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Targeted Therapies

Tyrosine Kinase
Inhibitors

Protein Drug Target Activity Predictors
For Molecular Targeted Inhibitors

New Class of Tissue Biomarkers:  Phosphorylated Proteins



Challenge : How do you measure the state of the 
fluctuating activity of ongoing signal pathways and 
cellular circuits in lysed tissue cells? 

Measure the
phosphorylated or 
activated state of a 
kinase, a kinase partner, 
or a pathway 

Solution: The state of signal pathways minute to minute 
is recorded in the phosphorylated or activated state of 
protein nodes in the signal pathway.



Molecular profiling of tissue proteins: Critical 
value of phospho-proteins and PTMs

• Phospho-proteins provide a record of 
ongoing kinase and kinase substrate 
activity in key signaling pathways driving 
pathologic states

• Post translational modifications (PTMs) 
in proteins reflect the state of actual drug 
targets. This information can not be 
determined using gene arrays or SNPs

• Hundreds of validated antibodies 
recognize the specific phosphorylated
protein residue

• Highly sensitive protein array technology 
for multiplex mapping of tissue and 
cellular phosphoprotein signal pathways



Microdissection



Tissue handling and morphologic preservation: 
requirements for medical compliance

• Pathologic Diagnosis 
– Immediate frozen section diagnosis at the time of surgery is 

used to base surgical decisions and to limit margins of 
resection. This is limited by poor histology and morphology

– Cutting board examination by the pathologist. This is 
required for orientation of the specimen, sampling of 
margins, and procurement of representative sections. This 
induces further time delays compromising molecular 
preservation.

– Formalin fixation paraffin embedding permanent slides are 
used to make the legal diagnosis for the final report. This 
takes 2-4 days depending on the size of the specimen.

– Tissue procurement for Research /DX may remove a region 
of tissue essential for diagnosis thus incurring legal liability

– Any new product for tissue handling must support all of the 
above requirements and be seamlessly integrated into the 
clinical work flow.



Tissue preservation: deficiencies of 
conventional practice

• Formalin fixation 
– Formalin fixation /paraffin embedding is 100 years old.
– Cross-linking by formalin masks epitopes and reduces the yield of 

proteins and RNA from tissues by 10 to 100 fold.
– Slow penetration of tissue by formalin: 0.1cm per hour.  The center of 

the tissue is alive reacting and changing prior to the formalin reaching 
the internal cells.

– Formalin is a carcinogen.

• Direct Freezing
– Liquid Nitrogen (<-75oC ) required for long term stabilization.
– Freezing severely compromises histology for accurate pathologic 

diagnosis and microdissection.
– Unacceptable for routine clinical use in O.R. or Clinic.
– Costly and prone to thawing for shipping of samples.
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Critical pre-analytical issues for 
tissue collection

Objectives:

1. Integrate tissue collection with standard of care in 
real-world, community setting

2.Determine real-world time to acquire tissue

3.Analyze effects of storage temperature – room temp 
or 4oC

4.Discover fluctuations in cell signaling over time – use 
labile endpoints as surrogate markers of stability

5.Compare stability profile of various tissues



Goals:

1.Develop quantitative data for determining rational, 
data driven basis for collection protocols.

• Surrogate markers to guide preservation 
chemistry of the future

• QC for preservation methods

2.Develop parameters for preservation technology of 
the future 

• Seamlessly integrated in clinical practice

• Sentinels/additives to monitor tissue QA/QC 
process





Tissue Collection Summary

Breast, Colon, Lung, Uterus, Ovary

Average time to cryopreservation: 18.8 minutes

Earliest time: 4 minutes

Longest time: 40 minutes

Mode: 10 minutes

Virginia Espina



50 Protein Endpoints for Stability Studies



Antibody Validation: 

Formalized Process for Antibody acceptance and 
reporting 

Phosphospecific: 202          Total protein: 60



Whatman FAST Slides

Aushon BioSystems 2470 arrayer

Phospho-peptide  
reference 
standard

Cell lysate
controls

Multiple samples/array

One antibody probe/array
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Reverse Phase Protein Microarrays
• Phosphorylated/Activated state of signal proteins
• One antibody per analyte
• High Sensitivity femtomole range
• FNA/core needle Microdissection
• Built-in positive controls and calibrators
• High precision and linearity CAP/CLIA Lab

