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1. Supplementary Information S1
Data analysis of mass spectrometry data

The manually curated peaklist was treated with MetaboDrift [1] using the LOESS
method. Statistical and functional analysis were performed with MetaboAnalyst [2]. Func-
tional analysis was done using lipids (main class) and MFN databases. Allowed adducts
were: "M [1+]","M+H [1+]","M+2H [2+]","M+3H [3+]","M+Na [1+]","M+H+Na [2+]","M-
H20+H [1+]","M-H402+H [1+]","M(C13)+H [1+]","M(C13)+2H [2+]","M(C13)+3H
3+]","M(S34)+H [14]","M(CI37)+H [1+]","M-NH3+H [1+]","M-CO+H [1+]","M-CO2+H
1+]","M-HCOOH+H [1+]","M-C3H402+H [1+]","M+2Na [2+]","M+3Na [3+]","M+H+2Na
3+]","M+2H+Na [3+]","M+2Na-H [1+]","M+ACN+H [1+]","M+ACN+2H
2+]","M+ACN+Na  [1+]","M+2ACN+2H  [2+]""M+3ACN+2H  [2+]","M+2ACN+H
1+]","M+H+NH4  [2+]","M+NH4  [1+]","2M+H  [1+]","2M+NH4  [1+]","2M+Na
1+]","2M+ACN+H [1+]","2M+ACN+Na [1+]", and "M+HCOONa [1+]". When multiple an-
notation classes were given, the most represented one was chosen.

We further provided an online visualization of our data accessible for anyone:
https://gnps-lcms.ucsd.edu/?xic_mz=659.2850&xic_formula=&xic_peptide=&xic_toler-
ance=0.5&xic_ppm_tolerance=10&xic_tolerance_unit=ppmé&xic_rt_win-
dow=&xic_norm=False&xic_file_grouping=MZ&xic_integra-
tion_type=AUC&show_ms2_mark-
ers=True&ms2marker_color=blue&ms2marker_size=5&ms2_identi-
fier=None&show_lcms_2nd_map=False&map_plot_zoom=%7b%7d&polarity_filter-
ing=None&polarity_filtering2=Noneé&tic_option=BPI&overlay_usi=None&over-
lay_mz=row+m/z&overlay_rt=row+retention+time&overlay_color=&over-
lay_size=&overlay_hover=&overlay_filter_column=&overlay_filter value=&fea-
ture_finding_type=Off&feature_finding_ppm=10&feature_finding_noise=10000&fea-
ture_finding min_peak_rt=0.05&feature_finding_max_peak_rt=1.5&feature_find-
ing_rt_tolerance=0.3&sychronization_ses-
sion_id=c0e1e23286b348368229b6a580deelal&chromatogram_options=%5b%5d&com-
ment=&map_plot_color_scale=Hot_r&map_plot_quantization_level=Me-
diumé&plot_theme=plotly_white#{usi:%20mzspec:MSV000087459:peak/20210209_ctr_1_p
os.mzML\nmzspec:MSV000087459:peak/20210209_ctr_2_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_ctr_3_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_odc_1_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_odc_2_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_odc_3_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qc_1_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qgc_2_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qgc_3_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qc_4_pos.mzML, %20usi2: %20mzspec:MSV00008745
9:peak/20210209_ctr_1_pos.mzML\ nmz-
spec:MSV000087459:peak/20210209_ctr_2_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_ctr_3_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_odc_1_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_odc_2_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_odc_3_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qgc_1_pos.mzML\nmz-

