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(57) Abréegée/Abstract:

The present application pertains to improved methods of detecting biomolecules in a biological sample (or system), In particular,
embodiments discussed herein allow for the detection of biomolecule complexes. The embodiments enable for the first time the
elucidation of the significance of biomolecule complexes for certain disease states, which In turn enables the diagnosis of disease
states based on the identity and complexing level of a biomolecule complex in a particular biological sample.
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(57) Abstract: The present application pertains to mimproved methods of detecting biomolecules in a biological sample (or
system), In particular, embodiments discussed herein allow for the detection of biomolecule complexes. The embodiments enable

o for the first time the elucidation of the significance of biomolecule complexes for certain disease states, which in turn enables the

diagnosis of disease states based on the 1dentity and complexing level of a biomolecule complex in a particular biological sample.
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Methods for Biomelecule and Biomolecule Complex (BM) Detection and Analysis and
the Use of Such for Kesearch and Medical Phiagnosis

{_ross-reference to related applications

{00G1]  This application 18 related to U.S. Provisional Application No, 61/294,877; filed
January 14, 2010 and U.S. Provisional Application 61/407,0038 filed October 27, 2010, and

to which prionity s claymed under 35 USC § 9.

Introduction

{0002]  Biomolecular mterachions such as protein-protein and protein-DNA micractions
play an essential tole i almost all cellular functions. Many mitraceliular biochemuical
processes are friggered by the assembly of biomolecules mcluding proieins, DNAS and RNAS
mio biomolecule complexes (BMO), providing a moeans {0 control the myniad of biochemical
processes for the efficiont management of vial biological responses. The detection and
analysis of these biomoiccule complexes 15 not only corifical tor understandmg the
mechanisms of diseases, but also provide new methods and approaches for diagnosis and
treatment of the diseascs.

{0003] While a large number of bicanalytical technigues exist for detecting and analyzing
the concentrations of mdividual biomolecules, techniques available for studying biomolecular
mieractions and for bomolecule complex detection and analysis are rather bimited and
madequate (o meet the demands and challenges of biomolecular rescarch and medical
diagnosis. Many fraditional techniques such as co-inumunoprecipitation, immunoattinity
chromatography, and yeast two-hybnd assays involve complicated assay procedures, require
a large volume of samples (100s pl), and take hours to days to obtamn the results.
Furthermore, these fraditional technigues can only reveal the wdenfifies of the bindmg
partners, and are not capable of providing the kinetic binding information, More recent
technicques, such as fluorescence-based techniques and surface plasmon resonance (SPR)
cnable both detection and kimetic bindmg study of biomolecular mferactions and complex
formation, but have lmutations, such as labeling, that may affect or destroy the structure and
binding activity of the biomolecules, or in the case of SPR, the need {or a solid-phase based

fechnique (not solufion-based assay) and the hagh cost.
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Briet Description of the Drawings
{0084]  FIG. 1 shows a schematic of a first emsbodiment of a farget molecule detection
Sysiera.

{0085]  FIG. 2 shows a schematic of a second embodiment of a target molecule detection

T

ysien.

{00081 FIG. 3 shows a schematic of a third embodiment of a farget molecule detection
SYSieni.

{00077 FIG. 4. (A) An illustration of an assay for protein complex detection and binding
partner analysis from a coll nuciear exiract, The assay was comprised of two steps: 1n the first
step., AuNP immunoprobe for one target protein, here 18 EGFR, 18 mixed with a sample
soiution. The particle size mcrease caused by the bmding of EGFR protem or protemn
complex to AuNF probes 15 monstored. After the bimding event reaches an end poimnt, the
assay solufion was divided mito multiple portions and to cach potiion, a polyclonal antibody
for each suspected protemn binding pariner was added {o the assay solufion. The particle size
merease of the assay solution was then monitored and used to identity the binding parther.
(B) Kinefic binding assay of EGFR-AuNF probe {or mouse 1glGl-AuNP probe was used as a
negative isotype control to the EGFR-AuNP probe) with EGFR protein and 1ts complex from
a pancreaiic cancer cell line, Parnc-i nuclear extracts. (C) and (D) Protein complex binding
partner analysis whereby the polyclonal anti-Stat3, anti-Sre or anti-EGFR antibody or the
non-specitic rabbit IgG (negative control) 18 added to the assay solution prepared from the
anti-EGFR-AuNP probe (C) or non-specitic mouse gG1-AuNP probe (negative contral) (D).
Data are representative of 4 independent studics.

