
OBJECTIVESOBJECTIVES
- Detect genetic signatures in cell lines that result from the activation 
of both the  MAPK and PI3K pathways.

- Use melanoma microarray data to determine the differentially 
regulated genes downstream of the PI3K pathway that may be 
candidate therapeutic targets for preventing melanoma progression.

- 131 genes are differentially regulated in melanoma cell lines with 
BRAF/PTEN double mutations when compared to those with BRAF 
mutations alone.

46 genes are upregulated
85 genes are downregulated

- 107 genes are differentially regulated in BRAF/PTEN double mutants when 
compared to NRAS mutants.

95 genes are upregulated
12 genes are downregulated

- CD36, DKK1, CD200, ITGB3, HEY1, and JAG1 
are downstream of the PI3K pathway and may 
synergize with BRAF activating mutations to 
promote melanoma progression

- The genetic basis of melanoma is not linear

- Potential therapy cannot target a single pathway

CONCLUSIONSCONCLUSIONS

INTRODUCTIONINTRODUCTION
Melanoma is the deadliest form of skin cancer.  Though it 
accounts for only 4% of all dermatological neoplasms, it is 
responsible for more than 75% of all skin cancer-
associated deaths1.  Given its poor advanced-stage 
prognosis, and considering that there are more than 53,000 
annual melanoma diagnoses in the United States alone2, 
there is still much about this disease that needs to be 
elucidated.  It is known, however, that melanoma follows a 
distinct step-wise progression that ultimately allows for the 
metastasis of the tumor cells.

Of the mechanisms involved in cellular function, the 
mitogen-activated protein kinase (MAPK) and 
phosphatidylinositol-3 kinase (PI3K) signaling pathways are 
the two most important pathways that are significantly 
altered in melanoma.  Of the key genetic lesions that have 
come to characterize melanoma onset, the activating 
V600E mutation in BRAF is the earliest and most prevalent, 
with 30-60% of all melanoma samples containing the 
genetic change.  With this, however, recent literature has 
shown that BRAF mutations trigger only initial proliferation 
and is insufficient for full malignant conversion.  A BRAF 
mutation alone results in senescence, a state in which the 
tumor cells no longer respond to growth factors and do not 
divide.  