—_ o, —_——_—



spec:MSV000087459:peak/20210209_qc_2_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qc_3_pos.mzML\nmz-
spec:MSV000087459:peak/20210209_qc_4_pos.mzML}
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Figure S1. Drug response curves for 11 repurposed drugs in sunitinib-naive and -resistant ccRCC cell lines. Drug dose-
response curves were performed in A498, Caki-1, 786-O and the same cell lines resistant to sunitinib (-SR). Error bars
represent the standard deviation of N = 3-5 independent experiments.
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Figure S2. Drug response curves for 11 repurposed drugs in non-cancerous cell lines. The sensitivity to increasing doses
of the 11 repurposed drugs described was evaluated in non-cancerous cell lines HEK-293T and RPTEC cells. Error bars
represent the standard deviation of N = 3-5 independent experiments.
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Figure S3. Drug response curves of Rapta-C in ccRCC and non-cancerous cell lines. The response of sunitinib-naive,
sunitinib-resistant ccRCC cell lines as well as non-cancerous cell lines to Rapta-C was measured monitoring the extra- and
intracellular ATP levels. In addition to HEK-293T and RPTEC cells, the drug activity was also evaluated in ECRF24, HMEC
and NHDFa cells. Error bars represent the standard deviation of N = 3-5 independent experiments.
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Figure S4. TGMO screen in Caki-1 cells together with the therapeutic window. Computational modeling based on exper-
imental data input calculating estimated regression coefficients describing drug parameters such as single drug 1% order
(light blue), drug-drug interactions (dark blue) and single drug 2" order (green) activity. The data shows the screen per-
formed in Caki-1 cells (light blue bars) and non-malignant RPTEC cells. As a result a therapeutic window is generated
(green bars). (A) Search 1, in which 155 drug combinations with 12 drugs were screened (N = 2). (B) Search 2, in which 50
drug combinations with 7 drugs were screened (N = 2). (C) Search 3, screening of 25 drug combinations with 4 drugs (N =
2). Error bars represent the standard deviation and significance of estimated regression coefficients was determined with
a one-way ANOVA; * p <0.05, ** p < 0.01 and ** p < 0.001. R? represents model accuracy in a coefficient of multiple
determination.
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Figure S5. TGMO screen in Caki-1-SR clone 1 cells together with the therapeutic window. Computational modeling based
on experimental data input calculating estimated regression coefficients describing drug parameters such as single drug
1¢t order, drug-drug interactions and single drug 24 order activity. The data shows the screen performed in Caki-1-SR
clone 1 cells (blue bars) and non-malignant RPTEC cells. As a result a therapeutic window is generated (green bars). (A)
Iteration 1, in which 155 drug combinations with 12 drugs were screened (N = 2). (B) Iteration 2, in which 50 drug combi-
nations with 7 drugs were screened (N = 2). (C) Iteration 3, screening of 25 drug combinations with 4 drugs (N = 2). Error
bars represent the standard deviation and significance of estimated regression coefficients was determined with a one-
way ANOVA; *p <0.05, ** p <0.01 and *** p <0.001. R2 represents model accuracy in a coefficient of multiple determination.
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Figure S6. Calculation of the Combination Index for the ODCremr. Isobolograms representing the
(A) dose- and (B) median effect of Rapta-C (rap), erlotinib (erl), metformin (met) and parthenolide
(par) together with the four-drug combination (ODCremp)) in Caki-1-SR clone 1 cells. (C) The Com-
bination Index (CI) was calculated for the four-drug combination at two different doses and is pre-
sented in the combination index blot.
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Figure S7. Linear regression models as statistical output in the modeling process to interpret the TGMO-based search.
Assessment of the accuracy and predictive value of the models through accompanying model analysis. The model analysis
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(top left), Cook’s distance plot (top right), Q-Q plot (bottom left) and histogram of residuals (bottom right).
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Figure S8. Validation of the anticancer efficacy of the ODCremrin other ccRCC cell lines naive or resistant to sunitinib. Bar
graphs demonstrating the cellular response measured as ATP levels to ODCremr and monotherapy treatment in (A) A498,
(B) A498-SR, (C) 786-O and (D) 786-O-SR cells. Error bars represent the standard deviation and significance was calculated
of N =3 independent experiments using a one-way ANOVA test; ** p <0.01, *** p <0.001 represents the significance versus
the sham-control.
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Figure S9. Activity of ODCremr in non-cancerous cells. Assesment of the ODCremr and its monotherapies in non-cancerous
(A) PRTEC, (B) ECRF24, (C) NHDFaq, (D) Jurkat and (E) THP-1 cells evaluating the level of ATP after 72 hours of treatment
in comparison to the sham-control (CTRL). These cells have been chosen because they can be found in the kidney tissue.
Error bars represent the standard deviation and significance was calculated of N = 3 independent experiments using a
one-way ANOVA test; *** p <0.001 represents the significance versus the sham-control.
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Figure 5§10. Activity of ODCremr modified in its composition and dose together with its single drugs at different doses in
non-cancerous cells. (A) The efficacy on the ATP production of the monotherapies at different dose levels measured in
Caki-1-SR clone 1 and RPTEC cells after 72 hour treatment. Error bars represent the standard deviation and significance
was calculated of N = 3 independent experiments. (B) Evaluation of three- and two-drug combinations in RPTEC cells.
Error bars represent the standard deviation and significance was calculated of N = 3 independent experiments. Statistical
analysis revealed no significant changes between the represented conditions. (C) Activity of non-optimized high- and low-
dose drug combinations in comparison to the ODCremr characterized in Caki-1-SR clone 1 and RPTEC cells. Error bars
represent the standard deviation and significance was calculated of N = 3 independent experiments; *** p < 0.001.
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Figure S11. Global pathway analysis to extract information on the effect of the ODCremr on cellular
signaling and cellular mechanisms. (A) Pathway analysis performed with MetaCore™ highlighting
significantly differentially regulated pathways after ODCrewmr treatment that are not connected to
metabolic pathways.The top ten hits in accordance to the —log(p-value) are listed. (B) Network anal-
ysis of the main signaling pathways highlighting up- and down-regulated proteins involved in the
signal transduction downstream of EGFR and c-Kit mainly via the mitogen-activated kinase path-
way. Legend: BAD = Bcl-2-associated death promoter; c-KIT = tyrosine-protein kinase KIT; c-RAF =
serine/threonine-specific protein kinases; EGF(R) = endothelial growth factor (receptor); GRB2 =
growth factor receptor-bound protein 2; KRAS = GTPase; MEK = mitogen-activated protein kinase
kinase; MGF = mechano growth factor; PKC = protein kinase C; PI3K = phosphoinositide 3-kinase;
PLC = phospholipase C; Shc = SHC-transforming protein 1; SOS = guanine nucleotide exchange fac-
tor (Son of Sevenless); TEC =tyrosine-protein kinase Tec.
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Figure S12. Pathway analysis highlighting the cellular alterations after 24 hour ODCremr treatment. Map of the molecular
pathway analysis performed with MetaCore™ demonstrating the consequences of ODCremr treatment applied for 24
hours. As a result, proteins regulating the dynamic cytoskeleton arrangement become upregulated, which links to a de-
crease in cell adherence. In parallel, proteins involved in the induction of apoptosis become upregulated. Further down-
stream the transcription is downregulated connected to the upregulation of the cytoskeleteon arrangement. Legend: Akt
= protein kinase B; Bax = Bcl-2-associated X protein; Bcl-2 = B-cell lymphoma 2; EGR = early growth response protein; FasR
= apoptosis antigen 1; GSK3 = Glycogen synthase kinase 3; LIMK = serine/threonine-protein (Lim) kinase; LPAR = lyso-
phosphatidic acid receptor; NEV = normalized expression value; PAK = serine/threonine (Pak) kinase; PKC = protein ki-
nase C; PLC = phospholipase C; PLD1 = phospholipase D1; TRIP6 = thyroid receptor-interacting protein; red upward
arrow = upregulation; blue downward arrow = downregulation.



