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A. Novel one step preservative for tissue phosphoproteins
B. Protein Microarrays: 200 signal pathway phosphoproteins
-Translation to clinical research trials
-The universal tissue preservative: obviate frozen storage

C. Smart nanoparticles for one step in-solution molecular 
size sieving, affinity capture, biomarker preservation and 
amplification of effective sensitivity. 



There is a need to measure the state of activity of the actual 
drug targets (the proteins) in a patient’s individual cancer.

Patient A Patient B

Proteomics is the missing link for designing individualized therapies

Concurrent phosphorylation of kinases and 
kinase substrates indicates functional 
linkage



Genetic or epigenetic defects are selected 
during cancer progression because they 
cooperate to orchestrate alterations in protein 
networks generating a survival advantage for 
the target cell.

Post-translational modifications, such as 
phosphorylation, reflect the activity state of 
cellular signaling networks. 

Patterns of phosphorylation indicate docking 
events and infer protein-protein interactions. 

“Proteins carry the epigenetic marks and information”
Emma Whitelaw, DISCOVER Nov. 2006



Pre‐analytical Variables: The tissue is alive!

•The tissue is alive and reactive post excision
• During the post excision delay time, tissue signal pathway 
biomarkers fluctuate upward and downward as the tissue 
undergoes hypoxia, metabolic acidosis, wounding, hypotension, 
hypoglycemia, and dehydration.
• Fixation chemistries of the future that stabilize ex vivo reactive 
biomarkers 
•Universal preservation of tissue biomarkers without freezing 





Minimization of pre-analytical variables: novel phosphoprotein preservative

Comparison of in vivo effects of molecular targeted therapy before and after 
therapy.

Establish workflow for multi-site trial w/o freezing for sample shipment.

Core needle biopsies shipped in 
preservative without freezing
Retention of morphology and 
antigenicity for FS and LCM Ginny Espina



US Oncology 05‐074 

Eligibility: Her2+ invasive breast cancer, Stage II/III, adequate cardiac function

Trastuzumab (T)
Lapatanib (L)

Trastuzumab + Lapatanib (T+L)

Continuation of  T, L, or T+L 
plus FEC75

Continuation of  T, L, or T+L 
plus Paclitaxel

Surgery

Pre‐Treatment
Core Needle Biopsy

Day 1

Post‐Treatment
Core Needle Biopsy

Day 14

Target enrollment: 99   Enrolled to date: 82

Randomize Treatment

LCM and RPPA 
analysis pre-

treatment

LCM and RPPA 
analysis post-

treatment

Phase II Randomized Trial of Neoadjuvant Trastuzumab 
and/or Lapatinib plus Chemotherapy



Phase II Randomized Trial of Neoadjuvant Trastuzumab and/or Lapatinib plus 
Chemotherapy (Sequential FEC75 and Paclitaxel) in Women with ErbB2  

(HER2/neu) Over-expressing Invasive Breast Cancer

Laser Capture Microdissection
Pre and Post Treatment Core 
Needle Biopsies
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Gallagher R, et 
al AACR 2009 
abstract #2756

Reverse Phase Protein Microarrays
Sensitivity: <500 cells
Built-in calibrators and controls
Precision: CV 3-10%
CAP CLIA compliant



Her2 FISH status v total Her2
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Wulfkuhle J, Petricoin EF ASCO 2009 Abstracts 11009/11014



Patients with high 
phospho Her2 levels but 
low FISH scores may be 
eligible, or benefit from, 

anti-ErbB therapy

Are patients with elevated phosphoHer2 likely to benefit from ErbB inhibition?

Low FISH (unamplified Her2) High FISH (amplified Her2)

Her2 FISH v. Her2 Tyr1248

n=63



.

