CRISPR/Cas9-mediated knockout of PIM3 suppresses tumorigenesis and cancer cell
stemness in human hepatoblastoma cells
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5. A GCGACACGC CGTGCGCCTC CGCGGCTGCG CTACGAAAAC GAGTCCCGGA GCGGCCCCGC -3 — PIM3 primers
3= TCGCCTGGCT GCGCTGTGCG GCACGCGGAG GCGCCGACGC GATGCTTTTG CTCAGGGCCT CGCCGGGGCG -5

5- GCCCGCCGCA CCCGGCCCTC GCCCGCCCGA AGACAGGCGC CAAGCTGCCC CGCCGTCTCC CCAGCTAGCG -3 — gRNA1A
3- CGGGCGGCGT GGGCCGGGAG CGGGCGGGCT TCTGTCCGCG GTTCGACGGG GCGGCAGAGG GGTCGATCGC -5 — gRNA 1B

5- CCCGGCCGCC GCCGCCTCGC GGGCCCCGGGE CGGAAGGGGGE CGGGGTCCCG ATTCGCCCCG CCCCCGCGGA -3 RNA 2A
3- GGGCCGGCGGE CGGCGGAGCG CCCGGGGCCC GCCTTCCCCC GCCCCAGGGC TAAGCGGGGC CGCCT -5 — 9

— gRNA 2B
5- GGGATACGCG GCGCCGCGGC CCAAAACCCC CGGGCGAGGC GGCCGGGGOG GGTGAGGCGC TCCGCCTGCT -3 g
3- CCCTATGCGC CGCGGCGCCG}E,EGTTTTGGGG GCCCGCTCCG CCGGCCCCGC CCACTCCGCG AGGCGGACGA -5 — gRNA 3A

5- GCGCGTCTAC GCGGTCCCCG,%GCCTTCC GGGCCCACTG CGCCGCGCGG ACCGCCTCGG GCTCGGACGG -3' — gRNA 3B
3- CGCGCAGATG CGCCAGGGGC CGGAAGG CCCGGGTGAC GCGGCGCGCC TGGCGGAGCC CGAGCCTGCC -5 5 UTR region
5- CCGGTGTCCC CGGCGCGCCG CTCGCCCGGA TCGGCCGCGG CTTCGGCGCC TGGGGCTOGG GGCTCCGGGG -3' EXONS

3- GGCCACAGGG GCCGCGCGGC GAGCGGGCCT AGCCGGCGCC GAAGCCGCGG ACCCCGAGCC CCGAGGCCCC -5

§- AGGCCGTCGC CCGCi T GCTCTCCAAG TTCGGCTCCC TGGCGCACCT CTGCGGGCCC GGCGGCGTGG -3 introns
3- TCCGGCAGCG GGCG A CGAGAGGTTC AAGCCGA@MACCGCGTGGA GACGCCCGGG CCGCCGCACC -5 _START CODON

5'- ACCACCTCCC GGTGAAGATC CTGCAGCCAG gtacgcgcgg ggccggeggg geccggggecg gggecaggge -3 PAM
3- TGGT@?GG CCACTTCTAG GACGTCGGTC catgcgcgcc ccggecgece cggecccgge ccc cccg -5

cgecece ccgcaccaa ccccgeccge gectccctge agCCAAGGCG GACAAGGAGA -3'
ggg g\:g \:g gg ggggcgtgglt gggg%ggg%g gggagggagcg tgGGTTCCGC CTGTTCCTCT -5

5- GCTTCGAGE‘ ICGTACCAG GTGGGCGCCG TGCTGGGTAG CGGCGGCTTC GGCACGGTCT ACGCGGGTAG -3°
3- CGAAGCTC GCATGGTC CACCCGCGGC ACGACCCATC SDGCCGCCGAAG CCGTGCCAGA TGCGCCCATC -5

5'- CCGCATCGCC GACGGGCTCG CGgtgagtcg gaccgccggé'ﬁ;ﬁcccggg tttetcgege gecttgegec -3
3'- GGCGTAGCGG CTGCCCGAGC GCcactcage ctggcggece geccgggece aaagagegeg cggaacgegg -5