>
W

5% Exp1 Exp2
w CTRL == ODCreme STD CTRL ODC CTRL ODC
T —
E®
o 200245 0067 0089 0.133  0.680 180 kDag
hat : 130 kDagsw CD41, 131 kDa
4
N £
= & A T i 100 kDal
£9 “ “ - - CD44, 80 kDA
- -
g S 1.0- -|- 70 kDa -
&4 T
=0
T V.04
EE T 55 kDa W
c
. . . . : . | -q‘ - B-actin, 45kDa
a -
oobf‘ 009‘ Qv?’ \((.'\"’ &
< ¥ &£
Exp1 Exp2 Exp1 Exp2
STD CTRL ODC CTRL ODC STD CTRL ODC CTRL ODC
ROCK1, 150 kDa -
—
w— v HIF-1a, 120 kDa
.
-
- |
HDAC1/HDAC?2, 60/62 kDA
o B-actin, 45kDa
D e w— @ -ocin 500 -

Figure S13. Protein and RNA expression of CD41, CD44, HDAC, HIF-1a and ROCKI. (A) Bar graphs demonstrating the
protein expression in untreated and ODCrewmr treated Caki-1-SR clone 1 cells of CD41 (131 kDa), CD44 (80 kDa), histone
deacetylase (60/62 kDa), hypoxia inducible factor-1at (120 kDa), and Rho-associated protein kinase (150 kDa) after western
blot analysis. Values above the bars represent the p-value calculated with unpaired t-test. All values are non-significant.
(B) Complete western blots showing the single protein bands. Beta-actin was used as reference being a housekeeping gene.
Analysis was performed for N=2 independent experiments (Exp1, Exp2). STD = protein ladder.
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Figure 514. Positive mode LC-HRMS/MS analysis of the drugs and their metabolites in the supernatant and cell extract of
Caki-1-SR clone 1 cells. (A) Reversed phase LC-HRMS chromatogram (positive mode) of Caki-1-SR clone 1 cells treated
for 24 hours with the ODCremr vs. control (Base Peak Intensity). (B) Chromatogram of standard solutions of the four drugs
contained in the ODCremr. Drugs were dissolved in DMSO and diluted in methanol to the same concentrations as applied
in the combination onto the cells. (C) Extracted ion chromatograms of the supernatant (left graph) of Caki-1-SR clone 1
cells treated for 24 hours with the ODCremr. All drugs were detected together with (Z)-stereoisomer of sunitinib [3] In the
cell extract (right graph) of Caki-1-SR clone 1 cells traces of erlotinib, (Z)- and (E)-sunitinib were detected, other parent
drugs could not be detected. (D) Example Extracted Ion Chromatogram of a significantly dysregulated ceramide ([Cer