Internal dilution curve assures high dynamic range

200 validated 
phos-analytes



Between run precision for VEGFR Y951
Human Endothelial Cells Pervanadate Treated
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Uterine Tissue    Room Temperatue Timecourse
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Tissue is living and reacting to the 
trauma of excision, ischemia, and 

metabolic stress

Not all proteins show the same 
changes over time

Protein stability is not 
synonymous with degradation
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Reactive Elevation of 
Signal Pathway 
Phosphoproteins at RT



Precision analysis 
time course



Reactive elevated 
analytes
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A549 cells treated with 1mM pervanadate
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EGFR Y1148 
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Cell Activation
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Conclusions
Optimal time to preservation – 20 minutes

Real-world tissue collection time – 4 - 40 minutes

False elevation of endpoints: living tissue reacts to trauma of excision ex 
vivo. Main source of variability is reactive pathways causing false 
augmentation of phosphoproteins.

Categories of reactive pathways: reflect stages of cell death post 
excision.

Labile subsets of phosphoproteins: identified labile endpoints for 
QA/QC of preservation methods.

•Phosphatase inhibitors alone falsely elevate phosphoproteins. Addition 
of phosphatase inhibitors alone will falsely elevate phospho-endpoints 
for reactive pathways.

•Kinase inhibitor treatment suppresses the reactive elevation of 
phosphoproteins verifying that the tissue is alive ex vivo.

Ideal preservation chemistry: maintains morphology and blocks both 
phosphatase and kinase pathways to prevent fluctuations ex vivo



Normal
Epith.

Invading
Carcinoma

METASTASIS
Testing the Seed vs. Soil 
hypothesis using protein 
signal pathway mapping

Question: Is the state of 
activated signaling pathways in 
a primary tumor cell different 
from the metastasis?

If so: Is the state of activated 
signal pathways in metastasis 
dictated by the target organ 
(soil) or by the primary tumor 
site (seed)from which the 
metastasis is derived?
75 kinase and kinase
substrates measured

38 patients: Matched 
colorectal cancer and 
hepatic metastasis
15 patients: Pulmonary 
metastasis from 
colorectal cancer
27 patients: Liver 
metastasis from non 
colorectal cancer

Mariaelena Pierobon



• Collected during surgery at the time of vascular 
clamping and excision. 
• Immediately (<20 m) snap frozen and stored at -80C
• Laser Microdissected Claudio Belluco

Specimen Procurement: Primary Tumor 
and Matched Metastasis





Matched patient mets and primary : Western Blot Validation



Conclusion: Interconnection of metastasis-associated pathways



Current Tissue Fixation/Preservation 
Technology

1. Chemical Crosslinking: formalin, gluteraldehyde

2. Precipitation: alcohol

3. Cryopreservation: cryoprotectants, Liquid N2

4. Thermal inactivation:
Denator instrument – Skold K et al, Proteomics (2)2007,4445-4456

Microwave radiation  - Login GR et al, Methods. 1998 
Jun;15(2):107-17 

5. Microwave assisted rapid formalin fixation:
Nadji M et al Appl Immunohistochem Mol Morphol. 2005 (3):277-82

6. Ultra-sound facilitated formalin fixation:
Chu W-S et al, ModernPath (18)2005,850-863.

7. Nitrocellulose cytology imprinting

Ethanol
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Ideal Preservative Chemistry
Goal for application in the real 

world of the community 
hospital or clinic

Tissue submerged in preservative 
immediately at the time of 
procurement (e.g. in the OR or 
biopsy gun)

Room temperature preservation of 
morphology for gross pathology and 
immediate frozen section Dx.

Stabilization of phosphoproteins
against reactive or degradative
fluctuations. Stabilization of RNA 

Shipping at room temperature. 
Paraffin embedding for long term 
storage, Dx, and I.H.



