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Experimental Evaluation of Gold Nanoparticles fatufe Application in Medical Imaging
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1. Introduction

The introduction and development of gold nanoplkadidas led to studies dealing
with its potential for medical imaging and diagnostpplications. Gold is considered a high
atomic number Z material (Z=79) and absorbs x-es/shown in Figure 1. In theory, the dose
delivered to a tumour can be enhanced by loadigly Bimaterial into the tumour. This results
in greater photoelectric absorption within tumduart in surrounding tissues.

Most anti-cancer agents do not greatly differeatiaétween cancerous and normal
cells, leading to systemic toxicity and adverse@ [1]. This greatly limits the maximum
allowable dose of the drug. In addition, rapid @hation and widespread distribution into
targeted organs and tissues requires the admiiostraf the drug in large quantities, which is
not economical and often results in undesirablecityx

Comparatively, gold nanoparticles significant urddaatures as follows: low toxicity,

low osmolality even at high concentrations, lowceisity (easy to inject even into small
vessels) enhances radiotherapy dose, which makegoibd candidate either as a contrast agent
or as radio enhancer. Gold nanoparticles have heevely investigated in a wide variety of
biomedical applications for several reasons: it thasadvantage of small size which is highly
tunable (1-100nm) [2], capable of evading the imengystem [2], easy to characterize by
UV-vis spectrophometry, ICP-AES or ICP-MS, and TBM[The size effect provides a
continuous range of nanoparticles for simultanedesection by using multiple cancer
biomarkers. The size tunability also provides |lasgeface area which affects the density and
types of functional groups that can be linked foultiple diagnostic and therapeutic
applications. It has also been shown that thersizge 10-100nm accumulate preferentially at
tumor sites through an effect called enhanced paloitiy and retention (EPR) effect.
Several studies have been conducted evaluatingréathat will potentially determine the
uptake and uptake mechanism of nanoparticles anutddified nanoparticles by the HeLa cell
line [3-5]. Chithrani et. al [3] investigated thetracellular uptake of different sized and
shaped colloidal gold nanoparticles. It was deteedi that kinetics and saturation
concentrations are highly dependent upon the palysitnensions of the nanoparticles. The
same group determined that transferrin-coated AueNtiered the cells via clathrin-mediated
endocytosis pathway and exocytosed out of the aeléslinear relationship to size. We have
also reported gold nanoparticle uptake of normdl@mncer cell lines [6].

We propose that gold nanoparticles be developeddasihned to target pancreas
cancer in order to improve the current systems usedanaging this disease. Shirato’s group
demonstrated that 2mm gold can be used as intidoalal marker of tumors in their real time
tumor tracking radiation therapy [7]. One repohattalthough implantation of the fiducial was
successful, it is not without technical issues. @nibe size of the fiducial itself, requiring d t
be transported via large needle, which itself pata@sger to blood vessel. The size of the
fiducial also makes it difficult to penetrate haissue, such as pancreatic tumor [8].

Our particular interest on using gold lies on itestunability and its potential use either as
radiosensitizer/dose enhancer in the treatmentanter or as contrast agent for diagnostic
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imaging of cancer using X-ray DDS(Drug Delivery &ys)[9]. Our group is continuously

developing pinpoint keV/MeV X-ray source for X-r&DS [10-12]. The X-ray DDS (Figure

2) uses advanced nano-scaled polymers which coataindeliver drug or contrast agent to
cancers. This new modality combining physical epdkga pinpoint X-ray source) and drug

(via DDS) in one compact system is very importantifispection and therapy of cancer.

The in-vitro evaluation on the combination of galhoparticles and physical energies
via X-ray DDS is necessary for the development cfage and effective treatment and/or
imaging modality. To develop successful cell-bagegtapies and to monitor cell trafficking in
Vvivo, it is important to assess the fate and distion of cells non-invasively. Biocompatibility,
toxicity and the ability to penetrate the cells #ueee critical factors that will determine the
utility of nanoparticles in clinical application][5

For improved uptake of gold nanopatrticles, the arafions need to be optimized or
modified. Fundamental studies on uptake of nanmbest investigating factors such as size,
incubation time and concentration play an importatd in the design of safe nanopatrticles for
diagnostic and therapeutic applications. For effitiinternalization, surface modification is
suggested.