14:0;02/20:1;0; CssHe7NOs - H20 +H]*) in Caki-1-SR clone 1 cells treated for 24 hours with the ODCremr versus control
(CTRL).
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Figure S15. Ceramides after ODCremr treatment. Normalized peak areas of 23 features annotated as ceramides signifi-
cantly increased or decreased with either p < 0.05 or abs(log(fold change)) > 1. Features are labelled according to RefMet
[4]; Metabolomics Workbench has been used to extract the common names for structural features with complete regio-
chemistry. The molecular product ion and neutral-loss data is diagnostic for head groups, acyl chains and other fragments.
Examples are phosphatidylcholine (PC) 16:0_18:1, ceramide (Cer) 18:1;,02/24:1; more information is provided in Suppl
Table S9. Errors represent the standard deviation. N = 3.
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Figure S16. In silico prediction of ADME characteristics of the drugs contained in the ODCremr. (A) Boiled egg graphic to
present the absorption in the human intestine and the penetration of the blood brain barrier of the drugs included in the
ODCerewmr. (B) Graphical representation of the physicochemical properties, lipophilicity, pharmacokinetics, drug-likeness
and medicinal chemistry for drug development (protein pattern recognition of drug) as a spider blot. Graphics were
adapted from SwissADME[5]. Legend: WLOGP = model prediction (implementation of atomistic method based on frag-
mental system of Wildman and Crippe); TPSA = score of total charge; LIPO = lipophilicity; INSOLU = solubility; INSATU
= saturation; FLEX = flexibility.
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Figure S17. Analysis of the cell migration of Caki-1-SR clone 1 based 3D co-cultures in response to ODCrewmr treatment. (A)
Spheroid size of Caki-1-SR clone 1 3D co-cultureses (3Dcc) in milieu with high rigidity by supplement (0.5 mg/mL collagen
type 1). (B) Measurement of the length of the margin of Caki-1-SR clone 1 spheroids on day 5. Error bars represent the
standard deviation and significance was calculated of N = 3 independent experiments; *** p < 0.001. (C) Analysis of the
number of sprouts from 3Dcc spheroids measured on day 4, 5, and 6. In certain conditions the increasing number of
sprouts led to the formation of a network (NW) and single sprouts were not quantifiable. Error bars represent the standard
deviation and significance was calculated of N = 3 independent experiments; * p <0.05. (D) Bar graphs demonstrating the
sprout length measured on day 5. Error bars represent the standard deviation (N = 3).
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Figure S18. Adaptation of ODCremr treatment schedule based on the readout of single 72 hour treatment and validation
in sunitinib-resistant clones. (A) Viability, measured as ATP levels, of Caki-1 cells cultured in absence (3Dcc) and presence
of immune cells (3Dcc™™) in response to ODCreme and its monotherapies together with sunitinib applied 6x in 72 hours.
Error bars represent the standard deviation. (B) ATP levels of 3D co-cultures based on the sunitinib-resistant clones 2 and
3 after 72 hour treatment with ODCremr and its monotherapies together with sunitinib ODCremr and its monotherapies
together with sunitinib. Error bars represent the standard deviation and significance was calculated of N = 3 independent
experiments. Statistical analysis revealed no significant changes between the represented conditions.

Table S1. Information on selected drugs.

Drugs MPD Hagﬂl ife Dose Side Effects ** Effect with Cisplatin
10.39 -
Rapta-C (rap) - 12.21 [6] * - not reported in SIDER -
3- Hydroxytyraminium . o .
chloride (tyr) <0.2ng/L [7] 0.12 40 mg/mL no frequency information m combma’t%o[ré]wﬁh Rapta
Diclofenac sodium 0.893 +0.51 . in combination with Rapta-
(dic) ug/mL [9] 2[10] 50 mg dry skin T (8]




Disulfiram (dis) 380 ng/mL 60-120 250 mg

anxiety, erythema, dysp-
nea, headache, diarrhea,

0.64 ug/mL [12]

Erlotinib (erl) 36.2[12] 150 mg/kg titis, rash, dysphagia,

dyspepsia, weight de-
creased, insomnia

2.8-3.5[14] only <10% or no fre-

Famotidine (fam) 72,5 ng/mL 20 m

quency information

Haloprogin (hal) - 2.5-6 - not reported in SIDER
body temperature in-

12 mg (solu- crease, diarrhea, head-

Ivermectin (ive) 81 ng/mL [15]  12-36 tion) ache
diarrhea, gastrointestinal
disorder, nausea, vomit-
Metformin (met) 1020 ng/mL [17] 23.4 [18] 15g appetite, abdominal dis-
tension, hypoglycemia
Parthenolide (par) 5\ /\1[19] 287  15mg  not reported in SIDER
Verapamil 29.25 ng/mL . .
(ver) [21] 2.8-6 [22] 40 mg infection
Acetyls(e:;;};hc acid 200-1323 ng/mL 3.1 [24] 50mg no frequency information

no frequency information

asthenia, fatigue, derma-

decrease of toxicity and in-
crease of therapeutic index
(11]

combination with cisplatin

inhibits growth, angiogene-

sis and targets erlotinib re-
sistant cancer [13]

prevention and control of
chemotherapy-induced gas-
tric mucosal injury

in combination with Rapta-
T[8]

increases the efficacy of cis-
platin [16]

synergy with oxaliplatin

ing, infection, decreased  prevents oxaliplatin-in-

duced chronic peripheral
sensory neuropathy

reduces cisplatin-induced
renal damage [20]
enhanced the renal accumu-
lation of Pt and the ne-
phrotoxicity of cisplatin [23]

positive in combo with cis-
platin [25]

MPD = Dose Determined in Plasma. * in mice. ** side effects extracted from SIDER 4.1 Database (http://sideeffects.embl.de
)- MedDRA preferred terms were chosen, and only side effects with associated frequency at least equal to “very common”

(or 10%) were kept [26].

Table S2. Selected drugs and doses from empirical and TGMO search.