This has lead to the hypothesis that other genetic 
alterations must be responsible for further penetrance and 
metastasis of melanoma.  It is with this idea that research 
into the inactivation of the PTEN tumor suppressor has 
become so crucial.  A mutation in PTEN would result in the 
increase of tumor cell survival and possibly further 
progression of the melanoma past its initial proliferative 
stages.  
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Figure 2. Pathways involved in melanoma Figure 2. Pathways involved in melanoma 
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KCTD14: potassium channel tetramerisation domain containing 14
SSX1: synovial sarcoma, X breakpoint 1
SSX2: synovial sarcoma, X breakpoint 2
SSX2: synovial sarcoma, X breakpoint 2
OLFML3: olfactomedin-like 3
POSTN: periostin, osteoblast specific factor
MRNA; cDNA DKFZp313B1017 (from clone DKFZp313B1017)
SESN3: sestrin 3
HEY1: hairy/enhancer-of-split related with YRPW motif 1
HEY1: hairy/enhancer-of-split related with YRPW motif 1
LY96: lymphocyte antigen 96
Transcribed locus
CD36: CD36 molecule (thrombospondin receptor)
CD36: CD36 molecule (thrombospondin receptor)
CD36: CD36 molecule (thrombospondin receptor)
AK3L1: adenylate kinase 3-like 1
LOC641518: hypothetical protein LOC641518
MYL9: myosin, light chain 9, regulatory
FAM46A: family with sequence similarity 46, member A
FAM46A: family with sequence similarity 46, member A
EHD2: EH-domain containing 2
FAM46C: family with sequence similarity 46, member C
EPHB1: EPH receptor B1
FAM133A: family with sequence similarity 133, member A
COL8A1: collagen, type VIII, alpha 1
FLJ22662: hypothetical protein FLJ22662
SLC12A8: solute carrier family 12 (potassium/chloride transporters), member 8
GBP3: guanylate binding protein 3
HLA-DQA1 /// HLA-DQA2 /// LOC731682: major histocompatibility complex, class II, DQ alpha 1 //
HLA-DPB1: major histocompatibility complex, class II, DP beta 1
HLA-DRB1 /// HLA-DRB3 /// HLA-DRB4 /// LOC730415: major histocompatibility complex, class 
HLA-DPA1: major histocompatibility complex, class II, DP alpha 1
HLA-DMA: major histocompatibility complex, class II, DM alpha
HLA-DQB1: major histocompatibility complex, class II, DQ beta 1
HLA-DQA1: major histocompatibility complex, class II, DQ alpha 1
DKK1: dickkopf homolog 1 (Xenopus laevis)
Transcribed locus
GBP1: guanylate binding protein 1, interferon-inducible, 67kDa
GBP1: guanylate binding protein 1, interferon-inducible, 67kDa
MUC15: mucin 15, cell surface associated
DDX58: DEAD (Asp-Glu-Ala-Asp) box polypeptide 58
IFI44: interferon-induced protein 44
LOC129607: hypothetical protein LOC129607
COL5A2: collagen, type V, alpha 2
COL5A2: collagen, type V, alpha 2
TM4SF18: transmembrane 4 L six family member 18
TM4SF18: Transmembrane 4 L six family member 18
COL1A2: Collagen, type I, alpha 2
COL1A2: collagen, type I, alpha 2
COL1A2: collagen, type I, alpha 2
GLDC: glycine dehydrogenase (decarboxylating)
MOXD1: monooxygenase, DBH-like 1
MOXD1: monooxygenase, DBH-like 1
C6orf65: chromosome 6 open reading frame 65
KCNE4: potassium voltage-gated channel, Isk-related family, member 4
KCNE4: potassium voltage-gated channel, Isk-related family, member 4
KCNE4: potassium voltage-gated channel, Isk-related family, member 4
GULP1: GULP, engulfment adaptor PTB domain containing 1
ITGB3: integrin, beta 3 (platelet glycoprotein IIIa, antigen CD61)
ITGB3: integrin, beta 3 (platelet glycoprotein IIIa, antigen CD61)
ITGB3: integrin, beta 3 (platelet glycoprotein IIIa, antigen CD61)
