IVY GAP

IVY GLIOBLASTOMA ATLAS PROJECT

TECHNICAL WHITE PAPER:
GENE LISTS

Table 1. 343 Genes Selected for Anatomic Structures ISH Survey (AS)
Gene Symbol EntrezID Name Studies Used

ABCC8 6833  ATP-binding cassette, sub-family C (CFTR/MRP), member 8

ACVR1 90 activin A receptor, type |

ACVRIC 130399 activin A receptor, type IC

ADH1B 125  alcohol dehydrogenase 1B (class 1), beta polypeptide

AKR1A1 10327  aldo-keto reductase family 1, member Al (aldehyde reductase)

ALDH3A2 224  aldehyde dehydrogenase 3 family, member A2

ALDOA 226  aldolase A, fructose-bisphosphate

ANGPTL4 51129  angiopoietin-like 4

ANXA5 308 annexin A5 AS

APOD 347  apolipoprotein D

ARMCX6 54470  armadillo repeat containing, X-linked 6

ataxia telangiectasia mutated

ATP1A2 477  ATPase, Na+/K+ transporting, alpha 2 polypeptide
_-__
ATP1B1 ATPase, Na+/K+ transporting, beta 1 polypeptide
_-__
ATP2B1 490  ATPase, Ca++ transporting, plasma membrane 1
_-__
ATP6VOE1 8992  ATPase, H+ transporting, lysosomal 9kDa, VO subunit el
_-__
581 BCL2-associated X protein AS,SS
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BIN1 274  bridging integrator 1

BMP7 655  bone morphogenetic protein 7

BMPR2 659  bone morphogenetic protein receptor, type Il (serine/threonine kinase)

BRAF v-raf murine sarcoma viral oncogene homolog B1

BRSK1 84446  BR serine/threonine kinase 1

Clorfl06 55765  chromosome 1 open reading frame 106

Clorfl62 128346  chromosome 1 open reading frame 162

complement component 1, r subcomponent

Cb5orf62 85027 chromosome 5 open reading frame 62

C8orf4 56892  chromosome 8 open reading frame 4 AS,SG

CACNA1C calcium channel, voltage-dependent, L type, alpha 1C subunit

CACNG4 27092  calcium channel, voltage-dependent, gamma subunit 4

CANX 821  calnexin

CAV1 caveolin 1, caveolae protein, 22kDa

CCDC80 151887  coiled-coil domain containing 80

CCND1 595  cyclin D1

CD163 9332 CD163 molecule AS,SG

960 CD44 molecule (Indian blood group) AS,SS,SR

CD63 967 CD63 molecule

CDCA7 83879  cell division cycle associated 7

CDK4 1019  cyclin-dependent kinase 4

CDKN1A 1026  cyclin-dependent kinase inhibitor 1A (p21, Cip1)

CDKN2B 1030 cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4)
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CENPK 64105  centromere protein K

CHI3L1 1116  chitinase 3-like 1 (cartilage glycoprotein-39)

CLCN3 1182  chloride channel, voltage-sensitive 3

COL1A1 1277  collagen, type |, alpha 1

COL4A2 1284  collagen, type IV, alpha 2

COX4lI1 1327  cytochrome c oxidase subunit IV isoform 1

COX7A2L 9167  cytochrome c oxidase subunit Vlla polypeptide 2 like

CRISPLD1 83690  cysteine-rich secretory protein LCCL domain containing 1

CSsDC2 27254  cold shock domain containing C2, RNA binding

CTNNA2 1496  catenin (cadherin-associated protein), alpha 2

CULS 8065 cullin 5

DESI2 51029  desumoylating isopeptidase 2

DIRAS3 9077  DIRAS family, GTP-binding RAS-like 3

1738  dihydrolipoamide dehydrogenase

DNMT1 1786  DNA (cytosine-5-)-methyltransferase 1
DOCK3 1795  dedicator of cytokinesis 3

51514  denticleless E3 ubiquitin protein ligase homolog (Drosophila)

EFEMP1 2202  EGF containing fibulin-like extracellular matrix protein 1 AS,SG
_-__
EIF4E2 9470  eukaryotic translation initiation factor 4E family member 2
_-__
ENO1 2023  enolase 1, (alpha)
_-__
EP400NL 347918  EP400 N-terminal like
_-__
EPHB6 2051  EPH receptor B6
e R ———————
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ERBB3 2065  v-erb-b2 erythroblastic leukemia viral oncogene homolog 3 (avian) AS,SS

