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RAMAN IMAGING DEVICES AND METHODS
OF MOLECULAR IMAGING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. provisional
application entitled, “RAMAN IMAGING DEVICES AND
METHODS OF MOLECULAR IMAGING,” having Ser. No.
61/311,840, filed on Mar. 9, 2010, which is entirely incorpo-
rated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention(s) was made with government sup-
port under Grant Nos.: U54 CA119367 and U54 CA 136465-
02, each were awarded by the National Institutes of Health.
The government has certain rights in the invention(s).

BACKGROUND

[0003] Molecular imaging of living subjects provides the
ability to study cellular and molecular processes that have the
potential to impact many facets of biomedical research and
clinical patient management. Imaging of small animal mod-
els is currently possible using positron emission tomography
(PET), single photon emission computed tomography
(SPECT), magnetic resonance imaging (MRI), computed
tomography (CT), optical bioluminescence and fluorescence,
high frequency ultrasound, as well as several other emerging
modalities. However, no single modality currently meets the
needs of high sensitivity, high spatial and temporal resolution,
high multiplexing capacity, low cost, and high-throughput.
[0004] Raman spectroscopy can differentiate the spectral
fingerprint of many molecules, resulting in very high multi-
plexing capabilities. Narrow spectral features are easily sepa-
rated from the broadband autofluorescence since Raman is a
scattering phenomenon, as opposed to absorption/emissionin
fluorescence, and Raman active molecules are more photo-
stable compared with fluorophores that are rapidly pho-
tobleached. Unfortunately, the precise mechanism for pho-
tobleaching is not well understood. However, it has been
linked to a transition from the excited singlet state to the
excited triplet state. Photobleaching is significantly reduced
for single molecules adsorbed onto metal particles due to the
rapid quenching of excited electrons by the metal surface,
thus preventing excited-state reactions and hence pho-
tobleaching. However, the inherently weak magnitude of the
Raman effect (approximately one photon is inelastically scat-
tered for every 107 elastically scattered photons) limits the
sensitivity, and as a result the biomedical applications of
Raman spectroscopy.

[0005] The discovery of the surface enhanced Raman scat-
tering (SERS) phenomenon offers an exciting opportunity to
overcome this lack of sensitivity and introduce Raman spec-
troscopy into new fields. SERS is a plasmonic effect where
molecules adsorbed onto nano-roughened noble metal sur-
faces (e.g., gold) experience a dramatic increase in the inci-
dent electromagnetic field resulting in high Raman intensities
comparable to fluorescence.

SUMMARY

[0006] In accordance with the purpose(s) of the present
disclosure, as embodied and broadly described herein,
embodiments of the present disclosure, in one aspect, relate to
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Raman imaging devices (e.g.,”Raman endoscope probes),
methods of using Raman agents and Raman imaging devices
to image or detect a signal, and the like.

[0007] Anembodiment of the present disclosure includes a
method of imaging that includes: administering at least a first
type of Raman agent to a subject, wherein the Raman agent
has an affinity for a specific target; introducing a Raman
imaging device to the subject; positioning the Raman imag-
ing device adjacent the specific target; exposing the specific
target to a light beam from the Raman imaging device,
wherein the light beam is scattered by the first type of Raman
agent that associated with the specific target, wherein the light
beam that is scattered is referred to as a Raman scattered light
energy; and detecting the Raman scattered light using the
Raman imaging device, using the Raman scattered light
energy to form an image.

[0008] Anembodiment of the present disclosure includes a
method of imaging that includes: administering a plurality of
types of Raman agents to a subject, wherein at least two types
of Raman agents have an affinity for a different target; posi-
tioning the Raman imaging device adjacent an area that
includes one or more of the different targets; exposing the
area to a light beam from the Raman imaging device, wherein
if one or more of the plurality of Raman agents is present, the
light beam is scattered, wherein the light beam that is scat-
tered is referred to as a Raman scattered light energy, wherein
each different type of Raman agent has a detectably different
Raman scattered light energy; detecting the Raman scattered
light using the Raman imaging device; and analyzing the
scattered light to determine the type of Raman agent, wherein
the type of Raman agent determines the target detected.
[0009] Anembodiment of the present disclosure includes a
method of monitoring a biological agent that includes: intro-
ducing a first type of biological agent that includes a first type
of Raman agent to a sample or a subject; positioning the
Raman imaging device adjacent to an area; exposing the area
to a light beam, wherein if the biological agent including a
Raman agent is present, the light beam is scattered, wherein
the light beam that is scattered is referred to as a Raman
scattered light energy; and detecting the Raman scattered
light using the Raman imaging device, wherein the detection
of the Raman scattered light indicates that the biological
agent is present in the area.

[0010] Anembodiment of the present disclosure includes a
method of imaging cells that includes: administering a plu-
rality of types of Raman agents to a subject, wherein at least
one type of Raman agent has an affinity for a target, wherein
at least one type of Raman agent is untargeted; positioning the
Raman imaging device adjacent an area that includes one or
more of the different targets; exposing the area to a light beam
from the Raman imaging device, wherein if one or more of the
plurality of Raman agents is present, the light beam is scat-
tered, wherein the light beam that is scattered is referred to as
aRaman scattered light energy, wherein each different type of
Raman agent has a detectably different Raman scattered light
energy; detecting the Raman scattered light using the Raman
imaging device; analyzing the scattered light to determine the
type of Raman agent, wherein the type of Raman agent deter-
mines the target detected; and analyzing the scattered light to
determine the ratio of the specific binding Raman agent to
non-specific binding Raman agent, wherein the ratio provides
an estimate of the bound Raman agents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Many aspects of the disclosed devices and methods
can be better understood with reference to the following
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drawings. The components in the drawings are not necessar-
ily to scale, emphasis instead being placed upon clearly illus-
trating the relevant principles. Moreover, in the drawings, like
reference numerals designate corresponding parts throughout
the several views.

[0012] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0013] FIG.1.1 describes a number of types of SERS nano-
particles (upper left schematic) where each unique SERS
reporter can be interchanged and each produce a unique
Raman spectral signature, as shown for example by the bot-
tom three spectra.

[0014] FIG.2.1illustrates a diagrammatic representation of
the PEG-R—Si—Au—NP.
[0015] FIG. 2.2 illustrates gold concentrations in the liver

and spleen. The bars represent the mean+S.E.M. for the con-
centration of gold in the liver and spleen as determined by
ICP-MS at 5 M (5 min), 2 H (2 hours), 24 H (24 hours), 1 W
(1 week), 2 W (2 weeks) following IV PEG-R—Si—Au—NP
administration. Significant differences: *P<0.05, difference
from PR PEG-R—Si—Au—NP; “P<0.05, difference
between time-points within the same group and sex (super-
script numbers represent the statistically significant time-
point groups); and °P<0.03, difference between sexes. Three-
way RM ANOVA with post hoc Student-Newman-Keuls test
[0016] FIG. 2.3 illustrates photomicrographs of liver from
male mice following IV PEG-R—Si—Au—NP administra-
tion. FIGS. 2.3a to 2.3e illustrate H&E stained sections of
control animals, showing resident macrophages/Kupffer cells
(white arrow). 1000x magnification, bar=10 microns. FIGS.
2.3fto0 2.3j illustrate H&E stained sections of animals follow-
ing IV PEG-R—Si—Au—NP administration, showing resi-
dent macrophages/Kupffer cells (white arrow); free, fine,
black pigment within sinusoids (black asterisk); and resident
macrophages/Kupffer cells with intracytoplasmic, fine, black
pigment (black arrow). 1000x magnification, bar=10
microns. FIGS. 2.3k to 2.30 illustrate TUNEL stained sec-
tions of animals following IV PEG-R—Si—Au—NP admin-
istration, showing resident macrophages/Kupffer cells (white
arrow); resident macrophages/Kupffer cells with intracyto-
plasmic, fine, black pigment (black arrow); and resident mac-
rophages/Kupffer cells with intracytoplasmic, fine, black pig-
ment that demonstrated diffuse, brown, intranuclear staining
with TUNEL (black arrowhead). 1000x magnification,
bar=10 microns. FIGS. 2.3p to 2.3¢ illustrates bright (left) and
dark (right) field TEM sections of animals following IV PEG-
R—Si—Au—NP administration. 59,000x magnification,
bar=200 nanometers.

[0017] FIG. 24 illustrates the change in antioxidant
enzyme gene expression within the liver tissue following IV
PEG-R—Si—Au—NP administration. The bars represent
the mean+S.E.M. for the fold change in antioxidant enzyme
gene expression compared to control cells at 5 M (5 min), 2 H
(2 hours), 24 H (24 hours), 1 W (1 week), 2 W (2 weeks)
following IV PEG-R—Si—Au—NP administration. Signifi-
cant differences: *P<0.05, difference between control ani-
mals (IV saline) within the same sex and “P<0.05, difference
between time-points within the same group and sex (super-
script numbers represent the statistically significant time-
point groups). Two-way RM ANOVA with post hoc Student-
Newman-Keuls test.
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[0018] FIG.2.5illustrates the change in inflammatory gene
expression within the liver following IV PEG-R—Si—Au—
NP administration. The bars represent the mean+S.E.M. for
the fold change in inflammatory gene expression compared to
control cells at 5 M (5 min), 2 H (2 hours), 24 H (24 hours), 1
W (1 week), 2 W (2 weeks) following IV PEG-R—Si—Au—
NP administration. Significant differences: *P<0.05, differ-
ence between control animals (IV saline) within the same sex
and “P<0.05, difference between time-points within the same
group and sex (superscript numbers represent the statistically
significant time-point groups). Two-way RM ANOVA with
post hoc Student-Newman-Keuls test.

[0019] FIG. 2.6 illustrates photomicrographs of liver from
male mice following PR PEG-R—Si—Au—NP administra-
tion. FIGS. 2.6a to 2.6e illustrate H&E stained sections of
control animals, showing resident macrophages/Kupffer cells
(white arrow). 1000x magnification, bar=10 microns. FIGS.
2.6/t0 2.6/ illustrate H&E stained sections of animals follow-
ing PR PEG-R—Si—Au—NP administration, showing resi-
dent macrophages/Kupffer cells (white arrow). 1000x mag-
nification, bar=10 microns. FIGS. 2.6k to 2.60 illustrates
TUNEL stained sections of animals following PR PEG-R—
Si—Au—NP administration, showing resident macroph-
ages/Kupffer cells (white arrow); and resident macrophages/
Kupffer cells that demonstrated diffuse, brown, intranuclear
staining with TUNEL (white arrowhead). 1000x magnifica-
tion, bar=10 microns. FIGS. 2.6p to 2.6¢illustrate bright (left)
and dark (right) field TEM sections of animals following PR
PEG-R—Si—Au—NP administration. 21,000x magnifica-
tion, bar=500 nanometers.

[0020] FIG. 2.7 illustrates Table 1. Table 1 shows the his-
tological results from liver tissue following PEG-R—Si—
Au—NP administration. The liver from each mouse is repre-
sented by a single number corresponding to the severity ofthe
change observed. 0=Normal; 1=Minimal change; 2=Mild
change; 3=Moderate change; 4=Severe change.

[0021] FIG. 2.8 illustrates serial ECG traces for a represen-
tative male and female mouse prior to (baseline) and follow-
ing (1 and 2 weeks) either intravenous (IV) or per rectum (PR)
administration of saline or PEG-R—Si—Au—NP.

[0022] FIG. 2.9 illustrates photomicrographs of liver from
female mice following IV PEG-R—Si—Au—NP adminis-
tration. FIGS. 2.94 to 2.9¢ illustrate H&E stained sections of
control animals, showing resident macrophages/Kupffer cells
(white arrow). 1000x magnification, bar=10 microns. FIGS.
2.9ft0 2.9j illustrate H&E stained sections of animals follow-
ing IV PEG-R—Si—Au—NP administration, showing resi-
dent macrophages/Kupffer cells (white arrow); free, fine,
black pigment within sinusoids (black asterisk); and resident
macrophages/Kupffer cells with intracytoplasmic, fine, black
pigment (black arrow). 1000x magnification, bar=10
microns. FIGS. 2.9% to 2.90 illustrate TUNEL stained sec-
tions of animals following IV PEG-R—Si—Au—NP admin-
istration, showing resident macrophages/Kupffer cells (white
arrow); resident macrophages/Kupffer cells with intracyto-
plasmic, fine, black pigment (black arrow); and resident mac-
rophages/Kupffer cells that demonstrated diffuse, brown,
intranuclear staining with TUNEL (white arrowhead). 1000x
magnification, bar=10 microns. FIGS. 2.9p to 2.9¢ illustrate
bright (left) and dark (right) field TEM sections of animals
following IV PEG-R—Si—Au—NP administration.
59,000x magnification, bar=200 nanometers.

[0023] FIGS. 2.10 illustrate photomicrographs of liver
from female mice following PR PEG-R—Si—Au—NP
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administration. FIGS. 2.10a to 2.10e illustrate H&E stained
sections of control animals, showing resident macrophages/
Kupffer cells (white arrow). 1000x magnification, bar=10
microns. FIGS. 2.10f/to 2.10j illustrate H&E stained sections
of animals following PR PEG-R—Si—Au—NP administra-
tion, showing resident macrophages/Kupffer cells (white
arrow). 1000x magnification, bar=10 microns. FIGS. 2.10kto
2.100 illustrate TUNEL stained sections of animals following
PR PEG-R—Si—Au—NP administration, showing resident
macrophages/Kupffer cells (white arrow); and resident mac-
rophages/Kupffer cells that demonstrated diffuse, brown,
intranuclear staining with TUNEL (white arrowhead). 1000x
magnification, bar=10 microns. FIGS. 2.10p to 2.10¢ illus-
trate bright (left) and dark (right) field TEM sections of ani-
mals following PR PEG-R—Si—Au—NP-administration.
21,000x magnification, bar=500 nanometers.

[0024] FIG. 2.11 illustrates an experimental protocol sum-
mary.
[0025] FIG. 2.12 illustrates a Table describing the cardio-

vascular and biometric measurements. The values represent
the mean+S.E.M for male and female mice prior to (baseline)
and following (1 and 2 weeks) either intravenous (IV) or per
rectum (PR) administration of saline or PEG-R—Si—Au—
NP. Significant differences: “P<0.05, difference between
time-points within the same group and sex (superscript num-
bers represent the statistically significant time-point groups.
i: Baseline; ii: Week 1), and “P<0.05, difference between
sexes at baseline. Two-way RM ANOVA with post hoc Stu-
dent-Newman-Keuls test.

[0026] FIG. 2.13 illustrates a Table describing hematologi-
cal and biochemical measurements. The values represent the
mean+S.E.M for male and female mice prior to (baseline) and
following (1 week) either intravenous (IV) or per rectum (PR)
administration of saline or PEG-R—Si—Au—NP. Signifi-
cant differences: “P<0.05, difference between time-points
within the same group and sex; “P<0.05, difference between
control animals (IV or PR saline) within the same sex; and
°P<0.05, difference between sexes at baseline. Three-way
RM ANOVA with post hoc Student-Newman-Keuls test.

[0027] FIG. 2.14 illustrates a Table describing TUNEL
stain results from liver tissue following PEG-R—Si—Au—
NP administration in a representative male and female
mouse. The liver from a representative mouse from each
group was examined using a TUNEL stain. Each number
represents the average number of cells which were positive
for the TUNEL stain per 100 cells examined.

[0028] FIG. 2.15 illustrates a Table describing primer
sequences of antioxidant enzyme and inflammatory genes.
WBC: White Blood Cells; RBC: Red Blood Cells; Hb:
Hemoglobin; Het: Hematocrit; MCV: Mean Cell Volume;
MCH: Mean Corpuscular Hemoglobin; ALT: Alanine Ami-
notransferase; AST: Aspartate Aminotransferase; y-GT:
Gamma-Glutamyl Transpeptidase.

[0029] FIG. 3.1 illustrates microPET imaging in mice after
either intravenous (IV) or intrarectal (IR) administration of
Cu-64 labeled SERS nanoparticles at various time points post
injection. Notice the differences in distribution between the
mouse receiving IV injection (top panel) versus the mouse
receiving IR injection (bottom panel) of **Cu-SERS nano-
particles. The SERS nanoparticles appear to localize in the
liver immediately after IV injection and remain in the liver
over 24 hours whereas the SERS nanoparticles injected IR
remain localized in the colon over 24 hours post IR injection.
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Colored scale bar to the right represents “*Cu-SERS uptake
where red represents most uptake and black represents no
uptake.

