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Figure S1. Characterization of PD-Cy3. (A) HepG2 cells stained with PD-Cy3 were observed under confocal microscopy
with or without pre-treated with PD (6 uM). (B) Binding affinity of PD to lysosome was assessed using a fluorescence
competition assay. After pretreated with PD at various concentrations (0-6 uM), fluorescence intensity of PD-Cy3 loaded
HCC cells was determined by flow cytometry. Cy3 serves as negative control. (C) The cytotoxicity of PD-Cy3 was

determined by WST-1 assay. All data are presented as the mean + SD; P < 0.01; P < 0.01; ™ P < 0.001.
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Figure S2. Evaluation of the toxic effect of PD on animal. (A) Body weight of nude mice during the experimental period.
(B) Serum ALT and AST levels in PD-treated mice were compared with the vehicle-treated mice (n = 3). (C) Hematoxylin
and eosin (H&E) staining of the lung, heart, liver and kidney collected from the mice of the treatment groups and the control

group. All data are presented as the mean & SD.
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Figure S3. Proteomic analysis of PD-regulated DEPs. (A) The proteins were subjected to a PLGEM model. PLGEM

fitting of the abundance of PD-regulated proteins. Histogram of residuals of identified proteins. Residual distribution along
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with the rank of mean abundances. Q—Q plot of the residual versus standard normal. (B) Violin plot analysis comparing the
distribution of the quantified proteins in the control and PD groups from three biological replicates. The red group represents
the PD groups, whereas the blue group represents the control groups. (C) Heatmap showing the expression of DEPs including
upregulated proteins and downregulated proteins. (D) GO (cellular components) enrichment analysis of the 247 up-regulated

proteins in PD group.

A ctrl PD Zoom B
100 I HepG2 Ml Hep3B
o
(O] _ Hkk
o) 3804 r“‘ -
a4 e 3
o =1
o 60
5
el
& 40
= 8
o o £ 2
3 & 207 g
= m N |
pa 2
Ctrl PD Ctl PD
Ctrl PD (1.5 uM) PD (3 uM) _ 8- i
19
58 .|
85 °
c =
© QO o
5™
S0
T2 2-
es
s I ]
PD (uM) 0 1.5 3
251 X
SR
33
3t
o8
2 =
82
Q 3
rC ©
PD (uM) 0
HepG2 Hep3B
HepG2 Hep3B
PDEM) 0 15 3 6 0 15 3 6 ep ep
ATG5 PD(h) 0 4 8 122448 0 4 8 1224 48
e e e
-e -ae AT65|—--“-||—---...|
LC3-l LCa-|
LOB-1I [ || o ——— LC3-II -‘ Q
PE2 | w——— | - — - PE2 [ e - - —— - —— -
Actin ----”---‘ At "’0"°-||o.....|

Figure S4. PD triggers the accumulation of autophagosomes in HCC cells. (A) Effect of PD on EGFP-LC3 puncta

examined by confocal microscopy. At least 30 cells were counted for analyzing the number of EGFP-LC3 dots in each




condition. (B) IHC staining for LC3 in xenograft tumor tissues from PD (i.p. 2 mg/kg)- and vehicle-treated mice. (C) TEM
was performed to compare the morphology of autophagosomes in HepG2 treated with different concentrations of PD for 24
h, the relative number of autophagosomes and the diameter of lysosomes were statistically analyzed, respectively. All data

*okk

are presented as the mean = SD; "P < 0.05; ™P < 0.01; P < 0.001. (D) Western blot analysis of the expressions of ATG5,
LC3I/II and p62 in the HCC cells treated with PD (0-6 uM, 24 h). (E) Western blot analysis of the expressions of ATG5,