ITGB3: integrin, beta 3 (platelet glycoprotein IIIa, antigen CD61)
CDNA clone IMAGE:6254031
TFAP2C: transcription factor AP-2 gamma (activating enhancer binding protein 2 gamma)
TFAP2C: transcription factor AP-2 gamma (activating enhancer binding protein 2 gamma)
PDLIM4: PDZ and LIM domain 4
NLGN1: neuroligin 1
CD200: CD200 molecule
CD200: CD200 molecule
ADFP: adipose differentiation-related protein
COL11A1: collagen, type XI, alpha 1
COL14A1: collagen, type XIV, alpha 1 (undulin)
XIST: X (inactive)-specific transcript
XIST: X (inactive)-specific transcript
XIST: X (inactive)-specific transcript
XIST: X (inactive)-specific transcript
XIST: X (inactive)-specific transcript
ISL1: ISL LIM homeobox 1
TSPYL5: TSPY-like 5
FAM107B: family with sequence similarity 107, member B
FAM107B: family with sequence similarity 107, member B
KIAA1324L: KIAA1324-like
CT45-4 /// CT45-6 /// RP13-36C9.1 /// RP13-36C9.3 /// RP13-36C9.6 /// XX-FW88277B6.1: cancer/
RP13-36C9.6: cancer/testis antigen CT45-5
JAG1: jagged 1 (Alagille syndrome)
JAG1: jagged 1 (Alagille syndrome)
JAG1: jagged 1 (Alagille syndrome)
IGF1R: insulin-like growth factor 1 receptor
SULF2: sulfatase 2
LIN28B: lin-28 homolog B (C. elegans)
FAM19A5: family with sequence similarity 19 (chemokine (C-C motif)-like), member A5
FAM19A5: family with sequence similarity 19 (chemokine (C-C motif)-like), member A5
LAT: linker for activation of T cells
LAT: linker for activation of T cells
Clone TESTIS-809 mRNA sequence
FOXP1: forkhead box P1
FOXP1: forkhead box P1
FOXP1: forkhead box P1
Hs2.406185.1
CES1: carboxylesterase 1 (monocyte/macrophage serine esterase 1)
C5orf26: chromosome 5 open reading frame 26
NSBP1: nucleosomal binding protein 1
LOC283352: hypothetical protein LOC283352
DMKN: dermokine
NEFL: neurofilament, light polypeptide 68kDa
Transcribed locus
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
LOC731292 /// PTEN /// PTENP1: phosphatase and tensin homolog (mutated in multiple advanced 
FERMT3: fermitin family homolog 3 (Drosophila)
TSHZ3: teashirt zinc finger homeobox 3
AFF3: AF4/FMR2 family, member 3
GATM: glycine amidinotransferase (L-arginine:glycine amidinotransferase)
SORBS1: sorbin and SH3 domain containing 1
C10orf132: chromosome 10 open reading frame 132
NRTN: neurturin
LRGUK: leucine-rich repeats and guanylate kinase domain containing
CPB2: carboxypeptidase B2 (plasma)
CYFIP2: cytoplasmic FMR1 interacting protein 2
ELOVL7: ELOVL family member 7, elongation of long chain fatty acids (yeast)
DLL3: delta-like 3 (Drosophila)
PPARGC1A: peroxisome proliferator-activated receptor gamma, coactivator 1 alpha
APOE: apolipoprotein E
APOE: apolipoprotein E
CDH1: cadherin 1, type 1, E-cadherin (epithelial)
SLC46A3: solute carrier family 46, member 3
APOC2: apolipoprotein C-II
EFHD1: EF-hand domain family, member D1
LOC221091: similar to hypothetical protein
RP11-679B17.1: hypothetical LOC100113407
C10orf47: chromosome 10 open reading frame 47
Transcribed locus
SLAIN1: SLAIN motif family, member 1
LOC390595: similar to ubiquitin-associated protein 1 (predicted)
CKMT1A /// CKMT1B: creatine kinase, mitochondrial 1B /// creatine kinase, mitochondrial 1A
MERTK: c-mer proto-oncogene tyrosine kinase
MERTK: c-mer proto-oncogene tyrosine kinase
CPVL: carboxypeptidase, vitellogenic-like
MRNA similar to LOC149651 (cDNA clone MGC:39393 IMAGE:4862156)
SEPT4: septin 4
MCF2L: MCF.2 cell line derived transforming sequence-like
MCF2L: MCF.2 cell line derived transforming sequence-like
