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Use of Mass Spectrometry to Identify and Quantify Activating Adaptors of 
PI3K

•Need it to be compatible with human tumor tissue

•Ability to quantify differences in PI3K binding is essential

•p85 regulatory subunit of PI3K binds to pYXXM motifs of activating adaptor proteins

The protein-protein interaction 
(PPI) is what governs downstream 
signaling  tumor growth
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Shotgun LC/MS/MS from a p85 (PI3K) IP of EBC Cancer Cells

Dirty IPs
Several known PI3K binders 
are detected but there are 
lots of non-specific binders 

Quantification was unreliable due to low spectral counts and high background
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Calculate average TIC ratio per targeted protein =

Avg. TICof all MS/MS spectra (Drug Treated vs. Untreated)

Quantify using a Label-Free MS/MS approach

Naked Quant v1.1

Ion trap cycles through 

targeted m/z values

Human cancer cells

basal
Short gel run

55kDa

Human cancer cells

kinase inhibitor drugs

tryptic 
digestion
>55kDa 

peptides
RP-C18

300nL/min

p85 IP

Targeted MS/MS Workflow Using Orbitrap XL

Targeted 
protein

Peptide sequence Mass/charge ratio 
(M/z) 

p85 TWNVGSSNR 510.747, 2+

p85 AALQALGVAEGGER 671.360, 2+

IRS-1 HTQRPGEPEEGAR 732.353, 2+

AAWQESTGVEMR 711.328, 2+

IRS-2 PVSVAGSPLSPGPVR 710.401, 2+

SNTPESIAETPPAR 735.365, 2+

Gab1 LTGPDVLEYYK 706.851, 2+

APSASVDSSLYNLPR 788.902, 2+

Gab2 SSPAELSSSSQHLLR 799.910, 2+

SAESMsxSDGVGSFLPGK 792.864, 2+

ERBB3 ESGPGIAPGPEPHGLTNK 879.444, 2+

GESIEPLDPSEK 650.817, 2+

VLGSGVFGTVHK 600.840, 2+

LAEVPDLLEK 563.821, 2+

PDGFR VVEGTAYGLSR 576.306, 2+

ATSELDLEMsxEALK 725.361, 2+

EASY-nLC
Orbitrap XL



•Target ~ 2 peptides per protein in MS/MS mode

•Average the MS/MS TIC for all peptides across 
each protein in Scaffold 3.1

•Quantitation is only relative to a reference 
sample

17 sec 19 sec

~6-9 scans

Quantitative Targeted runs using an Ion Trap portion of LTQ Orbitrap XL

Peptide #1 Peptide #2
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Targeted PI3K Adaptor Complex in NSCLC Cell Lines
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Functional Role of PI3K in NSCL Cancer
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Targeted PI3K Adaptor Complex in NSCLC Cell Lines
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Another ERBB3 driven tumor 
determined by Targeted MS/MS

The Activating Adaptors to PI3K/AKT in Lung Cancer Cell Lines
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Targeted PI3K Adaptor Complex in H1703 and A431GR NSCLC  Cells

p85a/b

ERBB3

IRS-1

IRS-2

PDGFR

Gab1

Gab2

-

P-PDGFR

PDGFR

P-AKT

AKT

75

105

150

250

P-Tyr

p85 IP

-

H1703

WCE

pAKT(S473)

pAKT(T308)

Total AKT

-

A431GR

WCE

Single PDGFR adaptor driving growth

Resistance mechanism through IRS2



0.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

A
ve

ra
ge

 T
IC

Effect of TOR Inhibition by Rapamycin on PI3K Adaptor Complex in NSCLC
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Discovering drug resistance mechanisms…

•Rapamycin (TOR inhibitor) activates AKT 
at long exposures

•Targeted IP-MS discovers a PI3K switch 
from IRS1 to IRS2

IRS2 drives rapamycin resistance
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Tumor growth
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PI3K Activating Adaptors in H3122 Mouse Xenograft 
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Quantifying a Mutation’s Role in Proliferation (PI3K Activation)

Prove the mutation plays a direct role in activation
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5500 QTRAP has allowed us to expand our targeted complex list 
to accommodate both direct and secondary binding proteins

Orbitrap XL (Ion Trap CID)

8 total proteins in p85 complex represented by 2 peptides 
(16 CID scans per cycle) ~2.4 sec

5500 QTRAP (MRM + CID)

16 total proteins in p85 complex represented by 3 peptides and 3 transitions per peptide
(144  Q1/Q3 scans and 48 CID scans per cycle) ~ 1.8 sec
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p85 (PI3K) Complex in HCC827 NSCL Cancer Cells by MRM

The ability to target secondary (indirect ) protein-protein interactions allows us to 
dig  deeper into functional mechanisms with more MRM targets
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Grb2 Complex in HCC827 NSCL Cancer Cells by MRM

Grb2  IP for MAPK Signaling

Cross-Talk of Signaling Pathways by IP-MS

Grb2 Targeted Protein Complex via MRM in Cancer Cells



Nature Reviews Cancer 9, 550-562 (2009)

FDA Approved Tyrosine Kinase Inhibitors

Lots More Kinase Inhibitors in Clinical Trials

How do we choose the appropriate kinase inhibitor therapies ?



Excise/biopsy

Shapiro Clinical Center

Chest X-ray

Treat  with PDGFR 
inhibitor 

(Imatinib/Gleevec)

Treatment
decision

Chest X-ray

No tumor

Hypothetical ‘Personalized Treatment Plan’ for Cancer Based on 
PI3K Mass Spec Assay…
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This can ultimately be used as a reference to make therapeutic decisions in a 
cancer according to the PI3K signature



Summary

•We can use IPs and targeted MS to predict response to drug therapies for a 
particular cancer through quantitative protein-protein interactions (PPI)

•Multiple MS technologies can be used (orbitrap, ion trap, QqQ, qExactive, etc.)

PPI Network –AKT branch

21 bait proteins 
1391 interactions
509 prey proteins 

•Cancer cells typically involve a small set of oncogene addictions 
that govern their uncontrolled proliferation
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