{00063]  FIG. S (A) An dlustration of gold nanoparticle mununoprobe cluster formation

duc to their binding with profein compiexes or aggregates. (B) From the nonlinear dose-
response curve, the concentration at which substantial GAPDH protein aggregation appears 1s
wentified. {C) and (I3} The particle size distribution curves of the GAPDH assay solution at
25 and 30 pg/ml, respectively,

{0081 FIG. 6 (A) The size distribution curves of assay solutions from a normal prostate,
prostaie adenocarcinoma, and benign prostate hypertrophy (BPH) tssue lysate sample. Data
presented mocach graph are miensity distribufion curves of an assay solution from ion
measurements, (B) The polydispersity mdex (Pdly of the assay solutions from ¢ach sample.
The numbers on top of the prostate cancer sample data are the Gleason sum score of the

tissues, All data presented here are the average of {en measurements.
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{00010 FIG. 7 Mouse serum protein adsorption study and target protein analysis. Data
are particle size increascs of the assay solufion of: (A) undiluted mouse serum adsorbed to
AuNPs; (B} Ig( assay of 10-fold diluted mouse seruny (B) VEGY assay of [0-fold dilufed
mouse serum. For cach assay, 40 pl of AuNFP solution was mixed with 2 yl of serum
sample. Afier certain incubation fime, an appropriate amount of anti-mouse lg(s or anti-
VEGEF was added to the assay solution to analyze the level of IgG or VEGF adsorbed to
AuNPs,

{00011]  FIG. 8 VEGF assay results of 10-fold diluted {A) and undiluted (B) human serum
saymples from cancer and non-cancerous donors, The non-cancerous donors mchide normal
and BPH patients. 40 pl of AuNP solution was suxed with 2 ull of scrum sample. After
cortain cubation time, 2 gL anti-VEGF solution (0.5 me/mi} was added. The particle size
stoall legends on somme sampies such as T1c are the stage ot the prostate cancer. Samples with
a cancer stage of TZc or above are labeled with a cyan color. The average particie size change

of all cancer samples minus the six carly stage cancer samples 18 zero.

Petaiied Description

{00012] The present patent application discloses several new methods to detect and
analyze biomolecule complexes (BMC) and use of such for medical diagnosis. For the
purpose of this apphcation, biomolecule complex 18 defined as one biomolecule subunit such
as proteins, DNAs, KNAs, carbohydrates bound with at least another biomolecule through
covalent or non-covalent chenucal bonding. An mdividual biomolecule or biomolecule
subunit 15 defined as a monomer. Furthermore, two types of biomolecule complexes are
speciiically exernplified here: one 1 heterogeneous complex made from one biomolecule and
at feast another difforent biomolecule, and a second one is 4 homogenous complex made from
at least two same biomolecules or biomolecule subunits. Also tor the purpose of this
application, cach molecule component in the complex 1s detined as “binding partner”. This
apphication mamnly uses proteins as an example of biomolecules, however, the methods
disclosed here can be applied for any other types of hiomolecule complexes such as profein-
DNA, protem-RNA, DNA-DNA, DNA-BNA complexes.  Naturally, the embodiments

goregated.

disclosed heremn may be used o detect biomolecules that are not complexed or a
{00013] For the purpose of this application, nanoparticles in this apphcation refer to

particles with a diameter ranging trom 1 nm o 10,000 nm, preterably 1-1000 nm. The new
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methods and system embodiments disclosed herem are an extension of the ground breaking
work disclosed m PUT/US09/30087; filed January 3, 2009,

{00014] 1t should be borne 1 mind that the type of nanoparticle referred 1 the present
patent application is not lumited to metal nanoparticles. The particle size measurement
technique in this apphication is not limited to dynamic light scattering, Furthermore in some
cmbodiments as described below, other detection technigques may be used fo detect the
nanoparticie clustering caused by biomolecular complex mteractions.

000151 Biological samples that can be tested using the method embodiments taught herein
mehude, but are not bimited to, are tissue, tissue lysates, tssue fluids, cells, cell lystates, cell
culture media, blood, urme, stool, semen, fluid seorcted from breast, saliva, sputum, or
circulating tumor cells; and/or products dertved from the above biological samples after
chemical, physical, or bislogical freatments.  Retference to discased or non-discased samples
heremn refers to biological samples i or dentved from a subject having a discase state or 4
non-discased state, respectively.