Development of Ideal Preservative for 
Phosphoprotein Molecular Analysis

1. Precipitating Fixative: non-crosslinking (Low 
concentration to permit FS and reduce shrinkage)

2. Reversible lipid soluble and water soluble cross linker 
chemistry

3. Phosphatase Inhibitors: Tyrosine, Serine/Threonine

4. Kinase Inhibitors

5. Permeation Enhancers

6. Preservative base solution

Key facet: preservation of cellular histology and morphology

Alternatives to chemical methods: transient heat induction 
via microwave, electrical, chemical means
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Clinical Research Trials Gathering Data Toward the Goal of Individualized Therapy.

A. Breast Cancer: (USO, Inova, GSK) Lapatinib Phosphoprotein
Stratification: Testing of Room Temperature Fixation Chemistry
Status: Started Sept 2007 Target Completion Dec 2008

B. Multiple Myeloma: (Hem Oncol Assoc, Inova)
Status: Started May 2007 Target Completion May 2009

C. Breast Cancer Carcinoma in Situ: (Inova)
Status: Started Sept 2007 Target Completion Dec 2008

D. Colon Cancer Liver Metastasis: (Novartis)
Status: IRB Review, Target Completion        2009

E. Childhood Rhabdomyosarcoma: (Children’s Hospital, Novartis)
Status Not Started: in planning stages, Target Completion     2009



Biomarker Challenges Biomarker Challenges 

•• Biomarkers exist in very low Biomarkers exist in very low 
concentrationconcentration

•• Are obscured by abundant resident Are obscured by abundant resident 
blood proteins like albuminblood proteins like albumin

•• Rapidly degraded by enzymesRapidly degraded by enzymes

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine



““SmartSmart”” Nanoporous ParticlesNanoporous Particles

•• Three independent functions within Three independent functions within 
minutes, in one step, in solution: minutes, in one step, in solution: 
–– a) molecular size sieving a) molecular size sieving 
–– b) affinity capture of all solution phase b) affinity capture of all solution phase 

target molecules (concentration)target molecules (concentration)
–– c) complete protection of harvested c) complete protection of harvested 

proteins from enzymatic degradationproteins from enzymatic degradation
–– d) complete exclusion of albumin and high d) complete exclusion of albumin and high 

abundance proteinsabundance proteins
The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

Alessandra Luchini, et al. Smart Hydrogel Particles: Biomarker 
Harvesting: One-Step Affinity Purification, Size Exclusion, and 
Protection against Degradation. Nanoletters, 2008 Vol. 8, No. 1 
350-361



Affinity capture Affinity capture -- ConcentrationConcentration

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine
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The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

Particle images (AFM)Particle images (AFM)

Alessandra Luchini



Permeation enhancer
Porous membrane
Harvesting Nanoparticles
Water resistant cover

Example application to skin patch for 
diagnostic marker (proteins and 
metabolites) harvesting

Smart Nanoparticles for Immediate Room 
Temperature Biomarker Harvesting, 
concentration and protection from degradation

Example Application: 
nanoparticles in vacutainer
immediate concentration and 
preservation of biomarkers 



“Smart” Hydrogel Particles for Biomarker Harvesting: 
One-step affinity purification, size exclusion, and 

protection against degradation

“Smart” Hydrogel Particles for Biomarker Harvesting: 
One-step affinity purification, size exclusion, and 

protection against degradation

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

Center for Applied Proteomics and Molecular Medicine
Co-Directors: Lance Liotta and Emanuel Petricoin

Alessandra Luchini, PhD



Anderson, N.L., Anderson, N.G. (2002 ) 
Mol. Cell. Proteomics. 1, 845-867.