FABP4 2167 fatty acid binding protein 4, adipocyte

FAM129A 116496  family with sequence similarity 129, member A AS,SG

FAM70A 55026  family with sequence similarity 70, member A

FANCI 55215  Fanconi anemia, complementation group |

FBP1 2203  fructose-1,6-bisphosphatase 1

FCGR2B 2213  Fc fragment of 1gG, low affinity Ilb, receptor (CD32)

FGF1 2246  fibroblast growth factor 1 (acidic)

FIGF 2277  c-fos induced growth factor (vascular endothelial growth factor D)

FLNA 2316  filamin A, alpha

FOXO03 2309 forkhead box O3 AS,SS

GABBR1 2550 gamma-aminobutyric acid (GABA) B receptor, 1

GALM 130589  galactose mutarotase (aldose 1-epimerase)

GFRA1 2674  GDNF family receptor alpha 1

GFRA3 2676  GDNF family receptor alpha 3

2717  galactosidase, alpha

GNAS 2778  GNAS complex locus

GRB2 2885  growth factor receptor-bound protein 2

H3F3A 3020  HS3 histone, family 3A

HDAC6 10013  histone deacetylase 6

HIF1A 3091  hypoxia inducible factor 1, alpha subunit (basic helix-loop-helix transcription factor) AS,SS,SR

HMGN2P46 283651  high mobility group nucleosomal binding domain 2 pseudogene 46

HS6ST1 9394  heparan sulfate 6-O-sulfotransferase 1
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HTATIP2 10553  HIV-1 Tat interactive protein 2, 30kDa

IDH2 3418 isocitrate dehydrogenase 2 (NADP+), mitochondrial

ILIORA 3587 interleukin 10 receptor, alpha

ITGAS 3678 integrin, alpha 5 (fibronectin receptor, alpha polypeptide)

KCNH3 23416  potassium voltage-gated channel, subfamily H (eag-related), member 3

KCNMB4 27345  potassium large conductance calcium-activated channel, subfamily M, beta member 4

3791  kinase insert domain receptor (a type Ill receptor tyrosine kinase)

KIAA0101 9768  KIAA0101

KIF2C 11004  kinesin family member 2C

KLHDC8A 55220  kelch domain containing 8A

KRCC1 51315  lysine-rich coiled-coil 1

LASP1 3927  LIM and SH3 protein 1

LHFPL3 375612  lipoma HMGIC fusion partner-like 3

LOC389831 389831  uncharacterized LOC389831

LRRTM3 347731  leucine rich repeat transmembrane neuronal 3

MAP2K1 5604  mitogen-activated protein kinase kinase 1

MAP3K7 6885  mitogen-activated protein kinase kinase kinase 7

MARK2 2011  MAP/microtubule affinity-regulating kinase 2

MDM4 4194  Mdm4 p53 binding protein homolog (mouse)

METTL21B 25895  methyltransferase like 21B

MLH1 4292  mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli)

MSH2 4436  mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli)

4609  v-myc myelocytomatosis viral oncogene homolog (avian) AS,SS,SR
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NCAM1 4684  neural cell adhesion molecule 1

NCF2 4688  neutrophil cytosolic factor 2

NCOA3 8202  nuclear receptor coactivator 3

4771 neurofibromin 2 (merlin)

NOTCH1 4851 notch 1 AS,SS

NRXN3 9369  neurexin 3

NTRK3 4916  neurotrophic tyrosine kinase, receptor, type 3

OLFML3 56944  olfactomedin-like 3

OSBP 5007  oxysterol binding protein

PARVG 64098  parvin, gamma

PCDHGC3 5098  protocadherin gamma subfamily C, 3

PDGFA 5154  platelet-derived growth factor alpha polypeptide

PDGFRA 5156  platelet-derived growth factor receptor, alpha polypeptide AS,SS,SR

PDLIM4 8572  PDZ and LIM domain 4

PEG3 5178  paternally expressed 3

PGK1 5230 phosphoglycerate kinase 1

PGM3 5238  phosphoglucomutase 3

PIK3R1 5295  phosphoinositide-3-kinase, regulatory subunit 1 (alpha)

PLCG1 5335  phospholipase C, gamma 1

PLVAP 83483  plasmalemma vesicle associated protein

PMS2 5395 PMS2 postmeiotic segregation increased 2 (S. cerevisiae)

PRRC1 133619  proline-rich coiled-coil 1

PSD2 84249  pleckstrin and Sec7 domain containing 2
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RASL10A 10633  RAS-like, family 10, member A

5925  retinoblastoma 1

5979  ret proto-oncogene

S100A4 6275  S100 calcium binding protein A4 AS,SG

SAMD9 54809  sterile alpha motif domain containing 9

SCG2 7857  secretogranin Il

SCN2A 6326  sodium channel, voltage-gated, type I, alpha subunit

SDHA 6389  succinate dehydrogenase complex, subunit A, flavoprotein (Fp)