Here, we present result on the uptake of humanrpasaancer cell line, taking into
account factors such as gold nanoparticle sizejbiatton time and concentration. We aim to
compare how the uptake of gold nanoparticles iectdd by these factors. Eventually, by
combining these parameters, uptake of gold nancfesty cancer cells can be confirmed and
optimized. A preliminary result of in-vivo experimis is also reported.

Il. Materials and Method

Reagents and chemicals

Gold nanopatrticles (5, 10, 20, 30, 40, 50nm) warppbed from British Biocell
International. Commercial gold chloride concentmatiwas 0.01% and the mean diameter
variation is less than 10%.

2.1 Characterization of gold nanoparticles

Prior to use in cell experiments, gold nanoparsialsed were initially characterized
using AAS (atomic absorption spectroscopy), UVspgctrometry and TEM.
The gold content of samples was determined usingnalyst 800 atomic absorption
spectrometer (Perkin-Elmer) with THGA graphite face, gold hollow-cathode lamp and
AS-800 autosampler. All analyses were performedatelength of 242.8nm using 0.7nm
slit width. New graphite tubes were conditionedH®ating and the machine is recalibrated
prior to use. For the evaluation of peak profild® calculation of peak area and permanent
storage peak profiles, AAWinlabTM software was usedrgon was used as the inert gas.

2.2 Cell culture

We used human cancer cells for these experimeitsl, PPK-45, and Panc-1 were
purchased from Riken cell bank (RIKEN, Tsukuba).-BKPK-45, Panc-1 are all human
pancreas cancer cells. Initial experiments were atnducted to check for aggregation of
20nm gold nanoparticles using different media w#hum, checking for aggregation at several
intervals from 1-48 hours.

The cell medium for all cell lines used is RPMI-06451BCO, 11875, RPMI-1640),
supplemented with 10% serum (HYCLONE, SH30396.0&alFBovine Serum). Cells were



continuously subcultured in T-25 flask (BD Falc86,3108) and prior to achieving confluency,
cells were seeded into 60mm dishes (BD Falcon, @B30-25) for gold treatment. While the
cells were on the exponential phase, gold colloas wiluted with media (2.5mL) to achieve
the desired concentration. Dishes were storedhuanaidified atmosphere at 37°C, 5% £i@

air, except when specified. Treatment duration til@pends on the condition to be tested.
After gold treatment, cells were washed with 1mLId&eco Phosphate Buffered Saline
(SIGMA, D8537, DPBS) thrice. Cells were collectgdni the dish by trysinization, using
trypsin-EDTA solution (0.05% trypsin, 0.02% EDTA, 3924, SIGMA), counted
(Nucleocounter) and transferred to 1.5mL eppentidrés. The cell solution was homogenized
using sonicator (Tomy HandSonic).

2.3 Cytotoxicity analysis

Colony assay and MTT assay was used to measureidbdity of cells at the
parameters considered. In colony assay, cells werebated with gold nanoparticles at
different conditions, washed and subcultured inthsBes. After 10days, colonies are dyed and
counted. In MTT assay, Roche Cell Proliferation K{Cat. No. 11 465 007 001) was used.
This is quantified by using a scanning multiwallespometer multiplate reader (Thermo
Appliscan and Scanlt software). The absorbanceevisleorrelated to the cell number, and to
viability of cells.