MCF2L: MCF.2 cell line derived transforming sequence-like
CAPN3: calpain 3, (p94)
CAPN3: calpain 3, (p94)
CAPN3: calpain 3, (p94)
GYG2: glycogenin 2
GYG2: glycogenin 2
CTSH: cathepsin H
EN2: engrailed homeobox 2
ANGPTL2: angiopoietin-like 2
PRUNE2: prune homolog 2 (Drosophila)
PRUNE2: prune homolog 2 (Drosophila)
PTPRU: protein tyrosine phosphatase, receptor type, U
LCP2: lymphocyte cytosolic protein 2 (SH2 domain containing leukocyte protein of 76kDa)
DENND2D: DENN/MADD domain containing 2D
USP51: ubiquitin specific peptidase 51
TNS1: tensin 1
TNS1: tensin 1
TNS1: tensin 1
RNF144B: Ring finger 144B
BATF: basic leucine zipper transcription factor, ATF-like
KIT: v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog
OLFM1: olfactomedin 1
MICAL1: microtubule associated monoxygenase, calponin and LIM domain containing 1
EMILIN2: elastin microfibril interfacer 2
PAEP: progestagen-associated endometrial protein (placental protein 14, pregnancy-associated end
Hs.170652.0
C9orf93: chromosome 9 open reading frame 93
HRASLS: HRAS-like suppressor
HRASLS: HRAS-like suppressor
C7orf41: chromosome 7 open reading frame 41
NOPE: neighbor of Punc E11
GPR85: G protein-coupled receptor 85
SH3PXD2B: SH3 and PX domains 2B
RPS6KA2: ribosomal protein S6 kinase, 90kDa, polypeptide 2
RPS6KA2: ribosomal protein S6 kinase, 90kDa, polypeptide 2
RPS6KA2: ribosomal protein S6 kinase, 90kDa, polypeptide 2
SLC16A6: solute carrier family 16, member 6 (monocarboxylic acid transporter 7)
SLC16A6: solute carrier family 16, member 6 (monocarboxylic acid transporter 7)
NR4A3: nuclear receptor subfamily 4, group A, member 3
NR4A3: nuclear receptor subfamily 4, group A, member 3
SEMA6A: sema domain, transmembrane domain (TM), and cytoplasmic domain, (semaphorin) 6A
SEMA6A: sema domain, transmembrane domain (TM), and cytoplasmic domain, (semaphorin) 6A
SEMA6A: sema domain, transmembrane domain (TM), and cytoplasmic domain, (semaphorin) 6A
GALNT3: UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase 3 (
ATP10A: ATPase, class V, type 10A
PPM1H: protein phosphatase 1H (PP2C domain containing)
CLDN14: claudin 14
NEDD4L: neural precursor cell expressed, developmentally down-regulated 4-like
OCA2: oculocutaneous albinism II (pink-eye dilution homolog, mouse)
GNAL: guanine nucleotide binding protein (G protein), alpha activating activity polypeptide, olfactory
MPPE1: Metallophosphoesterase 1
GNAL: guanine nucleotide binding protein (G protein), alpha activating activity polypeptide, olfactory
MPPE1: Metallophosphoesterase 1
TMC6: transmembrane channel-like 6
TMC6: transmembrane channel-like 6
C20orf26: chromosome 20 open reading frame 26
CDNA FLJ11875 fis, clone HEMBA1007078
Transcribed locus
Partial unknown mRNA from drug-resistant melanoma cells, 3'UTR, clone DMS-9
MME: membrane metallo-endopeptidase
MME: membrane metallo-endopeptidase
SLC16A10: solute carrier family 16, member 10 (aromatic amino acid transporter)
PIK3CD: phosphoinositide-3-kinase, catalytic, delta polypeptide
KCNAB2: potassium voltage-gated channel, shaker-related subfamily, beta member 2
KCNAB2: potassium voltage-gated channel, shaker-related subfamily, beta member 2
TRPM1: transient receptor potential cation channel, subfamily M, member 1
TRPM1: transient receptor potential cation channel, subfamily M, member 1
LOC145786: Hypothetical protein LOC145786
SLC6A15: solute carrier family 6, member 15
DPP7: dipeptidyl-peptidase 7
FAM69B: family with sequence similarity 69, member B
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RESULTSRESULTS

