Supplementary Information-1

Additional information on generation of drug resistant cell lines

Oesophagogastric cancer cell lines were grown in incrementally increasing concentrations of cisplatin,
oxaliplatin and docetaxel(uM range) over 24 months. Bars represent measurements of cell viability that
were taken after every 4 passages. X-axis indicates various cell lines, Y-axis resistance index (RI) defined as
a fold change of IC50 values between each pair of resistant versus parental line. Error bars were calculated
for 3 independent replicates and defined as SEM.

Figure S1A-Cisplatin resistant cell lines

12+
10+

RI
9

BB OE33 [ AGS

Figure S1B-Oxaliplatin resistant cell lines
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Figure S1C-Docetaxel resistant cell lines
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Supplementary Information-2

Details of sample prepapration and gene expression profiling
RNA Extraction

Cells were grown in T75 flasks to 80 —90 % confluency and washed twice in PBS. 1 ml of TRIzol (Invitrogen,
Paisley, UK) reagent was added per flask and then lysates were transferred into 1.5 ml eppendorf tube and
passed through a 20 gauge needle (0.9 mm diameter) at least 5-6 times. Samples were centrifuged at
1200g for 10 minutes at 4 °C and supernatants were collected and transferred into fresh tubes and
incubated for 5 minutes at room temperature (RT). 200 ul of chloroform (Sigma Aldrich) was added and
tubes were inverted several times and incubated for 3 minutes at RT. Tubes were centrifuged at 12000 g
for 15 minutes at 4 °C. Supernatants were collected and transferred into new eppendorf tubes. 500 pl of
100 % isopropanol was added, mixed and incubated for 10 minutes at RT. Samples were centrifuged at
12000 g for 10 minutes at 4 °C. Supernatants were removed and pellets washed with 1ml of 75 % ethanol,
vortex and centrifuged at 9500 rpm for 5 minutes at 4 °C. Remaining supernatants were removed, pellets
briefly air-dried and resuspended in 30 pl of RNase free water. RNA was quantified spectrophotometrically
(Nanodrop 1000 Spectrophotometer, Thermo Scientific, Loughbourough, UK). Both A260/280 and
A260/230 ratios were determined and all samples were in the range 1.9- 2.3. Furthermore samples were
purifed on the Mini columns (Qiagen). Quality was assessed by electrophoresis on Tapestation (Lab901
Limited, Peglab, UK) and QC was determined by SDV (Screen Tape degradation value) that represents RNA
integrity. Values 0-5 represent high quality RNA, 5-14 - partially degraded RNA and = 15 degraded RNA. All
RNA samples had SDV values between 0.3 and 2.6. All analyses used 3 independent replicates per cell line
from three different passages.

Sample preparation for Gene expression profiling and hybridisation

500 ng of total RNA was reverse transcribed into cDNA and further amplified in vitro into cRNA using
Ambion WT Expression kit (Austin, TX, USA). The quality of cRNA was determined by electrophoresis
(Tapestation, Lab901 Limited, Peqlab, UK). The A260/280 and A260/230 ratios, concentration and yield
were determined on a spectrophotometer (Nanodrop 10000 spectrophotometer, Thermo Scientific,
Loughborough, UK). cRNA (10ug) was reverse transcribed into cDNA (Ambion WT Expression Kit, Ambion)
and its quantity and quality was determined as above. Subsequently, cDNA samples (5.5ug) were
fragmented and biotin labelled (WT terminal labelling and controls kit, Affymetrix, Santa Clara, CA), and 5.5
ug hybridised to Human Exon 1.0 ST GeneChip microarrays (Affymetrix, Santa Clara, CA) at 45 °C for 17
hours at 45 rpm in a hybridization oven.



Supplementary Information-3

Gene expression Data

Quality assessment(QA) of Gene expression data

QA data for the profiling of drug resistant and parental cell lines is provided in table S4.1 and figure S4.1
below.

Core probe sets on the Human Exon 1.0 ST array were processed using a modified robust multiarray
analysis (RMA16) algorithm (Affymetrix, Santa Clara, CA) that employs a non-linear per chip background
correction with addtion of 16 to the expression values to attain variance stabilisation of low level signals,
guantile normalisation and summarisation of multiple probe sets per transcript using median polishing of
log2 transformed data. Data were transformed to the median of all samples. QA was performed by
examining signal intensity (PM_mean), background signal detection (Bgrd_mean), detection of outliers
followed by analysis of hybridization and labelling controls. Further determination of outlier samples was
performed by analysis of probe set summarization metrics such as Pos_vs neg auc and
All_Probe_Set_RLE_Mean.

Quality control of hybridization and labelling was determined by analysis of bacterial (bac_spike) and
polyadenylated (polyA_spike) controls and polyadenylated RNA spikes such as Lys, Phe, Thr and Dap were
analyzed independently.