Drugs TGMO search
Search 1 Search 2 Search 3

D1 D2 D1 D2 D1 D2
rap 2 0.7 0.7 2 0.7
tyr 10 0.5 1 0.5 - -
dic 3 1 - - - -
dis 5 25 - - - -
erl 5 1 1.5 1 1.5 1
fam 20 10 - - - -
hal 5 1 1 0.5 - -
ive 3 1 0.1 0.05 - -




met 10 1 1.5 1 15 1
par 3 1 5 1 5 1
ver 10 1 - - - -
asp 20 10 - - - -
D =dose [uM].
Table S3. Drug-Drug interactions between different drug classes.
Class 1 Class 2 Interaction Cross-activity
Analgesics as adjuvant ther-
apy for pain management,
Analgesics and anti-inflam- A positive effect of combin-
Chemotherapy . i -
matory drugs ing Cox-2 inhibitors and
chemotherapy on overall re-
sponse rate *** [27]
Efflux pump inhibitors in-
Analgesics and anti-inflam- Efflux pump inhibitors crease susceptibility to anal- Verapamil:

matory drugs

gesics ** [28], enhanced acti-
vation in combination ** [29]

analgesic effect *** [30],

Analgesics and anti-inflam-
matory drugs

Hypertension targeting
agents

Hypertension ***

Analgesics and anti-inflam-
matory drugs

Hypoglycemic regimens -

Intake of analgesics can in-
duce hypoglycemia *** [31]

Analgesics and anti-inflam-
matory drugs

Wnt signaling inhibitors [32] -

Aspirin:
lowering (3-catenin levels *,
phosphorylation of 3-catenin
and TCF4[33], indirect Wnt
signaling blockade via NFkB
[34]

Efflux pump inhibitors revert

Verapamil:

Chemotherapy Efflux pump inhibitors ~ resistance to chemotherapy increase in the efficacy of
***[35] chemotherapy */** [36, 37]
Wnt signaling inhibitors de-
Chemotherapy Wnt signaling inhibitors  crease resistance to chemo- -
therapy *
Verapamil:
benefit for the treatment of
endogenous hyperinsuline-
mic hypoglycemia ***, reduc-
tion of hypoglycemic epi-
Verapamil: sodes after bariatric surgery
Efflux pump inhibitors Hypoglycemic regimens decreases uptake and glu- ***, a decrease of hypoglyce-
cose-lowering effect of met- mia induced brain damage
formin *** [38] *** [39] Metformin:
reduced risk of cardiovascu-
lar events ***
Verapamil:
prevention of pancreatic 3
cell loss */*** [40]
Efflux pump inhibitors par- Verapamil:
Efflux pump inhibitors Wnt signaling inhibitors tially increase the sensitivity suppression of [3-

to ivermectin

catenin/Wnt signaling *

Hypoglycemic regimens

Wnit signaling inhibitors

Metformin:




targeting of Wnt/ 3-catenin
pathway directly * [41, 42]
Ivermectin:
glucose level alteration and
cholesterol levels *

H%4

* in vitro or in vivo model, ** in parasites and bacteria, in human.

Table S4. Selection of 22 up- and down-regulated genes comparing ODCremr to CTRL applied for

24 hours.
Gene Description FC V\Z-t‘llla;ll)eR Regulation
ETV1 ETS variant transcription factor 1 -4.127 0.0361 downregulated
LYPD1 LY6/PLAUR domain containing 1 -6.136 0.0173 downregulated
ABCC3 ATP binding cassette subfamily C member 3 3.360 0.0361 upregulated
ATOHS atonal bHLH transcription factor 8 8.371 0.0361 upregulated
BLVRB biliverdin reductase B 2.526 0.0323 upregulated
CCDC113 coiled-coil domain containing 113 5.649 0.0439 upregulated
FAM102B family with sequence similarity 102 member B 2.051 0.0361 upregulated
FTH1 ferritin heavy chain 1 2.888 0.0094 upregulated
FTL ferritin light chain 4.126 0.0019 upregulated
G6rPD glucose-6-phosphate dehydrogenase 2.816 0.0321 upregulated
GPC1 glypican 1 4.075 0.0242 upregulated
HIST1H2BD NA 3.578 0.0223 upregulated
IGFBP3 insulin like growth factor binding protein 3 4.180 0.0223 upregulated
LGI2 leucine rich repeat LGI family member 2 29.505 0.0321 upregulated
NCR3LG1 natural killer cell cytotoxicity receptor 3 ligand 1 2.379 0.0361 upregulated
NDRG1 N-myc downstream regulated 1 2.705 0.0208 upregulated
NINJ1 ninjurin 1 2.522 0.0388 upregulated
NQO1 NAD(P)H quinone dehydrogenase 1 2911 0.0019 upregulated
RRAD RRAD, Ras related glycolysis inhibitor and calcium 2 891 0.0201 upregulated
channel regulator
SMAD6 SMAD family member 6 3.980 0.0466 upregulated
TRIM16 tripartite motif containing 16 2.948 0.0094 upregulated
TRIM16L tripartite motif containing 16 like 4.609 0.0076 upregulated
FC = fold change; FDR = false discovery rate; NA = not applicable.
Table S5. Network analysis ODCremr 24 h to CTRL 24 h. FC < -300 and > 300.
Network GO processes ::;ZIS Pathways p-value
c-Src tube morphogenesis (75.0%; 4.766 x 10%), cellular response to
B-catenin growth factor stimulus (70.8%; 4.990 x 10%), regulation of cell
GSK3 population proliferation (91.7%; 1.268 x 10-%), response to growth 26 6 6.3 x 102
paxillin factor (70.8%; 1.496 x 10Y), circulatory system development
Tcf(Lef) (79.2%; 1.533 x 10-1%)
c-Raf-1 ERBB signaling pathway (55.0%; 4.026 x 10-2), protein phosphor-
ERK1/2 ylation (85.0%; 1.919 x 10, intracellular signal transduction
Shc (95.0%; 7.973 x 101?), epidermal growth factor receptor signaling 29 2 1.5 x 10
c-Kit pathway (45.0%; 1.950 x 10-8), ERBB2 signaling pathway (40.0%;
PKC-a 7.540 x 10-18)
ARHGAP11B receptor guanylyl cyclase signaling pathway (10.0%; 1.035 x 10),
C170rf57 c¢GMP biosynthetic process (10.0%; 1.284 x 10-), trans-synaptic 20 0 1.3 x 1016
ZNF862 signaling, modulating synaptic transmission (10.0%; 2.545 x 10%4),