[0030] FIG. 3.2a illustrates the conjugation process of our
SERS nanoparticles with tumor targeting heptapeptide. FIG.
3.25 illustrates TEM image of a derivatized SERS nanopar-
ticle. Notice the dark 60 nm gold core encapsulated in glass
making the total size of the SERS nanoparticle on the order of
120 nm.

[0031] FIG.3.3aillustrates a schematic of our newly devel-
oped Raman endoscope. Notice how the Raman component
would be inserted through the 6 mm accessory channel of a
conventional clinical colonoscope. The endoscope would be
comprised of a fiber optic bundle with a single excitation fiber
and a bundle of collection fibers for maximum signal collec-
tion. Tumor targeted SERS nanoparticles would be locally
administered to suspicious polyps and then rinsed with water.
Light would then be shined on the polyp to determine specific
binding to dysplastic lesions. FIG. 3.35 illustrates the newly
developed prototype Raman endoscopic probe for early
detection of colorectal cancer.

[0032] FIG. 3.4 illustrates the binding efficiency of (+)
heptapeptide SERS nanoparticles on tumor vs normal colon
tissue. In particular, FIG. 3.4aq illustrates a digital photo of
malignant tumor tissue and normal adjacent tissue. FIG. 3.45
illustrates each tissue exposed to (+) heptapeptide SERS
nanoparticles for 10 min. FIG. 3.4¢ illustrates a Raman image
of the tissues using our Raman mapping system. FIG. 3.4d
illustrates an overlay of Raman intensity map over digital
photo of fresh tissue samples. Notice the increased binding of
the (+) heptapeptide SERS nanoparticles throughout the
entire tumor tissue as opposed to the decreased localized
non-specific binding seen in the normal adjacent tissue.

[0033] FIG. 3.5 illustrates the targeting efficiency ratios
post-processed from Raman images. The left bar depicts the
effective binding ratio of the (+) heptapeptide SERS to tumor
tissue vs normal tissue. Whereas the right bar depicts the
effective binding ratio of (+) SERS to (=) SERS in tumor
tissue samples.

[0034] FIG. 4.1 illustrates MicroPET images of the accu-
mulation of ®**Cu-SERS nanoparticles post IV injection (top
panel) versus post IR injection (bottom panel). The images
represent a coronal slice of a single mouse taken at various
time points (immediately, 30 min, 2 h, 5 h, and 24 h) after
either IV or IR injection. Notice the significant difference in
accumulation of **Cu-SERS nanoparticles in mice receiving
an IV injection where uptake is localized to the liver versus
mice receiving and IR injection where uptake is localized in
the colon. Colored scale bar to the right of each image repre-
sents ®*Cu-SERS uptake where red represents most uptake
and black represents no uptake in units of % ID/g.

[0035] FIG. 4.2 illustrates biodistribution data taken from
various excised organs after either IV or IR injection of SERS
nanoparticles at (FIG. 4.2a) 2 hr, (FIG. 4.26) 5 hr, and (FIG.
4.2¢) 24 hr post injection. Notice significant differences rep-
resented by * (p<0.05) between each of the injection groups
particularly in the accumulation of SERS nanoparticles in
almost all the tissues after IV injection as compared to those
mice injected IR. This data shows that mice injected IR had
localized accumulation of SERS nanoparticles to predomi-
nantly the large intestine and cecum out to 5 hours post
injection. However, by 24 hours post injection most of the
SERS nanoparticles had cleared, presumably via the feces,
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whereas the mice injected IV still showed uptake in most
tissues as seen in the bottom graph.

[0036] FIG. 4.3 illustrates Raman images of various
excised tissues at 2 hours post injection (FIG. 4.3a) spleen IV
injected, (FIG. 4.35) kidney 1V injected, (FIG. 4.3¢) lung IV
injected, (FIG. 4.3d) liver 1V injected, (FIG. 4.3¢) colon IR
injected. These organs were chosen to image with Raman
mapping based on the increased accumulation of SERS nano-
particles seen from the biodistribution data. These Raman
intensity maps confirm the presence of SERS nanoparticles
within these tissues of interest. Scale bar to the right repre-
sents Raman intensity where bright red represents the highest
Raman signal and black represents no associated Raman sig-
nal.

[0037] FIG. 4.4 illustrates TEM images of SERS nanopar-
ticle accumulation in liver tissue at 5 min and 2 weeks post
injection of SERS nanoparticles. (FIG. 4.4a) Bright field
scanning transmission electron microscopy (STEM) image of
liver tissue from mouse injected IR at 5 min. (FIG. 4.45)
Bright field STEM image of liver tissue from mouse injected
IV at 5 min. (FIG. 4.4¢) Bright field STEM image of liver
tissue from mouse injected IR at 2 weeks. (FIG. 4.4d) Bright
field STEM image of liver tissue from mouse injected IV at 2
weeks. Notice the absence of SERS nanoparticles in the liver
tissue from the mice that received an IR injection in panels
FIG. 4.4a and FIG. 4 4c.

[0038] FIG. 4.5 illustrates a TEM image of our plain SERS
nanoparticles. Notice the 60 nm gold core (black) surrounded
by asilica shell at roughly 30 nm, making the entire nanopar-
ticle approximately 120 nm in diameter.

[0039] FIG. 4.6 illustrates the conjugation process of our
SERS nanoparticles with DOTA chelator for radiolabeling
with **Cu (see methods section for more details). Briefly,
SERS nanoparticles were PEGylated with a 5:1 ratio of short
(PEG,00):long (PEGsq,) chains. Only the long PEG5qq,
chains had a functional handle for DOTA chelator attach-
ment. %*Cu was then incubated with the DOTA-SERS nano-
particles for approximately 60 minat37° C. for radiolabeling.
The end product was then washed 3 times to remove any
unbound radioactive **Cu from the final **Cu-DOTA-SERS
product. This method attaches ~60,000 **Cu molecules per
nanoparticle (~1 **CU molecule per 3 nm? surface area).
[0040] FIG. 4.7 illustrates a time-activity curve demon-
strating dynamic uptake of SERS nanoparticles over the first
13 minutes after IV administration within the liver (dia-
mond), spleen (square) and lungs (triangle). Notice the imme-
diate accumulation of SERS nanoparticles in both the liver
and the spleen where the accumulation appears to plateau
after approximately 2 minutes. Also notice the initial uptake
of SERS nanoparticles in the lungs with a maximum accu-
mulation at approximately 15 seconds followed by a rela-
tively rapid clearance.

[0041] FIG. 4.8illustrates a time activity curve demonstrat-
ing the rate at which the SERS nanoparticles are excreted
from the large intestine after IR administration. Notice the
rapid excretion of SERS nanoparticles after only 5 hours post
injection. Less than 1% ID/g remains in the bowel after 24
hours post injection.

[0042] FIG. 4.9illustrates a graph depicting the distribution
patterns in the liver of either free **Cuafter IR injection into
mice or **Cu-labeled SERS nanoparticles after IR injection
into mice over 24 hours. Notice the similarirty between the
groups, thus suggesting that the very little % ID/g that is
actually detected in the liver after *Cu-SERS injection is
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most likely due to the minimal dissociation of the **Cu and
not the actual SERS nanoparticles themselves.

DETAILED DESCRIPTION

[0043] Before the present disclosure is described in greater
detail, it is to be understood that this disclosure is not limited
to particular embodiments described, and as such may, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since
the scope of the present disclosure will be limited only by the
appended claims.

[0044] Where arange of values is provided, it is understood
that each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within
the disclosure. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges
and are also encompassed within the disclosure, subject to
any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges exclud-
ing either or both of those included limits are also included in
the disclosure.

[0045] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present disclosure, the
preferred methods and materials are now described.

[0046] All publications and patents cited in this specifica-
tion are herein incorporated by reference as if each individual
publication or patent were specifically and individually indi-
cated to be incorporated by reference and are incorporated
herein by reference to disclose and describe the methods
and/or materials in connection with which the publications
are cited. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an
admission that the present disclosure is not entitled to ante-
date such publication by virtue of prior disclosure. Further,
the dates of publication provided could be different from the
actual publication dates that may need to be independently
confirmed.

[0047] As will be apparent to those of skill in the art upon
reading this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosure. Any recited method can be carried out in the order
of events recited or in any other order that is logically pos-
sible.

[0048] Embodiments ofthe present disclosure will employ,
unless otherwise indicated, techniques of chemistry, bio-
chemistry, biology, molecular biology, imaging, and the like,
which are within the skill of the art.

[0049] The following examples are put forth so as to pro-
vide those of ordinary skill in the art with a complete disclo-
sure and description of how to perform the methods and use
the probes disclosed and claimed herein. Efforts have been
made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some errors and deviations
should be accounted for. Unless indicated otherwise, parts are
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parts by weight, temperature is in ° C., and pressure is at or
near atmospheric. Standard temperature and pressure are
defined as 20 ° C. and 1 atmosphere.

[0050] Before the embodiments of the present disclosure
are described in detail, it is to be understood that, unless
otherwise indicated, the present disclosure is not limited to
particular materials, reagents, reaction materials, manufac-
turing processes, or the like, as such can vary. It is also to be
understood that the terminology used herein is for purposes of
describing particular embodiments only, and is not intended
to be limiting. It is also possible in the present disclosure that
steps can be executed in different sequence where this is
logically possible.

[0051] Itmust be noted that, as used in the specification and
the appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a compound”
includes a plurality of compounds. In this specification and in
the claims that follow, reference will be made to a number of
terms that shall be defined to have the following meanings
unless a contrary intention is apparent.

Definitions

[0052] In describing and claiming the disclosed subject
matter, the following terminology will be used in accordance
with the definitions set forth below.

[0053] The term “Surface-Enhanced Raman Scattering
(SERS)” refers to the increase in Raman scattering exhibited
by certain molecules in proximity to certain metal surfaces.
(see, U.S. Pat. No. 5,567,628) The SERS effect can be
enhanced through combination with the resonance Raman
effect. The surface-enhanced Raman scattering effect is even
more intense if the frequency of the excitation light is in
resonance with a major absorption band of the molecule
being illuminated. In short, a significant increase in the inten-
sity of Raman light scattering can be observed when mol-
ecules are brought into close proximity to (but not necessarily
in contact with) certain metal surfaces. In an embodiment, the
metal surfaces can be “roughened” or coated with minute
metal particles. Metal colloids also show this signal enhance-
ment effect. The increase in intensity can be on the order of
several million-fold or more.

[0054] The term “reporter compound” can refer to a
Raman-active label. The term “Raman-active label” can refer
to a substance that produces a detectable Raman spectrum,
which is distinguishable from the Raman spectra of other
components present, when illuminated with a radiation of the
proper wavelength.

[0055] Asusedherein, the term “Raman agent” refers to the
compounds or structures of the present disclosure that are
capable of serving as imaging agents either alone or in com-
bination with attached molecules (e.g., antibodies, proteins,
peptides, small organic molecules, aptamers, and the like).
[0056] The term “administration” refers to introducing a
Raman agent (or a compound, cell, or virus, including the
Raman agent) of the present disclosure into a subject. The
preferred route of administration of the compounds is intra-
venous. However, any route of administration, such as oral,
topical, subcutaneous, peritoneal, intraarterial, inhalation,
vaginal, rectal, nasal, introduction into the cerebrospinal
fluid, or instillation into body compartments can be used. In
an embodiment, the Raman agent is administered locally
(e.g., colon) so that it is not systemically distributed through-
out the body.
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[0057] Inaccordance with the present disclosure, “a detect-
ably effective amount” of the Raman agent (e.g., SERS nano-
particle) of the present disclosure is defined as an amount
sufficient to yield an acceptable image using equipment that is
available for pre-clinical or clinical use. In an embodiment, a
detectably effective amount of the Raman agent of the present
disclosure may be administered in more than one injection.
The detectably effective amount of the Raman agent of the
present disclosure can vary according to factors such as the
degree of susceptibility of the individual, the age, sex, and
weight of the individual, idiosyncratic responses of the indi-
vidual, the dosimetry, and the like. Detectably effective
amounts of the Raman agent of the present disclosure can also
vary according to instrument and digital processing related
factors. Optimization of such factors is well within the level
of'skill in the art.

[0058] As used herein, the term “subject” or “host”
includes humans and mammals (e.g., mice, rats, pigs, cats,
dogs, and horses,). Typical subjects to which compounds of
the present disclosure may be administered will be mammals,
particularly primates, especially humans. For veterinary
applications, a wide variety of subjects will be suitable, e.g.,
livestock such as cattle, sheep, goats, cows, swine, and the
like; poultry such as chickens, ducks, geese, turkeys, and the
like; and domesticated animals particularly pets such as dogs
and cats. For diagnostic or research applications, a wide vari-
ety of mammals will be suitable subjects, including rodents
(e.g., mice, rats, hamsters), rabbits, primates, and swine such
as inbred pigs and the like. The term “living subject” refers to
host or organisms noted above that are alive. The term “living
subject” refers to the entire host or organism and not just a part
excised (e.g., a liver or other organ) from the living subject.

[0059] Asused herein, the term “in vivo imaging” refers to
imaging living subjects (e.g., human or mammals).
Discussion

[0060] In accordance with the purpose(s) of the present

disclosure, as embodied and broadly described herein,
embodiments of the present disclosure, in one aspect, relate to
Raman imaging devices (e.g., Raman endoscope probes),
methods of using Raman agents and Raman imaging devices
to image or detect a signal, and the like.

[0061] Embodiments of the present disclosure seek to
improve detection of a disease or condition during conven-
tional endoscopic, laparoscopic, intraoperative, or surgical
procedures. Embodiments of the present disclosure can
accomplish this through molecular imaging using a Raman
imaging device. In an embodiment, the Raman imaging
device can be a Raman endoscope probe that can be used in an
endoscope or a handheld Raman spectroscopy imaging
device. The molecular imaging can be accomplished by using
a Raman agent that produce a Raman light scattering signal
and a Raman imaging device that can excite the Raman agents
with light and sensitively detect Raman scattered light energy
signals emitted from the Raman agent. Embodiments of the
Raman imaging device can be used in conjunction with
Raman agents that target a specific disease to detect it earlier
and at its margins with greater sensitivity than what is cur-
rently used.

[0062] Embodiments of the present disclosure include a
diagnostic tool (e.g., Raman imaging device such as a Raman
endoscope probe or handheld device) and methods for iden-
tification of a disease or condition in subjects (e.g., human)
who are undergoing a surgical, laparoscopic, intraoperative,
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or endoscopic procedure, where a device including the
Raman imaging device (such an endoscope including the
Raman endoscope probe or handheld device) is inserted into
the body (e.g., cervix, bladder, bronchioles, esophagus, stom-
ach, colon, rectum, skin, oral mucosa, and intraoperatively or
laparoscopically into an organ, and the like) or placed over the
region of interest (during surgical or intraoperative proce-
dures). Raman agents can be conjugated with one or more
disease targeting ligands and administered to the subject. The
targeted Raman agents then sensitively and specifically bind
to the cells, proteins, etc related to the disease of interest and
their localization can be detected’using the Raman imaging
device. The technique acts as an in-vivo histopathological
tool assisting the physician to immediately identify a diseased
area and its margins without having to involve a third party
pathologist.

[0063] The principle by which embodiments of the present
disclosure operate is based on the Raman Effect. When light
is scattered from a molecule most photons are elastically
scattered. However, a small fraction of light is scattered at
optical frequencies different from and usually lower than the
frequency of the incident photons. The process leading to this
inelastic scatter is termed the Raman Effect. However, this
effect is very weak, only producing one inelastically scattered
photon for every 10 million elastically scattered photons.
Therefore surface enhanced Raman scattering (SERS) agents
will be used. SERS is a plasmonic effect where small mol-
ecules adsorbed onto a nano-roughened noble metal surface,
for example, experience a dramatic increase in the incident
electromagnetic field resulting in several orders of magnitude
higher Raman intensity. The increase in the Raman Effect
allows embodiments of the present disclosure to detect pM
concentrations of Raman agents with the Raman imaging
device. The Raman agents can be selected so that they include
unique Raman active molecules (that can be interchanged for
multiplexing capabilities) adsorbed onto a metal core. In
addition, the Raman agents can be conjugated to a disease
targeting ligand that has an affinity for and a binding potential
to the diseased area as opposed to normal tissue. Once the
Raman agents have been conjugated to the appropriate dis-
ease targeting ligand, the Raman agents can be administered
to the subject and the Raman agents are given an appropriate
amount of time to bind to the targeted disease (e.g., diseased
tissue or cells or compounds associated with the disease).
Subsequently, using the Raman imaging device, a light beam
can be directed onto the suspected diseased area to detect
inelastic scattering (Raman scattering light energy) coming
from disease targeted Raman agents.