Table S4.1 Quality assessment measures from Affymetrix 1.0ST Exon arrays for all cell line samples

Signal detection Range Detected acvoss all samiples
PM_mean 200-4016) Within the range
Bgrd mean 200-550 Withan the range

Summarization metries ouiliers

Pos_vs_még ouc: 08 -0 Within the range
All_Probe Set-RLE_mean  Close to the median -267-1.41
Hybridization (4

PolyA 4-5 Withun the range

Lys, Phe, Thr.Dap -8 Withun the range




Figure S4.1 Box plots represent the relative log expression for all the probe sets analyzed. The mean
absolute RLE is proportional to the width of the box plots, or the inter-quartile range of RLE values and
whiskers are 1.5x IQR.
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Analysis of gene expression data

Gene expression data analysis was performed in GeneSpring GX v 11.5 using RMA16 normalization, log
transformation and baseline to median of all samples. Core gene sets were analysed andentities with
normalised expression levels between the 20th and 100™ percentiles in at least 1 sample were included
with 16939 out of 17881 genes meeting this filter. Unpaired t-test, with Benjamini and Hochberg MTC
corrected p < 0.05 was performed to identify discriminatory gene profiles of each pair of drug resistant
versus parental lines.

Pathway analysis

Gene set enrichment analysis using gene ontologies and mapping of gene sets of interest onto biological
pathways was performed using DAVID v 6.7 (Function Annotation Bioinformatics Microarray Analysis),
Bioinformatic Resources, NIAID, NIH Significantly enriched GO terms, functional networks or pathways
were determined using gene set enrichment analysis (EASE score, DAVID v 6.7) and genes were visualised
on BioCarta and KEGG pathways. Data was pre-processed in DAVID bioinformatics database to provide the
link between probe IDs and Entrez Gene Symbols. Probe sets with multiple Entrez IDs and those which
could not be found in Ensembl/Entrez ID were excluded from further analysis.
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PCR primer sequences

SPHK1 Forward 20 ATCCAGAAGCCCCTGTGTAG
SPHK1 Reverse 19 TGGTGACCTGCTCATAGCC
SGPL1 Forward 19 GGGTCCCATTGACGAAGAT
SGPLI1 Reverse 20 TGGCAGTGTITCCTGGAGATA
GAPDH Forward 19 AGCCACATCGCTCAGACAC
GAPDH Reverse 19 GCCCAATACGACCAAATCC
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Additional details of analysis and quantification of sphingosine-1-phosphate
from cell lines using high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS)

Equipment used for Tandem mass spectrometry (MS/MS): Thermo Fisher TSQ Quantum (Thermo Fisher
Scientific); HPLC analysis: Agilent-1100 (Agilent Technologies); column: Spectra C8SR (Peeke Scientific,
Redwood City, CA) 150 x 3.0 mm, 3-um particle size.

For cell pellet preparation and lipid extraction for analysis, cells were washed 3 times in ice cold phosphate
buffered saline (PBS), pH 7.4, scraped on ice in 10 ml of ice cold PBS using a cell scraper (Corning,UK) and
centrifuged at 500 x g for 5 minutes at 4°C. PBSwas removed and cell pellets were fortified with 50pl
(1nmole/ml) internal standard solution.

Lipids were extracted from cell pellets by adding 2ml of iso-propanol-water-ethyl acetate (30:10:60 vol),
sonication for 30 sec, vortexing and centrifugation for 6 minutes at 3000 x g. Organic upper phase was
transferred into a new tube and the remaining sample was re-extracted as previous. The new organic
phase was combined with the previous supernatant and 1ml of lipid extract was dried down to determine
phosphorus concentration (Pi). The remaining organic phase was evaporated under Nitrogen to dryness.
Dry residue were reconstituted in 150 pl of the mobile phase “B’ containing 2mM ammonium formate
solution in methanol containing 0.2 % formic acid, then centrifuged for 5 minutes at 3000 x g. Samples
(200 pl) were transformed to an auto—sampler HPLC vial and 10 pl were injected into the HPLC system.
The phosphate content was measured with a standard curve and a colorimetric assay of ashed phosphate.
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Additional details of chemotherapy treatment of patients

Neoadjuvant chemotherapy was with Epirubicn, Cisplatin , and capecitabine (epirubicin 50mg/m?2
intravenous day 1, cisplatin 60mg/m2 intravenous dayl and capecitabine 1250mg/m2/day in 2 divided
doses orally day 1-21, with a 21 day cycle) .Radiological response was assessed by CT chest and abdomen
pre-therapy and after 3 (neoadjuvant) or 4 (palliative) cycles of chemotherapy according to RECIST
criteria v1.1. If the absence of progressive disease on CT scan, patients receiving neoadjuvant
chemotherapy proceeded to surgical resection after 3 cycles and also 3 cycles of post-operative/adjuvant
chemotherapy with the same regimen if the treating oncologist considered them fit enough to begin this
treatment within 12 weeks of the resection .



Supplementary Information-7: Pathways identified in Gene enrichment

analysis (DAVID v6.7) of resistant cell lines

The folowing tables show the pathways and genes were identified as over-represented from the lists of genes with
significantly different expression ( student’s t-test p<0.05) between resistant daughter cell line and parental wild

type cell line using DAVID v6.7, p<0.05 with Benjamini and Hochberg correction used for multiple testing.