{00016]  FiGs 1-3 provide schematics of three embodiments for detecting biomolecules.
In one embodiment (Figure 1), the mvention invoives a nanoparticle (preferably gold or silver
nanoparficie) that is coated with a layer of “baiting” biomolecule. A “baiting molecule”™ as
used herein means a molecule that can speciiically bind with another biomolecule through
non-covalent chemical mteractions. Antibody is an example of “baiing molecule”. Smgle
strand DNA 18 another example of a “baiting molecule”. The baiting molecule will bind wath
a specific target molecule X i the sampie. This batting molecule-coated nanoparticie s
reterred to herein as “nanoparticie probe”. By contacting the nanoparticle probe solution with
4 sample solubion, a target molecule X and/or s complexes will bind with the nanoparticle
probe, causimg nanoparticle probe size merease or nanoparticie clustermg. Such nanoparticle
siz¢ change in the assay solution can be measured by dynamic hight scatfering or other
particle size analysis techmigues to reveal the presence of target protem or protemn complexes
m the sample solution. The size measurement can be done continuously to reveal the binding
kinetics as illustrated m the graph in Figure 1. The bmding constant or binding cnergy
between the baiting molecule and the target molecule or complex can be obtained by fitting
the bmndimg curve mio a Langmuir adsorption model using Langmuoir equation. When the
binding reaches a saturaied level, the size of the target moiccule X and/or #is complex may be
revealed from the average particle size change or particie size disinibution change. The
particle s1z¢ change can be used to obtamn the concentrabion of molecule X m the sample

solution. Furthermore, by designing the assay so that a saturated bindmg between molecule X
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and the nanoparticle probe 1s achieved, the net mcrease of the particle size at saturated
binding should be equal to twice of the diameter (2D) of the farget molecule X, From this
analysis, the size of molecule X can be obtaned, It target molecule X formed complexces with
ather biomolecules, then the nanoparticie size imncrease will exceed the 2D value of X, In this
case, the obtamed size mtormation of molecule X can be used to deduce the complex status
and level of molecule X

{00017]  As a variation fo this embodiment, the same nanoparticle could contain more than
one type of batting molecules for different target molecules. For exampie, baiting molecule
for X and A can be both ynmobitiized ov the nanoparticle and such nanopariicle can bind with
more than one type of target molecule from sample solufion.

{00818] Furthermore, by adding a sccond step to the assay, the bmding partner of the
biomolecular complex can be turther revealed through a screcnming analysis. Affer the {irst
step of the assay, a solufion of baiting molecule that can specifically bind with an miterested
binding partner molecule A will be added to the assay solution. The nanoparticles may or
may not need to be 1solated from the rest of the assay solution betore conducting the second
step of the assay. I the micrested poicntial binding partner A s present on the nanoparticles,
the bindmg of the baiting molecule for target molecule A to the nanoparticle will cause a
further increase of the nanoparficle size or nanoparticle cluster formation, therclore,
confirming that molecule A and molecule X formed a biomolecular compliex.

I00019]  Alternatively, the method can mclude the successive exposure of the assay
solution to batting molecule for target molecule A without conducting particie analysis after
exposure 1o the nanoparticle probe with the biological sample.  Based on the particle
characienstics, one can determine whether batting molecule for target molecule A binds to
the nanoparticle probe presumably already having target molecule X bound thereto. From
this, it can be deduced that the biomolecule complex includes target molecule X complexed
to target molecuie A,

FO00201  In a second embodiment (Figure 2), the assay is designed so that same or different
nanoparticie probes will bind with a biomolecule compicx from ditierent sites of the complex
to form nanoparticle clusters, In the shustration, two nanoparticlc probes for iwo
biomolccules X and A are shown. For sttusiration purpose, the compiex shown here 18 g two-
molecule complex, but the complex ¢an include as many molecules as possible. The two
nanoparticie probes may be mixed simultancously or sequentiatly with the sample solution.
When used symultancousty, the assay will lead to nanoparticle dimer or cluster formation 1t 4

biomolecule complex XA 1s present m the samiple solution. The average particle size and/or
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particle size distribution will provide quantitative mformation on the complexing level of
XA, Complexing level can mean both concentration of the complex XA and the size of the
complex. For exampie, the presence of large biomolecule complex will lead to sigmificant
broadening of the particle size distribution curve. When used sequentially, either nanoparticie
probe may be first mixed with sample solution to allow binding of the first biomolecule from
the complex {o the nanoparticle probe. Then a second probe is added to detect the second
piomolecule in the complex. More nanoparticic probes may be added o the assay soiution to
detect additional binding partners in the complex.