[0064] Thus far, the use of Raman spectroscopy as a clinical
tool has been limited to looking at the intrinsic molecular
changes of diseased versus normal tissues that are often dif-
ficult to discern due to the weak effect of Raman scattering
resulting in a low signal to noise ratio. As mentioned above,
embodiments of the present disclosure include using Raman
agents to detect a signal from the diseased area of interest. The
Raman agents give a much more intense Raman signal than
the intrinsic Raman scattering from the tissues themselves
(about 107 orders of magnitude greater) allowing us to
achieve at least pM sensitivity.

[0065] Embodiments of the Raman imaging device can
take the form of several instruments such as, but not limited
to, an endoscope, a handheld Raman imaging device, or even
amicroscope. In general, the Raman imaging device includes
a light source (e.g., a laser) or is adapted to direct a light
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source (e.g., uses a fiber to guide the light) that may be
generated separately from the Raman imaging device, and a
device or structure to receive or detect Raman scattered light
energy (e.g., uses a fiber to collect light). Optionally the
Raman imaging device includes one or more lenses to guide
the light and the scattered Raman light energy and/or one or
more filters to select certain wavelengths of light and/or scat-
tered Raman light energy. The resulting light can then be
measured by a device such as a spectrometer/CCD. In an
embodiment, the Raman imaging device or a system includ-
ing the Raman imaging device can include collection and
measurement devices or instruments to collect and measure
the scattered Raman light energy.

[0066] In an embodiment, the Raman imaging device can
be a Raman endoscope probe. In an embodiment, the Raman
endoscope probe can be used with an endoscope. Although a
specific embodiment, a Raman endoscope probe, is discussed
in detail below, embodiments of the present disclosure are not
limited to Raman endoscope probes and portions of the dis-
cussion below describing the principles of operation and use
can be applied to other Raman imaging devices such as those
described herein.

[0067] Ingeneral, an endoscope includes one or more chan-
nels down the length of the endoscope. At least one channel
can accept the Raman endoscope probe. The Raman endo-
scope probe can be inserted into the endoscope before or after
the endoscope is introduced into the subject.

[0068] Embodiments of the Raman endoscope probe can
include a fiber bundle, one or more lenses for collimating a
light beam (e.g., a laser at a wavelength that the Raman agents
scatter the light) and for focusing the Raman scattered light
energy, and optionally filters for delivering and collecting the
appropriate light signals. Other components of the Raman
endoscope probe include a spectrometer and charge-coupled
device (CCD) camera for collection and measurement of
inelastically scattered light. The fiber bundle can be used to
direct the light and collecting Raman scattered light energy.

[0069] The Raman agents can include Raman compounds
and Raman nanoparticles. In an embodiment, the Raman
compounds can include reporter compounds conjugated with
one or more distinct targeting agents, both of which are
described in more detail below. In an embodiment, the Raman
nanoparticles include, but are not limited to, SERS nanopar-
ticles, composite organic inorganic nanoparticles (COINS),
Single walled nanotubes (SWNTs), methylene blue dye
(other Raman active dyes), and the like. Each of the Raman
nanoparticles can include targeting ligands (e.g., proteins) so
that targeted areas (e.g., organs (e.g., colon), and the like) can
be imaged.

[0070] Inanembodiment, the SERS nanoparticle includes,
but is not limited to, a core, a reporter compound, and an
encapsulant material. The encapsulant material covers and
protects the core and reporter compounds. The reporter com-
pounds are attached to the core. The core can be made of
materials such as, but not limited to, copper, silver, gold, and
combinations thereof, as well as of other metals or metalloids.
Different types of SERS nanoparticles can be selected, where
each SERS nanoparticle has a different Raman signature.
Thus, the use of different SERS nanoparticles enables multi-
plexing. Additional details regarding this particular type of
SERS nanoparticle is provided in WO 2006/073439, U.S. Pat.
No. 6,514,767, and U.S. Patent Application No. 60/557,729,
each of which are incorporated herein by reference as they
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pertain to the detailed description of each application or
patent and as they relate to SERS nanoparticles and SACNS.

[0071] In an embodiment, one type of SERS nanoparticle
includes Surface Enhanced Spectroscopy-Active Composite
Nanoparticles (SACNs). SACNs and methods of making
SACNSs are described in WO 2006/073439, U.S. Pat. No.
6,514,767, and U.S. Patent Application No. 60/557,729, each
of which is incorporated herein by reference as they pertain to
the detailed description of each application or patent and as
they relate to SACNs. Embodiments of the SACNs can
include a SERS nanoparticle, a submonolayer, monolayer, or
multilayer of reporter molecules in close proximity to the
metal surface, and an encapsulating shell (e.g., a polymer,
glass (SiO:), or other dielectric material). In an embodiment,
the reporter compound is disposed at the interface between
the SERS nanoparticle and the encapsulant. In an embodi-
ment, a SACN comprises (i) a metal nanoparticle core (e.g.,
Auor Ag), (ii) a Raman-active reporter (reporter compound),
that gives a unique vibrational signature, and (iii) an SiO:
encapsulant that “locks” the reporter molecules in place while
also providing a highly compatible surface for subsequent
immobilization of biomolecules. The glass coating can also
stabilize the particles against aggregation and can prevent
competitive adsorption of unwanted species. In an embodi-
ment, the SERS nanoparticles are comprised of polymer coat-
ings adjacent to the nanoparticle.

[0072] As used herein, the term “reporter compound”
includes Raman-active compounds that produce a unique
SERS signature in response to excitation by a laser. In certain
embodiments, Raman-active organic compounds are polycy-
clic aromatic or heteroaromatic compounds. In an embodi-
ment, the reporter compound can include, but is not limited to,
4-mercaptopyridine (4-MP); trans-4,4'bis(pyridyl)ethylene
(BPE); quinolinethiol; 4,4'-dipyridyl, 1,4-phenyldiisocya-
nide; mercaptobenzamidazole; 4-cyanopyridine; 1',3,3,3',3'-
hexamethylindotricarbocyanine iodide; 3,3'-diethyltiatricar-
bocyanine; malachite green isothiocyanate; bis-(pyridyl)
acetylenes; Bodipy; TRIT (tetramethyl rhodamine isothiol);
NBD (7-nitrobenz-2-oxa-1,3-diazole); Texas Red dye;
phthalic acid; terephthalic acid; isophthalic acid; cresyl fast
violet; cresyl blue violet; brilliant cresyl blue; para-ami-
nobenzoic acid; erythrosine; biotin; digoxigenin; 5-carboxy-
4'5'-dichloro-2',7'-dimethoxy fluorescein; 5-carboxy-2'4",5',
7'-tetrachlorofluorescein; 5-carboxyfluorescein; 5-carboxy
rhodamine; 6-carboxyrhodamine; 6-carboxyletramethyl
amino phthalocyanines; azomethines; cyanines; xanthines;
succinylfluoresceins; aminoacridine; fullerenes; organocya-
nides (e.g., isocyanide), methylene blue indigo carmine, and
indocyanine green (ICG), and the like, and combinations
thereof.

[0073] A COIN includes several fused or aggregated pri-
mary metal crystal particles with the Raman-active organic
compounds (reporter compound) adsorbed on the surface,
within the junctions of the primary particles, or embedded in
the crystal lattice of the primary metal particles. The primary
metal crystal particles are about 15 nm to 30 nm, while the
fused or aggregated COIN is about 50 nm to about 200 nm.
The primary metal crystal particle is made of materials such
as, butnot limited to, gold, silver, platinum copper aluminum,
and the like. The Raman-active organic compound refers to an
organic molecule that produces a unique SERS signature in
response to excitation by a laser. Additional details regarding
COINS are described in U.S. Patent Applications
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20050142567, 20060234248, and 20070048746, each of
which is incorporated herein by reference for the correspond-
ing discussion.

[0074] COINs can also serve as Raman nanoparticles to
provide imaging signals. The COINs can be functionalized so
they have better solubility in blood and can target potential
targets in a living subject. Multiple COINs can be used with
other Raman nanoparticles in order to provide multiplexing
of signals.

[0075] In an embodiment, the Raman agent can be incor-
porated (e.g., disposed inside and/or attached to the surface
of) or encapsulated into a biological agent (e.g., a cell or a
virus). In particular, the Raman agent can be incorporated into
stem cells, t-cells, bacterial strains, Red blood cells, white
blood cells, and the like. As the encapsulating virus, bacteria,
or stem cell moves through the body or within an area, the
Raman imaging system can be used to monitor/track the
virus, bacteria, or cell. Studying cell motility and tracking its
natural distribution in the body is an important biological
process that can offer scientists important information on how
to better design diagnostics and therapeutics. By encapsulat-
ing a stem cell, for instance, with a Raman agent (e.g. Raman
active dyes or Raman nanoparticles) one could use the Raman
signal to monitor its localization within the body after it has
been administered for therapy for instance. One could also
study the homing effects that bacteria, viruses, t-cells, or even
macrophages have on tumor sites if these cells were to be
previously encapsulated with Raman agents (e.g. Raman
dyes or Raman nanoparticles). One could essentially use their
Raman active signal as a reporter to track where exactly these
cellular entities have localized after administration.

[0076] In an embodiment, the method of monitoring bio-
logical agent includes introducing a first type of biological
agent that includes a first type of Raman agent to a sample or
a subject. After an appropriate amount of time, a Raman
imaging device can be positioned adjacent an area that may
include the biological agent. Subsequently, the area is
exposed to a light beam, where if the biological agent includ-
ing a Raman agent is present, the light beam is scattered. The
light beam that is scattered is referred to as a Raman scattered
light energy. The Raman scattered light can be detected using
the Raman imaging device. The detection of the Raman scat-
tered light indicates that the biological agent is present in the
area. If multiple biological agents or types of biological
agents are introduced, each can include the same type of
Raman agent or different types of Raman agents. If different
type of Raman agents are used, then the type and/or amount of
the biological agent can be determined based on the type of
Raman agent detected.

[0077] In an embodiment, the Raman compounds can
include a reporter compound as noted above conjugated to a
targeting ligand, so that the Raman agent or compound can
have an affinity for a targeting ligand.

[0078] In an embodiment, the Raman agent can include a
targeting ligand that is a chemical or biological ligand or
compound having an affinity for one or more targets (e.g.,
also referred to as a “specific target” or “targeted area”). In an
embodiment, the targeting ligand can include, but is not lim-
ited to, a drug, a therapeutic agent, a radiological agent, a
chemological agent, a small molecule drug, a biological agent
(e.g., antibodies, peptides, proteins, apatamers, antigens, and
the like) and combinations thereof, that has an affinity for a
target or a related biological event corresponding to the target.
It should be noted that Raman agent modified with conjuga-
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tion to other molecules (e.g., antibodies, proteins, peptides,
apatamers, small molecules, and the like) in order to target the
Raman agent to a particular molecular target are intended to
be covered by embodiments of the present disclosure. For
example, a Raman agent can be modified with a peptide so
that it can target new blood vessels in tumors or a chemical
associated with a specific cancer, tumor, or precancerous
tissue. In an embodiment, the targeting ligand can have an
affinity for a target such as cancer, tumor, precancerous cells
or tissue, atherosclerosis, fibrosis. In another embodiment,
the targeting ligand can be used for trafficking (where the
Raman agent is incorporated into viruses or cells (e.g., stem
cells, t-cells, Red blood cells, white blood cells, and the like))
to look at distribution in the body.

[0079] Embodiments of the present disclosure include
methods of using a Raman imaging device (e.g., Raman
endoscope probe) in conjunction with Raman agents to
image, detect, study, monitor, evaluate, and/or screen a sub-
ject (e.g., whole-body or a portion thereof (e.g., bronchioles,
esophagus, colon, rectum, skin, oral mucosa, intraoperatively
any organ, and the like)). The Raman agents are administered
to the subject and then the subject (e.g., a portion such as the
colon and the like) can be imaged using an endoscope includ-
ing a Raman imaging device. The Raman imaging device in
conjunction with an analysis system (e.g., computer, soft-
ware, etc, are interfaced with the Raman imaging device) is
capable of creating an image of a living host, which is in
contrast to just measuring a signal in a host. In an embodi-
ment, the Raman imaging system can just be used to measure
a signal.

[0080] The following describes an embodiment using a
Raman endoscope probe and a subject is administered one or
more Raman agents. An endoscope including the Raman
endoscope probe is introduced to the subject (e.g., endoscopi-
cally, laproscopically, intraoperatively, or surgically). The
introduction can be via an orifice or through a surgical inci-
sion. The endoscope including the Raman endoscope probe
can be moved to scan an area or if the specific target area is
known, the endoscope can be moved adjacent the specific
target area. Depending on the type of Raman endoscope
probe (e.g., forward view or side view), the position of the
endoscope can be varied to obtain the optimum scattered light
energy from the Raman agent(s). The Raman endoscope can
be used to scan an area and/or map an area in the subject.

[0081] A Raman image (e.g., the Raman scattered light
energy) using embodiments of the present disclosure is dif-
ferent from a bulk signal in that the Raman image is a visual
representation of signal as a function of location (e.g., a
particular location in the host such as a part (e.g., a few
millimeters, a centimeter or more) of the colon or the like).

[0082] Embodiments of the present disclosure can be used
to map an area. The area can include a portion or the entire
area of the: cervix, bladder, bronchioles, esophagus, stomach,
colon, rectum, skin, oral mucosa, and intraoperatively or lap-
aroscopically an organ. In an embodiment, the mapping can
be conducted by exposing the area to the Raman imaging
device by moving the Raman imaging device. An area can be
mapped prior to and/or after introducing one or more types of
Raman agents and/or one or more types of biological agents
to the subject or sample. The Raman imaging device detects
the Raman scattered light and this can be correlated to a
position in the area so that a map can be obtained for the area.
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In an embodiment, the area can be monitored as a function of
time and can be used to determine the impact of a particular
treatment or the like.

[0083] Embodiments of the present disclosure include
administering or otherwise introducing one or more types of
Raman agents (e.g., have emissions at different wavelengths,
or two different types of Raman agents) to a subject. In
embodiments including two or more different types of Raman
agents, each of the Raman agents has a different Raman
signature and/or can be directed to different targets. Subse-
quently, the subject can be imaged using a Raman endoscope
probe via the introduction of an endoscope to the subject. In
an embodiment, the different Raman agents used in conjunc-
tion with the Raman endoscope probe could be used to image
different portions (e.g., tissue, cells, organs, and the like) of
the subject and/or detect different types of targets.

[0084] Inanother embodiment, each of the different Raman
agents could be directed to different biological targets relat-
ing to the same disease, condition, or related biological event.
In this embodiment, the different types of Raman agents
could be used to determine the presence or absence of one or
more features of the disease, condition, or related biological
event, which is useful for certain cancers and their progres-
sion over time and even after treatment to look at their
response to therapy (e.g., the type or severity of a cancer can
be determined by the presence of one or two targets, and
treatment is based on the type or severity of the cancer).
Embodiments of the present disclosure include other ways in
which a combination of Raman agents could be used in
embodiments of the present disclosure.

[0085] In another embodiment of the present disclosure,
the Raman endoscope probe and the Raman agents can be
combined with an anatomical image and/or a functional
image of the same subject generated from an anatomical
imaging system. The anatomical imaging system can include,
but is not limited to, bright field white light imaging, com-
puter topography (CT), ultrasound, magnetic resonance
imaging (MRI), and the like. The combination of multiple
functional images or a functional image with an anatomical
image would provide more useful information about the exact
location of a specific molecular event. The anatomy would
tell where, and the molecular image (functional image) would
tell how much molecular signal from a given anatomical
coordinate.

[0086] In each of the embodiments described above and
herein, one or more types of untargeted Raman agents can be
used in addition to the targeted Raman agent(s). The use of the
untargeted Raman agents allows for an assessment of the ratio
between or among specific binding to non-specific binding
Raman agents, and thus providing a ratiometric estimate of
truly bound Raman agent(s). The untargeted Raman agents
can be used to compare areas where the targeted Raman
agents are located (e.g., the targeted area or specific target) to
the areas where the targeted Raman agents are not located.
The use of the untargeted areas can provide a baseline that can
be used in the analysis, evaluation, and/or mapping of an area
or targeted area.

