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RPPA: Reverse phase protein arrays

Quantitative high throughput multiplexed 
inexpensive ELISA

Protein from cell lysates printed on slide: 
each slide developed with a 
single antibody

1000 samples per slide with 1000 controls

300 validated antibodies available

Gordon Mills, MD Anderson



Antibodies & TCGA data

Tumor Type Protein 
antibodies

Phospho- 
antibodies

Samples

Breast 122 43 410

Ovarian 122 43 412
GBM 142 49 215

Colorectal 142 49 463
Kidney 143 47 454
Endometrioid 143 47 200

Total samples: 2154

All RPPA data were generated by Yiling Lu / Gordon Mills at MD Anderson



Antibody examples

    Protein antibodies
○ PTEN
○ TP53
○ ER
○ AR
○ AKT
○ ATM
○ b-Raf
○ ERBB2
○ ERBB3
○ KRAS
○ AMPK
○ GSK-3α/β
○ and ~120 more

    Phosphoprotein antibodies
○ AKT (pT308 & pS473)
○ EGFR (pY992, pY1068 & pY1173)
○ ERBB2 (pY1248)
○ ERBB3 (pY1298)
○ MAPK (pT202/204)
○ AMPK (pT172)
○ MEK1 (pS217/212)
○ mTOR (pY1235)
○ PDK1 (pS241)
○ RB (PS807/811)
○ c-Raf (pS338)
○ GSK-3α/β(pS21/9)
○ and ~40 more 



Pathway View



ERBB2 mRNA, protein level, and phosphorylation levels 
are well correlated in breast cancer



ER and GATA3 protein levels differ in breast cancer 
subtypes

Basal-like HER2 Luminal A Luminal B

Basal-like HER2 Luminal A Luminal B



PTEN deletion and under-expression are correlated with 
elevated phospho-AKT

Breast Ovarian

PTEN HOMDEL
      or EXP<-4

Other samples PTEN HOMDEL
      or EXP<-4

Other samples

PTEN HOMDEL
      or EXP<-4

Other samples PTEN HOMDEL
      or EXP<-4

Other samples

Colorectal GBM



Case study: AKT phosphorylation in 
breast cancer

● AKT activation/phosphorylation has been found in many 
cancer types

● Phospho-AKT has diverse targets regulating proliferation, 
invasion and apoptosis

● It contributes to breast cancer progression

● It confers resistance to conventional therapies

● Targeted AKT inhibition could be beneficial to some 
patients



AKT phosphorylation in TCGA breast cancer samples



Question: 
  
What causes AKT activation in 
breast tumors?
    



AKT activation: Some of the usual suspects



Loss of PTEN but not mutation is strongly 
associated with pAKT

PTEN deletions & loss of expr. PTEN mutations (mostly truncating)



PIK3CA mutations and RTK amplifications are 
not associated with elevated pAKT

PIK3CA

KRAS ERBB2

FGFR1



What other genomic events can explain AKT 
phoshporylation in breast cancer?

A more systematic approach: 

Enrichment test of all GISTIC ROIs and frequently mutated 
genes



Genomic events correlated with pAKT

Enrichment test of all GISTIC ROIs and frequently mutated genes



Genomic events correlated with pAKT

Enrichment test of all GISTIC ROIs and frequently mutated genes

CAMK1D amplification AKT1 E17K mutation



Summary and future work
Very good correlation between genomic and proteomic data on 
the level of individual genes and proteins
 
Downstream effects are harder to link to genomic events:
  We can explain some but not all cases of AKT phosphorylation
  Analysis of genomic event combinations may help

Systematic analysis of all antibodies needed

Correlations between protein data may help elucidate active 
signaling pathways



RPPA data in the cBio GDAC Portal

http://cbio.mskcc.org/gdac-portal/



RPPA data in the cBio GDAC Portal

http://cbio.mskcc.org/gdac-portal/
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