LOC440093 c¢GMP metabolic process (10.0%; 2.732 x 10%), cyclic purine nu-
ZNF720 cleotide metabolic process (10.0%; 3.766 x 10-%4)
regulation of calcium ion transmembrane transport via high volt-
DDX60L age-gated calcium channel (57.9%; 1.838 x 10%), calcium ion
RGPDS transmembrane transport via high voltage-gated calcium channel
Cacngb (47.4%; 3.247 x 107), membrane depolarization during AV node 20 2.1 x 1015
CLIC2 cell action potential (47.4%; 2.953 x 10%), cardiac conduction
GATA-1 (68.4%; 5.509 x 1026), AV node cell to bundle of His cell signaling
(47.4%; 1.686 x 10®)
ZNF785 protein sulfation (11.1%; 1.972 x 10%), N-acetylglucosamine meta-
Zcchel8 bolic process (11.1%; 1.258 x 10+), keratan sulfate biosynthetic
RGPD6 process (11.1%; 2.360 x 104), glucosamine-containing compound 20 6.8 x 101
ZNF772 metabolic process (11.1%; 3.038 x 10+#), keratan sulfate metabolic
ZNF487P process (11.1%; 3.408 x 10+)
ZNF114 dGDP phosphorylation (5.9%; 7.203 x 10-4), UDP phosphorylation
FII;L 43;;2 (5.9%; 7.203 x 10*), dADP phosphorylation (5.9%; 7.203 x 104, 20 6.8 x 105
PIX6 TDP phosphorylation (5.9%; 7.203 x 104), CMP phosphorylation
ZNF311 (5.9%; 7.203 x 10
C50rf'35 detection of chemical stimulus involved in sensory perception of
Dynem' taste (16.7%; 1.810 x 107), sensory perception of taste (16.7%;
axonem'al light 7.639 x 10°), outer dynein arm assembly (11.1%; 1.631 x 104), de-
chains . . . . . . 20 6.8 x 1015
DCAF16 tection of chemical stimulus involved in sensory perception
(27.8%; 2.636 x 104), detection of chemical stimulus (27.8%; 3.622
Cé6orf58
ZNF808 x10%)
G protein-coupled purinergic nucleotide receptor signaling path-
4930573119Rik wal; (11.8%; 9.508 ><p10'5), nggative regulation Ef adeiylate %}ilase
NPIPL3 activity (11.8%; 2.099 x 10+), negative regulation of cyclase activ-
FLJ20489 . . . . 20 6.8 x 1015
PGBD1 ity (11.8%; 2.865 x 10+), negative regulation of lyase activity
ZNF9% (11.8%; 3.205 x 10), purinergic nucleotide receptor signaling
pathway (11.8%; 3.562 x 104)
ZNF584 benzoyl-CoA metabolic process (5.9%; 7.203 x 10+), regulation of
Galectin-13 endocrine process (11.8%; 1.420 x 103), detection of chemical
ZN860 stimulus involved in sensory perception of smell (23.5%; 1.582 x 20 6.8 x 1015
GLYAT 10), basophil differentiation (5.9%; 2.159 x 10°), eosinophil fate
FAMI128A commitment (5.9%; 2.159 x 10-3)
AOC2 starch metabolic process (6.7%; 6.356 x 10+*), starch catabolic pro-
MGC35361 cess (6.7%; 6.356 x 104), detection of chemical stimulus involved
MGAM in sensory perception of smell (26.7%; 9.533 x 10+), negative regu- 20 2.8 x 103
POMZP3 lation of lipoprotein lipid oxidation (6.7%; 1.271 x 103), negative
APOL2 regulation of lipoprotein oxidation (6.7%; 1.271 x 10-3)
Table S6. RNA sequencing data accompanying protein expression results demonstrated in Supple-
mentary Figure S13.
o -value with
Gene Description Fold change P FDR
CD44 CD44 molecule (Indian blood group) -1.057 0.943
EGLN1 egl-9 family hypoxia inducible factor 1 1.120 0.709
EGLN3 egl-9 family hypoxia inducible factor 3 -1.265 0.720