AGSCis5 verus AGS
AGSCTSS DAVID
Term Grnes valmes
" Lysosome | ARSH. GMZA. HENA LGMN, AP3S3 CTSA, GLEI. CDe& TPPI. LIFA PSAF. GUSH. ATESVIH, CDe3. FUCAL GNS, | T237E-0e |
LAMBPI. LAMPS, GLA, IGFIR. GAA CTS0D, CTSH, CTNS, GGA2 CTSH
Baseexcisiontepar | POLDM, BOLES UNG. LG 1. POLE, LIG3, PARPI. NRCC), APEX]_FENIL [T e
DINA replicalson POLDM, MCMT, POLES, RFC2. LIGL, POLE, MCM2. MCM4. FENL MCMS DOn2I262
P33 sgmathog pathway [ STEAPS, PMAIPL, SFN, CENGY GTSEL CONEL, TPS33. COKNIA, TNFRSFIOR. CDE2 SERPINEL, DRI, THESL, | 0.0035654
GADDSA
Pynmidine metabolism. | POLESH, POLE. POLR LA, CAD. POLEGGL. TR, POLDA, TY S, POLES. ENTPDS. LA TNNRDI, UCK?, DPYD, DUT U.0ZIRTIE
Professome 'PSMCS, PSMEL. PSMC, PSMEZ, PSMDI L PSA D2, PSMDS. PSMBE, PSMBY 0374423
ECM-receptor HEPGE, DG ITGEA. ITGAS, SDCA. LAMBY. TAMEZ LAMAR CD44. ITGAS LAMC? THES1. SPPI L0795
EMErRC I
Fatiy acid metnbolism | ACADVL. ACAAY CPTY ACSLI ALDHIBI. ACATZ PECL-ACSLS 00438907
| Ghuathione memabolism | GETMI, GEX2 ODC |, GSTMA. SREM GSTRL OGP0, IDHZ, MGSETS | DOTEIR |
Cell cyele EZF4, CDC14B. CREBBP. SMADS, CDC20, MOMZ SEN, CDCI5C, MOBH, ORCIL, CDU25A. MCBS, CONEL CDENIA. | DOSI5377 |
MOAMT. PLEL GADDAEA
Galactose metabolin GiLA. POML, GAA. HET, PFEM, GLE] 00525463
Systemc hpns | HISTIHIAB, HISTIHIAC. HISTIHAL. HISTIHZAE HLA.DMA HIST2HZAR. HISTIH2ZBM. HISTIHIBN. HISTIHAB. | 00851540
eryihematosus HISTLHAE, HIAFX, HISTIH4C, HISTIHAD, HISTIH4H, HISTIH3). HISTIHIBB, HISTIHIBC, HISTIHIBF, HIST IHIBG,
TRIM2 1. HIST2ZHIBF. HISTIH A HISTIHAB, HISTIH2ZAH. HISTIHAC, HISTIHIAK, HISTIHAD, HIST1IHIAM, HISTIH3F,
HISTIHG, HISTIHSH. HISTIH3
Anhgen processmg and | HSPO0ABL, PSMEL PSMED TAPZ LGMN, TAP]L HLA-B, CTSB, HLA-E HLA-DALA, TAPBP, BIM 00641706
presentarion
Glvcosanimaglycan ARSH. GINS, HEXA GUSH, GLBL BOTHEEY
| hegradaticd
Sphmgolipad SGPLL, GLA. SGPPL. SGPPI PPAPIA SMPDY. GLEI {1 (G064
mpetabolisin
AGSOXS8 versus AGS
AGSONS DAVID |
'Tnm | G .
Valine, lewctne  amd  isolevcine | ALDHGAL AL ADE HADH, HADHA, AUH
I ﬂepnﬂnlmn |
| Pathways in cancer BMP4. HSPRIABL. RALBPL. GRBI. CYCS, FGFM. TCFILI STATA. TGFBE RADAL IGF (R, CBLB. CDENLE. | 0.0724371 |
| LAME2 RINX |
| Fatry acid metabolizmg ACSLI HADH. PECL HADHA AITLAS. |
AGSDOCS6 verus AGS
AGSDOCE DAVID
Term | Gemes p values
P signalio pathwny | BIDC STEAPS, IMATS, CYCS, REMZB, PMAIPY, CDE4, CONGZ, GTSEL CUNEL CONB3, COND. TNFRSFIOB, CASPY, | 2.296E-03 |
SERPINGS, SERPINE], MDMZ, APAF1, FAS, FERP. THHS 1, GADDAEA
Pmintdine membolism | POLRAIF, POLRIL, ZNRD]. CAD, REMIE. TEL POLRIA, POLED, POLES. ENTPDE, CDA. UCKS, NTSC, NUDT2, POLRID, | RO6E.0F
POLE. POLRIA. POLRIGL, POLRIC, NMES, NME4, POLD), POLD2, UCKL), TXNRDL, DUT |
Sterosd bansymihesis ThITSF2 ROATL EBP. LIPA. DHCRT. LS5 DHCRZ4, FDFII 0.003184]1 |
Apontosis BID, IRAKI. TRAFS. CFLAR, DFFA, RELA, DFFB. CYCS, ENDOD, BULOLL, TNFRSFI0A. AKTL, CASPLY. PREARZA, | 00075289 |
| TNFRSF10B. MYD#8. CASPS. PPRICC. APAFL FAS. AKT?
Pathiways in cancer i FGF6, HSPSRABL, E2F2, FGFI8, WNT3A. TGFBL MMPL, AKTL, ACVRLB. CCNEL CASP9, CDENIB. SLC2ZAL RHOA. | (0071809 |
| RALE, FAS, AKT2 PRECA EGFR. CTEPI RALBDI, RXRE, RELA, CYCS FGFX, CDEY STEA, CONDI. PDGFRA,
MOM2, LAMCL, PLAS). BID, FGFR2, TRAFL, GRE2 ERBR2, EGLNZ, BCL2LL. IGFIR, AXINI, RUNX1, BMPY, DVLS,
EPAS|. MET. CREBBP. ITGAZ. BIRCA. ITGA3. FZDS. FZDT, CDENIB. ETS1, ABL1
| DNA replication. POLES, MC Eﬂ__!:E_‘_'_II_F_ELELB,IgLDJ L LIG _PDLI:J" POLE. ML N _{:'_I;I_:I:,ﬁ:lﬁ
| Small celi lung cancer. | E2F2. TRAF2. RXRB. RELA. CYC5. ITGAZ [TGAS. BCLILI. CDEA. AKTI CCNEL CCNDI, COKNIB: CASPD, CDRNIE, | 00088063
| PLASL, APAFL LAMCL AKT2 _
Inioatal pligsphate i [NFP]. PIK3C2E, SYNIL. PHEA, [TPEE. FIMEE. PLCB3. PLCE4, PIK3C3. PIP4EZA TTPK L IPMK. INPPSA. PIPAX2B 00092 [46
metatilism
Phosplatidvhnosal | FRKCA., INFP1. PIK3CZB. SYNJI. FKA. TTPKB. PHKB. ITPR3. PLCB3, FLCB4, PIK3C3. CALM3. INFPSD. PIF4KIA, | 0.0120426
- signaling system | ITREL, CALMI, INPPSA. PIPMKZE 1
Splicensome | DHXg, DRPE3], CCDC12. Gr3B14, UJAFS LSMo, HSPALA SFIAL, SFSB4. SARTI GI5H3, PRDUFG. SFRSA, DDWES, | O.0230871
| DHX218, PRPFA. SNRTB. POBPL. DHX16. SNEPA ACINL, PHESA. PUFSD, BATI
Glutnthione metnbolism | GPY2 GETM2 ODC1, GSR. GETMI. GETMA. SRAM. GPNA. PGD. GETO2. REMIB. GCLM 0.0303956