5'- tcgcttggcc cggecctgacc cccgegtctc cgcagGTGGC TGTGAAGCAC GTGG] GG AGCGGGTGAC -3'
3- agcgaaccgg gccggactgg gggcgcagag gecgtcCACCG ACACTTCGTG CACCACTTCC TCGCCCACTG -5"
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B
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Figure S1. Establishment of stable CRISPR/Cas9-mediated PIM3 knockout cells. (A-B)
Design of PIM3 gRNAs and primers for knockout verification and sequencing. (A) Structure of the
PIM3 gene is depicted at the top from 5’ to 3’ with exons indicated by dark grey boxes. Sequence
for the region of interest (5’ end of gene to 3’ end of middle of exon 3) is listed underneath. The
5’ untranslated region (UTR) is in italics, exons in uppercase, introns in lowercase, and PIM3 start
codon in boxed bolded letters. gRNAs (colored lines) were designed to guide Cas9 to regions
with PAM sequences (black highlighted white text). gRNAs were cloned into plasmids and cells
were transfected with pairs of plasmids containing gRNA 1A and 1B, 2A and 2B, or 3A and 3B.
The locations for the forward and reverse primers used in PCR to assess the edits are highlighted
in grey. (B) Schematic diagram depicting the functionality of the CRISPR/Cas9 system. The
sequences for the oligonucleotide top and bottom strand that were used to clone the gRNA 3A
into the CRISPR/Cas9 plasmid are shown. Binding of the gRNA to the specific DNA target
sequence preceding an adjacent PAM sequence “guides” the Cas9 enzyme to induce a double-
strand break in the DNA target sequence. gRNA: Guide RNA; PAM: Protospacer adjacent motif.
(C) PCR was performed on genomic DNA isolated from clones transfected with paired gRNAs.
DNA was amplified using primers for the target region of PIM3 and gel electrophoresis was
performed on PCR products. The unedited HuH6 band had an expected size of 828 bp. The 3
PIM3 knockout (KO) clones had smaller bands indicating large deletions. (D) Representative
Sanger sequencing results of the HuH6 WT and PIM3 KO (clone B11l) DNA. Following
amplification with PIM3 primers (pair shown as forward and reverse arrows), PCR products were
assessed using gel electrophoresis. Individual bands were cut out, DNA purified, and nucleotide
sequence analyzed by Sanger sequencing. Results were aligned to the human reference
sequence using BLAST. PIM3 KO had a large (~275 bp) deletion between the two gRNA cut sites.
The gRNAs were also aligned and their position shown.
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Figure S2. PIM3 knockout did not affect cell morphology. HUH6 WT or PIM3 KO cells (1 x
10°) were plated into 6-weel plates and imaged after 72 hours to assess for morphologic changes.
The Photometrics CoolSNAP HQ2 CCD camera (Tucson, AZ) attached to a Nikon Eclipse Ti
microscope (Tokyo, Japan) was used to image the plates and representative photomicrographs
are shown. PIM3 KO cells did not differ in cell morphology from that of the HUH6 WT cell. Scale

bars represent 300 pum.
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Figure S3. PIM3 knockout decreased motility in hepatoblastoma cells. Motility was evaluated
utilizing a monolayer wounding (scratch) assay. HuH6 WT or PIM3 KO cells were plated and

allowed to grow to near-confluency and a uniform scratch was made in the well. Images of the



scratch wound area were obtained at 0, 24, 48, and 72 hours. The area of the wound in pixels
was quantified using ImageJ and data reported as mean fold change in scratch area compared
to time zero + standard error of the mean. PIM3 KO cells resulted in significantly larger wound

(scratch) area over time compared to HUH6 WT cells indicating decreased motility.
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Figure S4. PIM3 re-introduction rescued the decrease in cancer cell stemness observed
with PIM3 knockout. (A) Cell surface expression of CD133, a marker of hepatoblastoma
stemness, was determined using flow cytometry in HUH6 wild-type (WT), PIM3 knockout (KO), or
PIM3 KO cells transfected with either an empty vector (EV) control or PIM3 cDNA expressing
plasmid (PIM3 Rescue). PIM3 KO led to significantly decreased CD133 expression compared to
HuH6 WT cells, while re-introduction of PIM3 cDNA in PIM3 KO cells led to rescue of CD133 cell
surface expression and a return to levels comparable to those seen in WT cells. There was no
difference in CD133 expression between PIM3 rescue and HuH6 WT cells. Data represent at
least three biologic replicates and are reported as mean £ standard error of the mean. (B)
Representative contour plots with negative staining controls for each cell line are shown. NS: non-

significant.
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Figure S5. PIM3 knockout decreased in vivo tumor growth in male mice. HuH6 wild-type
(WT) or PIM3 knockout (KO) cells were injected subcutaneously into the right flank of male
athymic nude mice (n=7 per group) and tumor volume monitored over time. Male mice bearing
PIM3 KO tumors exhibited a significantly decreased relative tumor growth compared to those
bearing HUH6 WT tumors.
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Figure S6. PIM3 knockout decreased in vivo tumor growth in female mice. (A) HUH6 WT
and PIM3 KO cells were injected subcutaneously into the right flank and left flank, respectively,
of 7 female athymic nude mice. PIM3 KO cells resulted in smaller tumors than those of HUH6 WT
cells. (B) Relative tumor growth at the end of the 43-day study period was decreased in PIM3 KO
tumors compared to WT tumors.



Table S1

gRNA gRNA sequence Oligonucleotide top strand sequence | Oligonucleotide bottom strand sequence
1A GCGCCGCGTATCCCTCCGCG CACCGCGCCGCGTATCCCTCCGCG AAACGCGGAGGGATACGCGGCGC
1B GCTGCAGGATCTTCACCGGG CACCGCTGCAGGATCTTCACCGGG AAACCCCGGTGAAGATCCTGCAGC
2A GCGCGTCTACGCGGTCCCCG CACCGCGCGTCTACGCGGTCCCCG AAACCGGGACCGCGCGTAGACGCGC
2B GGACAAGGAGAGCTTCGAGA CACCGGACAAGGAGAGAGCTTCGAGA AAACTCTCGAAGCTCTCTCCTTGTCC
3A GGGCCCGCAGAGGTGCGCCA CACCGGGCCCGCAGAGGTGCGCCA AAACTGGCGCACCTCTGCGGGCCC
3B CGGTGAGTCGGACCGCCGGG CACCGCGGTGAGTCGGACCGCCGGG AAACCCCGGCGGTCCGACTCACCGC

Table S1: Table listing the gRNA sequences for CRISPR/Cas9-mediated editing of PIM3 gene
and the oligonucleotide sequences used to clone gRNAs into CRISPR plasmid.