SERPINE1 5054  serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 1

SFRP4 6424  secreted frizzled-related protein 4

SLC11A2 4891  solute carrier family 11 (proton-coupled divalent metal ion transporters), member 2

SLC20A2 6575  solute carrier family 20 (phosphate transporter), member 2

SLC30A3 7781  solute carrier family 30 (zinc transporter), member 3

SLC39A11 201266  solute carrier family 39 (metal ion transporter), member 11

SLC4A4 8671  solute carrier family 4, sodium bicarbonate cotransporter, member 4

SLMO2 51012  slowmo homolog 2 (Drosophila)

SMAD3 4088  SMAD family member 3

SMAD7 4092  SMAD family member 7

SNAP91 9892  synaptosomal-associated protein, 91kDa homolog (mouse)

SOX8 30812  SRY (sex determining region Y)-box 8

SPTSSA 171546  serine palmitoyltransferase, small subunit A

SRRM2 23524  serine/arginine repetitive matrix 2

STAT3 6774  signal transducer and activator of transcription 3 (acute-phase response factor) AS,SS
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STK17A 9263  serine/threonine kinase 17a

SUN1 23353  Sadl and UNCB84 domain containing 1

SYTL4 94121  synaptotagmin-like 4

TAGLN 6876  transgelin

TCF3 6929 transcription factor 3 (E2A immunoglobulin enhancer binding factors E12/E47)

TEX26 122046  testis expressed 26

TGFB3 7043  transforming growth factor, beta 3

TGFBR1 7046  transforming growth factor, beta receptor 1

THBS1 7057  thrombospondin 1 AS,SG

TMEM248 55069 transmembrane protein 248

TNFRSF12A 51330  tumor necrosis factor receptor superfamily, member 12A

TP53 7157  tumor protein p53

TRIM28 10155 tripartite motif containing 28

TRRAP 8295 transformation/transcription domain-associated protein

TSPAN6 7105 tetraspanin 6

UQCRC1 7384  ubiquinol-cytochrome c reductase core protein |

VDAC1 7416  voltage-dependent anion channel 1

7428  von Hippel-Lindau tumor suppressor, E3 ubiquitin protein ligase
1MECOM, not counted as one of 343 genes studied, was used for a tissue control in every ISH run, along with a no probe control slide.

’EGFR and PCDHGA were assessed with two probes each on independent slides.

Abbreviations of studies: AS (Anatomic Structures ISH Survey), AG (Anatomic Structures ISH for Enriched Genes), SS (Cancer Stem
Cells ISH Survey), SR (Cancer Stem Cells RNA-Seq), and SG (Cancer Stem Cells ISH for Enriched Genes).

All probes were hybridized at 300ng/ml.
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Table 2. 37 Genes Selected for Anatomic Structures ISH for Enriched Genes Study (AG)

ATF3 activating transcription factor 3 MVP/PAN CT, MVP, PAN AG,SG

BNIP3 664  BCL2/adenovirus E1B 19kDa interacting protein 3 CT, MVP, PAN

CT, MVP, PAN, FGFR3-TACC3
fusion blocks

LE, IT, CT, MVP, PAN, FGFR3-
TACCS3 fusion blocks

EGF, latrophilin and seven transmembrane domain

carbonic anhydrase IX

DDR1 780  discoidin domain receptor tyrosine kinase 1

ELTD1 64123 containing 1 CT, MVP, PAN
--—-_-
ESM1 11082  endothelial cell-specific molecule 1 LE, IT, CT, MVP, PAN
--—-_-
ipiice FGFR3-TACC3 fusion gene FGFR3-TACC3 fusion blocks
--—-_-
1ISG20 3669 interferon stimulated exonuclease gene 20kDa MVP/PAN CT, MVP, PAN
--—-_-
KLF6 1316  Kruppel-like factor 6 MVP/PAN CT, MVP, PAN
--—-_-
MECOM* 2122  MDS1 and EVI1 complex locus ‘Il_'ichS?J SI:\)A':/ l':l oEIfsN RElFRES QSSéG DS
--—-_-
MYL12B 103910  myosin, light chain 12B, regulatory LENT LE, IT
--—-_-
NID2 22795 nidogen 2 (osteonidogen) CT, MVP, PAN

LE, IT, FGFR3-TACC3 fusion
blocks

NREP 9315 neuronal regeneration related protein homolog (rat) LE/NT
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CT, MVP, PAN, FGFR3-TACC3
fusion blocks

OR51E1 143503  olfactory receptor, family 51, subfamily E, member 1 MVP

PYGL 5836  phosphorylase, glycogen, liver CT, MVP, PAN
--—-_-
STC1 6781  stanniocalcin 1 MVP/PAN CT, MVP, PAN
--—-_-
26136 testis derived transcript (3 LIM domains) CT, MVP, PAN
--—-_-
TPX2 22974 ;I';?I(é)mlcrotubule -associated, homolog (Xenopus 'II_'ic:I(-I;Sc;IsJ\)Arth,IoEI(AsN FGFR3-

LE, IT, CT, MVP, PAN, FGFR3-
TACCS3 fusion blocks

MECOM, not counted as one of 37 genes studied, was used for a tissue control in every ISH run, along with a no probe control slide.