Figures 3 and 4 represent analyzed microarray data comparing melanoma cell lines with 
BRAF/PTEN double mutations to those with only BRAF or NRAS mutations, respectively.  (A)
Select genes that are differentially regulated between the compared groups.  The fold change 
represents gene expression in the double mutant cell lines compared to that in the single mutant 
cell lines.  Genes highlighted in red have been directly linked to melanoma in previous literature, 
while genes in blue are common among the two lists.  (B) Hierarchical clustering of the melanoma 
samples based on similarities in gene expression. (C) Tight clustering of BRAF/PTEN double 
mutants.

FUTURE DIRECTIONSFUTURE DIRECTIONS

REFERENCESREFERENCES

Probe Set ID Locus Symbol Fold Change Gene Description Gene Ontology
203424_s_at IGFBP5 25.78 insulin-like growth factor binding protein 5 regulation of cell growth
204475_at MMP1 19.36 matrix metallopeptidase 1 proteolysis
220988_s_at C1QTNF3 7.08 C1q and tumor necrosis factor related protein 3 phosphate transport
209356_x_at EFEMP2 5.73 EGF-containing fibulin-like extracellular matrix protein 2 transmembrane receptor activity
203083_at THBS2 5.72 thrombospondin 2 cell adhesion
209875_s_at SPP1 4.83 secreted phosphoprotein 1; osteopontin anti-apoptosis
218839_at HEY1 3.99 hairy/enhancer-of-split related with YRPW motif 1 transcription factor activity
215240_at ITGB3 3.87 integrin, beta 3 regulation of cell migration
206254_at EGF 3.25 epidermal growth factor positive regulation of cell proliferation
208167_s_at MMP16 3.22 matrix metallopeptidase 16 proteolysis
209035_at MDK 2.99 midkine cell proliferation
211711_s_at PTEN -4.69 phosphatase and tensin homolog negative regulation of progression through cell cycle
213001_at ANGPTL2 -5.92 angiopoietin-like 2 signal transduction
206569_at IL24 -7.99 interleukin 24 immune response
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NEFL: neurofilament, light polypeptide 68kDa
IL24: interleukin 24
MERTK: c-mer proto-oncogene tyrosine kinase
RNF144B: Ring finger 144B
Transcribed locus
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
PTEN: phosphatase and tensin homolog (mutated in multiple advanced cancers 1)
LOC731292 /// PTEN /// PTENP1: phosphatase and tensin homolog (mutated in multip
RPS6KA2: ribosomal protein S6 kinase, 90kDa, polypeptide 2
RPS6KA2: ribosomal protein S6 kinase, 90kDa, polypeptide 2
Homo sapiens, clone IMAGE:4695648, mRNA
PDZRN3: PDZ domain containing RING finger 3
LOC400642: hypothetical gene supported by BC041875; BX648984
HRASLS: HRAS-like suppressor
PRUNE2: prune homolog 2 (Drosophila)
ANGPTL2: angiopoietin-like 2
VGLL3: vestigial like 3 (Drosophila)
VPS13A: vacuolar protein sorting 13 homolog A (S. cerevisiae)
C10orf33: chromosome 10 open reading frame 33
Homo sapiens, clone IMAGE:5394246, mRNA
P2RX5: purinergic receptor P2X, ligand-gated ion channel, 5
MRGPRX3: MAS-related GPR, member X3
DDIT4L: DNA-damage-inducible transcript 4-like
SEC14L4: SEC14-like 4 (S. cerevisiae)
ACPL2: acid phosphatase-like 2
EBF3: early B-cell factor 3
EBF3: early B-cell factor 3
LOC89944: hypothetical protein BC008326
GPR64: G protein-coupled receptor 64
WT1: Wilms tumor 1
EMX2: empty spiracles homeobox 2
MAMDC2: MAM domain containing 2
GJA1: gap junction protein, alpha 1, 43kDa
TPM2: tropomyosin 2 (beta)
SERPINB9: serpin peptidase inhibitor, clade B (ovalbumin), member 9
ALDH1A1: aldehyde dehydrogenase 1 family, member A1
LRRC17: leucine rich repeat containing 17
SOSTDC1: sclerostin domain containing 1
ART3: ADP-ribosyltransferase 3
CXorf48: chromosome X open reading frame 48
LRRC34: leucine rich repeat containing 34
LRRC34: leucine rich repeat containing 34
SPP1: secreted phosphoprotein 1 (osteopontin, bone sialoprotein I, early T-lymphocyte
FAM38B: family with sequence similarity 38, member B
FAM38B: family with sequence similarity 38, member B
THBS2: thrombospondin 2
FLI1: Friend leukemia virus integration 1
ATF7IP2: Activating transcription factor 7 interacting protein 2
EHF: Ets homologous factor
MUC15: mucin 15, cell surface associated
MUC15: mucin 15, cell surface associated
PAGE5: P antigen family, member 5 (prostate associated)
PRKAR2B: protein kinase, cAMP-dependent, regulatory, type II, beta
MLLT11: myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, Drosophila); t
CADPS: Ca2+-dependent secretion activator
CADPS: Ca2+-dependent secretion activator
CDNA clone IMAGE:6254031
Homo sapiens, clone IMAGE:5180231, mRNA
TBX3: T-box 3 (ulnar mammary syndrome)
TBX3: T-box 3 (ulnar mammary syndrome)
RARRES3: retinoic acid receptor responder (tazarotene induced) 3
RGS5: regulator of G-protein signaling 5
RGS5: regulator of G-protein signaling 5
RGS5: regulator of G-protein signaling 5
RGS5: regulator of G-protein signaling 5
MMP1: matrix metallopeptidase 1 (interstitial collagenase)