A. Breast Cancer: (USO, Inova TKI: EGF/HER2 combination therapy
Status: Started Sept 2007 Target Completion Dec 2009

B. Multiple Myeloma: (Hem Oncol Assoc, Inova) targeted inhibitor screening
Status: Started May 2007 Target Completion May 2010

C. Breast Cancer Carcinoma in Situ: DCIS cancer stem cells
Status: Started Sept 2007 Target Completion Dec 2009

D. Breast Cancer Carcinoma in Situ: Treatment 
Status: Will start in Dec 2009  Target Completion Dec 2011

E. Colon Cancer Liver Metastasis: Stratified combination therapy
Status: Started Aug 2009 , Target Completion        Dec2010

F. Breast Cancer Stage IV: Side Out sponsored trial individualized therapy 
based on genomic and proteomic analysis
Status: Will start in Dec 2009   Target Completion 2010

Clinical research trials using phosphoprotein signal pathway profiling for 
stratification of tyrosine kinase inhibitors



Paraffin 
Block

Archive

Core needle biopsy

One Step Molecular 
Preservation and Fixation

a) Preserves morphology for 
histopathologic diagnosis
b) Stabilizes proteins, 
phosphoproteins and PTMs
c) Stabilizes RNA, miRNA, 
and DNA
d) Can be frozen for frozen 
section diagnosis or used 
for Flow Cytometry
e) Paraffin embedding for 
indefinite storage at room 
temperature

Highest quality cytology and  
histomorphology for pathologic 
diagnosis and immunohistology 

Laser Capture 
Microdissection

Protein Microarray

Genomics Microarray

Multipurpose  Molecular 
Preservation, Histologic 
Fidelity, and RT Storage

Espina et al Proteomics Clinical Applications 2009 



1%
‐22 proteins constitute 99% 
blood protein mass.

‐A stage I cancer with a 
diameter of less than 0.5 cm. : 
biomarker conc: picogram/ml 

‐ Current mass spec methods 
can not detect less than 10 
nanograms/ml ms/MRM 
does not have sufficient 
sensitivity, precision  or 
dynamic range PSA

Biomarkers exist in very low Biomarkers exist in very low 
concentration: Significantly  below the concentration: Significantly  below the 
detection limits of mass spectrometrydetection limits of mass spectrometry

Obscured by abundant resident blood Obscured by abundant resident blood 
proteins such as albuminproteins such as albumin

Rapidly degraded by enzymes post Rapidly degraded by enzymes post 
collectioncollection

Roadblocks to Body Fluid Biomarker Discovery



Novel technology to overcome biomarker Novel technology to overcome biomarker 
physiologic barriersphysiologic barriers
SmartSmart”” Core Shell Affinity Bait Nanoporous Core Shell Affinity Bait Nanoporous 
Particles 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 
–– bb) Affinity capture of all solution phase target ) Affinity capture of all solution phase target 
moleculesmolecules

–– cc) Complete protection of harvested proteins ) Complete protection of harvested proteins 
from enzymatic degradationfrom enzymatic degradation

–– dd) Amplify the effective concentration of very ) Amplify the effective concentration of very 
low abundance moleculeslow abundance molecules
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• Particles can be produced in large 
quantities

• Stable at room temperature 
indefinitely

• Low cost
• Uniform in size (0.7 micron)
• Reproducibility among batches

Alessandra Luchini



Hydrogel NIPAm/ Core Synthesis Bait Covalent Hydrogel NIPAm/ Core Synthesis Bait Covalent 
BindingBinding



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



5 ml5 ml

50 50 ll

InIn--solution harvestingsolution harvesting

Smart particles amplify the biomarker Smart particles amplify the biomarker 
concentrationconcentration

Alessandra Luchini, 2009 AACR Annual MeetingAlessandra Luchini, 2009 AACR Annual Meeting

Nanoparticles in 
vacutainer blood 
collection tubes

100 fold amplification
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50 picograms/mL

UD

Capture Efficiency >99.95% Bait specific high affinity 
protein biomarker binding 
achieves virtually 100% 
sequestration of all solution 
phase analyte molecules. 
Elution yield is 100% 