UHRF1 29128  ubiquitin-like with PHD and ring finger domains 1

Abbreviations of structures: LE (Leading Edge), IT (Infiltrating Tumor), CT (Cellular Tumor), MVP (Microvascular Proliferation), PAN
(Pseudopalisading Cells around Necrosis), and FGFR3-TACCS3 fusion blocks (tissue blocks where a FGFR3-TACC3 fusion was detected
by RNA-Seq).

Abbreviations of studies: AS (Anatomic Structures ISH Survey), AG (Anatomic Structures ISH for Enriched Genes), SS (Cancer Stem
Cells ISH Survey), SR (Cancer Stem Cells RNA-Seq), and SG (Cancer Stem Cells ISH for Enriched Genes).

Probes hybridized at 300ng/ml were: BCAN, DDR1, LGALS3, MECOM (EVI1), MYL12B, NDRG1, NOVA1, PTPRZ1, PYGL, TAX1BP3,
and TNFAIP1.

Probes hybridized at 600ng/ml were: ARRDC3, ATF3, BNIP3, BTG1, CA9, CLEC2B, DOKS5, ELTD1, ENPEP, ESM1, FAM162B, FGFR3-
TACC3, HIST1HIE, ISG20, ITGA1, KLF6, MYADM, NID2, NREP, NUSAP1, OR51E1, SOCS3, STC1, TES, TPX2, TREM1, and UHRF1.

Table 3. 55 Genes Selected for Pre-Survey Pilot of Cancer Stem Cells ISH Survey (SS)

Gene Symbol EntrezID INEC] Studies Used

ABCG2 9429  ATP-binding cassette, sub-family G (WHITE), member 2

ALDH1A1 216  aldehyde dehydrogenase 1 family, member A1

BAX? 581  BCL2-associated X protein AS,SS

BMI1 648  BMI1 polycomb ring finger oncogene

CCND2 894  cyclin D2 AS,SS

960 CD44 molecule (Indian blood group) AS,SS,SR

CTGF 1490  connective tissue growth factor AS,SS
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DLX5 1749  distal-less homeobox 5

v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene
homolog (avian)

EZH2 2146  enhancer of zeste homolog 2 (Drosophila)

FUT4 2526  fucosyltransferase 4 (alpha (1,3) fucosyltransferase, myeloid-specific)

HIF1A 3091  hypoxia inducible factor 1, alpha subunit (basic helix-loop-helix transcription factor) AS,SS,SR

3398 inhibitor of DNA binding 2, dominant negative helix-loop-helix protein SS,SR

IGFBP2 3485 insulin-like growth factor binding protein 2, 36kDa AS,SS,SR

3815  v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog AS,SS

LGR5 8549 leucine-rich repeat containing G protein-coupled receptor 5

MAPK3? 5595  mitogen-activated protein kinase 3 AS,SS

4233  met proto-oncogene (hepatocyte growth factor receptor) SS,SR

4609  v-myc myelocytomatosis viral oncogene homolog (avian) AS,SS,SR

NDRG4 65009 NDRG family member 4

NOS2 4843  nitric oxide synthase 2, inducible SS,SR

NOTCH2 4853  notch 2

PDGFRA 5156  platelet-derived growth factor receptor, alpha polypeptide AS,SS,SR

5266  peptidase inhibitor 3, skin-derived SS,SR

PROM1 8842  prominin 1 SS,SR

STAT3 6774  signal transducer and activator of transcription 3 (acute-phase response factor) AS,SS

TNFAIP3 7128  tumor necrosis factor, alpha-induced protein 3 SS,SR

YBX1 4904 Y box binding protein 1

"MECOM, not counted as one of the 55 genes studied, was used for a tissue control in every ISH run, along with a no probe control slide.
2BAX, LICAM, MAPK3, MET, TGFBR2 were assessed with two probes each on independent slides.

Abbreviations of studies: AS (Anatomic Structures ISH Survey), AG (Anatomic Structures ISH for Enriched Genes), SS (Cancer Stem
Cells ISH Survey), SR (Cancer Stem Cells RNA-Seq), and SG (Cancer Stem Cells ISH for Enriched Genes).