AGSDOCS6 verus AGS (continued)

NUDTZ POLEID, POLE. POLRIA, POLRIC, POLRIGL, NPR2. PDEAD, NMEG. NME4, PEMZ, FOLDI, POLDZ2

AGSDOC s DAVID
Tern Cennes | valies
Prosiate concer EGFR. FGFR2. HSP90ABI. EXF2, GRB2. ERBB2 RELA. CREBBP. AKT1, CCKEL, IGFIR. CCNDL. CDENIB. CASP, INS_-| 00316127
R | FDGFRA MDM2 AKTZ ) . | |
‘Sphinsolpid metabalisn | SGPLL SPTLLCY, SGEPP]. KDSK. BAUALTS, DPAPTA, SMPDM, SMPD2, ASAH? DEGSI | 0363435
Colarectal cupcer EGFR, DVL3, GRB2, CYCS, MET, BIRCS, FEDS, TGFBL, FZDT. AKTL, ACVRIE, IGFIR. CONDE, CASP9. PRGFRA. | 08372152
AXINI. ARTZ
Purine merzbolism POLREIF, GDA. POLEIL, ADCYE. ZNEDE. ERMIB. POLRIA. POLES, PDEGD, POLE3, ATIC. ENTPDS, MPDHD. NTAC, |I:I.U‘31-1"3§r