Table S2

Biological Activation
Category e p-value e Molecules # Molecules
' ' Inhibition of AGRP, ANXA1, ATP9A, BDNF, CD19, CSF1, EDN1, EGF, EP300, EPO, FGF2, FKBPS, IGF1, IL18, 1L32, LAG3, LEPR, MST1, NUCB2, ORM1
Cellular Growth and Proliferation | .\ 1.18E-03 | 1.553 OXT, PLCE1, RAPGEF3, RB1, SELE, SERPINC1, SERPINE1, SLC12A2, TNFSF10, VDR, VICN1 31
Cellular Development, Connective
Tissue Development and Function,
Skeletal and Muscular System Differentiation 1.68BE-03 | 1452 BCLG, CXCR4, ETS1, LYN, TNFSF138, WAS 6
Development and Function, Tissue
Development
Cancer, Cell Death and Survival Apoptosis of 127603 | 1.43 CASPO, CTNNB1, FAS, FGF2, FOX04, HOTAIR, JUN, NR4AT, PTK2, SIRT1, TNFSF10, VHL 12
' carcinoma cells ) :
Cancer, Cell Death and Survival, Cell death of
Organismal Injury and ell death o 2.19E-03 | 1.43 CASP9, CTNNB1, FAS, FGF2, FOX04, HOTAIR, JUN, mir-17, NR4A1, PTK2, SIRT1, TNFSF10, VHL 13
. carcinoma cells
Abnormalities
. ALB, BONF, CASP8, CTNNB1, DAXX, EDN1, EGR2, FAS, FGF2, GHRL, IGF1, IL11, IL6ST, ITGB1, JUN, LAMAZ, LCN2, LHX2, LPAR1,
Cell Death and Survival Cellular death | 8.18E-04 | 1.36 MAPK1, MMP2, PFKFB3, PIN1, POU3F1, PRKAA1, PRKCI, QKI, RB1, SDC3, S0D1, TNFSF10 31
AATK, ADAM10, ARG1, BDNF, BMPA, BMPR1A, CALB1, CD47, CHNT, CRK, CSF1, DAB2IP, DLX5, DOCKA, DOKG, DPYSL3, EFNBI,
Cellular Development, Cellular EFNB3, EGF, ENPP2, EPHAZ, ESR1, FGF18, FGF2, FGFR3, FKBPS, FZD3, GAB1, GDAP1, GRKS, HAP1, HDGFL3, HTT, IGF1, IL6ST,
Growth and Proliferation, Nervous | Outgrowth of 9.34E-04 | 1.311 ITGA9, ITGB1, JUN, LANA2 LGALS1, LMNB1, MAP1B, MAPK1, MAPKS, MARCHFS, MEGFS, MICALL2, MYH9, NCAM?, NF1, NGEF, NINJ2, | gg
System Development and neurites -I4E- . NRCAM, NRF1, NRTN, P2RY2, PALLD, PAX2, PCSKIN, PIK3CA, PUA2, PLXNAT, POLRIE, PPP2R2C, PRPH, PSPN, PTPRM, PTPRS,
‘ . RAPGEF1, RAPH1, RAPSN, RHOQ, RIMS3, SEMA3A, SEMA3D, SERPINE1, SLC12A2, SLIT2, SOD1, SRGAP1, STK3BL, THBS1, TIAM1,
Function, Tissue Development TNFSF136, TRID, TRPCT, ULK1, VLDLR
Cellular Development, Cellular ACPP, ANXA1, APOA1, ARG1, ARHGDIB, ARHGEF1, AXL, BCL6B, BMP4, BTN1A1, BTN2A2, C3, CALR, CASP8, CCL25, CCN2, CD160,
Growth and Proliferation, C€D19, CD3G, CD47, CDTIA, CDKN2C, CHST3, CORO1A, CTNNB1, CTSZ, CXCR4, CYLD, DCLRE1C, DRD2, EFNB1, EFNB3, EGR2, ELF1,
Hematological System Cell EOMES, EPO, ERAP1, ESR1, ETS1, FAS, FCER1G, GAD1, GFI1, GNRH1, HAVCR1, HPX, HSPATAHSPATB, IGF1, IL18, IL23R, ILAR,
9 Y’ ‘ proliferation of | 1.74E-03 | -1.023 ILBST, ITGB1, JAGT, JUN, KLF2, KLF4, KLK13, LAG3, LCK, LEPR, LGALS1, LGALS3, MAP2K6, MAPKB, mir-17, mir-25, MYDGF, NF1, 114
Development and Function, T lymphocytes NFKBID, NR4A1, PAG1, PDESA, PECAM1, PIK3CA, PIM3, PIN1, PPL, PRKCE, PRKCQ, RAC2, RASGRP3, RGS2, SELL, SERPINBY,