MAY 2015v.1 alleninstitute.org
Gene Lists brain-map.org
page 11 of 16



TECHNICAL WHITE PAPER

Probes hybridized at 300ng/ml were: AKT1, BAX, CD44, CTGF, HES6, HIF1A, ID2, ID3, IGFBP2, MAPK3, MECOM, NDRG4, NES,
NOTCH2, PDPN, SOX2, STAT3, TOP2A, and YBXL1.

Probes hybridized at 600ng/ml were: ABCB1, ABCG2, ALDH1A1, ASCL1, BIRC5, BMI1, CCDC88A, CCND2, CD34, CSPG4, DANCR,
DLX5, EPAS1, ERBB2, ERBB3, EZH2, FOXO3, FUT4, ID1, ITGAG, KIT, LICAM, LGR5, MAPK1, MET, MIIP, MYC, NANOG, NOS2,
NOTCH]1, OLIG2, PDGFRA, PI3, POSTN, PROM1, TGFBR2, and TNFAIP3.

The final 20 probes used in the extensive survey were: BIRC5, CD44, DANCR, EZH2, HIF1A, ID1, ID2, IGFBP2, ITGA6, MET, MYC,
NOS2, OLIG2, PDGFRA, PDPN, PI3, POSTN, PROM1, TGFBR2, and TNFAIP3 (Table 4).

Table 4. 20 Genes Selected for Final Cancer Stem Cells ISH Survey (SS)

Gene EntrezID Name Gene Studies Used
Symbol Specificity?

BIRC5 332 baculoviral IAP repeat containing 5 BV SS

CD44 960 CD44 molecule (Indian blood group) CT, PNZ AS,SS,SR
DANCR 57291 differentiation antagonizing non-protein coding RNA CT, HBV, PNZ SS,SR
EZH2 2146  enhancer of zeste homolog 2 (Drosophila) UBIQUITOUS SS

HIF1A 3091  hypoxia inducible factor 1, alpha subunit (basic helix-loop-helix transcription factor) CT, HBV AS,SS,SR
ID1 3397 inhibitor of DNA binding 1, dominant negative helix-loop-helix protein CT, PNZ SS,SR
ID2 3398 inhibitor of DNA binding 2, dominant negative helix-loop-helix protein PAN SS,SR
IGFBP2 3485 insulin-like growth factor binding protein 2, 36kDa HBV, CT, PNZ AS,SS,SR
ITGA6 3655 integrin, alpha 6 MVP, HBV SS,SR
MECOM" 2122  MDS1 and EVI1 complex locus N/A AS,AG,SS,SR,SG
MET 4233  met proto-oncogene (hepatocyte growth factor receptor) CT SS,SR
MYC 4609  v-myc myelocytomatosis viral oncogene homolog (avian) PAN, PNZ AS,SS,SR
NOS2 4843  nitric oxide synthase 2, inducible CT SS,SR
OLIG2 10215 oligodendrocyte lineage transcription factor 2 UBIQUITOUS AS,SS
PDGFRA 5156 platelet-derived growth factor receptor, alpha polypeptide CT AS,SS,SR
PDPN 10630  podoplanin PNZ, PAN, CT AS,SS,SR
PI3 5266  peptidase inhibitor 3, skin-derived PNZ, PAN, CT SS,SR
POSTN 10631 periostin, osteoblast specific factor HBV, CT SS,SR
PROM1 8842  prominin 1 PNZ, PAN SS,SR
TGFBR2 7048  transforming growth factor, beta receptor Il (70/80kDa) HBV, MVP AS,SS,SR
TNFAIP3 7128  tumor necrosis factor, alpha-induced protein 3 PNZ, PAN SS,SR

MECOM, not counted as one of the 20 genes studied, was used for a tissue control in every ISH run, along with a no probe control slide.
The same set of 20 probes is presented in Table 7, which describes the results of the hybridizations on human visual cortex controls.

Gene Specificity was determined in Pre-Survey Pilot of Cancer Stem Cells ISH Survey (Table 3).

Abbreviations of structures: CT (Cellular Tumor), HBV (Hyperplastic Blood Vessels), MVP (Microvascular Proliferation), PAN
(Pseudopalisading Cells around Necrosis), and PNZ (Peri-Necrotic Zone).

Abbreviations of studies: AS (Anatomic Structures ISH Survey), AG (Anatomic Structures ISH for Enriched Genes), SS (Cancer Stem
Cells ISH Survey), SR (Cancer Stem Cells RNA-Seq), and SG (Cancer Stem Cells ISH for Enriched Genes).