|
| 004 1 BB

REMA polymigrase POLRIF, POLRIL. POLRID; FOLRIA. POLRIC, POLRAGL, ZNKED], POLRIA |
Parkison's disease ND1, NBUFAZ, SNCAIP, UQCRC], COX8C, ND5, ATPSE. OYCS. ND3, CYCL, NDUFCL UQCRFSL. ATPSG3. NDUFVA. | DM472622
KDUFSH. NDML CASPO, UBAL COXER]. APAF], SLC1SAL ND6, ATPA] !
Blase eNgisinn rejan POLES, POLES, UNG, POLDI, LIGE, POLDZ, POLE, XRCC), OGGH | DA94558
Nop-small  eell g | PRECA EGER, AKTI, E3F2 CONDI, CASPY. GRE2. BRNRE. ERBBY CDEJ, STEY, ART2 | 00504121
Calker |
Chronic mveloid | E2ZF2, CTRPI, GRBY, RELA, BCLALL. CDE4. TGFEL AKTI, ACVRIER, CONDI, CDENIA, MDR2, ABL], RUNXI. AKT2 | OLOFGSRGT
Jenkemiz 1
Cell c!.c!l: EIFZ, RBL2, CREBBF, PEMYTI, CDC20, MCM2, CDK4, CIXZAC, MCMS. TGEBL. CDC2FA. CCNEL CCWDIL CCNB3I. 1| 00634738
MOKT. CDEN1E, CDEN2E, PLE I, TEDPY, MDA, ABLL, GADIMSA |
| Papcreatic camwer | | EGFR. E2F2, RALBP1, ERBB2, RELA BCLIL1. CDE4. TGFBI. AKTL. ACVRIB. CONDI. CASFS RATH, AKT2 | 0.0E0E51 |
Adipocytokiie signaling | TRAF2. RNRE. LEPR. RELA, NFRBIB. PREAGY DREABS IRGL AKT], SEC2AL JARY ARTY ACGLS iD.ﬂHSSSE!
patlyway 1
Lyseantse LIFA, CLTE, LAPTMAA, GR2A, PSAl, HENA, LOMN, CTSA, ACP2 AP4AML, AP4S1. FUCA L GNS, LAMPL, CDeg, TFPI, | 009763449
IGF2R. ATPAVOAL CTSH. GGAS |
0X33CIS4 versus OE33
| DEIICISY DANTD
| Term [ Caeties p walnes
| Lysosome ARSE. SGSH. CLTB. LGMN. ATPGAP], HEXA. AP352, AP3S1. ABCAZ CLTC. ATPSVDB. GLE1. AP1S3, AP1S], CDGE, | 9.011E-D5
APISI. APSMI APSMI, GALC, ATPFVOD, GBA, CLNF, CT5Z LIPA. APAMI. NECL, GAA, CTSD, CTNNS, GGAZ
| CLTCLL. CTSH, CLNS, GGA3
| Rabosmne RPL18. RPLIS. RPL35. RPL3G, RPLIOL. RPL32, RP529. RPLG. RPSAPSS. RPLPL. RPLI6LE, FAL, RPLIIL, RPL4. RPS24, | CLODIMG3T
RPL35A, RPSAPLS. RPL2I7, RPL2Y, RESE BPST, RPL29, BPSID, RPLISA, RPSIS, RPSIL, UBAS2
| Ulbiigpuarin medaated | UBEZE, KIAP, UBE3S. UBEFA. UBAS, CDCI, ANAPCL]. UBESC, CULS. CULS WWPL ITCH, TRAFA, TRIPIZ. | 00019726
proteokysis ANAPCL, VHL FBXO2. BIRCA. UBEILS, CDHC23, MIDI, CDC26, TBEILS. CDC2T, BRCAL TRIM3T, UBE2D, P1ASA,
1 LBRS. SIAHL, CUL4B. SMURFI1, UBEIEZ, TBEIEL
| Adlserens junction PTPRES, PARDI. PTPRF, BAIAPRY, NLK. ERBBI, LEF]l. CTNNDI, SMAD2. ACPI, TCFIL2, VOL. CSNKE2AL PVRLA. | 00026415
o L CDCAZ MAPKL ACVRIB, CSNE2AL EP300, RHCA, YESL MELYS i
| Newomoplin signaling | GRAI TRAEL COCA2, MAPSKS KRAS, MATIES. BCLY. REOA TRATE, PIRIRS, PRSI RADGEF). ARHGDLA PDREL | (0036639
patliway IRAK2. TPS3, RAFL PRECD. YWHAE MAPKL RPS6KAS. RPS6KAL PLOGL MAPKLY MAPKI4 CATM3. RIPKX
L | MAPKT IRKBRB. CRK
| Prodeasonge | PEMBS. PSMEL. DSMCE, PEMET, PERCS. PSMBA, PSALAR. PSMDI 2. PSMEZ. PohAL. PSMET PSMDI. PSMED PSMDE | 00145108
Epithehial ¢ell signaling o | GITI ATEGVOEL ADAMIO, LYN, ATPSARL ATPEVIGL, ATPSVIB2, ATPOVOR, ATPEVIF, ATPSVIA CDC42 PLOG, | D.OIGMIES
Helicobacter pylon | MAPK1E. MAPKI4, ATPSVIEL. HBEGF. IKBKB. ATPaVIDI
imfeition )
| 153 siemalige pathway | STEAPS, TP53, CDES, RRMZE. SFN. CONGI, PTEN, ATM, CUNEL CONDI, PPMID, CDENIA. CONP2, SERPINBS. | 0016035
| | SHISAS. SLAHL. FAS. THBESI
| Colorectal cancer I DVL2, MSHe GRBI, TPS3, LEF). RaF]l, SMAD2 FZD3; BIRCS. FZD1, FIDS, TCFTL2, RALGDS, FZD6, MAPKIL, | 00163303
1 CACVRIB, CONDNL. KRAS. BULZ, PIKIRES. ANIN]
Tight puschion PRECZ. PARDI, CLDN9, ZAK GNAIL, CLDN3. CASK. AMOTL]. PTEN, LLGL2, CSNK2ZAZ, CDC42, KRAS, CSNKIAL | 00168732
RHOA, EXOCH, YES|, MLLTY. FPP2RID. PRKCH. PRKCG, MYH2, CSDA, PRKCE, PRECD, PREKCO. RABLI. TIPS,
PPP2RIA. SETANI]
| Amino sugar and mcleonde | TAPL CYBSER1. GNPDAI, GNE. CMAS. HEX A HEKL, UNS1. GALK2 PGMZ. MPL GFPTL. GFFT2 DOXEI0T
| sugar wetabolism |
Cell evele CDC148, DBFA, SFN. ANAPCLL. CCNEL. ORC2L, MCM7, ORCAL, BUBL. BUBS STAG2, ANAPCZ, TP53. CDCZ3. | .0211571
H CDR6. SMAD2 CDC26, CTH2T YWHAE. AT, SMO3, WEEL MOME, CDEN LA, OUNDIE, CONBZ, EP300. HDAC L
Vibroocholerne mlzcion ATPAVDEL, SLCIZAZ, ATPSAPL, PRECG: ATPEVIGL. ATPOVIBI. PREX. ATPFVIB, ATPGVIF, ATPGVLIA, SECGIB. | 00273681
| PLOGL, ATPEVIEL ATPOVDDIL, SECS1AZ
| Prostie-cance FGFRY, CRER3, GRE2. ERBRY, TP23, LEF), RAFL, TCFTLY PTEN, CONEL MAPK], CDENLA, CUNDI, PDPEL, KRAS, | 00205084
Lo | EPs00, BOLZ, TGEA, MTOR, PIRSRS, TKEKE . ) [ ——
CFo samums R-medinged | LYN. LIMEL SPHEL ASAPS ASAP]. RAFL. PRECG. ARPCS, PRECE. PRECD. TI1L3, ARPCLA. CDC42, MAPEL, | 00009516