Lymphoid Tissue Structure and SH2D1A, SIRT1, SMARCA4, SOCS3, SOS1, SPP1, ST3GALS, STAP2, TAC4, TBCID10C, TERC, TG, TGFB2, THBS1, TMIGD2, TNFAIP3,
Development TNFRSF11A, TNFRSF1B, TNFSF10, TNFSF13B, TNFSF4, TRAFS, TXNIP, TYROBP, UBASH3B, VDR, VICN1, WAS, ZC3H120
Cell-To-Cell Signaling and Adhesion of
) . ACER2, ADAMS, BCAM, BCLB, CCN2, CTNNB1, EMILINY, ENPP2, FGA, FGB, FGG, HOXAT, ITGA11, ITGBA, ITGBIBP1, ITGB4, JAGT, NF1,
Inleragt\oh- Cel[ular Assembly and cell-e_lssoclatad 291E-04 | -1.043 PKD1, PPFIA1, PPFIA2, THBS1, TIAM1 23
Organization, Tissue Development | matrix
ADAM10, ADAMB, AFP, AKAP12, ANXAT, APOAT, ARHGEFS, AXL, BDNF, BINZ2, BMP4, C3, CALR, CAPG, CCL14, CCL20, CCL25, CCN2,
CD47, CHST2, CKLF, CORO1A, CRK, CRTC2, CSF1, CSF1R, CXCL17, CXCR4, CYP19A1, DAPK2, DOCK4, DRD2, DUSPS, EON1, EFNBI,
EGF, ELMO1, ENAH, ENG, ENPP2, EPHAZ, FAS, FCER1G, FGF2, GAB1, GNRH1, GNRH2, GPR132, HAVCR1, HOXAT7, IGF1, IL18, IL4R,
Cellular Movement Homing of cells | 5.49E-04 | -1.067 1TGA9, ITGAE, ITGB1, JAKZ, JAML, JUN, KISS1, KNG, LBP, LCK, LCN2, LEF1, LGALS1, LGALS3, LPARY, LYN, MAP2K2, MAPK1, MMP2, 113
MPP1, MST1, MYLK, NDST1, NQO1, NR1H3, NR4A1, NRCAM, NRP2, P2RY2, PAX3, PIK3CA, PLEC, PLXNB1, PRAP1, PRKCQ, PROX1,
PTGDR2, PTK2, RAC2, RARRES2, RGS10, S100A14, SELE, SELL, SEMA3A, SEMA3D, SERPINE1, SLC37A4, SLIT2, SOCS3, SPP1,
SWAP70, TFF3, TGFB2, THBS1, TIAM1, TMSB1O/TMSBAX, TRPM2, USP14, WAS
ABI3, ABR, ACPS, ACTA2, ACVRL1, ADAM10, ADAM19, ADAME, ADARB1, ADGRG3, ADGRGE, AGAP2, AHSG, AKAP12, ALB, AMOTL,
ANGPTLA, ANKRD2B, ANPEP, ANXAT, APOA1, ARFGEF2, ARG1, ARHGDIB, ARHGEF1, ARHGEFS, ATF3, ATOHS, ATPSF1B, ATPBAI,
ATXN7L3, AXL, BBS4, BCAM, BCAT1, BCLE, BDNF, BEX4, BMP4, BMPR1A, BRCAZ, BRD4, BST2, C3, CA9, CACNATD, CALR, CAMKA,
CAPG, CASP8, CASP9, CCKBR, CCL14, CCL20, CCL25, CCN2, CD19, CD47, CDH3, CDKN2C, CELSR3, CFTR, CHRNA9, CHST10, CHST2,
CITED2, CKLF, CNN3, CORO1A, CRK, CRTC2, CSF1, CSF1R, CSNK2B, CST6, CTNNB1, CTSV, CTSZ, CULT, CXCL17, CXCR4, CYLD,
CYP19A1, CYP26B1, DACT2, DAPK2, DDR2, DLX1, DMRT1, DOCK4, DOCKT, DPAGT1, DPEP1, DPP10-AS1, DPYSL3, DRD2, DSP, DUSPE,
ECM1, EDN1, EEF1A2, EFEMP1, EFNB1, EFNB3, EGF, EGFL7, EGR2, EIF4EBP1, ELMO1, ELP1, EMP1, ENAH, ENG, ENPP2, EOMES,
EPAS1, EPHA2, EPHA4, EPHBA, EPO, EPSB, ERAP1, ESAM, ESR1, ETS1, F12, FABPS, FAS, FAT1, FBX041, FCERIG, FGA, FGB, FGF18,
FGF19, FGF2, FGF8, FGFR3, FLRT2, FMN2, FMOD, FNBP1L, FOX04, FRMDS, FRMDE, FURIN, FUTB, FZD3, GAB1, GAD1, GASS-AS1,
GAST, GGTS, GHRL, GLIPR2, GMFG, GNAI1, GNRH1, GNRH2, GPC1, GPER1, GPR132, GRB14, HABP2, HAS3, HAVCR1, HOTAIR,