Probes hybridized at 300ng/ml were: CD44, HIF1A, ID2, IGFBP2, MECOM, and PDPN.

Probes hybridized at 600ng/ml were: BIRC5, DANCR, EZH2, ID1, ITGA6, MET, MYC, NOS2, OLIG2, PDGFRA, PI3, POSTN, PROM1,
TGFBR2, and TNFAIP3.
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Table 5. 17 Laser Microdissection (LMD) Reference Genes Selected for Cancer Stem Cells RNA-Seq Study (SR)

Cell Clusters

Isolated for A TG0S
EntrezID Each for LMD Studies Used
Reference
Gene
. CT, CT-control,
CD44 960 CD44 molecule (Indian blood group) CTpnz, CThbv 5 AS,SS,SR
. - - . . CT, CT-control,
DANCR 57291 differentiation antagonizing non-protein coding RNA CTpnz, CThby 4 SS,SR
hypoxia inducible factor 1, alpha subunit (basic helix-loop-helix CT, CT-control,
(RILAR sl transcription factor) CThbv & ASEISEIR
ID1 3397 inhibitor of DNA binding 1, dominant negative helix-loop-helix protein gi,pg;l’-control, 5 SS,SR
ID2 3398 inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 8%)(;)“ntrol, 4 SS,SR
. Lo - . CT, CT-control,
IGFBP2 3485 insulin-like growth factor binding protein 2, 36kDa CTpnz, CThby 5 AS,SS,SR
. . CT-control,
ITGA6 3655 integrin, alpha 6 CThbv, CTmvp 3 SS,SR
MECOM! 2122  MDS1 and EVI1 complex locus N/A NA AS,AG,SS,SR,SG
MET 4233  met proto-oncogene (hepatocyte growth factor receptor) CT, CT-control 1 SS,SR
- . CT-control,
MYC 4609  v-myc myelocytomatosis viral oncogene homolog (avian) CTpnz, CTpan 3 AS,SS,SR
NOS2 4843 nitric oxide synthase 2, inducible CT, CT-control 2 SS,SR
PDGFRA 5156 platelet-derived growth factor receptor, alpha polypeptide CT, CT-control 1 AS,SS,SR
. CT-control,
PDPN 10630  podoplanin CTpnz, CTpan 9 AS,SS,SR
PI3 5266  peptidase inhibitor 3, skin-derived CT-control, 11 SS,SR
pep ’ CTpnz, CTpan !
POSTN 10631  periostin, osteoblast specific factor g?hbc\'ll'-control, 11 SS,SR
- CT-control,
PROM1 8842  prominin 1 CTpnz, CTpan 6 SS,SR
TGFBR2 7048  transforming growth factor, beta receptor Il (70/80kDa) Sz 12 AS,SS,SR
! CThbv, CTmvp —
TNFAIP3 7128  tumor necrosis factor, alpha-induced protein 3 Cl-eajial 8 SS,SR

CTpnz, CTpan
'MECOM, not counted as one of the 17 genes studied, was used for a tissue control in every ISH run, along with a no probe control slide.

Abbreviations of structures for this study: CT (blood vessel-associated or sporadic gene expression in Cellular Tumor), CT-control (area
of Cellular Tumor with low to undetectable expression of reference gene), CThbv or CTmvp (Hyperplastic Blood Vessels or Microvascular
Proliferation in CT), and CTpan, CTpnn, or CTpnz (Pseudopalisading Cells around Necrosis, Pseudopalisading Cells but No visible
Necrosis, or Peri-Necrotic Zone in CT)

Abbreviations of studies: AS (Anatomic Structures ISH Survey), AG (Anatomic Structures ISH for Enriched Genes), SS (Cancer Stem
Cells ISH Survey), SR (Cancer Stem Cells RNA-Seq), and SG (Cancer Stem Cells ISH for Enriched Genes).

Probes hybridized at 300ng/ml were: CD44, HIF1A, ID2, IGFBP2, MECOM, and PDPN.

Probes hybridized at 600ng/ml were: DANCR, ID1, ITGA6, MET, MYC, NOS2, PDGFRA, PI3, POSTN, PROM1, TGFBR2, and
TNFAIP3.