Analyte remaining in 
solution following 
introduction of 
nanoparticles



Size sieving & complete albumin exclusionSize sieving & complete albumin exclusion Concentration: High Precision %C.V. <3.0Concentration: High Precision %C.V. <3.0

Rapid 100 %uptake: minutesRapid 100 %uptake: minutes

Complete protection from degradationComplete protection from degradation



Human Growth Hormone
Levels in the blood: 1‐10 ng/mL

Levels in the urine: 1000 fold less than serum

Below the detection limits of clinical immunoassays

Nanoparticles amplify the effective concentration of hGH  
50 fold to achieve routine measurement in urine

CERES NANOSCIENCE
License of ISS/GMU IMAT IP

NanotrapTM



Dilution Particle Eluate 
Peptide 

Peptide (Hits) 
[Ions] 

Starting Solution 
Peptide 

Peptide 
(Hits) 
[Ions] 

1:600 K.KATVTLEDHLACK.C 
K.KATVTLEDHLACK.C 
K.ATVTLEDHLACK.C 
K.ATVTLEDHLACK.C 
K.TRTEVFEISR.R 
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K.TRTEVFEISR.R 
K.TRTEVFEISR.R 
K.ATVTLEDHLACK.C 
K.TRTEVFEISR.R 
R.PTQVQLRPVQVR.K 
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R.TEVFEISR.R 
R.SLGSLTIAEPAMIAECK.T 
R.SLGSLTIAEPAMIAECK.T 
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R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 

17/24 
19/24 
14/22 
15/22 
14/18 
14/22 
15/18 
17/18 
16/22 
14/18 
12/22 
16/18 
26/64 
13/14 
21/32 
28/64 
18/30 
17/30 
20/30 
21/30 
21/30 
21/30 
20/30 

K.KATVTLEDHLACK.C 
K.KATVTLEDHLACK.C 
K.KATVTLEDHLACK.C 
K.TRTEVFEISR.R 
K.ATVTLEDHLACK.C 
K.TRTEVFEISR.R 
R.SLGSLTIAEPAM*IAECK.T 
R.SLGSLTIAEPAMIAECK.T 
R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 
R.TNANFLVWPPCVEVQR.C 

17/24 
19/24 
14/22 
15/22 
14/18 
14/22 
15/18 
17/18 
16/22 
14/18 
12/22 
16/18 
26/64 
13/14 
21/32 
28/64 
18/30 
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1:6000 K.KATVTLEDHLACK.C 
K.ATVTLEDHLACK.C 
K.TRTEVFEISR.R 
R.TEVFEISR.R 
R.TNANFLVWPPCVEVQR.C 

13/24 
14/22 
13/18 
12/14 
16/30 

PDGF was not detected 

 

1:60000 K.KATVTLEDHLACK.C 
K.ATVTLEDHLACK.C 
R.TEVFEISR.R 

15/24 
17/22 
13/14 

PDGF was not detected 
 

1:600000 PDGF was not detected  PDGF was not detected  

 

AMPLIFICATION OF LOW 
ABUNDANCE LABILE 
BIOMARKER PROTEINS 
BY SMART 
NANOPARTICLES
100 fold Effective
Amplification of
Mass Spec Peptide 
Sensitivity

Amplification of Clinical 
ELISA Sensitivity: Linear 
Measurement of serum 
PDGF for levels that are 
100 fold below the ELISA 
detection limit.



ReferenceReference P (pro)P (pro) SfSf ScoreScore MWMW AccessionAccession PeptidePeptide

hemopexinhemopexin [Homo [Homo sapienssapiens]] 4.44E4.44E--1616 1.841.84 20.2320.23 51643.351643.3 1132156111321561 22

lysozyme precursor [Homo lysozyme precursor [Homo sapienssapiens]] 2.11E2.11E--1414 4.544.54 50.2550.25 16526.316526.3 45578944557894 66

apolipoproteinapolipoprotein H precursor [Homo H precursor [Homo sapienssapiens]] 1.38E1.38E--1313 12.3312.33 130.31130.31 38286.738286.7 45573274557327 1717