LC3I/1I and p62 in the HCC cells treated with PD (3 uM) for indicated time points.
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Figure S5. PD impairs the lysosome clearance ability accompanied with apoptosis-like LCD in HCC cells. (A) HepG2
cells with or without PD (1.5 uM) treatment were LLOMe-treated for 1 h and released for indicated times. Percentage of

cells with Gal3-positive lysosomes were quantified for three independent experiments. Data were presented as the mean +
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standard deviation; *P < 0.01; (B) Western blot analysis of pro-caspase 3, cleaved-caspase 3, pro-PARP and cleaved-PARP
expressions in HepG2 and Hep3B cells treated with indicated concentrations of PD for 24 h. (C, D) HCC cells were treated
with indicated concentrations of PD for 24 h, the apoptotic cells were detected by caspase-3/7 activity assay (C) and Annexin
V-FITC/PI double staining assay (D) using flow cytometry. (E-G) HCC cells were treated with 3 pM PD in the presence or
absence of zZVAD-FMK (10 uM), then apoptotic cells were analyzed by flow cytometry (E), the cell viability was determined
by WST-1 assay (F), the apoptotic markers including pro-caspase 3 and cleaved-caspase 3 were analyzed by western blotting

(G). Data are presented as the mean + SEM for (C-F); *P < 0.05; ™P < 0.01; ™P < 0.001.
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Figure S6. Evaluation of the toxic effect of PD and sorafenib on xenograft model. (A) Body weight of nude mice during

H&E staining

the experimental period (n = 6). (B) Serum ALT and AST levels in PD and/or sorafenib-treated mice were compared with
the vehicle-treated mice (n=3). (C) Hematoxylin and eosin (H&E) staining of the lung, heart, liver and kidney collected from

the mice of the treatment groups and the control group. All data are presented as the mean + SD.
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Figure S7. The effect of SMPD1 knockout and SMPD1 mutations on tumor proliferation. (A) SMPD1 was successfully



knocked out (KO) in HepG2 and Hep3B, as detected by western blotting. (B) SMPD1-KO cells were reintroduced with
GFP-tagged SMPD1WT, SMPD1'136AF140A SMPD1W48A or SMPD153%A and the expression of SMPD1-GFP was detected
by western blotting. (C) The cell proliferation in the both HCC cells with or without SMPD1 knockout was compared by
WST-1 assay. (D) The HepG2 and Hep3B with or without SMPD1 knockout were treated with indicated concentrations of
PD for 24 h, the cell viability was then determined by WST-1 assay. (E) The cell viability of HepG2 and Hep3B cells with
indicated treatment was determined by WST-1 assay. (F) The cellular sphingomyelin level in HepG2, Hep3B and LO2 cells
were measured by using fluorimetric sphingomyelin assay kit. (G) Cell viability of HCC cells with different SMPD1 mutants
compared to SMPD1-KO. (H) Colony formation assay was performed to determine the abilities to form colonies of the
indicated cell lines. (1) The lysosomal injury in HepG2 cells with SMPD1-KO, SMPD1%T and SMPD1%!4A were detected
by Gal3 imaging. At least 30 cells were counted for analyzing the number of Gal3 dots in each condition. All data are
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presented as the mean = SD; "P < 0.05; ™P < 0.01; ™™P < 0.001; n.s., no significance.
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Figure S8. Analysis of bind



on SMPD1, the residues with high docking count were shown in red. The hydrophobic count (B) and hydrogen bond count
(C) were respectively shown in bar chart. (D) The hydrophily and hydrophobicity of surface groove of SMPD1 occupied by
PD were analyzed by Discovery Studio software. (E) 2D diagram showing the interactions between PD and SMPD1 residues,

the formed bonds were presented by indicated colors.