CDKN2B: cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4)
MYL9: myosin, light chain 9, regulatory
SCARA5: Scavenger receptor class A, member 5 (putative)
SCARA5: scavenger receptor class A, member 5 (putative)
COX7A1: cytochrome c oxidase subunit VIIa polypeptide 1 (muscle)
TM4SF18: Transmembrane 4 L six family member 18
EFS: embryonal Fyn-associated substrate
Transcribed locus
ZIC1: Zic family member 1 (odd-paired homolog, Drosophila)
CD96: CD96 molecule
ANPEP: alanyl (membrane) aminopeptidase (aminopeptidase N, aminopeptidase M, m
GNG4: guanine nucleotide binding protein (G protein), gamma 4
GNG4: guanine nucleotide binding protein (G protein), gamma 4
MDK: midkine (neurite growth-promoting factor 2)
TBXA2R: thromboxane A2 receptor
SDC1: syndecan 1
PRSS33: protease, serine, 33
PPAP2C: phosphatidic acid phosphatase type 2C
PHLDA2: pleckstrin homology-like domain, family A, member 2
P2RY5: purinergic receptor P2Y, G-protein coupled, 5
HEY1: hairy/enhancer-of-split related with YRPW motif 1
HEY1: hairy/enhancer-of-split related with YRPW motif 1
CFI: complement factor I
CFI: complement factor I
MAGEB1: melanoma antigen family B, 1
LOC339535: hypothetical protein LOC339535
Transcribed locus
CDNA FLJ36544 fis, clone TRACH2006378
EGF: epidermal growth factor (beta-urogastrone)
SPRYD5: SPRY domain containing 5
ENPP2: ectonucleotide pyrophosphatase/phosphodiesterase 2 (autotaxin)
ENPP2: ectonucleotide pyrophosphatase/phosphodiesterase 2 (autotaxin)
TNFRSF21: tumor necrosis factor receptor superfamily, member 21
TNFRSF21: tumor necrosis factor receptor superfamily, member 21
FAM84B: family with sequence similarity 84, member B
FAM84B: family with sequence similarity 84, member B
DIXDC1: DIX domain containing 1
MMP16: matrix metallopeptidase 16 (membrane-inserted)
MMP16: matrix metallopeptidase 16 (membrane-inserted)
MMP16: matrix metallopeptidase 16 (membrane-inserted)
Full length insert cDNA clone YR40C10
C1QTNF3: C1q and tumor necrosis factor related protein 3
ChGn: chondroitin beta1,4 N-acetylgalactosaminyltransferase
CRISPLD1: cysteine-rich secretory protein LCCL domain containing 1
FABP7: fatty acid binding protein 7, brain
FABP7: fatty acid binding protein 7, brain
TIAM1: T-cell lymphoma invasion and metastasis 1
Transcribed locus
ASAM: adipocyte-specific adhesion molecule
HORMAD1: HORMA domain containing 1
Hs.232068.2
Transcribed locus
FSCN1: fascin homolog 1, actin-bundling protein (Strongylocentrotus purpuratus)
FSCN1: fascin homolog 1, actin-bundling protein (Strongylocentrotus purpuratus)
PCSK6: proprotein convertase subtilisin/kexin type 6
SESN3: sestrin 3
MRNA; cDNA DKFZp313B1017 (from clone DKFZp313B1017)
MRNA; cDNA DKFZp313B1017 (from clone DKFZp313B1017)
MANSC1: MANSC domain containing 1
LNX1: ligand of numb-protein X 1
PCDH7: protocadherin 7
PCDH7: protocadherin 7
GTSF1: gametocyte specific factor 1
CLDN11: claudin 11 (oligodendrocyte transmembrane protein)
ITGB3: integrin, beta 3 (platelet glycoprotein IIIa, antigen CD61)
Homo sapiens, Similar to LOC169932, clone IMAGE:4499203, mRNA
EFEMP2: EGF-containing fibulin-like extracellular matrix protein 2
EFEMP2: EGF-containing fibulin-like extracellular matrix protein 2
HOXA10: homeobox A10
HOXA10: homeobox A10
OLFML3: olfactomedin-like 3
SCUBE3: signal peptide, CUB domain, EGF-like 3
RNASE1: ribonuclease, RNase A family, 1 (pancreatic)
B3GNT5: UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 5
IGFBP5: insulin-like growth factor binding protein 5
IGFBP5: insulin-like growth factor binding protein 5
PLOD2: procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2
PLOD2: procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2
NDRG1: N-myc downstream regulated gene 1
Transcribed locus
H19: H19, imprinted maternally expressed transcript
Homo sapiens, clone IMAGE:5180231, mRNA
IGFBP5: insulin-like growth factor binding protein 5
IGFBP5: insulin-like growth factor binding protein 5
MDFI: MyoD family inhibitor
DNAJC12: DnaJ (Hsp40) homolog, subfamily C, member 12
ELOVL2: elongation of very long chain fatty acids (FEN1/Elo2, SUR4/Elo3, yeast)-lik
ELOVL2: elongation of very long chain fatty acids (FEN1/Elo2, SUR4/Elo3, yeast)-lik
SCRG1: scrapie responsive protein 1
NR0B1: nuclear receptor subfamily 0, group B, member 1
RNF175: ring finger protein 175
C4orf19: chromosome 4 open reading frame 19
C4orf19: chromosome 4 open reading frame 19
CORO2B: coronin, actin binding protein, 2B
C3orf67: chromosome 3 open reading frame 67
LOC440416: hypothetical gene supported by BC072410
LINGO1: leucine rich repeat and Ig domain containing 1
TRIB1: tribbles homolog 1 (Drosophila)
TRIB1: tribbles homolog 1 (Drosophila)
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Figure 3. Figure 3. CD36CD36, , DKK1DKK1, , CD200CD200, , ITGB3ITGB3, , HEY1HEY1, and , and JAG1JAG1
are downstream of the PI3K pathwayare downstream of the PI3K pathway
A.

