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Early detection of disease using surface enhance Raman scattering (SERS)-dynamic gol
d nanoparticle to detect inflammatory response in cells
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The investigation of the use of surface enhanced Raman scattering (SERS) gold nano
particles for rapid monitoring of inflammatory responses at the early stage of diseases. Gold nanorods (GN
Rs) combined with Raman probes (4-mercaptobenzoic acid% are conjugated with intercellular adhesion molecul
e-1 antibody (anti-I1CAM-1). The prepared particles could be used as a SERS probe to detect the expression
of ICAM-1 in macrophages treated lipopolysaccharide for 1 h which is faster than using ELISA or fluorescen
t labeling techniques.
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1. WF5ERts 9o

Excessive inflammation can cause mar

diseases such as atherosclerosis, rheumat

arthritis, cancer, and Alzheimer's disedges
the
inflammation is the key factor in causing thi

Especially in atherosclerosis,
disease®’. To prevent the occurrence o
disease, early disease detection is required
find health problems before the symptoms ¢
it h
appeared that biomarkers play an importa

disease appear. In recent years,
role for diagnosis of diseases. Inflammatorn
biomarkers in inflamed cells are also a ke
t

managing the risk of disease. In this propos

factor used as an effective signal
the early symptom of atherosclerosis will b

used as a study model. The inflammato

response in atherosclerosis is indicated Iy

the high expression of inter cellular adhesio
molecule-1 (ICAM-1), interleukin-6 (IL-6),
and tumor necrosis factor alpha (TNJ-
The
biomolecules

increase of basal levels of theg

leads to a risk of
cardiovascular disease. Therefore, the abili
to detect these inflammatory respons
molecules at different levels of concentratio
will show different bioactivities that will
provide useful information for predicting
events.

cardiovascular Many approache

such as ultrasound, magnetic resonan

imaging, electron-beam computeq
tomography, and fluorescence, have be
used to detect inflammatory response
However, it seems that these techniques 4
still not distinctively to detect the change o
biomolecules/biochemical during
atherogenesis and some techniques can
detect the inflammatory response in the earf
stage due to a low concentration Q@

inflammation  biomarkefs. SERS

n

ty
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spectroscopy provides a lot of advantages for
y Recently, SERS
oi(§)ecoming of high interest for biological

many applications. is

applications for the following reasons: 1)

providing a significant amount of

h

information from biological samples such as

1°2}

cells, biological fluids, and living tissues, 2)
t Orelative ease in sample preparation compared
f and 3)
518offering high sensitivity for detection of

to other non-invasive methods,

tchanges in concentration, type, or structure
of molecules. This high sensitivity of the

y
Raman signal is enhanced by 13 to 15 orders

<

after the targeted/probed molecules attach to

[

almetallic nanoparticles. In general, gold,

silver, and copper are likely to be typical

D

y nanomaterials for SERS. However, in the
) term of biological/biomedical applications it

n Seems that gold nanoparticle provides more

benefits than other nanomaterials due to

properties such as its strong optical

e extinction peak, easy attachment of organic
molecules on its surface, and low

cytotoxicity’. Many recent reports showed
e that
extensively used as a substrate for SERS to

gold nanoparticles have been

=

study the interaction of drugs with proteins
and diffusioi'® cancer detection in vittb

, However, these methods use Raman

Cereporters such as fluorescent dyes. These
| chemicals may cause of cytotoxicity to

:nliving cells and may effect on biological

. activities of cells. The SERS-dynamic gold

r enanoparticle proposed here is an approach to

detect inflammatory response in inflamed

—h

cells without using dyes or reporters.
mﬁowever, after trying this technique, it was
not sensitive enough to distinguish different
by
lipopolysaccharide. To solve this problem,

ly

’ periods of cells stimulated




Th
technique used gold nanorods bound wi

another technique was replaced.
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2. WHgEDHI

The research proposed here was designed to
use SERS gold nanorod measurement of the
inflammatory markers by building a set of
proposed approach to detect inflammatory
response in inflamed cells. This technique
will help detect disease in the early stage and

then leading to effective treatment.