1%

Blood Protein Biomarker Discovery and Measurement
An Overwhelming Analytical Challenge

- 22 proteins constitute 99% blood protein mass
- High likelihood that biomarkers are low abundance proteins
- No analytical method has sufficient dynamic range

PSA



The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The vast majority of low abundance biomarkers The vast majority of low abundance biomarkers 
are nonare non--covalently and endogenously covalently and endogenously associated associated 
with the carrier proteinswith the carrier proteins that are being removedthat are being removed



Molecular size sievingMolecular size sieving

Poly(N-isopropylacrylamide) (pNIPAm) 
N,N′-methylenebisacrylamide (BIS)

Different concentration of cross linker to 
alter pore size for size dependent 
harvesting
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Affinity captureAffinity capture

Harvesting Particles

Mixed with High Abundance Serum
Proteins Carrying Biomarkers

Capture of Biomarkers

Harvesting Particles

Mixed with High Abundance Serum
Proteins Carrying Biomarkers

Capture of Biomarkers

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine



Polysaccharides, 
glycopeptides, RNA

PhosphopeptidesTiO2 nanoparticles incorporated in NIPAm beads

Small molecules, 
cholesterol

Proteins and polypeptides

Anionic proteins and 
polypeptides

Cationic proteins and 
polypeptides

TargetBait

Polysaccharides, 
glycopeptides, RNA

PhosphopeptidesTiO2 nanoparticles incorporated in NIPAm beads

Small molecules, 
cholesterol

Proteins and polypeptides

Anionic proteins and 
polypeptides

Cationic proteins and 
polypeptides

TargetBait
Acrylic acid

p-vinylphenyl
boronic acid

N-acryoyl-m-
aminophenyl
boronic acid

Cyclodextrins

Cibacron blue F3G A
Procion Red H8BN

allylamine 1-vinylimidazole

N,N’-dimethylamino
propyl]methacrylamide

N,N’-dimethylamino
propylscrylamide



Molecular size sievingMolecular size sieving
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Complete Exclusion from Albumin



Protection 
From 
Degradation



Kinetics of protein uptake Kinetics of protein uptake ––
complete with a few minutescomplete with a few minutes
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Protein concentrationProtein concentration
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Sequestration and concentration



The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

The Center for 
Applied Proteomics
and Molecular 
Medicine

Proteomics Tools for 
Clinical Medicine

Platelet derived growth factor Platelet derived growth factor 
(PDGF)(PDGF): 
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•• Smart hydrogel perform in solution Smart hydrogel perform in solution molecular sievingmolecular sieving
based on protein sizebased on protein size

•• Uptake is very fast (less than 10 minutes)Uptake is very fast (less than 10 minutes)

•• Using a charge bait (acrylic acid) increases the Using a charge bait (acrylic acid) increases the 
concentrationconcentration of sequestered low molecular weight of sequestered low molecular weight 
proteinsproteins

•• Particles Particles protect harvested proteins from enzymatic protect harvested proteins from enzymatic 
degradationdegradation

•• Particles remove Particles remove PDGFPDGF from albumin carrier and from albumin carrier and 
concentrate recombinant concentrate recombinant PDGFPDGF spiked in human serumspiked in human serum

ConclusionsConclusions
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Permeation enhancer
Porous membrane
Harvesting Nanoparticles
Water resistant cover

Example application to skin patch for 
diagnostic marker (proteins and 
metabolites) harvesting

•User friendly non invasive
•Amplifies low abundant markers over time 
of patch duration
•Protects biomarkers from degradation
•Mail-in room temperature shipping

Smart Nanoparticles for 
Biomarker Harvesting
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Example BrCa Phospho-protein Markers
• J Clin Oncol 2008 Jan 22: Johnston et al. Phase II study of 

predictive biomarker profiles for response to HER-2 in 
advanced inflammatory breast cancer with Lapatinib
monotherapy. 
o Finding: Tumors expressing pHER-2 and pHER-3 

were more likely to respond to lapatinib (9/10 versus 
4/14)

• In Vivo 2007 (21(6): 967-72 Magkou et al. A IH evaluation 
of phosphorylated Akt at threonine 308 in invasive breast 
cancer.  N=152
o Finding: Tumors expressing p308Akt were positively 

associated with HER-2 (p<0.005), Apoptosis (p53) 
(p<0.020), proliferation Ki-67 (p<0.013)



Breast Tissue: Labile endpoints stabilized by kinase plus 
phosphatase inhibitor
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