HOXAT1, HOXAT, HSPATAMHSPAIB, HTT, IFI16, IGF1, IGFBPE, IL11, IL18, IL23R, 1L32, IL37, ILAR, ILEST, ITGA9, ITGAE, ITGB1, ITGB1BP1,
o ITGBA, JAG1, JAK2, JAML, JCHAIN, JUN, KCNH2, KDMSA, KIF268, KISS1, KLF2, KLF4, KLKB, KMT2D, KNG1, KPNA, LAG3, LAMAZ,
Cellular M Migration of 28E-06 | -1.181 LAMTORZ, LBP, LCK, LCN2, LEF1, LEPR, LGALS1, LGALS3, LIMCH1, LIMS2, LIN28B, LINCO0261, LIPA, LLGL1, LMCD1, LMNB1, LPAR1, 415
ellular Movement cells 1.288-06 | -1. LPP, LYN, MAGI1, MALATI, MAP1B, MAP2K2, MAP2KS, MAPK1, MAPIKE, MARCHF 1, MATIA, MCMZ2, MGATS, mir-17. mir-25, mir-320, mir-
322, MIXL1, MMP1, MMP2, MPP1, MRC2, MST1, MTDH, MTSS1, MUC20, MYHS, MYLK, MYO1G, NCOA3, NONF, NDST1, NEIL2, NEK3,
NF1, NFKBIZ, NNMT, NOTCH2, NOX1, NQO1, NR1H3, NR4A1, NR4A2, NRF1, NRP2, NRTN, NSD2, NTN4, NUCB2, ORM1, ORMDL3, OSMR,
P2RY2, PAG1, PALLD, PAX3, PDIA2, PECAM1, PGGT1B, PHACTR1, PIEZO2, PIK3CA, PIN1, PKD1, PLAC1, PLCE1, PLEC, PLK4, PLTF,
PLXNAT, PLXNB1, PLXNB2, PLXNC1, PPFIA1, PPP1R14B, PRAPT, PRKAAT, PRKAA2, PRKCE, PRKCI, PRKCQ, PROCR, PROX1,
PTGDR2, PTK2, PTPRB, PTPRM, PTPRU, QKI, QPCT, RABTA, RAC2, RAMP2, RAP1GAP?, RAPGEF1, RAPGEF2, RAPGEF3, RAPH,
RARRES2, RASGRP3, RASSF8, RB1, RBFOX2, RDX, RERE, RGS4, S100A10, S100A11, S100A14, S100P, SDC3, SDCCAGS, SELE, SELL,
SEMA3A, SEMA3D, SERPINC1, SERPINE1, SH2D1A, SH3PXD2B, SHROOM2, SIRT1, SIX4, SLC12A2, SLCI7A4, SLC5AS, SLITZ, SMAD1,
SMADS, SMARCA4, SMARCB1, SNCG, SNHG16, SOCS3, S0D1, S081, SPAGY, SPARCL1, SPP1, SRGAP1, SRPX2, SSBP1, SSH2,
STEGAL1, STAP2, STRIP1, STXBP4, SUMO1P3, SWAPTO, TACA, TBLIXR1, TBXAZR, TCF4, TERC, TFPI, TFPI2, TG, TGFB1I1, TGFB2,
THBS1, THRB, TIAW1, TMASF1, TMASF4, TMASF5, TMIGD2, TMSB10/TMSBAX, TMSB15B, TNFAIP3, TNFRSF11A, TNFRSF1B, TNFSF10,
TNFSF13B, TNFSF4, TPS3INP1, TRIO, TRPC1, TRPM2, TRPM?, TRPMB, TSPAN10, TSPO, TUBB2B, TWF1, TYROBP, USP25, VASH,
VDR, VGF, VHL, VLDLR, VICN1, WAS, WNT10B, ZMYND10
ADAM10, ADAMB, ADGRB2, ALXT, AMIGOT, ANXA1, APOA4, ARHGAP26, ARHGEFS, BAGALNT2, BCAM, BONF, C3, CACNATD, CACNATH,
CALR, CD47, CDH3, CHRMS, CHRNE, CLIP3, CORO1A, CRB3, CSF1, CSF1R, CSNK2B, CSTA, CTNNB1, CTSV, CXCRA, CYP19A1, DES,
o DPAGT1, DSP, EDN1, EFNB3, EGF, EPS8, ESAM, FAT1, FGF2, FLRT2, GCM1, GDAP1, GHRL, GJA4, GLDN, GRIN1, HSPG2, HTT, IFI16,
Cell-To-Cell Signaling and Cell-cell 165€-03 | -1.188 IGF1, IGSFOB, IL18, IPGK3, ITGB1, ITGBA, JAGT, JAKZ, JAML, KLF2, KLKB, LAMA2, LEF1, LGALS1, LGALS3, LIMS2, LRRN1, LZTS, 130
Interaction ell-cell contact | 1.65E- -1 MAPK1, mir-17, MMP2, MPDZ, MYCBP2, MYH, MYLK, MYOS, NCAM2, NECTIN4, NEURL1, NF1, NFASC, NINJ2, NPHS1, NRCAM, OXT,
P2RY2, PECAM1, PKD1, PKN2, PLEC, PRKAAT, PRKAA2, PRKCE, PRKCI, PRKCQ, PROCR, PTK2, PTPN23, RAB29, RAPGEF1, RAPGEF3,