000211 As a special case of second ernbodiment, target molecule X and A are the same. In
this case, biomolecular compliex XA may also be called biomolecular aggregate (or may also
be referred (o as a honogenous complex). A farger ageregate can lead to larger particle size
mcrease and/or broadened particle size distribution curve after the sample solution 1S
contact with at least one nanoparticie probe solution,

{00022] Reference to particle analysis may include, but s not limited to, determuning a
particle size change {including an mdividual particie size change), an average particle size
change, particle size distribution change, polvdispersity change of the size distnbution, or
measurement-io-measurement particle size vanabion, or combinations thereof. In a specific
embodiment, particle analysis 1s conducted via DLS,

1000231 In a third embodiment, a nanoparticle without specific baiting molecule attached
on the surface 18 mixed with a sampie solution, Protems and/or other biomoiccules tfrom the
sampie solufion will be non-specifically adsorbed to the nanoparticie to form a biomolecule
“corona”’. Gold or silver nanoparticies possess a charge that will allow them {o non-
speciiically adsorb biomolecules. The size of this biomolecule corona, may be deternuned
using dynamie hight scatiering or other suntable particle size analysis techniques. The size of
this corona may be used to analyze a biological process, determine the disease status or reveal
other physiological conditions of the sample donor. Furthermore, a sccond step assay may be
conchucted to reveal and quanhily the wmdividual biomolecules that are present in the
piomolecule corona. If a target molecule X 1s present n the corona, the addition of an
antibody or baiting molecule for molecule X to the assay solution will further increase the
size of the particle, or cause particle cluster formation. Such particle size change can be
correlated to the concentration or the size of molecule X m the sample solution, The
concentration and/or size information of X can be used to analyze a biclogical process,
determune the disease status or reveal other physiological condifions of the sample donor.

Alternatively, if a target molecule 1 15 not adsorbed to the nanoparticle, then the addition of 4
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bating molecule for D m the assay solotion will not cause significant change of the

nanoparticie size or tormation of nanoparticle clusters.

{00024] Examples

{000825] In the tollowing, three examples are given for each of the embodiments as
described above, Additionally, a fourth example 15 provided to describe how the biomolecular
complexes discovered from our research can be used for diagnostic applications.

{QD028] 1. Detection of a heterocomplex EGFR/Stai3/Sve from a pancreatic cancer cell
line, Panc-1 cells

00271 Using the first embodiment (Figure 1), we recently successtully studied the
assembiy of signaling molecules mto complexes that promote signal iransduction. In
particular, the new mvention permuitted the detection of hitherto unknown helerocomplex
formed from three protems: epidermal growth factor receptor (EGFER), Stat3, and Sre m the
nucic: of a pancreatic cancer cell ine, Panc-/. EGFR 18 an mmportant regulator of cellular
responses, ncluding growth and survival, The atiention from biomolecular researchers on
EGER protem has been enormous in part because there remams a significant gap m the
understandimg of the koy molecular partners that serve this pathway and how they coniribufe
to the overall assoctated cellular responses. From the molecular and biological perspectives,
HGEFR 1§ mvolved m a large number of sophisticated events that support cellular processes.
EGEFR 18 found in the plasma mombrane, ¢ytosol and nucier of celis, A full understandmg of
all aspects of the EGEFR protein, not only s expression level, but also its activity regulation,
transiocation, structural changes and the interactions with other profeins 18 essential for
developing an etfective model relevant (o the tunctional role of this pathway 1 the overall
biological phenotype. A study by I Turkson ot al. revealed that concurrent targefing of three
protems, HGFR, Stat3 and Src can enhance the therapeutic ettect on pancreatic cancer. It was
bypothesized based on thewr studics that EGEFR, Statd and Sr¢ may bave formed 4
heterocomplex in Panc-/ nuclel and thas complex functions as a transeript facior o regulate
the cell growth of Panc-/. An assay based on the first embodiment confirmed the existence of
such a complex in Panc-1 cell nuclet,

{00028] A mouse monoclonal antibody, anti-EGFR, was conjugated to AuNP to form
EGEFR-AUNP probe, Upon mixing this probe solution with Pane-I nuclear lysate, the particle
size necreased rapidly from ca. 60 nm to 140 am, whtle a non-specific 1sotype control mouse
tosl-conjugated o AuNP exhibits only about 10 nim of size mcrease atter the assay (Figure

4B). The rapud merease of the nanoparticle probe size corresponds to specific binding of
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target protein EGEFR fo the probe, while the slow and small size increase of mouse IgGl-
AuNP probe 1s mdicative of non-specilic interachons.