0X33CIS4 versus

OE33 (continued)

: _OEIICIS4 DAVID. .
Term Genes P valmes
phagocyiosis _| ARPCIB. PLCGI, ARPC3, ARPCI, CFLY, PIKIRS, CRE, SYR |
Endometrial cancer GRB2. ERBBI T35 RAFL LEF1 PTEN. TCFTL2 MAPKL, CCNDI_PDPKL KRAS, [LK. PIK3RS, AXIN 0328193
Endocytists FGFR2, PRKCZ. PARD3, CLTB, CHMP4C. TSGLM, CHMPAB, CHMPS, ASAPI. ASAPL ZFYVE2D, CLTC. CDCLD, | 00371566
ACVRIB, APZBI. WWPL, SNF2, GIT2, ITCH. AGAPL. TRAFG, VPS36, GITL, STAMBF. RUFYL PSIM, RABEIFIPS,
AP3AT ARRRI RABEPL VPS24. HGS. SMURFI. CLTCL], ARAPY RAB1IFIPL, VPS23
Progesteronc-mediated ANAPCT ADCYT. GNAIL ADCYS, CDCZS. RAFL ANAPCIL, CDC26, PPPICH, CDCIT, PRICY, MAPKT, EPSGEAS, | 0300638
DOCYTE HATERTIoN CCNBZ KRAS. RPSSKAL MAPKI3 MAPEI4. BUBL PIKIRI
Thyvosd canges MAPKL CONDE KRAS. NCDAY, PAXS. TPSS. TFG. LEFI, TCFTL2 { DE068AT
bssiliny sigmnling paliwny | PRECZ, EXOCT, GRBI. PHEB, PHRAI, HEl, RHOQ. PREX, PDPKI, PPPIR3B. KRAS, INPPSK, PREAAZ, TRIPIO, | 00513924
PIK3R3. RAPGEF|. FTPRE. PRKABL RAFL, PPPICE, RPTOR. MAPK]. PYGL, PREARIA CAIM3. MTOR. IKBKE.
CRE
NGlvean buoswithess MGAT4E, MANIAL MGAT4A RFTE TUSCS, ALGZ, DADL, RPN, MOGS, MANIAL ALGE, DDOST D0G30E12
Pailiways b cancer PPARD, GLIZ, PTEN, CDC4Z, ACVRIB. CUNEL PANE. RHOA TGFA, FAS FGFS. TFa3, LEFI. PRKCG, CORG, DAPEZ, | (0634308
MAPK|. CONDL EP300. PLASS NOOA4 VEGFA WNTSA. FOFRI XIAP. GREX ERBB® TFG. EGLN2 TCFTLYL
LAMB3, KRAS BULZ, LAMBIL, PIKIR3, TRAFS, AXINI, DVLZ, MSH6 EPAS|, VHL, RAFI. BIRCS, [TGAS. SMADZ,
FZD3, FZD1, FZ05, RALGDS, STAT3, FZD6, WNTTE. CDKNIA HDAC L PLOG, ITGAS, MTOR. IKBEE. CRE
Gilioma GRBI TPS3_RAFL CDKE PRKCG. PIEN MAPEL CONDI CDENIA KRAS PLOGI CALMS. TGEA MTOR PIRMRS | 00671433
Wit sigualing pathway PPARD, MMP7, TCFTLY PREX. CSNE2AZ CSNKIAL NFATS RHOA NFATCI FOSLIL PLCBZ, AXINL DVLI NLK. | 0.0£37502
TP53, LEFL. FREOG. SMADZ. FZD3. FZDY FZDS, FZDM. CCNDL, WNTTB. EP300, LREPS. SIAHL. WNTRA, TBLIX
TBLIY
Melanozenesis DVL3. CREB3, ADCY], GNAIL, ADCYS, LEE!, RAFL PRECG, EZD3, FZD2. FZDS, TCETLD, PRECY, FZD6. MAPEL | (LOTRIZ9E
WNTTH, KRAS, EP300. CALMS, WNT9A. PLOEZ
Nom-swall cell e cancer | GREZ, EEBE3. TPS3, RAF]. PRECG, CDES, MAPK1, CORDI. PDPEL KRAS PLOGI, TGF A, PIKERS 0E5Ia1E