RAPSN, RDX, RGS2, SELE, SEZ6L2, SHANK3, SIRT1, SIX4, SLC12A2, SLC25A46, SLIT2, SNCG, S0D1, SORBS2, S0X4, SPARCLI,
SRPX2, TAFA2, THBS1, TIAM1, TMIGD2, TNFAIP2, TPST2, TYROBP, UTRN, VHL, ZDHHC2, ZDHHCB
Cellular Development, Cellular
Growth and Proliferation, Digestive AVP, BMP4, C3, CCN2, CITED2, CTNNB1, CXCR4, EON1, EGF, EPO, FAH, FAS, FGF18, FGF19, FGL1, IGF1, IL18, IL4R, ILBST, ITGB1
System Development and Proliferation of |\ ,oc 13 | 4 258 JUN, KLF2, LEPR, LGALS1, LGALS3, MAP2KS, MAPK1, MAPKS, MGAT3, MST1, NCOR1, NPPC, OSMR, PIM3, PRKAA1, PROX1, RB1, 44
Function, Hepatic System liver cells SIRT1, SMARCB1, SOCS3, SPP1, TERC, THBS1, TNFRSFIB
Development and Function, Organ
Development
ACVRL1, ADAM10, ADGRG3, AMOTLY, ANGPTL4, ANXA1, ATOHB, ATPSF1B, AXL, BONF, BMP4, CALR, CCN2, CRK, CSNK28B, CYLD,
EDN1, EGF, EGFL7, ENG, EPHB4, EPO, ERAP1, ESAM, ETS1, FGF18, FGF2, GAB1, GPC1, HAS3, IGF1, ITGA, ITGB1, ITGBIBP1, ITGB4
Cellular Movement Cell Movement | 6.37E-05 | -1.544 KIF26B, KLF2, KNG1, LGALS1, LIPA, MAPZK6, MAPK1, MAPKS, mir-17, mir-25, mir-320, mir-322, MMP2, NR4AT, NR4A2, NRP2, ORM1, 78
PECAMI, PIKICA, PLXNA1, PRAP1, PRKAA1, PRKCE, PROX1, PTK2, RABTA, S100P, SELE, SEMA3A, SEMA3D, SERPINE1, SIRT1,
SLIT2, SPP1, TFPI, TG, TGFB2, THBS1, TMSB10/TMSBAX, TNFSF10, TRPMT, TRPMB, VASH1
Cancer, Cellular Development,
Celllar Growth and Praliferation, | Proiiferation of | ;.0 o5 | 4 8oy APCDD1, CTNNB1, EGF, FGF18, GAST, LIN28B, MAPK1, mir-17, mir-25, PLCE1, SIRT1, SOCS3, TFF3, THBS1, TNFSF10, ZMYND10 16
Organismal Injury and carcinoma cells
Abnormalities, Tumor Morphology
S Binding of
Cell-To-Cell Signaling and tracellul 6.76E-05 | -1.923 ACER2, ADAMB, BCAM, BCLS, CASP8, CCN2, CTNNB1, EMILINY, ENPP2, EPHA2, FGA, FGB, FGG, HOXAZ, HSPG2, ITGA11, ITGB1, 28
Interaction, Tissue Development o :"_” ular »FOE- -1 ITGB1BP1, ITGBA, JAG1, NF1, PKD1, PPFIA1, PPFIA2, SERPINE1, SPP1, THBS1, TIAM1
i matrix
Cancer, Organismal Injury and Pulmona AKAP12, ANGPTL4, ANPEP, ANXA1, APOA1, ATF3, CASPB, CSF1, CTSZ, CXCR4, DPYSL3, EGFL7, EIFAEBP1, ENAH, EPAS1, FGF8,
Abnormalities, Respiratory v 7.82E-05 | -1.923 FGFR3, HSPATAHSPA1B, IL18, IL4R, ITGA, ITGB1, LGALS1, LMCD1, MAGH, MALAT1, mir-17, MMP2, MYBPH, NCOA3, PIK3CA, PTK2, 39
Disease metastasis SERPINE1, SNHG5, SPP1, SQSTM1, SSBP1, THRB, TNFRSF11A
- ACVRL1, ATF3, AVP, BDNF, BMP4, BMPR1A, CACNATH, CCKBR, GCN2, CTNNB1, CYP19A1, ECM1, EDNT, ENPP7, EP300, ESR,
Cell Morphology, Organismal Hypertroph 4.23E-04 1.964 FBX032, FGF2, FGFR3, GPX1, HSPG2, IGF1, IL11, IL18, ILEST, JAK2, LEPR, LMCD1, MAPZKG, MAPK1, MAPKB, MEF2A, mir-25, MMP1, 58
ypertrophy e =1 NOX1, NPPC, PDESA, PDE9A, PLCE1, POUSF1, PRKAA1, PRKAA2, PTK2, RAPGEF3, RGS2, RGS4, SERPINE1, SIRT1, SMAD1, SMADS,