000281 The net increase of the anti-EGFR-AuNP probes afier deducting the size mcrease
caused by non-specific inicractions, 1s about 70 nm. This suggests that the size of the EGFR
proietn complex detected by the anti-EGFR-AUNP probe is approximately 35 nm. EGFR
protein has a molecular mass of 170 KDa. The size of EGFR protem alone should be between
i0-15 nm. Therefore, data shown m Figure 4B suggests that the EGFR detecied by the
nanoparticle probe 1 most hikely mn a complex form. In a second step assay, when a
polyelonal anti-Statd or anti-Sre was added to the assay solution, the nanoparticle size
mercased further by 30-35 ooy while the addition of 1sotype control rabbit IeGG and anhi-
EGER caused much less nanoparticle size inerease (Figure 4C). The substantial size mcerease
from the addition of anti-Stat3 and anti-Sre suggests that Stat3 and Src are binding pariners in
the EGFR complex. The small size increase of the assay solution upon addifion of anti-EGFR
probe is due to the fact that Stat3 and Src in the compiex blocked the binding sites of anti-
EGER {o the nanoparticle-bound EGFR protemn. The EGER/Statd/Sre complex was further
confirmed by co-immunoprecipitaiion foliowed by immunoblotting and laser scamming
contocal microscopic analysis,

{00030]  Co-imomnoprecipitation 18 considered as the gold standard for protein complex
detection {rom biological samples. However such analvsis requires a substantial amount of
samples {100s ul) and the analvsis fakes hours to days {0 complete. SPR fechnigque also
requires 10s-100s pl of sample per analysis. As a comparison, our new assay requires 1-2 ub
of lysate samples and resulls are obtained i minutes. More tmportantly, neither co-
irnmunoprecipifation, nor Huorescence {echnigue, nor SPR 1S able to reveal the size
miormation of the EGFR-Stat3-Sre complex. Such miormation is particularly useful for
protein complex analysis: it gives the first evidence of the presence of a protein complex, and
can turther reveal how many binding partners are mvolved m a protemn complex. According
to the assay results obtamed so far, we beheve the complex mvolves EGFR, Stat3 and Sre
only, because the estimated hydrodynamic diameter of such a triple-component complex
according to each protein’s size s around 35 nm, corresponds to the observed size from the
4858Y.

W0031L 2 Protein aggrepate detection and quantitative analysis

{00032] Protein apggregate formation is a significant and challenging problem i
bropharmaceutical development. To use protems as therapeutic agents, they need to be

formudated mmto lugh concentration solutions. Untortunately, many profeins tend to aggregate
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changing the pharmacokinetics of the drug or mducing unexpecied immuanogenicity. Profem

L]

aggregation 1s also closely associated to many diseascs such as prion profemn aggregates
Creutzieldt-Jakob disease (CID) and amvloid P-protem aggregates found i Alzheimer’s
discase. However, techmaques that are available {or divect detection and analysis of profem
aggregation are extremely himuted, especially for the detection of profein ageregates from
complex biological samples and fluids in the presence of non-target proteins, biomolecules,
and other colloidal particles. One wadely used approach s by Huorescence techmques.
Fluorescent probes are conjugated to the target protem by covalent bonding. Upon profein
aggregation, fluorescent probe mwolecules will also aggregate, causing fluorescence signal
change. A sigmificant drawback of the fluorescence techniques is the need to do a
fluorescence labeling of the target molecule, Other commonly used techmgues for profen
aggregate detection include size exclusion chromatography (SEC) and analviical
ultracentritugation. These techniques are only suitable for pure protem solution study, not
sutiable for detection of protesn aggregates and complexes directly from real biglogical
sampies.

{00033]  We have demonstrated that a new assay as illustrated in the second embodiment
(Figure 2) can be used as a label-tree {echnugue for highly sensitive delection of profem
aggregates. In Rayleigh scatfering, the scattered hight mfensity s proportional to the sixth
power of the radius (f o R®) of a particle. When protein comaplexes or aggregates with a nom-
uryform size disinbulion are present wm a sample solution, these complexes/ageregates will
fead to the formation of large nanoparticle clusters as shown 1m Figure SA. The scatiered light
itensity from the large AuNP clusters 18 thousands to millions times stronger than individual
AuNPs (the detection bt for mdividual AuNPs by DLS can already reach pM-aM range).
Protein aggregation can be detocted with oxtremely hugh sensitivity through the amplification
of AuNP probes. Results shown m Figure 5B-D are from our study on an enzyme GAPDH
(glyeeraldehyde 3-phosphate dehydrogenase, a protein used routinely as a loading control n
Western Blot analysis). From the assay, we discovered that this profein has a strong tendency
o torm large aggregates at a concendration around 10-25 pg/ml. The protem aggregate
formation leads to a non-lincar and abnormal nanoparticie size imcrease around this
concentration (Figure 3B), and sigmiticant broadenmg or even peak sphitting of the size