hypotheticalhypothetical proteinprotein LOC649897 [Homo LOC649897 [Homo sapienssapiens]] 2.91E2.91E--1313 2.922.92 30.2630.26 22058.922058.9 9120643891206438 2020

apolipoproteinapolipoprotein CC--III precursor [Homo III precursor [Homo sapienssapiens]] 3.26E3.26E--1313 6.596.59 70.2570.25 10845.510845.5 45573234557323 1515

plateletplatelet factor 4 factor 4 variantvariant 1 [Homo 1 [Homo sapienssapiens]] 5.80E5.80E--1313 3.803.80 40.2440.24 11545.311545.3 45057354505735 88

CC--typetype lectin lectin domaindomain familyfami ly 3, 3, membermember B [Homo B [Homo sapienssapiens]] 8.72E8.72E--1313 6.166.16 70.2870.28 22552.322552.3 45075574507557 77

alphaalpha--22--HSHS--glycoproteinglycoprotein [Homo [Homo sapienssapiens]] 1.36E1.36E--1212 5.335.33 60.2360.23 39299.739299.7 45020054502005 1616

propro--plateletplatelet basicbasic proteinprotein precursor [Homo precursor [Homo sapienssapiens]] 1.37E1.37E--1212 8.298.29 90.2890.28 13885.413885.4 45059814505981 6464

coagulationcoagulation factor XII precursor [Homo factor XII precursor [Homo sapienssapiens]] 2.02E2.02E--1212 6.656.65 70.2670.26 67774.167774.1 45036294503629 77

properdinproperdin P factor, P factor, complementcomplement [Homo [Homo sapienssapiens]] 4.81E4.81E--1212 2.862.86 30.2430.24 51242.051242.0 45057374505737 55

histidinehistidine--richrich glycoproteinglycoprotein precursor [Homo precursor [Homo sapienssapiens]] 5.01E5.01E--1212 9.249.24 100.24100.24 59540.959540.9 45044894504489 1212

clusterinclusterin isoformisoform 1 [Homo 1 [Homo sapienssapiens]] 1.25E1.25E--1111 7.397.39 80.2880.28 57795.757795.7 4271629742716297 1010

pancreaticpancreatic ribonucleaseribonuclease precursor [Homo precursor [Homo sapienssapiens]] 3.20E3.20E--1111 2.842.84 30.3030.30 17632.717632.7 3820168238201682 33

vitronectinvitronectin precursor [Homo precursor [Homo sapienssapiens]] 1.11E1.11E--1010 2.852.85 30.1930.19 54271.254271.2 8885306988853069 33

gelsolingelsolin isoformisoform b [Homo b [Homo sapienssapiens]] 1.21E1.21E--1010 6.546.54 70.2370.23 80590.680590.6 3804428838044288 99

plateletplatelet--derivedderived growthgrowth factor beta factor beta isoformisoform 1, 1, preproproteinpreproprotein [Homo [Homo sapienssapiens]] 3.79E3.79E--1010 7.097.09 80.2280.22 27266.127266.1 45056814505681 2525

plateletplatelet--derivedderived growthgrowth factor beta factor beta isoformisoform 2, 2, preproproteinpreproprotein [Homo [Homo sapienssapiens]] 3.79E3.79E--1010 7.097.09 80.2280.22 25486.225486.2 1545178615451786 2525

insulininsul in--likelike growthgrowth factor 1 (factor 1 (somatomedinsomatomedin C) [Homo C) [Homo sapienssapiens]] 6.67E6.67E--1010 0.960.96 10.2110.21 17014.317014.3 1102468211024682 22

transthyretintransthyretin [Homo [Homo sapienssapiens]] 7.20E7.20E--1010 6.346.34 70.2470.24 15877.115877.1 45077254507725 77