Injury and Abnormalities

SNCG, TAB1, TG, TIAM1, TNFAIP3, TNFRSF1B, TWF1, VDR

Table S2: Table containing the relevant biological functions identified by IPA to be significantly
associated with PIM3 KO (p<0.05). Activation z-score is calculated by IPA and predicts whether




a specific disease or biological function is activated (positive z-score) or inactivated (negative z-

score). The corresponding genes identified in the dataset are included.

Table S3
Ingenuity Canonical Pathway pvalue | Ratio | z-score | Downregulated | Upregulated | Molecules
o AHSG, ALB, AMBP, APOAT, APOA2, APOA4, APOC3, C3, CYP19A1, CYP27AT, FABPS, FBP1 FGA, FGF19, HPR, HPX, IL18, IL36G
FXR/RXR Activation 4.07E-06 | 0405 | 1.134 26/74(35%) 48/74 (65%) IL37, KNG1, MAPK8, NR1H3, ORM1, ORM2, PLTP, RBP4, SLC27A5, SLC51A, TTR, VLDLR
ATPSF 1B, ATP5F 1C, ATPSF 1D, ATPSNC1, ATPSME, ATPSPF, COXAI1, COXA12, COXB, COX6B1, COX6C, COXTA2, COXTB
Oxidative Phosphorylation 1.10E-04 | 0.365 | 4.811 8/74(11%) 66/74 (89%) COX782, NDUFA1, NDUFA12, NDUFA3, NDUFAB1, NDUFB10, NDUFB11, NDUFBS, NDUFB7, NDUFB9, NDUFS$3, NDUFS7, NDUFV1
UQCR10
s AHSG, ALB, AMBP, APOAT, APOA2, APOA4, APOC3, C3, ECHS1, FGA, HPR, HPX_ IL18, IL36G, IL37, KNGT, LBP, NCOR1, NR1H3
LXR/RXR Activation 1.20E04 | 0.373 | 3.128 20/67 (30%) 47167 (T0%) | ot ORMo. BLTP RBP4, TNFRSEID TR
Histidine Degradation VI 1.70E-03 | 0.667 1.633 2/9(22%) 719 (78%) AMDHD1, CYP26B1, CYP2E1, CYP4F 11, CYP7B1,UROC1
CCR5 Signaling 26303 | 0256 | 2828 3045 (67%) 15145 (33%) gs&ggm CACNATH, CACNGA, CANK4, CD3D, CD3G, FAS, FCER1G, GNAI, GNG4, JUN, MAPK1, MAPKS, PRKCE, PRKCI
Pregnenolone Biosynthesis 6.31E-03 | 0.625 1 2/8 (25%) 6/8 (75%) CYP26B1, CYP27A1, CYP2E1, CYP4F11,CYP7B1
" . ABCB1, ABCC3, ACSBG1, ALDH3AT, CHST10, CHST2, CHST3, CPT1A, CPTIC, FABP1, FABP5 FABP, FMO1, FMO5, GSTAT
LPS/IL-1 Mediated Inhibition of 93303 | 0266 | -1 56/128 (44%) 72/128 (56%) | HMGCS2, HS3STS, IL18, IL36G, IL37, JUN, LBP, MAOB, MAPKS, MGMT, MGST3, NDST1, NR1H3, PLTP, SLC27A5, SULT1G2
RXR Function SULT1C4, TNFRSF1B, UST
VDR/RXR Activation 1.45E-02 | 0.319 | 1.265 25/47 (53%) 22147 (47%) CALB1,CST6, EP300, HSD1782, IGFBP6, KLF4, KLK6, NCOA3, NCOR1, PRKCE, PRKCI, PRKCQ, SPP1, TGFB2, VDR
Melatonin Signaling 1.45E-02 | 0319 | -1.291 30/47 (64%) 17147 (36%) CAMK4, GNAI1, GNRH1, GNRH2, MAP2K2, MAP2K8, MAPK1, NOTUM, PLGD3, PLCE1, PRKACB, PRKGE, PRKCI, PRKCQ, RORA
ACVRLT, ADAMTS4, ALPI, ALPL, BMPR1A, CASP5, CASP8, CASP9, CTNNB1, DDR2, DLX5 EPAS1, FGF 18, FGF2, FGF8, FGFR3
Osteoarthritis Pathway 1.66E-02 | 0.256 | -1.061 78/133 (59%) 55/133 (41%) | FRZB, FZD3, FZD6, ITGB1, JAG1, LEF1, MATNS, MMP1, PRKAAT, PRKAA?, RARRES2, RBP4, SIRT1, SMAD1, SMADS, SPP1, TCF4
TNFRSF 1B
GPCR-Mediated Nutrient Sensing o o ADCY1, CACNA1D, CACNATH, CACNG4, GAST, GNAI1, GNG4, ITPR2, NOTUM, PLCD3, PLCE1, PRKACB, PRKCE, PRKCI, PRKCQ
i Entoroondoorine Oolls 2,00E02 | 0302 | -1 34/53 (64%) 19/53(36%) | TRewe
Nitric Oxide Signalingin the ’ ] " o CACNA1D, CAMK4, GUCY2C, ITPR2, KNG1, MAP2K2, MAPK1, PDE 1C, PDE3B, PDE5A, PIK3CA, PRKAA1, PRKACB, PRKCE, PRKCI
Cardiovascular System 2.00E-02 | 0.302 2 35/53 (66%) 18/53 (34%) PRKCQ
s:teh':‘v‘;'; Biosynthesis, Neutral 220802 | 0571 | 1 417 (57%) 317 (43%) AKR1C1/AKR1C2, CYP27A1, HSD3B7, SLC27AS
Nicotine Degradation Il 2.34E02 | 0381 | 2.121 6/21(29%) 15121 (71%) AOX1, CYP19A1, CYP2E1, CYP2F1,FIMO1, FMOS, UGT1A1, UGT2A1
