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INTRODUCTION

Cancer-associated blood biomarkers exist in low within 226.00m
complex mixtures of high-abundance proteins such as albumin and
immunoglobulins. Moreover, blumarkers in the blood may be subjected to “& = Carrier protein Sleving shell

® = Blomarker
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degradation during transportation and storage. Such degradation is a significant
source of bias for cancer biomarker measurement and discovery. We have created
N-isopropylacrylamide porous, sieving, core shell “smart” nanoparticles containing x x
an internal affinity bait to perform three independent functions within minutes, in ¥ *
one step, in solution (serum or plasma): a) molecular size sieving with complete oK =
separation from high abundance residence proteins such as albumin and LS ¥ X
immunoglobulin, b) affinity capture of all solution phase target molecules, and c) ®
complete protection of harvested proteins from enzymatic degradation. The Siica nanoparticle
envisioned technology is a panel of dry lyophilized, sub-micron sized harvesting
particles that carry specific bait for known biomarkers. Following introduction of the
blood or body fluid, the respective particle populations will remove all of their target
molecules, in one step, in solution, from the entire volume of the sample and
concentrate the sequestered analytes inside the particles. Analytes will then be
eluted from the particles to yield a much higher concentration and purification
compared to the starting sample. Depending on the starting volume of the blood,
this technology can concentrate a biomarker many hundred fold, and prevent
degradation, within minutes.
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NIPAm-based particle in a tube of
blood harvests and concentrates
biomarkes, which are then eluted in
a smaller volume

Comparison of our approach to
harvesting biomarkers in blood with
other proposed methods involving
nanoparticlesi 2.3
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§ 3 £ LA wyssime The Kinetics of protein uptake was very rapid, in the order of minutes, for a lysozyme solution incubated
ONO e 2345878910112 with two different quantities of NIPAT/AAC particles. The amount of protein remaining in bulk solution
[— Y N Eedbenedinerd after incubation with NIPAmM/AAC particles was measured by Reverse Phase Protein Arrays (RPPA) The
1 hr incubation Ovemight incubation bait + bait core shell kinetics of protein uptake by NIPAm/AAC particles was further investigated by incubating particles with
BSA and lysozyme using SDS-PAGE to monitor lysozyme uptake at time points of 1, 10, 20, 30, and 60

minutes. Lysozyme sequestration was nearly complete after 1 minute with no detectable change by 60
minutes, confirming that the process occurs very quickly as indicated in the flow cytometry time course.
study described above. As expected, BSA was excluded by the particles, and none of the BSA was taken-
up by the NIPAM/AAC throughout the duration of the experiment (60 minutes)

When  NIPAM/AAC  baited

Western blot _analysis revealed
that recombinant PDGF s

SDS PAGE analysis demonstrated that tryptic degradation of
lysozyme in ts native form yielded clearly detectable products
when se:protein_ratio and
overnight incubation. In the same conditions NIPAm/AAC

To verify the effectiveness of the bait to
protect biomarkers from degradation, we
used reduced and alkylated lysozyme and
incubated It with trypsin and_particles.

solution, the particies captured
and concentrated all protein
molecules with MW less than ca.

k particle ha particles harvested both the protein and the protease  porpcicd ' W TYPSISTE PTHCES,

Bovine serum al p:‘;fﬁs"t;‘;:“ i "r‘;‘;“"" o B e ol and fully protected lysozyme from degradation. In the  oncentoieq” denatured lysozyme and

completely excluded 17550 0, e e cearly detectable presence’ of BSA in solution, lysozyme and trypsin were  codlb dl ST FRAINE [ S ] C(l S
roteins such as ins: lobin Zaot (approximately imes captured by particles and lysozyme was protected from

(MW 17,000 Da) were harvested by particies a¢ proven concentrated), proteolysis, while BSA was left in solution and was vastly

with flow cytometry and SDS PAGE analysis degraded by the remaining enzyme.
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Recombinant PDGF (half life in serum = 3 minutes) was spiked in human serum at a concentration of 10 ng/ul and the serum was incubated for 1 hour with particles. Proteins were eluted from particles and analyzed with nanoRPLC-MS/MS. Fragments of PDGF were f
detected among a list of very rare and low molecular weight proteins. Sequest result filter criteria: Xcorr vs charge 2.2, 3.5 for 2+, 3+ ions; Delta Cn > 0.1, Top #1 ranked; P (Pro) < 0.01. Small molecules,
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