Oreidative phosphorylation | DQCRCI, NDUFBA, COX11. ATPSVOEL, ATPoAPL ATPOVIGL ATPEVIB2 COXSA. ATPGVOH. NDUFSS, ATPGVODI, | (0863975
ATPSH, NDUFS1, NDUFAZ, NDUFAS: NDUFAS, CON4I, LHPP, NDUFA1D. NDUFALL, ATPSVIE. ATPGVLA SDHEB,
UQCRH. ATPSVIEL COXGAL
Huiriigeons disense LIQURCY, NDUFBA, CLTR, POLRIL CLTC, COXSA, KDUFSS, APZRI, DNALTL DLGH, TGMZ. ATESH. PLCB2, NDUFSE, | 00040757
HIF1. NDUEAL NDUFA3. NDUFAS, SLCISA4, CREB3. TPS3, COX4LL NDUFALD. SOD1. VDACL POLR2IZ POLRZI3,
SDHEB. APIA2, EP300, HDACK, 5P1; UQCRH, COX6AL, CLTCLI
Pancreatic cander ERBRI, TP53. RAF], UDK6S, SMADZ, STAT3, RALGDS, M43, ACVIIE, MAPKD, CONDIT, KRAS, VEGFA, TOFA, | (048]
[KEKE. PIK3RS
Protem export ONALL SRPsS. SEP19, SRPD B.02E5YE
OE330X4 versus OE33
OEMOXNA DAVID
Term enes B valaes
Vibrio clelerac mfzction PRECA, ACTE, KDELR3, ATPSVOEL, SLUIZAZ, ATPSAPL, PRECG. ATPSVIGL, ATPSVIDL ATPSVER, ATPEVIF. | 00030634
| ATPEVIA, SECSIR, ATPEVIDI, SECS1A2 f
Lysoscane ARSB.AGA CINI CLTA CLTB. APIG1. ATPGAPL FPT2 AP3SI ABCA® CDEY ATPEYUH, AP153. LANIPL (D68, | O.006T&dT
NPCL APIS, GLA GALC, NEUL CTSC, ATPSVODL, CTSH, GBA
Phosplandylinositol sigmaling | PRECA, IMPAZ, PIK3CH, PIK3C2A. PIKICIE. PIPKIC. DGKH, PRECG. ITPKB. DGKA. FLCD3, CALM3. INPP4A, | D.0059694
| system INEPADL PIPAKIA, PLOB2. PIRAK2C
Pahopenic  Escherichin coli | PRKCAACTE. TUBBIA ROCK2. CDHL NCK2, CDC4Z CTTN. EZR. MCIR ARPC3. CLDNI, TUBB6 TUBAMA | 0.0115138
infiection
Adberens jusction ACTBH, PTPRI, PTPRM. BATAPZ, WASFL. LMOT. ACTN], CTNNDL, EDHL, SMAD2, CTNNAL ACPL, TCFIL2. SRC. | 0.0131448
CDC42. PYBLI. YESI
EibiB agnnling parliway PRKCA. PIKICB. MAPIKD, CAMEIG, PRECG, SRC. NRAS, NCKI. CDEN1A. PAKD EREG, HBEGF, TGFA. MAPKS, | 00154874
NRGI ABLZ, MYT, 5HCY
Fe o ganmma Rempediabed [ PRECA, LIMEL PIKMCB, MARCESLL WASFL SPHEL ASAPL ASAPIL PIPSKIC, PRECG, VAV PRECD, CBCE2, | 0222315

DOCK2, ARPCS, CFLY SCIN, INPPSD. DNMI
SGPLI. ACER3, SPTLC 3 GALC, NEUT. SMPD4, GBA. -
FGFRY. PRECZ, CLTA CLIB. RARSE, CHAMPS. ASAPY. PIPSKIC, ASAPL. SRC, CDCAL WWPL GITZ. RABIIB.
INAICE, STAM. TRAFG, VPS50, FAMI25R, STAMBERP, PSDI, RABLIFIPA, RABRIIFIPS, RABIIFIPZ, ADRBI, APIAL,
ACAPY VPS4 GREG, FDCDEIP, DNMI