[0087] It should be noted that the amount effective to result
in uptake of a Raman agent into the cells or tissue of the
subject depends upon a variety of factors, including for
example, the age, body weight, general health, sex, and diet of
the host; the time of administration; the route of administra-
tion; the rate of excretion of the specific compound employed;
the duration of the treatment; the existence of other drugs
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used in combination or coincidental with the specific compo-
sition employed; and like factors well known in the medical
arts.

[0088] Embodiments of the present disclosure can also be
used to identify the surgical margins for a tumor resection. In
particular, a surgeon can use the imaging information pro-
vided by embodiments of the present disclosure to guide
surgery. Embodiments of the present disclosure can be used
in-situ morphological mapping, in particular, to map cancer
tissue to guide therapy. Embodiments of the present disclo-
sure can be used to develop an understanding of the morpho-
logical composition of a tumor at the molecular level and
optimize their therapies accordingly. Embodiments of the
present disclosure can also be used targeted thermal ablation.
The therapy could take advantage of the energy-absorbing
properties and the targeting properties of the nanoparticles to
thermally ablate tumor cells.

Kits

[0089] The present disclosure also provides packaged phar-
maceutical compositions comprising a pharmaceutically
acceptable carrier and one or more Raman agents and a
Raman imaging device such as a Raman endoscope probe or
handheld Raman device. Other packaged pharmaceutical
compositions provided by the present disclosure further
include indicia including at least one of: instructions for using
the Raman imaging device and the Raman agent to image a
subject.

[0090] This disclosure encompasses kits that include, but
are not limited to Raman agents and a Raman imaging device
and directions (written instructions for their use). The Raman
agent can be tailored to the particular biological event to be
monitored as described herein. The kit can further include
appropriate buffers and reagents known in the art for admin-
istering the Raman agent to the subject. The Raman agent and
carrier may be provided in solution or in lyophilized form.
When Raman agent and carrier of the kit are in lyophilized
form, the kit may optionally contain a sterile and physiologi-
cally acceptable reconstitution medium such as water, saline,
buffered saline, and the like.

EXAMPLES

[0091] Now having described the embodiments of the
present disclosure, in general, example 1 describes some
additional embodiments of the present disclosure. While
embodiments of the present disclosure are described in con-
nection with example 1 and the corresponding text and fig-
ures, there is no intent to limit embodiments of the present
disclosure to these descriptions. On the contrary, the intent is
to cover all alternatives, modifications, and equivalents
included within the spirit and scope of embodiments of the
present disclosure.

Example 1

[0092] Administration of targeted surface-enhanced
Raman scattering (SERS) nanoparticles can be performed,
followed by rinse- and suction-removal of unbound SERS
nanoparticles if necessary. The image resolution of the
Raman endoscope probe, for example, could be about 1 mm,
which corresponds to the spot size of the collimated illumi-
nation beam (at about 785 nm). The Raman endoscope probe
can perform spectral acquisitions of the area of interest and
Raman signals from SERS nanoparticles, which can be dis-

Sep. 22,2011

persed through a spectrometer and imaged onto a sensitive
CCD. Due to the unique fingerprint and narrow spectral com-
position associated with different SERS nanoparticles, mul-
tiplexing several targets simultaneously is possible. Software
de-multiplexing can allow for the simultaneous visualization
of multiple SERS nanoparticles that each targets a specific
disease biomarker (see FIG. 1). Assessment of non-specific
binding can also be evaluated by multiplexing by using tar-
geted vs. non-targeted SERS nanoparticles (each containing a
different spectral fingerprint) and administering them
together to evaluate true binding events. One useful feature of
the Raman imaging device would be that it is designed to
image at a range of working distances. While signal intensi-
ties may vary as a function of working distance, relative signal
intensities between various SERS tags will reveal the relative
expression level of various biomarker targets.

[0093] As mentioned briefly above, FIG. 1.1 describes a
number of types of SERS nanoparticles (upper left sche-
matic) where each unique SERS reporter can be interchanged
and each produce a unique Raman spectral signature, as
shown for example by the bottom three spectra. If the SERS
nanoparticles are multiplexed into the colon, the Raman
endoscope probe can obtain spectra corresponding to the sum
of all types of SERS nanoparticles. Software processing is
used to de-multiplex the combined spectra (top spectrum)
into the component spectra (below). The relative concentra-
tion of each type of SERS nanoparticle may then be quanti-
fied.

[0094] Another useful feature of the Raman imaging device
would be for it to have mapping capabilities where a series of
spectra could be acquired in two or even three dimensional
space by using for example: mirrors and rotational compo-
nents for spatial 2D imaging, and perhaps utilizing spatial
offsetting to acquire depth information for 3D imaging. These
additional components could move the light source/collec-
tion source to preset areas of interest in order to acquire a true
image.

Example 2

Introduction

[0095] The clinical translation of Raman spectroscopy has
been hindered by the inherently weak nature of the Raman
effect. Raman active silica-gold nanoparticles (R—Si—
Au—NPs; FIG. 2.1) overcome this limitation by producing
high Raman signals via Surface Enhanced Raman Scatter-
ing'. Targeted polyethylene glycol (PEG)-ylated R—Si—
Au—NPs are being designed to detect colorectal cancer after
administration into the bowel lumen. With this approach,
PEG-R—Si—Au—NPs are not expected to enter the sys-
temic circulation and would be removed from the body via
defecation. We examined the acute toxicity and biodistribu-
tion of PEG-R—Si—Au—NPs after different routes of
administration in mice. Here we show that after intravenous
administration (IV), PEG-R—Si—Au—NPs are removed
from the circulation by the reticuloendothelial system. By 24
hours, PEG-R—Si—Au—NPs elicit a mild inflammatory
response and an increase in oxidative stress in the liver which
subsides by 2 weeks. No evidence of significant toxicity was
observed using clinical, histological, biochemical or cardio-
vascular parameters over 2 weeks. Notably, after administra-
tion per rectum (PR), no significant bowel or systemic toxic-
ity is observed and no PEG-R—Si—Au—NPs are detected
systemically. Although additional studies are required to
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investigate the long-term effects of PEG-R—Si—Au—NPs,
these initial results support their safe use in living subjects,
especially when administered rectally.

[0096] Negligible toxicity is observed with the exposure of
in vitro cultured human cells to PEG-R—Si—Au—NPs at
low concentrations. Only at very high concentrations and
prolonged exposure conditions, minimal amounts of cyto-
toxic and oxidative stress responses are observed in vitro. The
health effects of PEG-R—Si—Au—NPs in living subjects
remain unknown since little is understood about how the body
reacts to nanoscale synthetic materials, especially in regards
to their mode of uptake, biodistribution, intracellular traffick-
ing, processing and fate. Furthermore, it is now becoming
clear that the route of administration plays a crucial role in
determining the outcome of nanoparticle toxicity. For
example, modified single walled carbon nanotubes are
extremely toxic when administered via the intratracheal
route®?, causing dose-dependent inflammation and small
nodule formation, but, show no significant toxicity when
given intravenously*. Studies have also shown that macroph-
ages residing within the reticuloendothelial system, in par-
ticular the liver, are highly efficient at removing nanoparticles
from the systemic circulation thereby minimizing their poten-
tial to cause toxicity®®. For these reasons, PEG-R—Si—
Au—NPs are being initially designed by our group to target
colon cancer in the hope that they will not significantly cross
the bowel-wall when administered rectally. However, if they
manage to enter the systemic circulation, they would prima-
rily be directed to the liver by the portal venous system where
they would be entrapped. Hence, in the present study, we have
examined whether intrarectally administered PEG-R—Si—
Au—NPs would cause any toxicity to the bowel and whether
these nanoparticles would cross the bowel-wall. We have also
examined the biodistribution and acute systemic effects of
these nanoparticles after direct administration into the circu-
lation via the IV route.

[0097] In this study R—Si—Au—NPs were PEGylated,
but not further functionalized (e.g. using targeting peptides),
in order to study the core nanoparticle which will likely be
used in many future medical applications (FIG. 2.1). The dose
of PEG-R—Si—Au—NPs (9.6x10'° nanoparticles in 200 ul
of saline) administered to mice in both the IV and PR experi-
ments is a 1,000-fold higher dose than the minimum dose that
can be currently detected in vivo using a Raman microscope’.
This dose was deemed to be large enough to assess any
potential toxicity that PEG-R—Si—Au—NPs may cause in
living subjects, and yet not so low that it could not be even-
tually imaged in clinical applications. Furthermore, 200 ul of
either saline (for control animals) or PEG-R—Si—Au—NPs
was thought to be a small enough volume of fluid to have
minimal impact on the animal’s cardiovascular system. Male
and female FVB mice were chosen to assess the response to
PEG-R—Si—Au—NPs within an animal model with a fully
competent immune system.

[0098] Male (n=60) and female (n=60) mice were followed
daily for 2 weeks after either IV or PR PEG-R—Si—Au—NP
administration. During this time, there were no deaths and no
effect was observed on the physical appearance (fur, eyes,
mucous membranes, secretions, stool, gait, posture, breath-
ing pattern), behavior (gait, posture, stereotypes, vocaliza-
tions) or social interactions of all mice. In addition, no ECG
(FIG. 2.8), blood pressure or heart rate (FIG. 2.12) changes
occurred following either IV or PR PEG-R—Si—Au—NP
administration. All mice receiving PEG-R—Si—Au—NPs
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demonstrated similar increases in body weight over 2 weeks
compared to control mice, with female mice being slightly
lighter than their male counterparts at the start of the study
(FIG. 2.12). In both sexes, plasma biochemical and hemato-
logical indices remained within their respective normal
ranges following IV and PR PEG-R—Si—Au—NP admin-
istration (FIG. 2.13). These results suggest that PEG-R—
Si—Au—NPs have no acute effect on basal cardiovascular
function or hematological parameters for either of the two
routes of administration studied in mice.

[0099] Detailed necropsy by a mouse pathologist did not
reveal any gross organ abnormality in any of the animals
studied. As the nanoparticle core is made from gold (FIG.
2.1), its biodistribution can be determined by measuring the
concentration of gold within tissue samples. All samples were
digested with hydrofluoric acid to dissolve the outer silica
shell of the PEG-R—Si—Au—NP, thereby freeing the
elemental gold core for measurement by inductively coupled
plasma-mass spectrometry (ICP-MS)’. After IV PEG-R—
Si—Au—NP administration, gold was detected in the blood
of only one female and two male animals at 5 min post
injection. No gold was detected in blood samples at later time
points but significant concentrations of gold were found in the
liver and spleen from all animals (FIG. 2.2), suggesting that
the reticuloendothelial system (RES) was able to effectively
and efficiently remove PEG-R—Si—Au—NPs from the sys-
temic circulation. Histological analysis of liver samples after
IV PEG-R—Si—Au—NP administration support the ICP-
MS data and demonstrate uniform, very fine (<1 micron
diameter), black, extracellular pigment within the peri-sinu-
soidal space (space of Disse) in both male and female mice
(FIGS. 2.3, 2.7 and 2.13). This pigment did not histochemi-
cally react with the Prussian blue methods, or the Fontana-
Masson method, respectively implying that the pigment was
not ferrous-based or melanin based (data not shown).
Coupled with its uniformly fine diameter and its extracellular
location, the pigment was therefore thought to represent the
PEG-R—Si—Au—NPs. After 2 hours, similar pigment was
also seen intracellularly within resident macrophages of the
liver. As the amount of pigment within macrophages
increased over 24 hours, less was observed in the sinusoids,
suggesting that PEG-R—Si—Au—NPs were being extracted
by the macrophages. By 2 weeks, pigment was only observed
within the macrophages, with none present within the liver
sinusoids (FIGS. 23, 2.7, and 2.9). Immuohistochemical
analysis of liver and spleen samples was therefore undertaken
to verify the co-localization of PEG-R—Si—Au—NPs with
macrophages. However despite two separate attempts by
independent laboratories, control and experimental tissues
did not react with the monoclonal antibody against the F4/80
macrophage specific antigen. The failure of the F4/80 anti-
body to immunoreact with the macrophages in the tissues of
our control and experimental mice could be due to significant
alterations in the epitope structure of the F4/80 macrophage
antigen (e.g, inappropriate fixation or inherent differences in
the F4/80 epitope in this group of mice), incorrect methodol-
ogy (e.g., not following manufacturer’s instructions), or
issues with the antibody used itself (e.g., incorrect generation
of the appropriate antibody, incorrect storage/transport of the
antibody). However, we feel that incorrect methodology is
unlikely since manufacturer’s instructions were followed
originally (with subsequent attempts to make the antibody
“work” deviating from manufacturer’s instructions based on
the laboratory’s experience). Transmission electron micros-
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copy (TEM) of liver samples was also performed to further
evaluate the intracellular location of PEG-R—Si—Au—NPs
within liver samples following IV administration. The results
demonstrate the presence of PEG-R—Si—Au—NPs within
macrophages at each time point of interest. After 5 minutes,
majority of PEG-R—Si—Au—NPs were seen within the
peri-sinusoidal space with only a small number located
within the vesicles of resident macrophages located adjacent
to the sinusoids. By 2 hours, the number of nanoparticles
internalized by resident macrophages had increased, and by
24 hours, TEM demonstrated large numbers of PEG-R—Si—
Au—NPs within the vesicles of macrophages with no PEG-
R—S8i—Au—NPs detected within the peri-sinusoidal space.
Since PEG-R—Si—Au—NPs were mainly located within
the sinusoids at the early time points, and not trapped by
cellular material, it is possible that there may have been some
PEG-R—Si—Au—NP loss during the sample preparation
for TEM analysis at these times (FIGS. 2.3 and 2.9). Histo-
logical assessment of the spleen for the presence and amount
of PEG-R—Si—Au—NPs was inconclusive, primarily due
to the presence of the iron-containing hemosiderin pigment
found within splenic macrophages (hemosiderophages). In
all mice in this study, there was a moderate amount of splenic
hemosiderophages, most likely representing normal physi-
ologic extramedullary hematopoiesis in murine spleens.
However, the amount and appearance of the hemosiderin
(dense, goldern-brown, variably-sized, coarse intracytoplas-
mic pigment granules on H&E) appeared to greatly over-
whelm the inherent very fine, black, granular appearance of
the PEG-R—Si—Au—NPs on H&E sections. Prussian-blue
staining did not alleviate this problem, since the intense dark
blue nature of the positive-staining hemosiderin also over-
whelmed inherent very fine, black, granular appearance of the
PEG-R—Si—Au—NPs (data not shown).

[0100] Although PEGylation of nanoparticles increases
their bioavailability by reducing their interaction and uptake
by macrophages®, our results show that PEG-R—Si—Au—
NPs with a 5:1 ratio of Mal-PEG,,,,-OME to Mal-PEG. -
NHS are still efficiently taken up by the RES. This would be
ideal for PEG-R—Si—Au—NPs applied into the bowel
lumen, since any nanoparticles that do manage to enter the
systemic circulation will be rapidly removed by the RES
thereby limiting the potential for them to cause toxicity.
Future alternative clinical applications which may require IV
administration of PEG-R—Si—Au—NPs will therefore
require a different PEG ratio tailored to prolong their bio-
availability.