distribution curves {(Compare Figure 3D with Figure 5C).
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{00034] Furthermore, by using this new assay, we discovered that a cancer biomarker
protein, prostatic acid phosphatase (PAP) exasts more 1 the form of bomolecular coraplexes
m cancer tissue than i normal and benign prostate hyperplasia (BPH) tissue. For this assay,
an anit-PAP antibody 18 conjugated to AuNPs fo make a nanoparficie mmunoprobe. As
shown m Figure 0A, the particle size distribution curves from prostate cancer {issuc lysaic
assay sofution are substantially more broadened than BPH samples, and a significant amount
of iarge nanopariicle clusters appeared at 100s nm size range. Such broad particle size
distribution and the appearance of iarge nanoparticie clusters are explained by the presence of
PAP protemn m the form of large biomolecular complexes or aggregales. The level of particle
size distribution curve broadenmg can be quanfitatively expressed usmg a polvdispersity
imdex (P}, As shown i Figure 6B, the Pdl of assay solutions obtained from prostate cancer
tissue lysates 1s clearly higher than the assay sclutions of normal prostate and BPH lissue
tysates, Inferestingly, BPH fissue lysate assay solutions exhibit a narrower particle size
distribution than normal fissue lysates, mdicating that a different molecular mechanism s
mvolved in BPH than m prostate cancer, Furthermore, it appears that more advanced prostate
cancer with higher Gleason scores leads to a higher complexing level of PAP protem. To our
best knowledge, this 1s the first fiime that such molecular profile differences were revealed
from biological samples and the potential link of such dufferonces with cancer status of a
biological system was discovered.

{00838 3. Serum protein and protein complex detection and profiling for diaenosis
{00036]  Using the third embodiment as illustrated in Figure 3, we discovered some very
interesting and intriguing molecular difterences between serum samples with and withowt
prostate cancer from both mice models and human dongrs. Prostate cancer 1s one of the most
prevalent types of cancer m men. H is estimated that 217,730 men will be diagnosed with and
32,050 men will dic of prostate cancer m 2010, Despite the enormous research efforts and
mvestigations, carly detection and diagnosis of prostate cancer has remained a sigmiticant
chatlenge m medicine due to multiple complicated factors. PSA test, a test that measures the
tevel of prostate specific antigen i blood, has been widely used in the United States m the
fast two decades for mitial screening of prostate cancer. However, several recent studies have
fed o sigmificant doubts on the ethicacy of PSA test. Over-diagnosis and ireatment of low-
risk prostate cancer has sertous and long-lasting side etfect: 33% of the patients who receive
radical prostatectomy treatment will suffer erectile dysfunction that cannot be remedied by

drugs such as Viagra. New biomarkers and {est methods that can rehiably distimguish prostate
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cancer from benign conditions and slow growing tumor from high risk cancer are of
fremendous value m prostate cancer diagnosis and treatment,
000371 Three mice models were used for this study: one was orthotopically myected with
a tast growing prostate cancer cell fine PC3; onc with a slow growing tumaor cell line LnlCaP;
and a third group of mice mjected only with PBS saline solution as control. Figure 7 are the
analysis results of mice serum samples, First, there 1s a dramatic difference m the “size” of
the protems or protemn complicxes adsorbed from serum to AuNPs (Fig. 7A). The particle
sizes from muce with large and fast growing tumor from PC3 cells are substantiaily smaller
than that trom normal healthy mice and muce with small and slow growimng tumor from
EnCaP colls. When the serum sampies were dituted 10-10ld and the serum protom adsomphion
assay was repeated, all samples exhibited similar particle s1z¢ increase of 15-18 nmt atter the
3SSay.
{00038]  The mventor then analyzed two target protens: one is an abundant protem, mouse
io(5, and another one i1s a well known cancer biomarker protein, VEGY (vascular endothelial
orowth factor} according to the assay process as ilustrated m Figure 3. Again, some
miteresting differences were observed trom these two assays. In the [gG assay, mice with
smatl tumor grown from EnCaP cells extubif higher level of IgG than the other two groups
(Fig. 7B). In the VEGF assay, the normal healthy mice exhibit significantly higher level of
AuNP-adsorbed VEGE than the muce with prostate cancer (Iig. 700, Intrigued by the results
observed trom muce model study, we examined human serum samplies obtamed from subjects
with prostate cancer. Three groups of human serum samples were studied: normal healthy
donors; patients diagnosed with benien prostate hyperplasia (BPH): and patients diagnosed
with prostate cancer (stages Tlc to T3b) From the VEGFE assay, same difference was
observed from the cancer versus non-cancer samples (normal donor and BPH patients)
{Figure 8}): the non-cancer samples show higher level of AuNP-adsorbed VEGF level than the
prostate cancer samples. T-test analysis of the assay dala gave a p-value ot 0.001 for both
diluted and undiluted human serum samples, indicating that the difference between cancer
and non-cancercus sampies was statistically significant. Furthermore, it was found from the
assay that the AuNP-adsorbed VEGF level is also cancer stage-dependent: the more advanced
prostale cancer exhubits lower VEGE level than the carly stage prostate cancer. Early stage
prostate cancer such as Ti¢ shows sinular VEGE level as healthy donors. In conclusion, the
analysis of both mice model and human donor samples revealed that the amount of AuNP-
adsorbed VEGE 15 decreased mm cancer serum samples. This discovery could potenhially lead