B.

C.

SAMPLE CHARACTERISTICSSAMPLE CHARACTERISTICS

Figure 4. Differential gene expression patterns Figure 4. Differential gene expression patterns 
distinguish distinguish BRAF/PTENBRAF/PTEN mutants from mutants from NRASNRAS
mutantsmutants

A.

B.

C.

MAPK/PI3K Pathway Mutation Sample Number Phenotype
none 8 wildtype
BRAF 31 MAPK pathway upregulated
NRAS 8 MAPK and PI3K pathways upregulated
BRAF/PTEN 16 MAPK and PI3K pathways upregulated

63 TOTAL SAMPLES

Figure 5. Melanoma Signaling NetworkFigure 5. Melanoma Signaling Network44

-Validate microarray data with RT-PCR

-Visualize gene expression at the protein level with western blots and 
immunohistochemistry

- Use specific drug inhibitors or shRNAs to inhibit the PI3K pathway and 
observe the resulting gene expression patterns
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Probe Set ID Locus Symbol Fold Change Gene Description Gene Ontology
209555_s_at CD36 37.12 CD36 molecule (thrombospondin receptor) receptor activity
229218_at COL1A2 8 collagen, type I, alpha 2 transmembrane receptor protein tyrosine kinase signaling pathway
230425_at EPHB1 4.74 EPH receptor B1 transmembrane receptor protein tyrosine kinase signaling pathway
204602_at DKK1 2.85 dickkopf homolog 1 signal transducer activity
223434_at GBP3 2.73 guanylate binding protein 3 immune response
231577_s_at GBP1 2.68 guanylate binding protein 1 immune response
209582_s_at CD200 2.56 CD200 molecule integral to plasma membrane
204626_s_at ITGB3 2.34 integrin, beta 3 regulation of cell migration
44783_s_at HEY1 2.3 hairy/enhancer-of-split related with YRPW motif 1 transcription factor activity
219874_at SLC12A8 2.26 solute carrier family 12 (potassium/chloride transport), member 8 integral to plasma membrane
203628_at IGF1R -2.02 insulin-like growth factor 1 receptor positive regulation of cell proliferation
206376_at SLC6A15 -2.16 solute carrier family 6, member 15 integral to plasma membrane
216268_s_at JAG1 -2.2 jagged 1 angiogenesis, cell fate determination
205269_at LCP2 -2.87 lymphocyte cytosolic protein 2 transmembrane receptor protein tyrosine kinase signaling pathway
211320_s_at PTPRU -2.94 protein tyrosine phosphatase, receptor type U transmembrane receptor protein tyrosine phosphatase signaling pathway
207038_at SLC16A6 -3.56 solute carrier family 16, member 6 integral to plasma membrane
203435_s_at MME -4.23 membrane metallo-endopeptidase cell-cell signaling
204053_x_at PTEN -4.35 phosphatase and tensin homolog negative regulation of progression through cell cycle
210683_at NRTN -4.98 neurturin neurite development
206028_s_at MERTK -5.22 c-mer proto-oncogene tyrosine kinase cell-cell signaling
209881_s_at LAT -5.37 linker for activation of T cells immune response
205051_s_at KIT -9.35 v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog signal transduction