[0101] Despite there being no pigment within hepatocytes
at any time after [V PEG-R—Si—Au—NP administration, a
mild degree of hepatocyte apoptosis was seen in all animals
after 24-hours post injection (FIGS. 2.3, 2.7, and 2.9). Inter-
estingly, this also coincided with the time when the most
pigment, and thus PEG-R—Si—Au—NPs, was seen in mac-
rophages. We therefore hypothesize and offer indirect support
for a potential mechanism by which macrophages can signal
neighboring hepatocytes to undergo apoptosis. As PEG-R-
Si—Au—NPs are known to cause an increase in free radical
formation, one possibility is that they induce an increase in
cellular oxidative stress within hepatocytes and macroph-
ages. Our data support this and show an increase in the gene-
expression of phase-2 antioxidant enzymes within the liver.
Despite an early increase in glutathione peroxidase and
hemoxygenase transcription (FIG. 2.4), the initial antioxidant
defenses were probably overwhelmed since hepatocytes still
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increased their Bax:Bcl-2 ratio, which is known to cause
activation of cellular pro-apoptotic mechanisms®. As a result,
expression of inflammatory (TNF-o and IL.-6) and apoptotic
(caspase) genes was increased by 24 hours (FIG. 2.5), which
resulted in hepatocyte apoptosis, as seen histologically and
confirmed by TUNEL assay (FIGS. 2.3.2.7, and 2.14). How-
ever, no apoptosis was seen by 1 week post injection, which
can be explained by an increase in gene expression of catalase
and superoxide dismutase (FIG. 2.4), both of which have been
shown to inhibit apoptosis by removing superoxide free radi-
cals and hydrogen peroxide respectively®. Taken together,
these results suggest the liver initiates a well-controlled apo-
ptotic response to PEG-R—Si—Au—NPs in the acute phase
after exposure. Given the regenerative capacity of the liver
and its role as a “filter” within the RES, this acute phase
response seems intuitive if the liver is to eliminate foreign
material that it extracts from the circulation in a controlled
and regulated manner.

[0102] Examinationofthe bone marrow, colon, small intes-
tine, kidney, lung, brain, gonads and feces with ICP-MS
demonstrated no detectable gold after [V PEG-R—Si—Au—
NP administration in all mice at all times after injection.
Histological examination of these organs, as well as the pan-
creas, kidney and heart also revealed no PEG-R—Si—Au—
NPs or any signs of toxicity.

[0103] After PR PEG-R—Si—Au—NP administration,
gold was detected in the feces of both male and female mice
at 5 min after exposure. Histological analysis confirmed these
findings demonstrating a large amount of pigment within the
colon lumen of all animals as early as 5 min after exposure,
with no pigment seen in the bowel by 2 hours. Furthermore,
no pigment was seen at any time point within the enterocytes
of the bowel-wall after PR PEG-R—Si—Au—NP adminis-
tration. A single female mouse demonstrated a trace concen-
tration of gold within the blood at 5 min and 2 hours after
exposure. However, this was probably owing to a slightly
traumatic colonic catheterization in this animal that could
have resulted in a small breach in the integrity of the colonic
epithelium thereby allowing PEG-R—Si—Au—NPs to enter
the circulation. Another possibility may have been increased
absorption of nanoparticles by colonic macrophages within
the gut-associated lymphoid tissue in this animal. Despite
this, no gold or pigmentation was detected in any other organ
either by ICP-MS or histological analysis. In particular, liver
tissue from all animals revealed no pigment within the sinu-
soids, macrophages or hepatocytes at all times examined after
administration, which was also confirmed by TEM (FIGS.
2.6, 2.7 and 2.14). Taken together, these results suggest that
non-targeted PEG-R—Si—Au—NPs remain in the bowel
lumen, do not cross the bowel-wall, and are effectively elimi-
nated from animals by defecation.

[0104] Although long-term studies are still necessary to
examine the fate of PEG-R—Si—Au—NPs in the body, our
encouraging results so far support the use of this nanoparticle
as a molecular imaging probe with potential translation into
clinical practice. Currently, we are testing PEG-R—Si—
Au—NPs that have been functionalized with ligands to detect
molecular markers up-regulated in human dysplastic colonic
lesions'®. Further studies will be necessary to examine if
functionalized nanoparticles are processed differently, espe-
cially since recent studies have shown that functionalized or
coupled nanoparticles are taken up by colon cancer cells
significantly more readily when compared to uncoupled
nanoparticles'!. The objective of our future studies is to apply
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targeted PEG-R—Si—Au—NPs locally within the bowel
lumen to detect early colon cancer with a uniquely designed
Raman colonoscope. This will have the potential to provide
clinicians with a powerful biologically driven imaging tech-
nique and an accompanying specifically designed device to
detect early colon cancer, including flat lesions'?, in real time.

Methods
Animals

[0105] All animal experiments were conducted in compli-
ance with the relevant guidelines and regulations approved by
the Stanford Administrative Panel on Laboratory Animal
Care (APLAC). A total of one hundred and twenty (120) 5
week-old male and female FVB mice were obtained from a
pathogen-free colony (Charles Rivers Laboratory). FVB
mice were chosen in order to assess the response to nanopar-
ticles within an immunocompetent animal model. Mice were
housed in same-sex groups with three animals per cage. Water
and food were available to all mice ad libitum. The environ-
mental conditions were carefully monitored and maintained
within an acceptable range throughout the study (temperature
66+2°F.; relative humidity 39+1%; 12-h light/dark cycle). All
animals were quarantined for 7-days prior to the commence-
ment of any experimental studies.

Nanoparticle Characteristics

[0106] The R—Si—Au—NPs were obtained from
Oxonica Materials Inc (Mountain View, Calif.) and consisted
of'a 60 nm gold nanocore, a Raman-active organic molecule
and a 30 nm silica shell, making the entire nanoparticle on the
order of 120 nm in diameter (FIG. 2.1). This arrangement
dramatically increases the incident electromagnetic field of
the Raman active organic molecule, thereby significantly
amplifying its Raman signal intensity. Recent studies by our
group have shown that these R—Si—Au—NPs have ultra-
high picomolar sensitivity in vivo'. In addition, as the bound
Raman active organic molecule can be altered between dif-
ferent nanoparticles, different R—Si—Au—NPs are there-
fore able to provide different spectral signatures. Accord-
ingly, we have shown the ability of Raman spectroscopy to
separate the spectral signature of at least 5 different R—Si—
Au—NPs in a living mouse following IV injection'®. The
particular lot used in this study was the 5440 batch which
consists of a unique Raman active, material layer (Trans-1,2-
Bis(4-pyridyl)-ethylene) and its associated spectrum which is
detailed in previous work'. Two different sized PEG mol-
ecules, Mal-PEG,,,-OME and Mal-PEG;,,,-NHS, were
added to the surface of the R—Si—Au—NP in a 5:1 ratio,
respectively. The smaller Mal-PEG,,,,-OME was added to
improve nanoparticle biocompatibility while the larger Mal-
PEGsg00-NHS was added to provide a functional group for
potential ligand attachment. Both surface-PEG chains were
added to the surface of these nanoparticles in a two-step
process. Initially, thiol groups were introduced into the silica
shell of the nanoparticle using 3-mercaptopropyltrimethox-
ysilane. This was followed by conjugation with malemide
activated mPEGs, where the malemide group reacted with the
thiol group on the nanoparticle surface at neutral pH. In order
to ensure consistency between the experiments, all PEG-R-
Si—Au—NPs were created at the same time from the same
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batch of stock nanoparticles received from Oxonica Materials
Inc. All nanoparticles were stored at 4° C. between experi-
ments.

Experimental Protocol

[0107] To assess the effect of IV and PR R—Si—Au—NP
administration, mice were randomly allocated into two
experimental groups each containing sixty mice with an equal
male-to-female sex ratio (FIG. 2.11). In the IV group, three
male and three female mice for each time point were given a
200 pl IV injection (via the tail vein) of either sterile saline or
PEG-R—Si—Au—NPs. Mice in the PR group were fasted
overnight in special metabolic cages with wire floors which
allowed any feces produced to drop into a waste container.
This prevented mice from having access to their feces during
the fasting period thereby ensuring their large bowel was
completely evacuated and prepared prior to any PEG-R—
Si—Au—NP administration. The following day, three male
and three female mice for each time point were given a 200 pl
PR injection of either sterile saline or PEG-R—Si—Au—
NPs using a 24-gauge angiocatheter. All mice were eutha-
nized by carbon dioxide asphyxiation at specific time points:
5 min, 2 hours, 24 hours, 1 week and 2 weeks post PEG-R—
Si—Au—NP administration (FIG. 2.11).

[0108] Mice which were euthanized at 2 weeks post PEG-
R—Si—Au—NP administration were carefully monitored
throughout the study. For each mouse, their physical appear-
ance (fur, eyes, mucous membranes, secretions, stool, gait,
posture, breathing pattern), behavior (gait, posture, stereo-
types, vocalizations) and interactions towards other animals
were assessed and recorded daily. The body weight and car-
diovascular status (ECG measurements using subcutaneous
electrodes and blood pressure and heart rate measurements
using a tail vein cuff device (Coda 6, Kent Scientific Corpo-
ration)) for each mouse were also recorded weekly. In addi-
tion, 200 pl of blood was collected from each mouse via
retro-orbital bleeding through a heparin coated glass tube 1
week prior to PEG-R—Si—Au—NP administration to deter-
mine the baseline complete blood count (CBC), chemistry
and electrolyte panels (Veterinary Service Centre of the
Department of Comparative Medicine at Stanford Univer-
sity). Since APLAC protocol restricted subsequent blood
withdrawal to <200 pl for each animal, only CBC and chem-
istry panels were determined at the beginning of the second
week following PEG-R—Si—Au—NP administration.
Blood samples for electrolytes were subsequently taken at the
end of the second week immediately after euthanasia via
cardiopuncture. However, it was not possible to analyze
chemistry panels from samples collected via cardiopuncture
due to the well described phenomenon of muscle tissue con-
tamination encountered with this particular blood collection
procedure'®. Prior to any blood sample collection all mice
were fasted overnight.

Pathologic Evaluation

[0109] A complete post mortem examination was per-
formed on each mouse at all time points, and examined for
gross changes. Samples of all major organs and tissues were
collected and fixed in neutral-buffered 10% formalin for 48
hours. Fixed samples of liver, spleen, colon, small intestine,
heart, kidneys, lungs, brain, and gonads were then routinely
processed and stained with hematoxylin and eosin (H&E;
Histotec Laboratories, Hayward, Calif.) for light microscopy.
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Histopathological examination was performed by a veteri-
nary pathologist blinded to other findings. Histopathologic
diagnosis was performed according to the Standardized Sys-
tem of Nomenclature and Diagnostic Criteria (SSNDC).

Immunohistochemistry

[0110] To assess the co-localization of PEG-R—Si—Au—
NPs and macrophages, paraffin-embedded, formalin-fixed
liver and spleen tissues from a representative male and female
administered with PEG-R—Si—Au—NP from each time
point were chosen and immunostained with a rat anti-mouse
purified monoclonal antibody against the F4/80 macrophage
specific membrane antigen (AbD Serotec). Tissues were cut 4
mm thick by a microtome and stained using a StreptAvidin-
HRP immunoperoxidase method. Endogenous peroxidase
activity was inhibited by 3% hydrogen peroxide for 10 min
followed by enzyme digestion in trypsin for 15 min at room
temperature. Sections were then incubated for 2 hours with
the primary F4/80 antibody. A saline treated animal was used
as a positive control and an animal which had both received
PEG-R—Si—Au—NPs and been incubated without the pri-
mary antibody was used as a negative control. After three
washes with PBS for 5 min each, the sections were incubated
for 30 min with a goat-anti rat-biotinylated secondary anti-
body for 30 min. StreptAvidin-HRP was applied for 30 min
and reacted with diaminobenzidine hydrochloride and coun-
terstained with hematoxylin. Immunostained sections were
then evaluated by a veterinary pathologist.

TUNEL Assay

[0111] To assess the co-localization of PEG-R—Si—Au—
NPs and apoptoic cells, paraffin-embedded, formalin-fixed
liver and spleen tissues from a representative male and female
animal from each time point which had received PEG-R
Si—Au—NPs were chosen and stained with an in situ termi-
nal deoxynucleotidyl transferase-mediated dUTP nick end-
labeling (TUNEL) kit (Millipore), following the
manufacturer’s protocol for paraffin sections. Using a light
microscope, the number of positively stained cells per 100
cells was counted by a veterinary pathologist.

Transmission Electron Microscopy

[0112] During gross pathologic examination, samples of
liver, spleen, colon, small intestine, kidneys, lungs, brain and
gonads (measuring approximately 1 mm?®) were collected ina
2:1:1 solution of 0.2 M sodium cacodylate buffer : 10%
glutaraldehyde: 8%  paraformaldehye (EMSdiasum).
Samples were then stored at 4° C. before being stained en bloc
with uranyl acetate and embedded in epoxy resin. A repre-
sentative male and female from each time point that had
received PEG-R—Si—Au—NPs were chosen and ultra-thin
(60 nm) sections of each organ were cut and examined by
transmission electron microscopy (TEM) in order to deter-
mine the intracellular location of PEG-R—Si—Au—NPs.

Inductively Coupled Plasma-Mass Spectrometry

[0113] During gross pathologic examination, samples of
liver, spleen, colon, small intestine, kidneys, lungs, brain and
gonads (measuring approximately 1 mm?) were collected to
determine concentrations of gold in each of these tissues by
ICP-MS analysis. Samples were prepared by microwave-
assisted acid digestion using a mixture of trace metal grade
70% nitric acid (HNO,; Fisher Sci), 37% hydrochloric acid
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(HCI; Fisher Sci), and 48% hydrofluoric acid (HF; Fisher
Sci). Samples were then air-dried and re-suspended in 5x
dilution aqua regia. ICP-MS was undertaken using a JA IRIS
Advantage/1000 Radial ICAP Spectrometer which was cali-
brated using a 2 ppm [Au] high standard and a 1 ppm [Au] QC
standard in dilute aqua regia matrix. The reproducibility of
the spectrometer was determined by measuring a series of
different [ Au] standards in triplicate: 1.0 ppm [Au] was mea-
sured to an accuracy of 0.9869+0.0058, 0.1 ppm [Au] was
measured to an accuracy of 0.0012+0.0014, 0.01 ppm [Au]
was measured to an accuracy of 0.0103+0.0010. Assessment
of antioxidant enzyme and inflammatory gene expression
using g-RT-PCR

[0114] During gross pathologic examination, a sample of
liver was collected and stored at —80° C. The change in gene
expression in liver samples from animals which had been
administered IV PEG-R—Si—Au—NPs were evaluated and
compared with control animals which had received IV saline
according to methods described previously’’. Total ribo-
nucleic acid (RNA) was extracted from sonicated liver tissue
using RNeasy Plus Mini Kit (Qiagen) which contained gDNA
eliminator spin columns to effectively remove genomic DNA.
The RNA concentration in each sample was then calculated
using the Qbit system (Invitrogen). Using 1 pg of RNA,
cDNA was synthesized using reverse transcription (RT) by
incubating samples at 25° C. for 5 min followed by 42° C. for
45 min with qScript cDNA Supermix (Quanta Biosciences)
which contained buffer, dNTPs, MgCl,, random primers,
RNase inhibitor and Reverse Transcriptase. Quantitative
reverse transcription polymerase chain reaction (q-RT-PCR)
was then undertaken using the Realplex Mastercycler
machine (Eppendorf) with PerfeCTa SYBR Green FastMix
which contained AccuFast Taq DNA polymerase (Quanta
Biosciences). All samples were run in triplicate in a 20 ul.
reaction volume using cDNA of 100 ng RNA equivalent with
aninitial pre-heating phase 0f 95° C. for 2 min followed by 60
cycles consisting of 95° C. for 30 sec, 55° C. for 30 sec and
68° C. for 30 sec. Melting curve analysis was performed for
each reaction to exclude nonspecific PCR side products. The
primer sequences for antioxidant enzyme genes (catalase,
superoxide dismutase, haemoxygenase and glutathione per-
oxidase) and inflammatory genes (Bax, Bcl-2, Capase-3, IL-6
and TNF-o) along with the internal control (f3-actin) are
shown in FIG. 2.15. As the RNA extraction for some liver
samples did not generate sufficient quantities of RNA to run
q-RT-PCR, male and female samples for the PEG-R—Si—
Au—NP and control groups were analyzed together at each
time point. Statistical analysis using a two-way RM ANOVA
was therefore performed comparing the effect of time (5 min,
2 hours, 24 hours, 1 week and 2 weeks) and treatment (saline
Vvs. intravenous or per rectum).

Statistical Analysis

[0115] All quantitative variables are expressed as
meanzstandard eror of the mean (S.E.M). When possible, a
three-way RM ANOVA was performed comparing the effect
of time (5 min, 2 hours, 24 hours, 1 week and 2 weeks),
treatment (saline vs. intravenous vs. per rectum) and sex
(male vs. female). Where a significant effect of time, group or
sex was indicated, the post hoc Student-Newman-Keuls test
was used to isolate the statistical differences. For all compari-
sons, statistical significance was accepted when P<0.05.