The 3 of 20 probes used in the ISH Survey but not in Cancer Stem Cells RNA-Seq Study were OLIG2, EZH2, and BIRCS.
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Table 6. 76 Genes Selected Cancer Stem Cells ISH for Enriched Genes Study (SG)

EntrezID Structures Structures in Tissue for SIOGIES

Likely to ISH Used

Have

Enrichment
ADAM9 8754  ADAM metallopeptidase domain 9 CT CT SG
ARL4C 10123  ADP-ribosylation factor-like 4C CT CT SG
ASS1 445  argininosuccinate synthase 1 MVP/PAN CT, MVP/PAN, HBV, PAN SG
ATF3 467  activating transcription factor 3 CT CT, PAN AG,SG
C120rf75 387882  chromosome 12 open reading frame 75 MVP CT, MVP/PAN, HBV SG
C150rf48 84419  chromosome 15 open reading frame 48 PAN CT, PAN SG
C8orf4 56892 chromosome 8 open reading frame 4 CT CT, PAN AS,SG
CAPG 822  capping protein (actin filament), gelsolin-like PAN CT, PAN SG
CCL2 6347  chemokine (C-C motif) ligand 2 MVP/PAN CT, MVP/PAN, HBV SG
CD163 9332 CD163 molecule MVP CT, MVP/PAN, HBV AS,SG
CDCP1 64866  CUB domain containing protein 1 PAN CT, MVP/PAN, HBV, PAN SG
CNR1 1268  cannabinoid receptor 1 (brain) CT CT SG
CSF3 1440  colony stimulating factor 3 (granulocyte) PAN CT, PAN SG
CTSH 1512  cathepsin H PAN CT, MVP/PAN, HBV, PAN SG
CTSL1 1514  cathepsin L1 CT CT, PAN SG
CYR61 3491  cysteine-rich, angiogenic inducer, 61 PAN CT, PAN SG
DAB2 1601 ?Iijsrilllgghti':g?olog 2, mitogen-responsive phosphoprotein PAN CT, PAN sG
DCN 1634  decorin MVP/PAN CT, MVP/PAN, HBV SG
DIO2 1734  deiodinase, iodothyronine, type Il MVP CT, MVP/PAN, HBV SG
DKK1 22943  dickkopf 1 homolog (Xenopus laevis) MVP/PAN CT, MVP/PAN, HBV AS,SG
EFEMP1 2202  EGF containing fibulin-like extracellular matrix protein 1 CT CT AS,SG
EMP1 2012  epithelial membrane protein 1 CT CT SG
FABP7 2173  fatty acid binding protein 7, brain CT CT SG
FAM129A 116496  family with sequence similarity 129, member A CT CT AS,SG
FAM46A 55603  family with sequence similarity 46, member A CT CT SG
FAP 2191 fibroblast activation protein, alpha MVP CT, MVP/PAN, HBV SG
FAS 355  Fas (TNF receptor superfamily, member 6) CT CT AS,SG
FILIP1L 11259  filamin A interacting protein 1-like CT CT, MVP/PAN, HBV SG
FN1 2335 fibronectin 1 PAN CT, PAN SG
FNDC3B 64778  fibronectin type Ill domain containing 3B CT CT, PAN SG
FzZD7 8324  frizzled family receptor 7 CT CT SG
G0Ss2 50486  GO/G1switch 2 PAN CT, PAN SG
GLIPR1 11010  GLI pathogenesis-related 1 CT CT SG
GLRX 2745  glutaredoxin (thioltransferase) CT CT SG
GNG12 55970  guanine nucleotide binding protein (G protein), gamma 12 CT CT SG
GPC4 2239  glypican 4 CT CT, MVP/PAN, HBV SG
GPC6 10082  glypican 6 MVP CT, MVP/PAN, HBV SG
ICAM1 3383 intercellular adhesion molecule 1 PAN CT, PAN SG
IER3 8870 immediate early response 3 PAN CT, PAN SG
IFI30 10437  interferon, gamma-inducible protein 30 PAN CT, PAN SG
ILI3RA2 3598 interleukin 13 receptor, alpha 2 CT CT, MVP/PAN, HBV, PAN SG
IL6 3569 interleukin 6 (interferon, beta 2) PAN CT, PAN SG
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LCP1 3936 lymphocyte cytosolic protein 1 (L-plastin) CT, PAN

LPAR6 10161  lysophosphatidic acid receptor 6 CT, MVP/PAN, HBV

MAP2K3 5606  mitogen-activated protein kinase kinase 3 CT, PAN

NMRK1 54981  nicotinamide riboside kinase 1

NT5E 4907  5'-nucleotidase, ecto (CD73) CT, PAN

PPAP2A 8611 phosphatidic acid phosphatase type 2A CT, MVP/PAN, HBV

PPP1R3B 79660  protein phosphatase 1, regulatory subunit 3B

ras-related C3 botulinum toxin substrate 2 (rho family, small
GTP binding protein Rac2)