o AATK, AXL, CACNATH, CAMK4, CNGAT, CSF1R, DDR2, EPHA2, EPHA4, EPHBA, FGFR3, ITPR2, JAK2, LCK, LMTK2, LYN, MAP2KS,
Sperm Mofility 23402 | 0254 | 249% 75/122(61%) 47/122(39%) | NoTUM, NPPC, PDEC, PLCD3, PLCET, PRKACB, PRKCE, PRKCI, PRKCQ, PTK2, SLC12A2, SLC16A10, SRS, TWF1
CDKS5 Signaling 3.09E-02 | 0.189 | -2 49/74 (66%) 25/74(34%) ADCY1, BDNF, GNAL, ITGB1, MAP2K2, MAPK1, MAPK8, PPP1R12A, PPP1R14A, PPP1R14B, PPP1R3D, PPP2R2C, PRKACB, RASD1
Leptin Signalingin Obesity 3.16E-02 | 0298 | -1.414 35/47 (74%) 12/47 (26%) ADCY1, AGRP, GHRL, JAK2, LEPR, MAP2K2, MAPK1, NOTUM, PDE3B, PIK3CA, PLCD3,PLCE1, PRKACB, SOCS3
e BIMP4, BMPBA, BMPRTA, CAMK4, JUN, MAGED1, MAP2K2, MAPK1, MAPKS, NKX2-5, PRKACB, RASD1, SMAD1, SMADS, SOS1
BMP signaling pathway 3.63E-02 | 0279 | 3207 | 42/61(69%) 19/61(31%) | Tapi Znraos : : :
L ADCY1, AQP10, CAMK4, CASP8, CASP9, CHRM5, CHRNAY, CHRNE, CNGA1, ESR1, HSPATATHSPATB, ITPR2, KNGT, LPAR1
eNOS Signaling 372E02 | 0262 | -1.698 | 47/84(56%) 37/84(44%) | NoSIP PIKSGA. PRIGAAT PRKARS PRKAGS PRKGE PRKGI PRKCQ
- . ACTA2, ACTC1, ATP2B1, CACNATD, CACNATH, CACNG4, CALR, CAMK4, CHRNAY, CHRNE, EP300, GRIN1, HDAC11, ITPR2
Calcium Signaling 3.80E-02 | 0.252 | -1.5 59/103 (57%) 447103 (43%) | aPK1, MEF2A, MYH14, MYHO, MYL2. MYL4, PNCK, PRKACB, SLCBA2, TNNC2, TRPC1, TRPMS
gzg%‘;ze“sc"”kp"'m 407602 | 014 | -1604 | 35/56(63%) 21/56(38%) | CDKNC,HDACT1 RBY, TGFB2
- BIMP4, BMPRTA, CASP8, CSNK2B, EGF, EP300, FCER1G, FGFR3, IL18, IL36G, IL37, LCK, MAP2KB, MAPKS, NFKBID, PIK3CA,
NF-kB Signaling 417802 | 0214 | -1.663 75117 (64%) 42/117(36%) | pRKACB, PRKCQ, RASDY, TABT, TNFAIP3, TNFRSF11A, TNFRSF 18, TNFSF13B, TRAFS
P ADCY1, AP251, BAD, BDNF, GANK#, CDH16, CDH3, CDHG, CHN1, CPLX1, CRK, CTNNB1, EFNB1, EFNB3, EIF4EBP1, EPHAT0
Synaptogenesis Signaling 417602 | 0231 | 2214 111/186 (60%) 75/186 (40%) | EPHA2 EPHA4, EPHBA4, GRINT, LCK, LYN, MAP 1B, MAPK1, NAP1L4, PIK3CA, PRKACB, PRKCE, RAPGEF 1, RASD1, SGTA, SHC3
Pathway SNCG, SOS1, STXBP1, STXBP4, STXBP5, SYT12, SYT5 THBS1, TIAM1, VLDLR, WAS
PI3K/AKT Signaling 479E-02 | 0.312 | -1.897 18/32(56%) 14732 (44%) CASPY, CRK, GNAI, KPNA3, MAP2K2, MAPK1, NFKBID, PIK3CA, PLACS, ZNF346
Corticotropin Releasing ADCY1, BDNF, CACNA1D, CACNA1H, CACNG4, CAMKA, GAD1, GAST, GNAI1, GUCY2C, ITPR2, JUN, MAP2K2, MAPK1, MEF2A,
Hormone (CRH) Signaling 490E02 [ 026 | -2 53/77 (69%) 24/T7(31%) | WRsar PRKACE PRKCE PRKCI PRKCQ
. ACVR1B, BMP4, BMPR1A, EP300, JUN, MAP2K2, MAP2K6, MAPK1, MAPKB, NKX2-5, RASD1, SERPINET, SKI, SMAD1, SMAD5
TGF-B Signaling 4.90E-02 [ 026 | 25 57/77(74%) 20/77(26%) | Gos1 TABY TGFB2 VDR, ZNF42
o EIF3C, EIF3G, EIF3J, EIF4EBP1 MAPK1, PIK3CA, PLD4, PPP2R2C, PRKAAT, PRKAAZ, PRKCE, PRKCI, PRKCQ, RAC2, RASD1
mTOR Signaling 501E02 | 0.14 | 2309 | 65/150(43%) 85/150 (57%) | RHOG. RPS14 RPS25 RPS26 RPSS, ULKI

Table S3: Table containing the top canonical pathways identified by IPA to be significantly

activated (z-score>+1) or inactivated (z-score<-1) for the differentially regulated genes following

PIM3 KO (p<0.05 and fold change cutoff £ 2). The ratio indicates the number of genes from the

dataset that map to the pathway divided by the total number of proteins that map to the same

pathway. Genes in the dataset that are involved in each canonical pathway are included and are

broken down as downregulated and upregulated. Representative percentages of present versus

total genes per canonical pathway are shown between parentheses.