Additional Discussions

[0116] As the concentration of gold, as determined by ICP-
MS, within the liver following IV administration slowly
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declined after 2 weeks, it suggests that some PEG-R—Si—
Au—NPs are probably being removed from the animal via
heptobillary excretion. However, as PEG-R—AuNPs do not
cross the bowel-wall and are not absorbed by intestinal cells,
the only way to confirm this would have been to collect,
separate and analyze all the feces and urine produced by all IV
injected mice over the two weeks. Although we did collect
samples of feces and, when possible, urine for analysis by
ICP-MS, this is only a snapshot representation of a dynamic
excretory process and hence it is not surprising that no gold
was detected in these samples. Interestingly, there was a peak
in gold concentration within the spleen at 24 hours suggesting
that up to this time, PEG-R—Si—Au—NPs were still being
redistributed within animals. In a single male animal, a small
concentration of gold (1.31 ppm/g) was detected in a lung
sample at 5 min. In this case, it is likely that the some of the
PEG-R—Si—Au—NPs in this animal bypassed the mac-
rophages in the liver and spleen but were subsequently
removed from the circulation by macrophages within the
lung, which is another organ of the RES.
[0117] A mild degree of mitosis was also seen in male and
female mice at 24 hours and 1 week following both IV saline
and PEG-R—Si—Au—NP administration. This phenom-
enon has been previously observed and can be attributed to
stretch-induced localized proliferation of hepatocytes due to
swelling of liver sinusoids following a tail vein injection®®.
The stretching of cells has been shown to increase DNA
synthesis and cell proliferation by activating tyrosine kinases
and protein kinase C'7. In addition, the release of other
growth factors and stimuli from the neighboring cells which
have undergone apoptosis may also contribute to the local
mitotic response’®.
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Example 3

Brief Introduction

[0135] Raman spectroscopy continues to prove itself as a
powerful non-invasive molecular imaging tool to evaluate
nanoparticle delivery in preclinical models. Its pM sensitivity
and multiplexing capabilities are unsurpassed. However, its
limited depth of light penetration hinders direct clinical trans-
lation. Therefore, a more suitable way to harness its attributes
in a clinical setting would be to couple Raman spectroscopy
with endoscopy. It was recently reported that flat lesions in the
colon were five times more likely to contain cancerous tissue
than polyps detected by conventional colonoscopy. The use of
an accessory Raman endoscope in conjunction with locally
administered tumor targeting Raman nanoparticles during a
routine colonoscopy could offer a new way to sensitively
detect these dysplastic flat lesions. In this study we evaluated
the natural biodistribution of gold surface enhanced Raman
scattering (SERS) nanoparticles by radiolabeling them with
%*Cu and imaging their localization over time using micro-
PET. Mice were injected either intravenously (IV) or intrarec-
tally (IR) with approximately 100 uCi of *Cu-SERS nano-
particles and imaged with microPET at various time points:
immediately, 30 m, 2, 5, and 24 h post injection (See FIG.
3.1). Three mice from each group (IV and IR) were sacrificed
at 2, 5 and 24 h and their organs were collected, weighed and
counted in a gamma counter to determine % injected dose per
gram (% ID/g). Quantitative biodistribution data obtained
from each organ correlated well with the corresponding
microPET images, revealing that mice injected IV had sig-
nificantly higher uptake (p<0.05) in the liver (5 h=18.9%
1ID/g) (24 h=4.8% ID/g), as opposed to mice injected IR (5
h=1.27% ID/g) (24 h=0.3% ID/g). Mice injected IR showed
localized uptake in the large intestine (5 h=9% ID/g) (24
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h=4.3% ID/g) with minimal uptake in other organs. Raman
imaging of the excised tissues confirmed the presence of
SERS nanoparticles within tissues of interest. These results
suggest that topical application of SERS nanoparticles in the
colon appears to minimize their systemic distribution, thus
avoiding potential toxicity and supporting the clinical trans-
lation of Raman spectroscopy as an endoscopic imaging tool.

Introduction

[0136] Colon cancer remains one of the deadliest cancersin
the world with more than 940,000 cases reported annually
worldwide, from which nearly 500,000 people die each year.
Although the mortality rate is slowly decreasing, largely due
to prevention through routine colonoscopy screening, more
sensitive techniques are needed to detect dysplasia, particu-
larly precancerous flat lesions that cannot be detected with
conventional white light endoscopy. We have recently devel-
oped a new clinical imaging strategy utilizing a customized
Raman endoscope in conjunction with locally administered
tumor targeting Raman nanoparticles, to be applied during
routine colonoscopy. This strategy could offer a new way to
sensitively detect and characterize dysplastic flat lesions,
which often go undetected within the colon using conven-
tional white light endoscopy. In this study, we evaluated the
ability of our surface enhanced Raman scattering (SERS)
gold nanoparticles to effectively target fresh human colon
cancer tissue after being covalently conjugated with a hep-
tapeptide (VRPMPLQ) sequence previously shown by our
group to bind to dysplastic colonocytes in humans.

[0137] This Example describes the characterization of a
newly developed Raman endoscope. In addition, this
Example evaluates the targeting efficiency of our heptapep-
tide-SERS nanoparticles on human colon cancer tissue.

Methods

[0138] The SERS nanoparticles were conjugated with a
tumor targeting heptapeptide (FIG. 3.2). Fresh human colon
tissue samples, both malignant and normal adjacent tissue
(NAT), were provided to us through our university’s tissue
bank. Tissues sets (malignant and NAT) from each patient
(n=4) were analyzed independently. Each of the malignant
and NAT samples were cut into two pieces where one was
exposed for 10 min to SERS nanoparticles (0.05 nM) conju-
gated with the tumor targeting (+) heptapeptide sequence and
the other SERS nanoparticles (0.05 nM) conjugated witha (=)
random heptapeptide sequence (control). The tissue samples
were then rinsed with 3% bovine serum albumin (BSA) for a
few seconds and mapped luminal side up using our optimized
Raman microscope to evaluate binding.

Results

[0139] FIG. 3.2q illustrates the conjugation process of our
SERS nanoparticles with tumor targeting heptapeptide. FIG.
3.25 illustrates TEM image of a derivatized SERS nanopar-
ticle. Notice the dark 60 nm gold core encapsulated in glass
making the total size of the SERS nanoparticle on the order of
120 nm.

[0140] FIG. 3.3a illustrates a schematic of our newly devel-
oped Raman endoscope. Notice how the Raman component
would be inserted through the 6 mm accessory channel of a
conventional clinical colonoscope. The endoscope would be
comprised of a fiber optic bundle with a single excitation fiber
and a bundle of collection fibers for maximum signal collec-
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tion. Tumor targeted SERS nanoparticles would be locally
administered to suspicious polyps and then rinsed with water.
Light would then be shined on the polyp to determine specific
binding to dysplastic lesions. FIG. 3.35 illustrates the newly
developed prototype Raman endoscopic probe for early
detection of colorectal cancer.

[0141] FIG. 3.4 illustrates the binding efficiency of (+)
heptapeptide SERS nanoparticles on tumor vs. normal colon
tissue. In particular, FIG. 3.4aq illustrates a digital photo of
malignant tumor tissue and normal adjacent tissue. FIG. 3.45
illustrates each tissue exposed to (+) heptapeptide SERS
nanoparticles for 10 min. FIG. 3.4¢ illustrates a Raman image
of the tissues using our Raman mapping system. FIG. 3.4d
illustrates an overlay of Raman intensity map over digital
photo of fresh tissue samples. Notice the increased binding of
the (+) heptapeptide SERS nanoparticles throughout the
entire tumor tissue as opposed to the decreased localized
non-specific binding seen in the normal adjacent tissue.
[0142] FIG. 3.5 illustrates the targeting efficiency ratios
post-processed from Raman images. The left bar depicts the
effective binding ratio of the (+) heptapeptide SERS to tumor
tissue vs normal tissue. Whereas the right bar depicts the
effective binding ratio of (+) SERS to (=) SERS in tumor
tissue samples.

Discussion

[0143] Ournewly developed Raman endoscope was able to
detect 10 pM concentrations of SERS particles on colon
tissue surface with an integration time of 10 ms (100 spectra/
sec). These tests utilized 20 mW of laser radiation with a 1
mm spot size, however we plan to increase the laser illumi-
nation power to ~175 mW, therefore, our detection limit
should be ~1 pM. Raman imaging revealed a consistent trend
where more binding of (+) heptapeptide SERS nanoparticles
was seen in malignant versus NAT samples, with an average
of'4 times more binding in malignant versus NAT samples of
the (+) heptapeptide SERS conjugated nanoparticles (p=0.
04). Within the malignant tissue samples themselves, there
was also 2 times more binding of the (+) heptapeptide SERS
nanoparticles versus the (=) random SERS nanoparticles
(p=0.07).

Conclusion

[0144] These results support the idea of using these hep-
tapeptide labeled SERS nanoparticles as tumor targeting bea-
cons for the detection of colon cancer. In addition, these
results support the clinical translation of Raman spectroscopy
as an endoscopic imaging technique.

Example 4

Brief Introduction

[0145] Raman imaging offers unsurpassed sensitivity and
multiplexing capabilities. However, its limited depth of light
penetration makes direct clinical translation challenging.
Therefore, a more suitable way to harness its attributes in a
clinical setting would be to couple Raman spectroscopy with
endoscopy. The use of an accessory Raman endoscope in
conjunction with topically administered tumor targeting
Raman nanoparticles during a routine colonoscopy could
offer a new way to sensitively detect dysplastic lesions while
circumventing Raman’s limited depth of penetration and
avoiding systemic toxicity. In this study we evaluated the
natural biodistribution of gold surface enhanced Raman scat-
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tering (SERS) nanoparticles by radiolabeling them with **Cu
and imaging their localization over time using microPET.
Mice were injected either intravenously (IV) or intrarectally
(IR) with approximately 100 uCi (3.7 MBq) of **Cu-SERS
nanoparticles and imaged with microPET at various time
points post injection. Quantitative biodistribution % injected
dose per gram (% ID/g) data obtained from each organ cor-
related well with the corresponding microPET images,
revealing that mice injected IV had significantly higher
uptake (p<0.05) in the liver (5 h=8.96% ID/g; 24 h=8.27%
ID/g), as opposed to mice injected IR (5 h=0.09% ID/g; 24
h=0.08% ID/g). Mice injected IR showed localized uptake in
the large intestine (5 h=10.37% ID/g; 24 h=0.42% ID/g) with
minimal uptake in other organs. Raman imaging of excised
tissues correlated well with biodistribution data. These results
suggest that topical application of SERS nanoparticles in the
mouse colon appears to minimize their systemic distribution,
thus avoiding potential toxicity and supporting the clinical
translation of Raman spectroscopy as an endoscopic imaging
tool.

Introduction

[0146] Sinceits discovery, Raman spectroscopy has proven
to be a powerful analytical tool offering many advantages
including excellent sensitivity to small structural and chemi-
cal changes, its ability to multiplex, and its resistance to both
autofluorescence and photobleaching. More recently, bio-
medical researchers have harnessed these unique properties
associated with Raman spectroscopy for analysis of cell
populations, excised tissue samples, intact preclinical animal
models, and even clinical diagnosis.

[0147] The principle by which this novel diagnostic
approach operates is based on the Raman effect. When light is
scattered from a molecule most photons are elastically scat-
tered. However, a small fraction of light is inelastically scat-
tered at optical frequencies different from and usually lower
than the frequency of the incident photons. The process lead-
ing to this inelastic scatter is termed the Raman effect. How-
ever, this effect is very weak, only producing one inelastically
scattered photon for every 10 million elastically scattered
photons.t!

[0148] Thus far, several researchers have been able to uti-
lize the intrinsic Raman scattering signatures of tissue
samples both ex vivo and in vivo to differentiate malignant
from normal tissues.>>) Due to the low depth of penetration
associated with most optical techniques, a Raman endoscope
consisting of a flexible optical fiber bundle is often utilized for
acquiring these intrinsic Raman spectra from inside the body.
Although, this technique has shown to be clinically useful, the
weak effect associated with intrinsic Raman scattering
remains a problem leading to long exposure times, poor sig-
nal, and as a result suboptimal sensitivity.

[0149] We intend to overcome this limitation by utilizing
surface enhanced Raman scattering (SERS) nanoparticles as
tumor targeting contrast agents. SERS is a plasmonic effect
where small molecules adsorbed onto a nano-roughened
noble metal surface (e.g., gold) experience a dramatic
increase in the incident electromagnetic field resulting in
several orders of magnitude higher Raman effect, which has
recently given us the capability to detect pM concentrations
of SERS Raman active nanoparticles when injected in living
mice.[®

[0150] Several different kinds of SERS nanoparticles have
been recently developed for various in vitro applications
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including evaluation of cell-cell interactions, tracking and
imaging of apoptosis, immunoassay platforms, and even anti-
counterfeiting measures.[”*) However, only a select few have
been utilized as tumor targeting beacons in living animal
models.[> ' " Based on the results and experiences gained
from our previous studies, we have decided to evaluate the
biodistribution properties of the Nanoplex Biotags manufac-
tured by Oxonica. These SERS nanoparticles have ideal prop-
erties for clinical translation, including an inert gold compo-
sition, excellent Raman signal strength for ultrasensitive
detection and multiplexing characteristics with up to 10
unique spectral fingerprints.

[0151] Briefly, our clinical diagnostic strategy would
involve chemically modifying these SERS nanoparticles with
tumor targeting ligands and then topically administering
them to the area of interest (i.e. colon) during endoscopic,
laparoscopic or surgical procedures, in the hope of avoiding
adverse toxicity effects (that may arise from systemic expo-
sure) and also increasing targeting efficiency. After enough
time has passed for sufficient binding to occur and rinsing of
the unbound nanoparticles has been completed, a Raman
endoscope will be used to acquire spectra from the area of
interest within the body in order to determine effective tumor
targeting.

[0152] We intend to use colon cancer to demonstrate this
general approach as the first target for reasons of tumor tar-
geted peptide availability, reduced toxicity and a need for
improved detection. It was recently reported that flat lesions
in the colon were five times more likely to contain cancerous
tissue than polyps detected by conventional colonoscopy.*?!
In addition, we believe that by administering these gold nano-
particles directly into the bowel we will be able to avoid the
systemic system and thus any adverse toxicity effects.
[0153] Before proceeding with tumor targeting studies,
however, it is first important to fully characterize the local-
ization and accumulation of these SERS Raman nanopar-
ticles in small living subjects. In this study, we have radiola-
beled our SERS nanoparticles with %*Cu in order to assess
their natural biodistribution using both microPET imaging
and gamma counting followed by Raman imaging and TEM
of removed tissues for confirmation of their localization. Two
routes of administration were evaluated to compare the dif-
ferences in distribution between systemic administration and
topical application, either intravenous (IV) or intrarectal (IR)
injections were given. After IV injection, we would be able to
follow the natural distribution of these SERS nanoparticles
once they have been introduced into the blood stream. IR
administration, on the other hand, would give us a better idea
of what happens to these nanoparticles once they have been
topically applied, in this case to the colon.

Results
SERS Raman Nanoparticles

[0154] All experiments described herein were conducted
using SERS nanotags (Oxonica Materials Inc., Mountain
View, Calif.).['* '* The SERS nanoparticles we used to
evaluate biodistribution in this study consisted of a unique
Raman active molecular layer, Trans-1,2-Bis(4-pyridyl)-eth-
ylene, adsorbed onto a 60-nm diameter Au core coated with
silica, making the entire diameter of the nanoparticle on the
order of 120 nm (FIG. 4.5, Supporting Information).™"*! The
Au nanoparticle core acts as a substrate for SERS and can
increase the effective Raman scattering efficiency by several
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orders of magnitude!* ®, allowing for more sensitive detection
and making it ideal for early detection diagnostic imaging.
Upon excitation with a 785-nm laser, the SERS nanoparticles
display a unique spectrum based on the inelastic Raman scat-
tering of the incident laser light that comes from interacting
with the molecular structure of the adsorbed Raman active
layer Trans-1,2-Bis(4-pyridyl)-ethylene."*? Like most opti-
cal techniques, this strategy is depth limited, which is why we
intend to eventually utilize a fiber optic based endoscopic
approach to overcome this depth issue while still taking full
advantage of Raman’s ultrasensitive properties and multi-
plexing characteristics. However, before we can implement
this unique strategy for patient studies, we must first thor-
oughly understand the distribution and localization of our
SERS nanoparticles after being administered in the body,
preferably by using an imaging modality such as PET that is
invulnerable to depth. In order to fully assess the biodistribu-
tion properties of these SERS nanoparticles both longitudi-
nally and non-invasively, we conjugated a relatively long-
lived (half life=12 h) positron emitting radioisotope, °*Cu, to
their surface (FIG. 4.6, Supporting Information, see Experi-
mental Section for more details), enabling us to monitor/
localize them using microPET.