gastric adenocarcinoma associated, positive CD44 regulator, long

APLI —4.32 . 14
G NC intergenic non-coding RNA 326 0.008 0145
HDAC1 histone deacetylase 1 -1.070 0.257 0.643
HDAC10 histone deacetylase 10 1.184 0.190 0.576
HDAC2 histone deacetylase 2 -1.081 0.199 0.587
HDAC3 histone deacetylase 3 -1.054 0.440 0.782
HDAC4 histone deacetylase 4 1.174 0.155 0.534
HDACGC5 histone deacetylase 5 1.106 0.621 0.873
HDAC6 histone deacetylase 6 1.001 0.993 0.999
HDAC7?7 histone deacetylase 7 1.008 0.915 0.972
HDACS histone deacetylase 8 -1.061 0.360 0.730
HDAC9 histone deacetylase 9 1.063 0.805 0.942
HIF1A hypoxia inducible factor 1 subunit alpha 1.088 0.426 0.772
HIF1AN hypoxia inducible factor 1 subunit alpha inhibitor -1.089 0.265 0.653
HIGD1A HIG1 hypoxia inducible domain family member 1A -1.185 0.049 0.334
HIGD2A HIG1 hypoxia inducible domain family member 2A -1.018 0.840 0.954
HILPDA hypoxia inducible lipid droplet associated -1.052 0.631 0.875
HYOU!1 hypoxia up-regulated 1 1.096 0.285 0.671
ROCK1 Rho associated coiled-coil containing protein kinase 1 1.030 0.670 0.890
ROCKIP1 Rho associated coiled-coil contanlnng protein kinase 1 pseudogene 1.900 0.603 0.866
ROCK?2 Rho associated coiled-coil containing protein kinase 2 1.004 0.966 0.988
Table S7. SMILES codes for drugs.
Drug SMILES Code retrieved from PubChem
Cl[Ru]1234([P]56C[N@]7C[N@@](C5)C[N@@](C6)C7)(Cl)c8([H])c(C)c1([H])c2([H])c(C(C)C)3c8
Rapta-C 4[H]
Erlotinib-HCI COCCOCI=C(C=C2C(=C1)C(=NC=N2)NC3=CC=CC(=C3)C#C)OCCOC.Cl
Metformin-HCI CN(C)C(=N)N=C(N)N.CI
Parthenolide CC1=CCCC2(C(O2)C3C(CC1)C(=C)C(=0)O3)C
Table S8. Top 15 predicted drug targets from Swiss Target Prediction.
Drug Target family Target class Target Probability > 0.05
ADRA2A
Rapta-C a2a adrenergic receptor  Family A G protein-coupled receptor ADRA2C 0.1016
ADRA2B
. . . 0.1016
Purinoceptor Ligand-gated ion channel P2RX7
Exlotinib H  Ocrine/threonine-protein ki Kinase LRRK2 1
nase
Protein kinase Kinase HIPK4 1
Serme/thre.onme—protem Kinase SBK1 1
kinase
Phosphat1dy11n0'51tol-5- Kinase PIPAK2C 1
phosphate 4-kinase
Receptor protem-tyrosme Kinase ERBB2 1
kinase
Tyrosine-protein kinase Kinase ABL1 1

Vascular endothelial Kinase FLT1



growth factor receptor 1
Platelet-derived growth

Kinase PDGFRB 1
factor receptor beta
Stem cell growth factor Kinase KIT 1
receptor
Vascular endothelial Kinase FLT4 1
growth factor receptor 3
Tyrosine-protein kinase Kinase FLT3 1
receptor
Platelet-derived growth Kinase PDGFRA 1
factor receptor alpha
Epidermal growth factor Kinase EGFR 1
receptor
Tyrosine-protein kinase .
Kinase RET 1
receptor
Tyrosine-protein kinase .
Kinase YES1 1
Metformin HCl Thrombin Protease F2 0.0238
Apoptosis regulator Ion channel BCL2L1 0.0536
. PTGS2 0.6255
Cyclooxygenase Oxidoreductase PTCS1 0.0536
Epoxid hydrolase Protease EPHX1 0.0536
Glycine receptor Ligand-gated ion channel GLRA2 0.0536
Inhibitor of NFxB Kinase IKBKB 0.0536
MAPK14
MAP Kinase Kinase MAPK10
MAPK9
Nitric oxide synthase Enzyme NOS2 0.6255
. . FNTA 0.1171
Parthenolide  Protein farnesyltransferase Enzyme FNTB 01171
Cytochrome P450 Cytochrome CYP19A1 0.0626
Glucose transporter Electrochemical transporter SLC2A1 0.0536
p53-binding protein Nuclear protein MDM2 0.0536
Programmed cell death unclassified PDCD4 0.0536
protein
PRKCD 0.0626
PRKCE 0.0626
Protein kinase C Kinase PRKCA 0.0536
PRKCQ 0.0536
PRKCG 0.0536
Proto-oncogene Transcription factor JUN 88??2
& Guanine nucleotide exchange factors ~ VAV '
Splicing factor unclassified SF3B3 0.0536

Table S9. Specification to lipids depicted in Figure 2E and Supplementary Figure S15 done with RefMet [4] hosted by

Metabolomics Workbench.