alpha 1 alpha 1 typetype XVIII XVIII collagencollagen isoformisoform 1 precursor [Homo 1 precursor [Homo sapienssapiens]] 9.46E9.46E--1010 0.970.97 10.2310.23 153745.9153745.9 1338562013385620 11

fibrinogenfibrinogen, alpha , alpha polypeptidepolypeptide isoformisoform alpha alpha preproproteinpreproprotein [Homo [Homo sapienssapiens]] 8.68E8.68E--0909 4.454.45 50.2350.23 69713.869713.8 1176162911761629 55

selenoproteinselenoprotein P precursor [Homo P precursor [Homo sapienssapiens]] 1.04E1.04E--0808 0.960.96 10.2410.24 141646.7141646.7 6253039162530391 11

lipocalinlipocalin 2 (2 (oncogeneoncogene 24p3) [Homo 24p3) [Homo sapienssapiens]] 1.32E1.32E--0808 3.783.78 40.2140.21 22573.722573.7 3845540238455402 44

serineserine ((oror cysteine) cysteine) proteinaseproteinase inhibitorinhibitor, , cladeclade A (alphaA (alpha--1 1 antiproteinaseantiproteinase, , antitrypsinantitrypsin), ), membermember 1 [Homo 1 [Homo sapienssapiens]] 3.60E3.60E--0808 1.911.91 20.2420.24 46707.146707.1 5036321950363219 22

plateletplatelet factor 4 (factor 4 (chemokinechemokine (C(C--XX--C C motifmotif) ligand 4) [Homo ) ligand 4) [Homo sapienssapiens]] 4.38E4.38E--0808 4.764.76 50.2450.24 10837.910837.9 45057334505733 1010

coagulationcoagulation factor II precursor [Homo factor II precursor [Homo sapienssapiens]] 7.52E7.52E--0808 0.970.97 10.2110.21 69992.269992.2 45036354503635 11

RAP1A, RAP1A, membermember ofof RAS RAS oncogeneoncogene familyfamily [Homo [Homo sapienssapiens]] 9.02E9.02E--0808 0.970.97 10.2010.20 20973.720973.7 45064134506413 11

paraoxonaseparaoxonase 1 [Homo 1 [Homo sapienssapiens]] 2.54E2.54E--0707 0.960.96 10.1710.17 39706.339706.3 1992310619923106 11

orosomucoidorosomucoid 1 precursor [Homo 1 precursor [Homo sapienssapiens]] 3.28E3.28E--0707 1.881.88 20.2020.20 23496.823496.8 92572329257232 22

peptidoglycanpeptidoglycan recognitionrecognition proteinprotein 1 [Homo 1 [Homo sapienssapiens]] 4.60E4.60E--0707 0.910.91 10.1710.17 21716.721716.7 48270364827036 11

chemokinechemokine (C(C--C C motifmoti f) ligand 14 ) ligand 14 isoformisoform 1 precursor [Homo 1 precursor [Homo sapienssapiens]] 5.02E5.02E--0707 2.792.79 30.2230.22 10671.310671.3 1458996114589961 33

thrombospondinthrombospondin repeatrepeat containingcontaining 1 1 isoformisoform 1 [Homo 1 [Homo sapienssapiens]] 8.60E8.60E--0707 0.710.71 10.1210.12 116470.7116470.7 3801690438016904 11
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histidinehistidine--richrich glycoproteinglycoprotein precursor [Homo precursor [Homo sapienssapiens]] 5.01E5.01E--1212 9.249.24 100.24100.24 59540.959540.9 45044894504489 1212

clusterinclusterin isoformisoform 1 [Homo 1 [Homo sapienssapiens]] 1.25E1.25E--1111 7.397.39 80.2880.28 57795.757795.7 4271629742716297 1010

pancreaticpancreatic ribonucleaseribonuclease precursor [Homo precursor [Homo sapienssapiens]] 3.20E3.20E--1111 2.842.84 30.3030.30 17632.717632.7 3820168238201682 33

