figure 3). As an upstream mTORCI1
inhibitor [39], reduced DEPDCS5 from SNX10 loss promoted mTORCI1 lysosomal membrane association (Figures
4a and 4e) and pathway stimulation (Figure 4c), validated by rapamycin blockade (Figure 4d).

Enhanced CMA has been tied to elevated glycolysis supporting rapid growth in lung [40], breast [12], and
colorectal cancers [13]. We observed heightened glycolysis in SNX10-depleted cells via increased LDH and PK
activity (Figures 7a-7¢). SNX10 restoration mitigated DEPDCS loss, mMTORCI activation, and glycolytic surge,
confirming SNX10’s roles and CMA—glycolysis interplay in normal IECs.

a-hederin’s actions on lysosomal turnover and CMA remain largely unstudied. We demonstrated o-hederin curbs
heightened lysosomal activity and blocks CMA-driven DEPDCS5 breakdown in SNX10-deficient cells (Figure 5),
consequently suppressing mTORC]1 (Figure 6). Building on established SNX10-DEPDCS5 binding (Figure 2)
and correlation (Figures 6a and 6d), we newly proved direct a-hederin engagement with both proteins (Figures
6h-6j). Further, we uncovered ternary interplay: a-hederin disrupts SNX10-DEPDCS5 association (Figures 6r
and 6s), preserving DEPDCS5 (Figure 6m). This, alongside weakened DEPDCS5 links to HSC70 and LAMP-2A
post-o-hederin (Figures 60 and 6p), halts CMA-mediated loss, reduces mTORC]1 lysosomal recruitment (Figure
6k), and dampens pathway activity (Figure 6n). Resultantly, o-hederin counters accelerated growth, enhances
nutrient-stress resilience (Figure 6q), and normalizes glycolysis (Figure 7) in shSNX10 IECs by elevating
SNX10 and stabilizing DEPDCS. Overall, a-hederin impedes CMA-dependent DEPDCS5 turnover through
SNX10 upregulation and complex disruption, thereby restraining mTORC1/c-Myc signaling and downstream
glycolysis, ultimately hindering IEC oncogenic conversion (Figure 8).

Malignantly
transformed
IECs

-

IECs
Figure 8. Schematic illustrating the mechanism by which a-hederin normalizes glycolytic flux and blocks
oncogenic progression in normal human intestinal epithelial cells (IECs). SNX10: sorting nexin 10;
DEPDCS: DEP domain containing 5; HSC70: heat shock cognate protein 70; LAMP-2A: lysosome-
associated membrane protein type 2A; mTORC1: mammalian target of rapamycin complex 1; IECs:
intestinal epithelial cells; c-Myc: MYC proto-oncogene; LDHA: lactate dehydrogenase A; PKM2: pyruvate
kinase M2.

Our investigations newly establish SNX10 as a critical modulator of DEPDCS, demonstrating both positive
expression correlation and robust physical association. We further uncover an undisclosed function of SNX10 in
facilitating CMA-dependent DEPDCS5 turnover, along with the interplay linking CMA to glycolysis and
potentially to IEC oncogenic conversion. These observations position SNX10 and DEPDCS5 as attractive
therapeutic candidates for CRC interception and management, while revealing substantial promise for a-hederin
in countering IEC malignant progression through SNX10 elevation and consequent DEPDCS stabilization.
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Overall, this work offers fresh insights into a-hederin’s protective effects against IEC oncogenic shift,
underscoring the central contribution of SNX10-orchestrated CMA—glycolysis crosstalk to malignant evolution,
the value of SNX10 in illuminating initial CRC triggers, and the importance of SNX10-driven CMA-mediated
DEPDCS breakdown as a novel process in CRC initiation and advancement.

Conclusion

We are the first to demonstrate that a-hederin suppresses CMA flux via upregulation of SNX10, thereby
preventing lysosomal-mediated DEPDCS loss, restraining mTORCI activation, and subsequently modulating IEC
glycolysis. These results carry important ramifications for strategies aimed at averting oncogenic transformation
of normal human intestinal epithelial cells.
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