MicroPET Imaging

[0155] A series of dynamic microPET images were
acquired over the first 13 minutes post IV injection (see SI
Video), and revealed immediate uptake of SERS nanopar-
ticles within the liver and spleen, the two major organs that
comprise the reticuloendothelial system (RES) and are
responsible for breaking down nanoparticles on the order of
120 nm. Rapid accumulation of SERS nanoparticles was
observed within the first two minutes post IV injection in both
the liver and spleen followed by continuous localization for
the remainder of the 13 minute dynamic imaging series (FIG.
4.7, Supporting Information). Although the majority of accu-
mulation was seen in the liver and spleen, the lungs also
showed minimal accumulation of SERS nanoparticles with a
maximum uptake at approximately 15 seconds post injection,
most likely due to the first pass of the SERS nanoparticles
encountering the lungs after being administered as a bolus IV.
[0156] Static microPET images acquired at various time
points post injection over 24 hours revealed clear differences
in the distribution patterns of SERS nanoparticles injected IV
versus IR (FIG. 4.1). Mice injected IV showed immediate
accumulation of **Cu-SERS nanoparticles in the liver and
spleen after IV injection with continuous localization in the
liver and spleen over 24 hours (spleen not visible in coronal
slices shown in FIG. 4.1). In contrast, the mice receiving an IR
injection, displayed an initial uptake of **Cu-SERS nanopar-
ticles localized in the colon, followed by a rapid decrease in
uptake over the 24 hour period (see FIG. 4.8, Supporting
Information), where the majority of the SERS nanoparticles
appear to have cleared the colon and thus the body, likely via
fecal excretion.

Biodistribution Data

[0157] Tissues were harvested from mice for gamma count-
ing at necropsy 2, 5, and 24 h either post IV or IR injection to
quantitatively assess the biodistribution of SERS nanopar-
ticles within various organs and to correlate their localization
with their respective microPET images. Quantitative biodis-
tribution (% ID/g) data obtained from each organ correlated
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well with the corresponding microPET images, and revealed
significant uptake of SERS nanoparticles in several organs of
mice injected IV as opposed to those injected IR as seen in
FIG. 4.2. For instance, mice injected IV had significantly
higher uptake (p<0.05) in the liver (2 h=11.35% ID/g; 5
h=8.96% ID/g; 24 h=8.27% ID/g), as opposed to mice
injected IR (2 h=0.55% ID/g; 5 h=0.09% ID/g; 24 h=0.08%
ID/g). This significant increase in SERS nanoparticle uptake
in mice receiving IV injections as opposed to IR injections
was also seen in several other organs including the spleen,
kidneys, stomach, and lungs.

[0158] Mice injected IR, however, showed localized SERS
nanoparticle uptake in the large intestine (2 h=123.72% ID/g)
(5 h=10.37% ID/g) (24 h=0.42% ID/g) with minimal uptake
(less than 0.13% ID/g) in every other organ at 24 h. Quanti-
tative microPET analysis also reveals that this minimal
uptake seen in other organs (i.e. liver) after IR injection cor-
relates well with free ®*Cu as seen over the 24 hour period
thus suggesting the activity is likely due to the dissociation of
the 5*Cu from the SERS nanoparticles (FIG. 4.9, Supporting
Information). SERS nanoparticle uptake was also observed in
the cecum at 2 and 5 h post IR injection. This was likely due
to the slight size variability between mice and the volume of
SERS nanoparticles that was estimated to fill the entire colon,
therefore during IR injection slight overflow from the large
intestine into the cecum may have occurred.

[0159] Overall, SERS nanoparticles appear to be retained
in several organs, even at 24 hours post IV injection, whereas
micereceiving “topical” IR injections showed localized accu-
mulation initially in the cecum/colon with minimal retention
at 24 hours and no signs of SERS nanoparticle accumulation
in any other organs throughout the entire study.

Serum Stability of SERS Nanoparticles and Raman Imaging
of Excised Tissues

[0160] Serum stability studies on the SERS nanoparticles
revealed consistent Raman signal associated with the active
molecular layer, Trans-1,2-Bis(4-pyridyl)-ethylene on the
SERS nanoparticle over 24 hour incubation. The spectral
fingerprint was found to be unaffected and no differences in
signal intensity were observed as compared to SERS nano-
particles incubated with distilled water or PBS (more details
provided in SI Text). Raman maps were acquired of various
excised tissues, particularly those mentioned above display-
ing an increased **Cu uptake, to confirm the presence of
SERS nanoparticles injected. Raman imaging revealed the
exact spectral fingerprint associated with the SERS nanopar-
ticles administered IV within the liver, spleen, lungs, and
kidneys across all time points (FIG. 4.3). However, mice
injected IR only displayed enough SERS nanoparticle accu-
mulation in the colon to produce an adequate Raman signal at
2 and 5 hours post injection with no other detectable accu-
mulation in the liver, spleen, lungs or kidneys over the entire
24 hours.

Histopathology via Transmission Electron Microscopy
(TEM) Imaging of SERS Accumulation

[0161] Another group of mice were evaluated separately
where mice were injected either IV or IR using the same
administration technique implemented above. The mice were
sacrificed at 5 min and 2 weeks post injection in order to
microscopically assess the presence or absence of these
SERS nanoparticles within the liver, the main organ respon-
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sible for the trapping and degradation of these size nanopar-
ticles. TEM of fixed liver tissues revealed several clusters of
our gold SERS nanoparticles within the liver at both 5 min
and 2 weeks post IV injection, whereas mice that were admin-
istered IR injections revealed no trace of gold SERS nano-
particles at either 5 min or 2 weeks post injection (FIG. 4.4).
Of the hundreds of cell sections within the 81000 um? area
examined for each tissue, not a single SERS nanoparticle was
found in the liver after IR injection.

Discussion

[0162] SERS nanoparticles possess extraordinary spectral
properties, including their ability to be sensitively detected
and multiplexed, making them ideal to be utilized as tumor
targeting molecular imaging agents. Several novel nanopar-
ticle constructs with great potential for either diagnostic or
therapeutic applications are currently being investigated.[!”-
201 However, two major obstacles have kept most of them
from being clinically translated 1) effective delivery to tumor
site 2) toxicity issues. Since most nanomedicines, to date, are
administered systemically, several factors (e.g., size, surface
charge, hydrophobicity) need to be considered during their
development in order to help overcome these obstacles. Size,
for instance, plays an important role in determining where
these nanoparticles will accumulate in the body over time and
how they will be broken down and eventually cleared (via
liver/spleen or kidney). Nanoparticle size has also shown to
significantly influence both circulation halflife and their abil-
ity to extravasate into the tumor space, both of which deter-
mine tumor targeting efficiency. Although most nanocarriers
rely on the enhanced permeability and retention (EPR) effect
to extravasate through leaky tumor vasculature and selec-
tively accumulate in the tumor tissue, it has recently been
reported that not all tumors display the same degree of “leaki-
ness”*'1, making it even more difficult to effectively deliver
these nanoparticles out of the vasculature to their targets
within a tumor. With this in mind, we have devised a way to
circumvent these obstacles of delivery and toxicity by topi-
cally administering our nanoparticles to an area of interest
(i.e.colon). That way the nanoparticles won’t have to extrava-
sate out of the vasculature in order to find their target, since
they will be directly applied to the area of interest (i.e. colon)
and adverse systemic toxicity affects could potentially be
avoided as well by avoiding IV administration.

[0163] In this study, we have evaluated the biodistribution
of our SERS nanoparticles (~120 nm) after both IV and IR
administration. The SERS nanoparticles were radio-labeled
with ®*Cu using a DOTA chelator (FIG. 4.6, Supporting Infor-
mation). These studies were performed under the assumption
that the DOTA-SERS nanoparticles behave identically to
SERS nanoparticles alone, in terms of biodistribution, and
that the DOTA, being a small entity, does not contribute
significantly to the natural biodistribution of the nanoparticle
as previously described by Schipper et al.*? In addition, our
results show a different biodistribution pattern than that of
free ®*Cu (mostly accumulating in the kidney and bladder due
to its natural route of excretion) suggesting minimal disso-
ciation of the ®*Cu from the SERS nanoparticles. Further-
more, the minimal % ID/g uptake seen in other organs (FIG.
4.2) besides the cecum/large intestine after IR administration
is most likely due to the dissociation of **Cu from the SERS
nanoparticles. The distribution patterns of free **Cu behave
similarly to ®*Cu-labled SERS nanoparticles in other organs
outside the large intestine (i.e. liver) (FIG. 4.9, Supporting
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Information) suggesting that the uptake represents the free
dissociated ®*Cu and not the accumulation of the actual SERS
nanoparticles themselves.

[0164] After thorough microPET and tissue uptake analy-
sis, the results clearly show a difference in nanoparticle dis-
tribution after administration between the IV and IR groups,
where mice receiving a “topical” IR administration showed
localized accumulation of our SERS nanoparticles within the
colon and its neighboring organ, the cecum. No absorption of
the SERS nanoparticles was observed within any other organ
over the 24 hour microPET imaging sequence, and the liver
was clear of SERS nanoparticles out to two weeks post IR
administration via TEM imaging. Additionally, the SERS
nanoparticles cleared the colon relatively quickly (FIG. 4.8,
Supporting Information) where less than 1% ID/g was left in
the large intestine after 24 hours post IR injection. Mice
injected IV, on the other hand, revealed immediate accumu-
lation of our SERS nanoparticles, in the lungs, liver and
spleen, with continued uptake in both the liver and spleen over
the entire 24 hour microPET imaging sequence. TEM imag-
ing also confirmed the presence of our SERS nanoparticles
within the liver at both early and late stage time points post [V
injection (FIG. 4.4). These results support the use of these
SERS nanoparticles as a topically applied contrast agent
within the colon for the potential earlier detection of colon
cancer.

[0165] Thus far, the use of Raman nanoparticles as imaging
contrast agents for clinical utility has never been demon-
strated before, predominantly due to the weak signal gener-
ally associated with Raman spectroscopy and the limited
depth of penetration that comes from using an optical tech-
nique. With this in mind, we propose to exploit the SERS
effect, a metal based phenomenon that utilizes surface plas-
mon resonance, to significantly enhance the Raman signal
coming from our contrast agent (i.e. SERS nanoparticles). In
addition, we will employ an endoscopic imaging device,
modified for acquiring Raman spectra within the colon, to
localize the accumulation of our tumor targeting SERS nano-
particles in order to overcome the limited depth of penetration
issue.

[0166] Other localized routes of administration have
recently been investigated including the fate of various sized
gold nanoparticles after either intratacheal instillation or
inhalation into the lungs.”** 2*! Their finding suggest no
detectable amounts of gold on the order of 40 and 100 nm in
diameter get translocated from the lungs to the systemic cir-
culation in mice, and that only trace amounts of gold nano-
particles on the order of 2 nm are found in the blood when
instilled directly into the trachea.[**! However a larger degree
of nanoparticles, on the order of 20 nm, get translocated into
the blood stream when inhaled by rats.”* These studies show
promise for our Raman nanoparticles (~120 nm) to be directly
instilled into the lung for tumor targeting and detection during
bronchoscopy without causing adverse systemic toxicity
effects.

[0167] The issue of nanoparticle induced toxicity has gen-
erated quite a bit of interest amongst the biomedical commu-
nity, especially now with the approval of several nanoparticle
constructs for clinical use.”*! Several reports have recently
been published discussing the toxicity effects of various
nanoparticles after being administered intravenously!®:
25-301, all with similar concerns as to exactly how long these
nanoparticles seem to stay in the body (i.e. liver, spleen and
kidneys), with some reports claiming up to several months
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post IV injection.*”> *!-33] A huge advantage to administering
these nanoparticles topically is their ability to be cleared
without crossing into the systemic circulation and thus avoid-
ing the issue of prolonged retention in vital organs like the
liver, spleen and kidneys.

[0168] Another major advantage to utilizing SERS nano-
particles as tumor targeting contrast agents is their unique
ability to multiplex. We currently have 10 different batches of
SERS nanoparticles, each displaying a unique spectral fin-
gerprint when imaged, thus giving us the capability to inter-
rogate several different targets simultaneously.['>! Several
colon cancer biomarkers have recently been identified along
with their associated tumor targeting ligands.®* 31 If one
were to conjugate each batch of SERS nanoparticles with
different colon cancer targeting ligands this multiplexing
technique could enable us to evaluate the targeting efficiency
of several tumor targeting SERS nanoparticles simulta-
neously, thus offering us increased specificity as to which
biomarker is overexpressed on different regions of the dis-
eased colon. No other imaging modality has the capability of
offering this kind of multiplexed information to the degree of
being able to spectrally unmix and identify 10 unique indi-
vidually dispersed nanoparticles.

[0169] Although we intend to initially interrogate colon
cancer to demonstrate this novel approach, for reasons of
tumor targeted ligand availability, reduced toxicity, and the
need for improved detection, this technique is in no way
limited to diseases of the colon. In fact, several tissues could
be interrogated for cancer detection utilizing this procedure
including skin, bladder, lungs, esophagus, cervix and vagina;
all of which are easily accessible and can be imaged with a
Raman endoscopic device.

Conclusions

[0170] In conclusion, this novel endoscopic approach
which utilizes the ultrasensitive detection and multiplexing
properties of Raman spectroscopy in conjunction with SERS
nanoparticles has great potential for clinical utility, not only
for colon assessment but also for other endoscopic applica-
tions (i.e., esophagus, cervix, and bladder). Although more
thorough toxicity testing needs to be performed on these
SERS nanoparticles, and is currently ongoing in our lab, these
initial biodistribution results hold significant promise in
translating this novel technique to the clinic, with the hope of
improving early cancer detection and thus the prognosis for
cancer patients.

Experimental Section
SERS Nanoparticles.

[0171] SERS nanotags were provided by Oxonica Materi-
als Inc. (Mountain View, Calif.) and comprised a 60-nm diam-
eter Au core coated with a monolayer of Raman-active
organic molecule, Trans-1,2-Bis(4-pyridyl)-ethylene, and
encapsulated with a 30-nm diameter silica shell, making the
entire particle on the order of ~120 nm. The particular lot used
in this study was the S440 batch which consists of a unique
Raman active material and its associated spectrum which can
be seen in our previous work.!">! Reproducibility of these
SERS nanoparticles was previously evaluated in our lab
whichrevealed a 1.9% coefficient of variance among multiple
sample measurements. !
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Chemical Conjugation and Radio-Labeling of SERS Nano-
particles.

Preparation of Pegylated SERS Nanoparticles.

[0172] To stabilize the gold nanospheres against aggrega-
tion under various conditions both long and short chain poly-
ethylene glycol (PEG) molecules were conjugated to the
nanosphere’s silica surface (in a molar ratio of 1:5, long:
short). Specifically: a solution of Maleimide-PEGy,,,-N-hy-
droxysuccinimide ester (Mal-PEGs,,-NHS, 2 mg, 0.4 pM)
and Maleimide-PEG,,-methoxy (Mal-PEG,,-OCH3, 4
mg, 2 uM) in 2-morpholinoethanesulfonic acid (MES) buffer
(pH=7.2) was added to thiolated SERS particles (0.5 mL,
0.02 nM) and stirred at room temperature for 1 hour. Excess
PEG molecules were separated from pegylated nanoparticles
by three rounds of centrifugation (10,000 RPM, 4 min), and
resuspension in MES buffer (pH=7.2). Conjugation with
DOTA.

[0173] Pegylated gold nanospheres were functionalized
with DOTA to enable chelation of radioactive metal ions (in
this case Copper-64, half life=12.7 h). Specifically: primary
amine-DOTA was covalently conjugated to NHS ester termi-
nated long chain PEG molecules on gold nanoparticles via the
addition of p-NH,-Bn-DOTA (0.9 mg, 1.3 pmol in 0.5 mL
MES buffer (pH=7.2) to pelleted pegylated particles. Solu-
tion was stirred at room temperature overnight. Excess DOTA
was separated from functionalized nanoparticles by three
rounds of centrifugation (10,000 RPM, 4 min), and resuspen-
sionin MES buffer (pH=7.2). DOTA-functionalized nanopar-
ticles were finally suspended in deionized water (0.5 mL) for
radiolabeling.