vitronectinvitronectin precursor [Homo precursor [Homo sapienssapiens]] 1.11E1.11E--1010 2.852.85 30.1930.19 54271.254271.2 8885306988853069 33

gelsolingelsolin isoformisoform b [Homo b [Homo sapienssapiens]] 1.21E1.21E--1010 6.546.54 70.2370.23 80590.680590.6 3804428838044288 99

plateletplatelet--derivedderived growthgrowth factor beta factor beta isoformisoform 1, 1, preproproteinpreproprotein [Homo [Homo sapienssapiens]] 3.79E3.79E--1010 7.097.09 80.2280.22 27266.127266.1 45056814505681 2525

plateletplatelet--derivedderived growthgrowth factor beta factor beta isoformisoform 2, 2, preproproteinpreproprotein [Homo [Homo sapienssapiens]] 3.79E3.79E--1010 7.097.09 80.2280.22 25486.225486.2 1545178615451786 2525

insulininsul in--likelike growthgrowth factor 1 (factor 1 (somatomedinsomatomedin C) [Homo C) [Homo sapienssapiens]] 6.67E6.67E--1010 0.960.96 10.2110.21 17014.317014.3 1102468211024682 22

transthyretintransthyretin [Homo [Homo sapienssapiens]] 7.20E7.20E--1010 6.346.34 70.2470.24 15877.115877.1 45077254507725 77

alpha 1 alpha 1 typetype XVIII XVIII collagencollagen isoformisoform 1 precursor [Homo 1 precursor [Homo sapienssapiens]] 9.46E9.46E--1010 0.970.97 10.2310.23 153745.9153745.9 1338562013385620 11

fibrinogenfibrinogen, alpha , alpha polypeptidepolypeptide isoformisoform alpha alpha preproproteinpreproprotein [Homo [Homo sapienssapiens]] 8.68E8.68E--0909 4.454.45 50.2350.23 69713.869713.8 1176162911761629 55

selenoproteinselenoprotein P precursor [Homo P precursor [Homo sapienssapiens]] 1.04E1.04E--0808 0.960.96 10.2410.24 141646.7141646.7 6253039162530391 11

lipocalinlipocalin 2 (2 (oncogeneoncogene 24p3) [Homo 24p3) [Homo sapienssapiens]] 1.32E1.32E--0808 3.783.78 40.2140.21 22573.722573.7 3845540238455402 44

serineserine ((oror cysteine) cysteine) proteinaseproteinase inhibitorinhibitor, , cladeclade A (alphaA (alpha--1 1 antiproteinaseantiproteinase, , antitrypsinantitrypsin), ), membermember 1 [Homo 1 [Homo sapienssapiens]] 3.60E3.60E--0808 1.911.91 20.2420.24 46707.146707.1 5036321950363219 22

plateletplatelet factor 4 (factor 4 (chemokinechemokine (C(C--XX--C C motifmotif) ligand 4) [Homo ) ligand 4) [Homo sapienssapiens]] 4.38E4.38E--0808 4.764.76 50.2450.24 10837.910837.9 45057334505733 1010

coagulationcoagulation factor II precursor [Homo factor II precursor [Homo sapienssapiens]] 7.52E7.52E--0808 0.970.97 10.2110.21 69992.269992.2 45036354503635 11

RAP1A, RAP1A, membermember ofof RAS RAS oncogeneoncogene familyfamily [Homo [Homo sapienssapiens]] 9.02E9.02E--0808 0.970.97 10.2010.20 20973.720973.7 45064134506413 11

paraoxonaseparaoxonase 1 [Homo 1 [Homo sapienssapiens]] 2.54E2.54E--0707 0.960.96 10.1710.17 39706.339706.3 1992310619923106 11

orosomucoidorosomucoid 1 precursor [Homo 1 precursor [Homo sapienssapiens]] 3.28E3.28E--0707 1.881.88 20.2020.20 23496.823496.8 92572329257232 22