3. WHEDITk
The well-known inflammatory agent,
lipopolysaccharide (LPS), was used to

activate the immune response in the Raw
264.7 cells because recent reports found that
LPS can promote atherogenesis by activating
leukocyteS. The
molecule-1 (ICAM-1) was selected as a

intercellular adhesion



targeted inflammatory response molecu
because it is one of the specific proteif
located on the surface of leukocytes a
epithelial cells. The expression of ICAM-]
molecules is highly expressed aftd
inflammation and ICAM-1 plays a major rol¢
in adhesion of inflamed/stimulated cells. Th
adhesion can lead to atherosclerosis plad
cause of cardiac deal

that can later

le Salmonella Minnesota R595) at various
NS concentrations were used to treat the cells at
nddifferent incubation times (0, 1, 3, and 5 h).

| Following this, cells were fixed with
r methanol before treating with
> GNR/AMBA@anti-ICAM-1.

s

uestep 3. ICAM-1 analysis
h.The ICAM-1 expression of Raw 264.7 cells

Therefore, the idea here is that the stimulatedwvas detetced using mouse soluble ICAM-1

Raw 264.7 cells were used as an inflam
The anti ICAM-1 which is
specific to ICAM-1 was used as a mod

model cell.

probe for detection the expression
ICAM-1 on the surface of inflamed Raw
264.7 cells by using SERS-gold nanorod
The plan and methods to achieve the goal

this research are explained below:

Step 1. Preparation of gold nanorod probe
and anti-1 CAM-1 conjugates

The first plan was to use spherical shay
gold nanoparticles to detect inflammator
response. However, after trying, it was ndg
sensitive enough to distinguish the change
biomolecules (ICAM-1) on the cell surfacs
after stimulation macrophages with LPS 3
different hours of stimulating period.
Therefore, the preparation of gold nanoro
(GNR) probe was used to complete th
experiment. In this case, GNRs were mixe
with 4-mercaptobenzoic acid (4MBA) and
then coated with poly(allylamine
hydrochloride)(PAH) Following this, the
GNR with
anti-ICAM-1 antibody. The final complex

was called as GNR/AMBA@anti-ICAM-1.

probe was conjugated

Step 2. Cell preparation and study of cell
inflammation

Murine macrophage cells (Raw 264.7) we
cultured. Lipopolysaccharides (LPS595 fro

bd(CD54) ELISA kit and fluorescent dyes to
compare with proposed SERS technique.

a)

pf Step 4. Investigation of gold nanorod
probe-anti-l CAM-1 reacted with | CAM-1

s.Before starting SERS investigation
ofinflamed cells, the SERS spectra of GNR
probe-anti-ICAM-1 reacted with ICAM1 was
investigated. The laser excitation at the

in

wavelength of 785 nm was used.

e
, Step S. Cdlular immune response SERS
) investigation

Fix Raw 264.7 cells, with and without
Oftreatment with LPS, was incubated with
GNR probe-anti-ICAM-1 conjugates. The

cells were washed after incubation. The

—

|

SERS signal was detected using Raman
d

e

spectroscopy.

d Step 6. Extra experiments

Since GNRs were used as a tool to detect
inflamed cells, for the next step of the future
work by using GNRs in live cells or in vivo,
the investigation of the effect of GNRs on
inflammatory  response is important.
the GNRs

inflammatory response in macrophage cells

Therefore, effect of on

was investigated. Another experiment of
SERS

m signals of different surface modified GNRs

rethe investigation of intracellular




was also performed.

Step 7. Consolidation
Findings of this proposed research will G
published in ISI journals.
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GNR probe conjugated with anti-ICAM-1
was successfully used as a tool to detect th
inflamed cells at the early stage undg
Raman spectroscopy. The detected SEHR
signals showed that the spectrum (at pe
position of ~1075 cif) of SERS probe
detected in RAW 264.7 cells treated witl

LPS for 1 h was significantly enhanced

L

comparing with the SERS intensity of cell
treated with LPS 3 and 5 h
(Tukey-Kramer's test with significant se
at P < 0.05). This means that the detectiof

1°2}

for

=

e

r
2Ssca‘c‘ce]t'ing (SERS) spectra in different

tool for detecting the biomolecular change in
cells. This probe could be developed further
to diagnose diseases at the early stage, which
will help improve the treatment of diseases.

The investigation of the effect of GNRs
coated with different surfaces also shows
that the concentration of three different
surfaced modified GNRs (coating with
polyethylene glycol, polystyrene sulfonate,
and poly(diallyldimethylammonium
chloride)) at 5 ug mL* has no effect on
induction of inflammatory cytokines. The
results of usingGNRs for intracellular
SERS signals show that GNRs coated
with poly(diallydimethylammonium
echloride) (PDAC-GNRs) can distinct
of

groups surface-enhanced Raman

a‘lkregions of the cells. Spectra with unique

features could be clustered into sets of
in Raw 264.7 cells. This

technique is wuseful for studying the

molecules

analytes in interested live cells. The

results of these two studies were

published in ISI journals.
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