Protocol of SERS Copper-64 Labeling.

[0174] The SERS nanoparticles were radiolabeled with
%4Cu by addition of 185-259 MBq (5~7 mCi)**CuCl, [1 pmol
SERS nanoparticles per 1.62 GBq %*Cu] in 0.01 N NaOAc
(pH 5.0) buffer followed by a 1 h incubation at 37° C. with
gentle shaking. SERS nanoparticles were centrifuged and
washed with deionized sterile water three times to remove
non-chelated copper. Labeling yield is ~20-30% therefore the
resulting specific activity was 324-486 MBq per 1 pmol
SERS nanoparticles (8.76-13.14 mCi/pmol). Rinsed SERS
nanoparticle were resuspended in 400 pl of PBS by sonicating
and vortexing. According to N-succinimidyl-3-(2-py-
ridyldithio)propionate (SPDP) spectrographic analysis?*%! of
our **Cu-tagged SERS nanoparticles this method attaches
~60,000 °*Cu molecules per nanoparticle (~1 **Cu molecule
per 3 nm? surface area).

Animal Experiments.

[0175] Female 8 week old nude mice (Charles River) were
used for all biodistribution studies. All procedures performed
on the animals were approved by the University’s Institu-
tional Animal Care and Use Committee, and were within the
guidelines of humane care of laboratory animals.

Animal Injections.

[0176] Mice were divided into two injection groups to
evaluate differences in biodistribution between administering
SERS nanoparticles intravenously (IV) versus intrarectally
(IR). Each group contained subgroups where mice were fur-
ther separated to evaluate biodistribution at various time
points post injection. Three mice from each group were sac-
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rificed at 2 hr, 5 hr and 24 hr to evaluate accumulation of
SERS nanoparticles within specific organs of interest. Mice
inthe IV group were given a 200 pl injection of approximately
100 pCi of **Cu-SERS nanoparticles via the tail vein using a
26 gauge needle. Mice in the IR group also received a 200 pl
injection of approximately 100 puCi of *Cu-SERS nanopar-
ticles using the hollow flexible portion of a 25 gauge angio-
catheter inserted via the rectum.

MicroPET Imaging.

[0177] On the day of imaging, each mouse was anesthe-
tized with 2.5-3% isoflurane delivered by 100% oxygen as the
carrier gas at 2 liters per minute through an isoflurane vapor-
izer. MicroPET imaging commenced immediately after
injection of the ®**Cu-SERS nanoparticles. The mice were
placed prone on the microPET bed and imaged with a Rodent
R4 MicroPET system manufactured by CTI Concorde Micro-
systems (Knoxville, Tenn.). Five minute static images were
acquired at various time points post injection: Immediately,
30min, 2 h, 5h, and 24 h. The images were then reconstructed
using a two dimensional ordered subset expectation maximi-
zation (2D-OSEM) algorithm with a spatial resolution of 1.66
to 1.85 mm”) and analyzed using both AniideP®! and
AsiPRO image processing software. No attenuation correc-
tion or partial volume correction were applied.

Biodistribution.

[0178] After imaging, mice were then euthanized by cervi-
cal dislocation under deep Sisoflurane anesthesia. In each
injection group (IV and IR) mice were sacrificed at 2 h (n=3),
5h (n=3), and 24 h (n=3). Tissues were harvested, weighed
and placed in scintillation vials for gamma counting. Organs
of interest such as the liver spleen and colon were placed in
vials containing a 2:1:1 solution of 0.2M sodium cacodylate
buffer: 10% glutaraldehyde: 8% paraformaldehyde (EMS-
diasum) for transmission electron microscopy (TEM) analy-
sis. All tissues harvested were counted for 1 min in a Cobra Il
y-counter (Packard/Perkin Elmer). Results in FIG. 4.2 are
expressed as % injected dose per gram tissue (% 1D/g).

TEM Analysis.

[0179] Organs of interest such as the liver spleen and colon
were fixed and prepared for TEM analysis in order to verify
the microscopic location of the SERS nanoparticles after
either IV or IR administration. Ten grid spacings correspond-
ing to a 81000 um? area were examined. Each section was 150
nm thick corresponding to a total of 12500 um?® of material
examined for each tissue sample. More details on the methods
of sample preparation are provided in SI Text.

Raman Spectroscopic Imaging in Excised Tissues.

[0180] Raman measurements on excised tissues were per-
formed with a Renishaw microscope system to verify the
presence of SERS nanoparticles within specific organs of
interest. A semiconductor diode near-infrared laser operating
at A=785 nm was used as the excitation source with a laser
power of 60 mW measured at the surface of the tissues.
Raman images were obtained by using a Raman point map-
ping method. A computer-controlled x-y translation stage
was used to raster-scan the tissues creating a spectral image
by measuring the Raman spectrum of each individual pixel in
the area of interest with a 750 um or 1 mm step size. Integra-
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tion times of 3 seconds per step were acquired for each tissue
Raman map. The objective lens used was a 12x open field in
a dimly lit room.

Spectral Analysis.

[0181] The direct classical least squares (DCLS) method,
also called linear un-mixing and K-matrix methods, was used
in this work to perform analysis of Raman spectroscopy.**:
40 For more details see SI Text.

Statistical Analysis.

[0182] The data collected from these experiments were
analyzed for statistical differences using a 95% confidence
interval (p<0.05). More details provided in below

[0183] Supplemental information to Example 4

SI Text

Serum Stability

[0184] SERS nanoparticles were incubated with 100%

mouse serum over a period of 24 hours at 37° C. After incu-
bation, SERS nanoparticles were taken for Raman analysis to
determine stability of the Raman signal associated with the
active molecular layer, Trans-1,2-Bis(4-pyridyl)-ethylene on
the SERS nanoparticle. The spectral fingerprint was found to
be stable over the 24 hour incubation period with mouse
serum and showed no differences in signal intensity or spec-
tral signature as compared to SERS nanoparticles incubated
with distilled water or PBS.

TEM Analysis

[0185] Samples collected in the fixing solution mentioned
above for TEM analysis were stored at 4° C. before being
stained en bloc in 1% osmium tetroxide in water at 4° C. for
2 hours. Samples were rinsed twice in cold deionized water
and then stained in 1% uranyl acetate in water at 4° C. over-
night. Samples were then dehydrated in increasing concen-
trations of ethanol at 4° C.; 50, 75, and 95%. After dehydra-
tion in 95% ethanol, samples were warmed to room
temperature for further processing. Samples were dehydrated
twice in 100% ethanol followed by further dehydration three
times in propylene oxide. Samples were suspended in a 1:1
solution of Embed 812 epoxy resin (EMSdiasum): propylene
oxide for 1 hour, followed by a suspension in a 2:1 solution of
Embed 812 epoxy resin : propylene oxide overnight. Sample
were resuspended in Embed 812 epoxy resin for 1 hour before
being placed in flat embedding molds and cured at 60° C.
overnight. The cured epoxy blocks were removed from the
mold and trimmed with a razor to reveal the tissue sample
embedded within. Thin (150 nm) sections of each organ were
cut using a Leica Ultracut S microtome and placed on a 200
mesh bare copper grid. These sections were examined using a
Tecnai F20 (FEI company) transmission electron microscope
operating at 120 kV. Scanning transmission electron micros-
copy (STEM) was utilized to analyze each sample in order to
determine the microscopic location of the SERS nanopar-
ticles. 10 grid spacings corresponding to a 81000 um? area
were examined. Each section was 150 nm thick correspond-
ing to a total of 12500 um® of material examined for each
tissue sample.

Spectral Analysis

[0186] DCLS finds the linear combination of spectra from
the pure components contained in the sample that most
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closely matches the Raman spectrum of the sample. A pure
component spectrum of the SERS nanoparticles used in this
study was acquired from a pure 3 pl sample aliquoted onto a
piece of quartz under the microscope and used as the refer-
ence spectrum for the Raman analysis of the tissues.

Statistical Analysis

[0187] A student’s t-test was used to compare the data of the
IV group to the data of the IR group. An equality of variances
test was performed and revealed little variance between the
groups. Therefore, a one-tailed t-test assuming equal vari-
ances was performed to determine statistical significance
because it was hypothesized that the IR group would have
localized uptake in the large intestine and perhaps some leak-
age into the cecum with little to no uptake in any other organ,
where as the IV group would have higher uptake in all organs
subjected to systemic delivery. The values reported appear as
meanzstandard error of mean (SEM). A Bonferroni correc-
tion was not performed because it was too conservative since
the data from each of the time points correlated well with each
other, and there was little chance of getting a significant result
from multiple t-testing.
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sub-ranges encompassed within that range as if each numeri-
cal value and sub-range is explicitly recited. To illustrate, a
concentration range of “about 0.1% to about 5%” should be
interpreted to include not only the explicitly recited concen-
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tration of about 0.1 wt % to about 5 wt %, but also include
individual concentrations (e.g., 1%, 2%, 3%, and 4%) and the
sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 3.3%, and 4.4%) within
the indicated range. In an embodiment, the term “about” can
include traditional rounding according to significant figures
of the numerical value. In addition, the phrase “about ‘X’ to
‘y’” includes “about ‘x’ to about ‘y’”.

[0229] It should be emphasized that the above-described
embodiments of the present disclosure are merely possible
examples of implementations, and are set forth only for a
clear understanding of the principles of the disclosure. Many
variations and modifications may be made to the above-de-
scribed embodiments of the disclosure without departing sub-
stantially from the spirit and principles of the disclosure. All
such modifications and variations are intended to be included
herein within the scope of this disclosure.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 1

ctctgaagtt taggccattg

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 2

agttgctgta gggetttatg

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 3

tcatgacatt taatcaggca

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 4

gtgtcaggat aggcaaaaag

<210> SEQ ID NO 5
<211> LENGTH: 20

20
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synethsized forward primer sequence

<400> SEQUENCE: 5

ccagtacccc caggagaaga 20

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 6

ttgttttctg ccagtgcecte 20

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 7

gggcttaagg gtgtctgage 20

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 8

caaagaagtt cctggcctcce 20

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 9

gaaggtgtgg ggaagcatta 20

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 10

acattgccca agtctccaac 20

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence
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-continued

<400> SEQUENCE: 11

ctcttegaga agtgcgaggt 20

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 12

tcgatgtcaa tggtctggaa 20

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 13

gctgaggcag aagggttatg 20

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 14

gccececttga aaaagttcat 20

<210> SEQ ID NO 15

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 15

agggtttcat cccaggatcg agcag 25

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 16

atcttcttecce agatggtgag cgag 24
<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence
<400> SEQUENCE: 17

tttgtttgtg tgcttctgag cc 22
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-continued

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 18

attctgttge cacctttegg

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Chemically synthesized forward primer sequence

<400> SEQUENCE: 19

ggcggactat gacttagttg

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Chemically synthesized reverse primer sequence

<400> SEQUENCE: 20

aaacaacaat gtgcaatcaa

20

We claim:

1. A method of imaging, comprising:

administering at least a first type of Raman agent to a

subject, wherein the Raman agent has an affinity for a
specific target;

introducing a Raman imaging device to the subject;

positioning the Raman imaging device adjacent the spe-

cific target;
exposing the specific target to a light beam from the Raman
imaging device, wherein the light beam is scattered by
the first type of Raman agent that associated with the
specific target, wherein the light beam that is scattered is
referred to as a Raman scattered light energy; and

detecting the Raman scattered light using the Raman imag-
ing device, using the Raman scattered light energy to
form an image.

2. The method of claim 1, wherein the Raman agent is
selected from: a Raman nanoparticle, a Raman compound,
and a combination thereof.

3. The method of claim 1, wherein the specific target is
selected from: cancer, tumor, precancerous cells or tissue,
atherosclerosis, fibrosis, and a combination thereof.

4. The method of claim 1, further comprising, analyzing
the scattered light to determine the type of Raman agent,
wherein the type of Raman agent determines the specific
target detected.

5. The method of claim 1, wherein introducing the Raman
imaging device includes introducing the Raman imaging
device to one of the following of the subject:

cervix, bladder, bronchioles, esophagus, stomach, colon,
rectum, skin, oral mucosa, and intraoperatively or lap-
aroscopically to an organ.

6. The method of claim 5, further comprising, mapping of
atleast a portion of one of the following of the subject: cervix,
bladder, bronchioles, esophagus, stomach, colon, rectum,
skin, oral mucosa, and intraoperatively or laparoscopically to
an organ, by moving the Raman imaging device, using the
Raman scattered light.

7. The method of claim 1, wherein administering includes
administering, locally to the colon, a gold nanoparticle
Raman agent having a targeting agent specific for a dysplastic
flat lesion in the colon, wherein the specific target is a dys-
plastic flat lesion, and wherein introducing includes introduc-
ing into the colon.

8. The method of claim 1, wherein administering includes
administering, locally to the colon, a polyethylene glycol
(PEG)-ylated Raman active silica-gold nanoparticle Raman
agent having a targeting agent specific for colorectal cancer,
wherein the specific target is a colorectal cancer, and wherein
introducing includes introducing into the colon.

9. A method of imaging, comprising:

administering a plurality of types of Raman agents to a

subject, wherein at least two types of Raman agents have
an affinity for a different target;

positioning the Raman imaging device adjacent an area

that includes one or more of the different targets;
exposing the area to a light beam from the Raman imaging

device, wherein if one or more of the plurality of Raman

agents is present, the light beam is scattered, wherein the
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light beam that is scattered is referred to as a Raman
scattered light energy, wherein each different type of
Raman agent has a detectably different Raman scattered
light energy;

detecting the Raman scattered light using the Raman imag-

ing device; and

analyzing the scattered light to determine the type of

Raman agent, wherein the type of Raman agent deter-
mines the target detected.
10. The method of claim 9, wherein each target is selected
from: cancer, tumor, precancerous cells or tissue, atheroscle-
rosis, fibrosis, and a combination thereof.
11. The method of claim 9, wherein introducing the Raman
imaging device includes introducing the Raman imaging
device to one of the following of the subject: cervix, bladder,
bronchioles, esophagus, stomach, colon, rectum, skin, oral
mucosa, and intraoperatively or laparoscopically to an organ.
12. The method of claim 11, further comprising, mapping
of at least a portion of one of the following of the subject:
cervix, bladder, bronchioles, esophagus, stomach, colon, rec-
tum, skin, oral mucosa, and intraoperatively or laparoscopi-
cally to an organ, by moving the Raman imaging device,
using the Raman scattered light.
13. A method of monitoring biological agent, comprising:
introducing a first type of biological agent that includes a
first type of Raman agent to a sample or a subject;

positioning the Raman imaging device adjacent to an area;

exposing the area to a light beam, wherein if the biological
agent including a Raman agent is present, the light beam
is scattered, wherein the light beam that is scattered is
referred to as a Raman scattered light energy; and

detecting the Raman scattered light using the Raman imag-
ing device, wherein the detection of the Raman scattered
light indicates that the biological agent is present in the
area.
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14. The method of claim 13, wherein the biological agent is
selected from the group consisting of a cell, a virus, and a
bacterial strain.

15. The method of claim 14, wherein the cell is selected
from the group consisting of: a stem cell, a macrophage, a
t-cell, a red blood cell, a white blood cell, and a combination
thereof.

16. The method of claim 13, further comprising:

analyzing the scattered light to determine the type of

Raman agent, wherein the type of Raman agent deter-
mines the type biological agent.

17. A method of imaging, comprising:

administering a plurality of types of Raman agents to a

subject, wherein at least one type of Raman agent has an
affinity for a target, wherein at least one type of Raman
agent is untargeted;
positioning the Raman imaging device adjacent an area
that includes one or more of the different targets;

exposing the area to a light beam from the Raman imaging
device, wherein if one or more of the plurality of Raman
agents is present, the light beam is scattered, wherein the
light beam that is scattered is referred to as a Raman
scattered light energy, wherein each different type of
Raman agent has a detectably different Raman scattered
light energy;

detecting the Raman scattered light using the Raman imag-

ing device;

analyzing the scattered light to determine the type of

Raman agent, wherein the type of Raman agent deter-
mines the target detected; and

analyzing the scattered light to determine the ratio of the

specific binding Raman agent to non-specific binding
Raman agent, wherein the ratio provides an estimate of
the bound Raman agents.
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