peptidoglycanpeptidoglycan recognitionrecognition proteinprotein 1 [Homo 1 [Homo sapienssapiens]] 4.60E4.60E--0707 0.910.91 10.1710.17 21716.721716.7 48270364827036 11

chemokinechemokine (C(C--C C motifmoti f) ligand 14 ) ligand 14 isoformisoform 1 precursor [Homo 1 precursor [Homo sapienssapiens]] 5.02E5.02E--0707 2.792.79 30.2230.22 10671.310671.3 1458996114589961 33

thrombospondinthrombospondin repeatrepeat containingcontaining 1 1 isoformisoform 1 [Homo 1 [Homo sapienssapiens]] 8.60E8.60E--0707 0.710.71 10.1210.12 116470.7116470.7 3801690438016904 11

MS  nanoparticle harvesting Low Abundance Serum Biomarker MS  nanoparticle harvesting Low Abundance Serum Biomarker 
CandidatesCandidates

Longo et al PlosOne 09
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TUMOR TYPE CANCER CONTROL TOTAL
Breast 4095 830 4925

Colorectal 1060 950 2010
Lung 1300 520 1820
Ovary 315 360 675
HCC 205 150 355

Leukemia 300 - 300

TOTAL 7275 2810 Target: 10085 
at present 4474

Prostate    (3600 serum samples expected: at present 858)

ITALY‐USA PROGRAM ON ONCOPROTEOMICS NATIONAL SERUM 

BANK
PROSPECTIVE SERUM COLLECTION ‐ EXPECTED



NanoTrap 
MRM

Biomarker Discovery 
Workflow Employing 
Nanoparticle capture

High Throughput,

High Sensitivity Discovery, 

Preservation 

and Validation



Orosomucoid 1 precursor Alpha‐2‐HS‐glycoprotein

Apolipoprotein C‐II precursor

Complement component 1, s subcomponent

Complement component 3 precursor

Complement component 5

Prostate Cancer

Ovarian Cancer

Melanoma

Actinin, alpha 1

β tubulin 1, class VI

α‐1‐mi croglobulin/bikuni n precursor

Complement C4 binding prot.‐β‐chain isof.2 prec.

Coagulation factor V precursor 

C‐reactive protein, pentraxin‐related

Integrin α 2b preproprotein

Gelsolin isoform b

Leucine ‐rich α ‐2‐glycoprotein 1

Inter‐α (globulin) inhibitor H1

UNC‐112 related protein 2 long form

Tubulin α 1

Propionyl‐Coenzyme A carboxylase, α polypept. precursor

Lipopolysaccharide‐binding protein precursor

Keratin 9

Ceruloplasmin (ferroxidase)

complement factor B preproprotein

serum amyloid A1 isoform 1 immunoglobulin J chain

titin isoform N2‐B

prolactin‐induced protein

orosomucoid 2

complement component 1, q subcomponent, A chain precursor

complement component 1, q subcomponent, B chain precursor

CD5 antigen‐like (scavenger receptor cysteine rich family)

complement factor H‐related 5

secretory leukocyte peptidase inhibitor precursor

complement factor H isoform b precursor

vitamin D‐binding protein precursor

apolipoprotein A‐IV precursor

complement component 4 binding protein, alpha chain precursor

hypothetical protein LOC649897

ribonuclease, RNase A 
family, 3

keratin 10
I factor

protein S (alpha)

haptoglobin

alpha 1B‐glycoprotein

apolipoprotein H precursor

complement component 1 inhibitor precursor

complement component 4B preproprotein

actin, gamma 1 propeptide

angiotensinogen preproprotein

apolipoprotein B precursor

apolipoprotein C‐IVapolipoprotein L1 isoform a precursor

fibronectin 1 isoform 2 preproprotein

filamin 1 (actin‐binding protein‐280)