FRAL NDUFALL ATPEVIF NDUFVZ ATRVIA NDUFSS. NDUFSE, ATPSL. CONGAT ATPSO. ATPSVODI

Humington's disease POLRZH. CLTA. CLTH. POLRIL, POLR2L COXTAZE, COXSH, UQCRG. TFAM, NDUFSS, SIN3A. NDUFSE, ATPI0. [ 00377116
PLCH2, HIM, KDUFA2. NDUFAZ, SLO2%A4, CREBS. HTT. COX411. CRERS. POLRIIY, DCTHL, DOTNI, NDUFVE,
HDACT, 5P1.APIAL COXGAL
Proteasome PSALBS. PSMBA, PaMAG. PSME|L, PEMCA, PSME2. PSACL PSAD2, PSMDG, PSMDT, PAMBE (L.O3ET551
Ivosatol phosphnte mefabolisn | TPIL IMPAZ, PIKIC2A, PIK3CB. PIK3C2B, PLCD3. PIPSKIC, ITPEB, INPP4A. PIP4KZA. PLOCBZ. PIPSR2C 004 14098
Epitisebial cell sigonlmg | ATPEVDEL ATPSAPL, ATPEVIGL CCLS. ATPAVID, SRC, ATPSVOE, ATPEVIF, ATPSVIA, CIH'42, HBEGE, MAPKSR, | D0H6746
Helicobacter pvlon mfection IKBKB, ATEaVIDT
SNARE  imeeractions o | STRS STX4 STXIA VAMPE, STXIE STXI7. VTIB, VAMP3, VAMPI (061667
vesicular mnsport
Pathsvnys in capcer FGFR2, PRARD, XIAPR, MITF, FGF11, FOXOL CDHL, FGF12, BCLILY, TOFTLL CTHO4Y; CONEL MAX, LAMEBS. | 00645465
LAMBI, PAXE. TGFA. FAS FGFl. TRAFG, TRAFS, MYC, TRAF4, TRAF3. PRKCA. MSHG. BMPL TL6, MAPIRI.
PIR3CE, CDES, PRECG, EZD3, TTGAZ, SMADZ, FZDS, STATL CTNNAL STR4. DAPK3, STAT2, NEAS. CCDCS,
CDENILA, HDAC?, TCEB2, MAPKE, IKBER
Orxidoteve phosplorylnion WOUFAZ ATPOVOEL NDUFA3, ATPoAPT, COXAIL ATPSV G COXTAZL, UQURQ, COXEB, ATPsVID. ATPeVOB, | (L06EHE54




OE330X4 versus OE33 (continued)

OE3I0NS DAVID
_Tetm I Graes pyahucs |
MW-Glvcan Biosymiiesis MGATAE, MGATL MGATAA STHGALL, TUSCS. DADL DPM2.ALGH, MANIAL RPN2 00764823
piisiznnlme patlray ZMATS, CDEe, SEN, ATE. REBMZB, ATM,. CONEL. TP521E, CDENIA. T30, MDM4. FAS, THBS1 OBGT645
Frisailiin sagmaling piatbiway PHEAZ PRECZ. PIKACH. MAPZED, PHEGI, PHEAL FLOTI, SOCS]. PREABL, FOXOL, PPPICE. NEAS, PPPIR3C, | 00933216
PYGL, TSC2, PREARTA, CALMI, MAPKS, INFP3D. IKBEB. TRIPID, SHCY
Srall cell lung cancer XIAR PIKACE, CDEA, ITGAZ, BCLALL. MAX, CONEL. LAMB3. LAMB2. TRAFe IKBER. TRAFS. MYC, TRAF4, | 00991423
TRAFS
OE210X4 versus OE21
DEZLONG DANVID
Teem e Demes Cvilnes
Lysosomne AGA. CTSL2 NPCI. SLCLTAS, PSAP IGF2R. CTSD. ACP2. CTSA, ATPAVODI, ATPRVOR, CTSLI 00202548
Cilioama PRECA. E2F2, IGF IR CANK2G, ARAF, TP53, TGEA. CALMI 10267008 |
Prion diseases WOTCHIL LARCY, HSPAS PRNP, CCLS OTRTTES
Pathways in [ FRECA, E2F2. DWVL3, BMP2, AR, STE36. CBL. TPA3, ITGE1, MMP2. CTHNNBL. FOS. IGF IR WNTTE; LARMAS, [ AMB2, LAMAS, | 008550658
cancer ARAF, VEGFA, TGFA, LAMC2 -LAMCI
T|g1 JumE e PRECA. EPB4ILY, CLDNT, RAR3E. EFB4IL]. CLDNY, CSNKIB, EXOCE, AMOTL]. PRECE. CTHNNBI L2 e
Sl cell hng | E3EZ, LAMAS LAMBZ, LAMAS, TP33, LAMC 2 LAMC T, ITCE] 0 (GEE
clllCCT