RAC2 5880 PAN CT, PAN SG

RGS16 6004  regulator of G-protein signaling 16 CT, PAN
_-___-
RUNX1 861  runt-related transcription factor 1 CT, PAN AS,SG
_-___-
SDC4 6385 syndecan 4 CT, MVP/PAN, HBV
_-___-
SERTAD1 29950 SERTA domain containing 1 CT, PAN

solute carrier family 25 (mitochondrial carrier; phosphate
carrier), member 24

SLC25A24 29957 CT, MVP/PAN, HBV

SQRDL 58472  sulfide quinone reductase-like (yeast) CT, PAN
_-___-
TAGLN2 8407  transgelin 2
_-___-
THBS1 7057  thrombospondin 1 CT, MVP/PAN, HBV, PAN AS,SG
_-___-
WNT5A 7474  wingless-type MMTV integration site family, member 5A CT, MVP/PAN, HBV

'MECOM, not counted as one of the 76 genes studied, was used for a tissue control in every ISH run, along with a no probe control slide.

Abbreviations of structures: CT (Cellular Tumor), HBV (Hyperplastic Blood Vessels), MVP (Microvascular Proliferation), and PAN
(Pseudopalisading Cells around Necrosis).

Abbreviations of studies: AS (Anatomic Structures ISH Survey), AG (Anatomic Structures ISH for Enriched Genes), SS (Cancer Stem
Cells ISH Survey), SR (Cancer Stem Cells RNA-Seq), and SG (Cancer Stem Cells ISH for Enriched Genes).

Probes hybridized at 300ng/ml were: ADAM9, CAPG, CCL2, CD163, CTSH, CTSL1, CYR61, DCN, EFEMP1, EMP1, FABP7, FN1,
GPC4, IFI30, LAPTM5, MECOM (EVI1), OCIAD2, PPAP2A, PPP1R15A, RARRES2, S100A4, TAGLN2, TGFBI, and TNC.
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Probes hybridized at 600ng/ml were: ARL4C, ASS1, ATF3, C120rf75, C150rf48, C8orf4, CDCP1, CNR1, CSF3, DAB2, DIO2, DKK1,
FAM129A, FAM46A, FAP, FAS, FILIP1L, FNDC3B, FZD7, G0S2, GLIPR1, GLRX, GNG12, GPC6, ICAM1, IER3, IL13RA2, IL6, LCP1,
LIF, LPARG, LYVE1l, MAP2K3, NMRK1, NRP2, NT5E, PPP1R3B, PRSS23, RAC2, RGS16, RNA2.7, RUNX1, SDC4, SEC24D,

SERTAD1, SHC1, SLC25A24, SLC4A7, SQRDL, SRPX, THBS1, WNT5A, and WWTR1.

Table 7. Expression of the Final Set of 20 Putative Cancer Stem Cell Genes in Human Cadaver Visual Cortex Controls

Reference Gene Description of Expression*

BIRCS
CD44
DANCR
EZH2
HIF1A
ID1

ID2
IGFBP2
ITGA6
MET
MYC
NOS2
OLIG2
PDGFRA
PDPN
PI3
POSTN
PROM1
TGFBR2
TNFAIP3

Very low scattered expression in selected layers and not detected in white matter

Not detected

Not detected

Very low scattered expression in selected layers and not detected in white matter

Low scattered expression throughout cortex and not detected in white matter

Moderate expression in selected cells of small blood vessels scattered throughout cortex and white matter

High expression in many cells of various types throughout cortex and scattered low expression in few cells of white matter
High expression in many cells of various types throughout cortex and scattered low expression in few cells of white matter
Moderate expression in highly scattered cells in selected layer of cortex and not detected in white matter

High expression in many cells of various types in selected layers of cortex and not detected in white matter

High expression in most cells throughout cortex and very scattered low expression in few cells of white matter

Low to moderate expression in many cells throughout cortex and very few cells of white matter

Low to moderate expression in moderate number of cells throughout cortex and very few cells of white matter

Low to moderate expression in few cells scattered throughout cortex and negligible numbers of cells in white matter

Not detected

Low expression in many cells throughout cortex and negligible numbers of cells in white matter

Moderate to high expression in very limited number of cells scattered in selected layers and not detected in white matter
Not detected

Low to moderate expression in moderate number of cells scattered throughout cortex and not detected in white matter

Not detected

'Description of expression is based on n=1 (each probe was hybridized to one tissue section on one slide in one experiment).

Probes hybridized at 300ng/ml were: CD44, HIF1A, ID2, IGFBP2, and PDPN.

Probes hybridized at 600ng/ml were: BIRC5, DANCR, EZH2, ID1, ITGA6, MET, MYC, NOS2, OLIG2, PDGFRA, PI3, POSTN, PROM1,

TGFBR2, and TNFAIP3.
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