histidine‐rich glycoprotein precursor

inter‐alpha (globulin) inhibitor H4

serpin peptidase inhibitor, clade A, member 3 precursor

serum amyloid A4, constitutive talin 1 

haptoglobin‐related protein

heparanase

heparin cofactor II precursor

hypothetical protein LOC56912
inter‐alpha globulin inhibitor H2 polypeptide

keratin 25C

nischarin

paraoxonase 1

PCI domain containing 2 pleckstrin

glycoprotein Ib, beta polypeptide precursor

Leucine ‐rich α ‐2‐glycoprotein 1

dedicator of cytokinesis 7

fibrinogen, beta chain preproprotein

elastin microfibril interfacer 1

cofilin 1 (non‐muscle )

complement component 8, beta polypeptide preproprotein

cholesteryl ester transfer protein, plasma precursor

coagulation factor XIII A1 subunit precursor

disintegrin and metalloproteinase domain 7

haptoglobin‐related proteinplatelet glycoprotein Ib alpha polypeptide precursor

retinol‐binding protein 4, plasma precursor

serine (or cysteine) proteinase inhibitor, clade A

ras suppressor protein 1 isoform 2

serine (or cysteine) proteinase inhibitor, clade C solute carrier family 4, anion exchanger, member 1

solute carrier family 5 (sodium/glucose cotransporter), member 10

transgelin 2

tyrosine 3/tryptophan 5 ‐monooxygenase activation protein, zeta polypeptide 

zinc finger protein 333

PREDICTED: similar to actin‐related protein 3‐beta isoform 1 isoform 3

PREDICTED: similar to ADAM 15 precursor (A disintegrin and metalloproteinase domain 15)

PREDICTED: similar to filaggrin 2 

keratin 34

keratin 31

PREDICTED: similar to Protein FAM82B

keratin 35

complement C1, q 
subcomp. γsubunit
ribonuclease, RNase A 
family, 4 precursor 

vitronectin 
precursor

angiotensinogen preproprotein

apolipoprotein H precursor

100 uL serum pilot 



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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Center for Applied Proteomics and Molecular Medicine
Co-Directors: Lance Liotta and Emanuel Petricoin
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Tissue Preservative
Virginia Espina Alessandra Luchini
Claudius Mueller Virginia Espina
Alex Reeder Claudia Fredolini
Kirsten Edmiston Caterina Longo
Lindsay Wescott Davide Tamburro
Sally Rucker Barney Bishop

Alexis Patanaraut
Ben Espina
Linday Wescott
Alex Reeder

Licensed to Theranostics Health Licensed to Ceres Nanoscience



Sponsors of Breast Cancer Research at GMU

GlaxoSmithKline/US Oncology

DOD Breast Cancer Research Program

NIH/National Cancer Institute

Susan G. Komen Foundation

Collaborating Organizations

University of California San Francisco 

Inova Health System (Inova Fairfax Hospital)

Side Out Foundation



““SmartSmart”” Nanoporous Particles / Biomarker publicationsNanoporous Particles / Biomarker publications

Simpson, M. et al Serum S100A6 Concentration Predicts Peritoneal Tumor 
Burden In Mice With Epithelial Ovarian Cancer And Is Associated With 
Advanced Stage in Patients. PloS one 2009 in  press

Longo, C., et al., Core‐shell hydrogel particles harvest, concentrate 
and preserve labile low abundance biomarkers. PloS one, 2009. 

4(3): p. e4763‐4790.

Fredolini, C., et al., Concentration and Preservation of Very Low 
Abundance Biomarkers in Urine, such as Human Growth Hormone 
(hGH), by Cibacron Blue F3G‐A Loaded Hydrogel Particles.Nano 
Research, 2008. 1: p. 502‐518.

Luchini, A., et al., Smart hydrogel particles: biomarker harvesting: 
one‐step affinity purification, size exclusion, and protection against 

degradation. Nano letters, 2008. 8(1): p. 350‐61.

Luchini, A., and Liotta L., Nanoparticle Technology: Addressing the 
fundamental roadblocks to protein biomarker discovery. Journal of 

Materials Chemistry, 2009. 19: p. 5071 ‐ 5077.