to a now blood test with improved accuracy for prostate cancer detection. Furthermore, by
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screening other proteins or biomolecular targets using this assay, i 18 expected that additional
protein or biomolecular biomarkers that are urugque to cancer and other hunan diseases can be
discovered. This new assay established 1 our recent work may be used as a general ool for
serum protein biomarker discovery,

{O00838] 4 The use of biomolecular complexes as biomarkers for diagnostic applications
{00040  There are several types of hiomarkers that have been identified so far and can be
used for prostate cancer defection and diagnosts, particularly, for distinguishing prostate
cancer from non-malignant conditions such as BPH: (1) The mcreased complexing level of
PAP protern m tssue and bodily tluids; (2) The deercased level of VEGE protemn m blood
samaples. This VEGE protemn s referred o VEGE protemn that 18 adsorbed 10 a nanoparticle
through compiexing with other proteins or biomolecules present in the blood serum; (3} The
size of the biomolecule corona formed on a nanoparticle surface atter non-speciiic adsorption
of biomolecules from a biological sample to the nanoparticics.

{00041] The clams for biomarkers may be extended fo the detection and diagnosis of
other diseases and conditions: (1} The size of the biomolecule corona formed on 2
nanoparticle surface after a non-specific adsorption of biomolecules from a biological sample
{o the nanoparticies; (2) The size of the biomalecule corona formed on a nanoparticle surface
aiter a specific binding of biomolecules from a biological sample to the batting molecule-
conjugated nanoparticles; (3) Individual molecule component or biomolecule complexes of
the biomolecule corona formed on a nanoparticle surtace after a non-specific adsorption or
specific binding of biomolecules from a biological sample to the nanoparticies that show

significant difterence between diseased and non-diseased sampies,
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000431 It should be borne in mind that all patents, patent applications, patent publications,
technical publications, scienfific pubhcations, and other retercnces reterenced herein arg
hereby incorporated by reference m their enfirety fo the extent not mconsistent with the
teachings herein,

{00044] Refcerence to particular buffers, media, reagents, cells, culture conditions and the
fike, or 10 some subclass of samge, 18 not micnded o be himuting, butl should be read (o mchude
all such related matenals that one of ordmary skill in the art would recognize as being of

interest or value in the particular context tn which that discussion s presented. For example,
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it 1s otten possible 1o substifute one bulier system or culture medium for another, such that a
ditterent bul known way 15 used to achieve the same goals as those to which the use of a
suggestod method, matenial or composition 1s directed.

{00045] It 1s important to an understanding of the present invention fo note that all
technical and scienfific terms used hercin, unless defined heremn, are mtended to have the
same meaning as commonly understood by one of ordmary skl m the art. The techniques
emploved herein are also those that are known to one of ordinary skill m the art, unless stated
otherwise. For purposes of more clearly faciliiating an understanding the mvention as
disclosed and clammed herem, the followmg detinitions are provided.

(000481 While a number of embodiments of the present mvention have been shown and
described herem in the present context, such embodiments are provided by way of example
only, and not of limutation. Numerous variations, changes and substitutions will occur to
those of skilled m the art without materially departing from the mvenhion hercin. For
example, the present invention need not be fimited to best mode disclosed herein, since other
applications can equally benefit from the teachings of the present mvention. Also, i the
clatms, means-plus-fusction and step-plus-fumchion clauses are miended o cover the
siructures and acts, respectively, described herem as pertornung the recited function and not
ondy structural equivalents or act equivalents, but also equivalent struchures or equivalent
acts, respectively. Accordingly, all such modifications are mtended (o be included within the

scope of this mvenhion as defined i the followmg claims, i accordance with relevant law as

to their nterpretation.
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¢ lasms
What is claamed s

A
n

. A method for detecting a target molecule 1 a biological sampie, said method comprising
oblaming a frst assay product that has been produced by contacting a biological saraple with
a first nanoparticle probe, sawd first nanoparticle probe comprising a nanoparticle bound to a
first batting molecule specific to a first target molecule of interest; and detecting for presence

of nanoparticle probe bound to said first target molecule of miterest.