PD (uM)

Cell viability (%)

WT  1136/F140A W148A  E390A WT  [136/F140A W148A  E390A

B SMPD1WT SMPD{ W48

B SMPD1WT
< 1207 1207 B SMPD1"eA
§ 1001 § 1001
£ 801 £ 80
S 8
2> 601 > 60
9 Ke]

8 404 S 40
(9} [
=2 =
5 204 5 204
() [}
[ T

PD

n

Figure S9. The effect of SMPD1 mutations in response to PD stimuli. (A) SMPD1-KO cells reintroducing SMPD1%T,
SMPD1'136/F140A  SMPD1W8A or SMPD1E3%A were treated with indicated concentrations of PD, and the cell proliferation
ability was detected by WST-1 assay. (B) SMPD1-KO cells with reintroduced SMPD1WT or SMPD1W48A were treated with
indicated concentrations of PD, and the colony formation assays were performed. All data are presented as the mean + SD;

P <0.05; ™P < 0.01; ™P < 0.001; n.s., no significance.
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Table S1. Correlation between TMEM192 expression levels and clinicopathological parameters in 80 cases of HCC.

Variable n Low TMEM192 High TMEM192 P value
Age (years) 0.362
<55 35 18 17
>55 44 17 27
Gender 0.779
Female 16 6 10
Male 64 29 35
T-Stage 0.0122
12 39 21 18
3/4 27 6 21
N-Stage 1.000
NO 79 35 44
N1-2 1 0 1
M-Stage 0.2524
MO 77 35 42
M1 3 0 3
Pathologic stage 0.0018
Stages I & 11 41 25 16
Stages 111 & IV 39 10 29
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Table S2. 14 known compounds for building the lysosomotropic pharmacophore.

Compound name

Molecular formula

SMILES

References

3CCCC3

Amiodarone C25H2912NO3 CCCCC1=C(C2=CC=CC=C201)C(=0)C3=CC(=C(C(= 1
C3)I)OCCN(CC)CC)I
Astemizole C28H31FN40 COC1=CC=C(C=C1)CCN2CCC(CC2)NC3=NC4=CC= 2
CC=C4N3CC5=CC=C(C=C5)F
Bepridil C24H34N20 CC(C)COCC(CN(CC1=CC=CC=C1)C2=CC=CC=C2)N 3

Chlorpromazine

C17H19CIN2S

CN(C)CCCN1C2=CC=CC=C2SC3=C1C=C(C=C3)CI

Chloroquine

C18H26CIN3

CCN(CC)CCCC(C)NC1=C2C=CC(=CC2=NC=C1)CI

Clomifene citrate

C32H36CINO8

CCN(CC)CCOC1=CC=C(C=C1)C(=C(C2=CC=CC=C2
)C1)C3=CC=CC=C3.C(C(=0)0)C(CC(=0)0)(C(=0)0)

Loratadine

C22H23CIN202

CCOC(=0)N1CCC(=C2C3=C(CCC4=C2N=CC=C4)C=
c(c=c3)clcel

CC(CN1C2=CC=CC=C2CCC3=CC=CC=C31)CN(C)C

(-)-Mefloquine C17H16F6N20 C1CCNC(C1)C(C2=CC(=NC3=C2C=CC=C3C(F)(F)F) 7
C(F)(F)F)O
Quinacrine C23H30CIN30 CCN(CC)CCCC(C)NC1=C2C=C(C=CC2=NC3=C1C= 8
CC(=C3)Cl)oC

Sertraline C17H17CI2N CNC1CCC(C2=CC=CC=C12)C3=CC(=C(C=C3)CI)CI °

Siramesine C30H31FN20 C1CN(CCC12C3=CC=CC=C3C02)CCCCCA=CN(C5= 10
CC=CC=C54)C6=CC=C(C=C6)F

Tamoxifen C26H29NO CCC(=C(C1=CC=CC=C1)C2=CC=C(C=C2)OCCN(C) 1

C)C3=CC=CC=C3

Terfenadine C32H41NO2 CC(C)(C)C1=CC=C(C=C1)C(CCCN2CCC(CC2)C(C3= o
CC=CC=C3)(C4=CC=CC=C4)0)0

Trimipramine C20H26N2 12

14




Table S3. Differentially expressed proteins regulated by PD
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