Metabolite name Super class Main class Sub class Formula
13-Methylheptatriacontane  Fatty Acyls Hydrocarbons Hydrocarbons CssHrs
Cer 14:0; 02/20:1; O Sphingolipids Ceramides Dihydroceramides CaaHe7NO4
GalCer 14:1; 02/16:0; O Sphingolipids Glycosphingolipids Hexocyl ceramides C3sHeoNOo




GalCer 14:2; 02/26:2 Sphingolipids Glycosphingolipids Hexocyl ceramides CusHssNOs
PS 36:8 Glycer.op.hos- Glycerophosphoserines phosphatidylserine Ca2HesNO10P
pholipids
Cer 14:0; 02/24:4 Sphingolipids Ceramides Dihydroceramides CssHeoNOs
Cer 14:0; 02/25:0; O Sphingolipids Ceramides Dihydroceramides CsoH7NO4
Cer 14:0; 02/26:1 Sphingolipids Ceramides Dihydroceramides CaoH7NOs
Cer 14:0; 02/28:0 Sphingolipids Ceramides Dihydroceramides C2HssNOs
Cer 16:1; 02/26:0; O Sphingolipids Ceramides Ceramides Ca2HssNOs
Cer 16:1; 02/26:2 Sphingolipids Ceramides Ceramides Cau2H7NOs
Cer 18:1; 02/16:1; O Sphingolipids Ceramides Ceramides CaHesNOs
Cer 19:1; 02/25:0; O Sphingolipids Ceramides Ceramides CuaHs7NO4
Cer 20:2; 02/22:6 Sphingolipids Ceramides Ceramides C2HeoNOs
Cer 22:2; 02/24:4 Sphingolipids Ceramides Ceramides CusHs1NOs
Cer 38:2;, O Sphingolipids Ceramides Ceramides CasH7sNO:
Cer 14:0; 03/22:5 Sphingolipids Ceramides PhytoCer C3sHesNO4
Cer 15:0; 03/18:1; O Sphingolipids Ceramides PhytoCer C33HesNOs
Cer 15:0; 03/24:1; O Sphingolipids Ceramides PhytoCer Cs9oH77NOs
Cer 17:0; 03/24:1; O Sphingolipids Ceramides PhytoCer CuaHsiNOs
Cer 17:0; 03/24:4 Sphingolipids Ceramides PhytoCer CuH7NO4
Cer 19:0; 0O3/24:1; O Sphingolipids Ceramides PhytoCer CusHssNOs
CerP 14:0; 02/10:0 Sphingolipids Ceramides Ceramide-1-Phosphate CauHs0NOsP
CerP 14:0; 02/19:0; O Sphingolipids Ceramides Ceramide-1-Phosphate CasHesNO7P
CerP 14:0; 02/21:0 Sphingolipids Ceramides Ceramide-1-Phosphate C3sH72NOsP
Table S10. In silico predicted pharmacokinetics using SwissADME.
Parameter Rapta-C Erlotinib-HCl Metformin-HCl Parthenolide
GI absorption high high high high
BBB permeant yes yes no yes
P-gp substrate yes no no no
CYP inhibition no yes no no
GI = gastrointestinal absorption; BBB = blood-brain barrier passage; P-gp = permeability glycopro-
tein; CYP = cytochromes in mitochondrial membrane (1A2 — subtypes).
Table S11. Overview of drugs and stock solution preparation.
Drug Mw [g/mol] Solvent Conceng::(;;;fnslti)]ck solu- Molarity [mol/L]
rap 461 DMSO 50 0.109
tyr 189.6 H0 10 0.053
dic 318.1 H:0 10 0.031
dis 296.5 DMSO 10 0.034
erl 129.9 DMSO 15 0.116
fam 337.4 DMSO 40 0.119
hal 361.4 DMSO 10 0.028
ive 875.1 DMSO 40 0.023
met 165.6 H-0 30 0.181
par 248.2 DMSO 20 0.077
ver 491.1 DMSO 20 0.041
asp 180 DMSO 20 0.111
Table S12. Fluorochrome-coupled antibodies for flow cytometry analysis.
Marker Fluorochrome Antibody Type Dilution Provider Reference
CD3 PE-Cy7 Mouse a-human IgGl1 1:1000 Biolegend 100220



CD4 BUV737 Mouse a-human IgG1 1:1000 BD Bioscience 557842

CD10 PE Mouse a-human IgG1 1:500 BD Bioscience 557143
CD31 BV421 Mouse a-human IgGl1 1:1000 BD Bioscience 564089
CD45 BV786 Mouse a-human 1:1000 BD Bioscience 563716
CD54 (ICAM-1) BV711 Mouse a-human IgG3 1:1000 BD Bioscience 564078
(ggiﬁl) APC Mouse a-human IgGl1 1:1000 Biolegend 329708
CD11b BUV395 Rat a-human IgG2b 1:500 BD Bioscience 563553
CD14 APC Mouse a-human IgG2a 1:500 Biolegend 325608
a-Fibroblast PE-Vio770 a-human 1:500 Miltenyi Biotec 130-100-138

a = anti; Ig = immunoglobulin; ICAM = intracellular adhesion molecule; PD-L1 = programmed
death-ligand 1
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