Z. The method of ciaim 1, wherein said defecting comprises subjecting said first assay

product to particle analysis.

3 The method of claim 2, wherem particle analyvsis comprises deternuning a parficle size
change, an average particle size change, particle size distribution change, polvdispersity
change of the size distribution, or measurement-to-measurement particle size varation, of

combinations thereot,

4. The method of clamim Z, wheremn said particle analysis 1s by dynamic bight scattermg

analysis

5. The method of claim 2, wherein the particie analysis comprising determiming a parficic size
change over mnanoparticle probe-sample incubation time or over lirst target molecule
concentration 1s used to obtamn the bindmg constant or binding cnergy between the first

batting molecule and the first target molecule

6. The method ot claim 5, wherem the binding constant or binding enerey 18 oblamned by

fitfing the binding data mio a Langmuir adsorption model.

7. The method of claim 2, further comprising determining whether a first target molecule 15 a

monomer or biomolecule complex basced on particie analysis..

8. The method of claim 7, further comprising determining the quantity of a biomolecule
complex, quantity bemg absohute or relative quantity based on particle analysis; or

defermuming the size of a biomoleucle complex based on particle analysis,
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9. The method of claim 1, wherein said targe! molecule 1 a biomolecule compiex

1 (0. The methed ot claim &, further comprising utilizing a guantity of a biomolecule complex
to analyze a bwological process, or for delection, diagnosis and/or prognosis of a disease; or
utilizing the size of a biomolecule compiex to analyze a biological process, or for detection,

diagnosis and/or prognosis of a disease.

{1, The method of claim 7, wheremn the biomolecule complex 15 a complex of PAP (prostatic

acid phosphatase).

i2. The method of claim 10, wherein the disease 18 cancer.
13, The method of claim ¢, wherein said biomolecule complex comprises at least one first

Biomolecule or first biomolecule subunit associated with at least one other biomolecule.

14, The method of claim 13, wherein said at least one other biomolecule 1s the same as the

st hiomolecule or first biomolecule subunit,

15, The method of claim 1, further compnising contacting the st assay product with a
second baiting molecule spectfic to a second target molecuie of mterest to produce a second
assay product, and detecting the presence of said second target molecule of micrest m sand

seeond assay product.

16. The method of claim 13, wherein said detecting comprises subjecting said sccond assay

product to particlc analysis.

17. A method for detecting a target molecule n a biological sample, said method comprising
(a) obtamimg a {irst assay product that has been produced by contacting a biological sample
with a first nanoparticle probe, said fivst nanoparticle probe comprising a nanoparticle bound
{0 a first baiting molecule specific to a first target molecule of interest;

(b} subjecting satd first assay product to a second nanoparticle probe comprising a second

baiting molecule thal 1s specific to a second target molecule of mterest {o produce a second
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assay product; and {¢} detecting for presence of second nanoparticie probe bound to sad
second target molecule of miterest 1n said second assay product; and
18. The method of claim 17, further comprising detecting presence of first nanoparticie

probe bound to said first target molecule of interest m said first assay product betore step (c).

i9. A method for detecting at least onc biomolecule in a biological samplie, said method
comprising obtamning a first assay product produced by contacting a biological sample with 2
nanoparticle, wherein said contacting forms & biomolecule corona on the nanoparticle
surtace, and conducting particle analvsis of the fivst assay product; and further compnising (1)
usine biomolecuie corona size miormation for defection, diaghosis and/or prognosts of a
disease or (11} contacting said first assay product with a baiting molecule that binds
specthically to a target molecule of micrest to form a second assay product, and detecting the

presence and/or quantity of the target molecule of mierest by particle analysis.

20. The method of clamm 1Y, wherem said analysis comprises size anaiysis of the biomolecule
COTONA.
21, The method of clamm 19, wheremn biomolecule corona size for a diseased biological

sample 18 different than that for a non-diseased biclogical sample

22 The method of claim 19, further compnising correlabing particle analysis idormahon with

a4 disease state.

23. The method of claim 19, wherem particle analysis detects a size change of the particle
due to the binding of a baifing molecule to the target molecule of interest in the biomolecule

COrona,
24, The method of claim 19, further comprising correlahing the presence and/or quantity of a

farget molecule of mterest discase state, and optionally using said correlation for detection,

diagnosis and/or prognosis of a disease.
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25. The methoed of claim 19, wherein said diseasc is cancer

26. The method of claum 19, wherein said target molecule 158 VEGF (vascular endothelial

growth factor)

27. The method of claimn 17, wherein sard first baiting molecule and said second baiting

maiccule are the same.
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VEGF assay of 10-fold diluted human serum samples
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