2.4 Determination of uptake by AAS

The concentration of gold nanoparticles used wasfie@ using AAS. In AAS
analysis, five-point calibration curve using 1000p@\u standard diluted to maximum of
100ppb was used. The gold content of samples wéxndieed by AAS as previously
described [13] with minor modification. Samplesraveliluted 1 to 50 fold by mixing 0.5%
HCI. Using an autosampler, 20uL of diluted samphel &dulL of matrix modifier (0.1%
palladium and 0.06% magnesium nitrate in 1.5% HN®&je injected in the graphite furnace
to measurement the gold content of the sample. fBpbcates were taken for each sample
analyzed.

2.5 Biodistribution studies and uCT experiment

For the in-vivo experiment, commercial 20nm golaawarticles will be concentrated
and injected to CDF1 mice following the animal exment protocol. Prior to imaging, the
mouse will be sedated. Images at different timeruals will be compared and checked for
contrast. CT images will be taken at 10min, 30rilm, 3hrs, 6 hrs and 24 hours after injection
of gold nanoparticles. After imaging experimengans will be harvested and gold content will
be analyzed by AAS.

I1l. Results and Discussion

The effect of gold nanoparticles size, incubatiometand concentration on the uptake
of pancreas cancer cell lines used were investigdter diagnostic and medical purposes,
uptake data are presented in gold amount (nmolr@ierand not as number of gold particles
per cell. The concentration of gold detected indample using AAS is simply divided by the
average number of cells present in the sample.

3.1 Characterization of gold nanoparticles
TEM of gold nanoparticles of different sizes argoashown in Figure 3: 10nm, 20nm,
30nm, 40nm, 50nm, 100nm.



3.2 Determination of uptake by AAS
3.2.1 Size

Cell samples were treated with 1AM gold nanoparticles colloid of various sizes
mixed with media for 24 hours. In Figure 4, a pddtthe gold content of cells versus size
shows that the uptake is highly dependent on #imeong the gold nanopatrticles used, 5 and
10nm gold nanopatrticles have significantly lowetake (at least 5x lower) as compared to
20nm. This trend is observed on all cells used@experiment, with 20nm gold nanoparticles
uptake still higher compared to 30, 40 and 50nnseBaon these results, we will be reporting
uptake dependence using 20nm gold nanopatrticles.

3.2.2. Incubation time

Cells were treated with 47#M 20nm gold nanoparticles from 1 to 48 hours. Fegbir
shows the uptake of gold nanoparticles increasagugily with time. Also, plateau in uptake
was observed indicating that cells can still uptajed nanoparticles beyond 48 hours.
Previous reported results indicated that HelLa aplproaches plateau within 4-7 hours of
incubation[3].

3.2.3 Concentration

The effect of concentration of gold nanoparticlgstabe of the cell was also
investigatedFigure 6. Cells were treated with 11.8, 23.6, 4ah@ 94.4uM of 20nm gold
nanoparticles for 24 hours. From [4], the uptakegofd nanoparticles increased as the
concentration was increased.

In previous experiments using another cell linewds found that uptake is also
dictated by the amount of gold nanoparticles presethe solution. For lower concentrations,
increasing the incubation time will not increase tiold nanoparticles uptake of the cell. If
there are fewer gold nanoparticles in the sampéeexpect that the gold nanoparticles have a
small probability of getting near the receptorsydeethe uptake on lower concentrations is low.
However, for the case when there are abundant gaitparticles present in the solution,
receptors will be able to take-in nanoparticlesdiasand easier. As such, approaching the
plateau of uptake could mean two things, one isttiexe are few nanoparticles in the solution
(receptors have nothing to reach), second is tmatcells are already saturated with gold
nanoparticles that some are released back intsailaion.

The mechanism of uptake can be explained furtherséyim adsorbed on the
nanoparticles surface. Gold nanoparticles itseliydrophobic and the protein serum in the
media is adsorbed on the surface of the gold natioles. The adsorption of serum proteins on
the surface is very important in the internalizatiof gold nanoparticles by cells. It was
hypothesized in [3] that the uptake mechanism a@sreceptor-mediated endocytosis (RME).
RME is an endocytotic mechanism in which specificlenules enter the cell. Cells have a
limited number of receptors on the membrane, amdutih these receptors the gold
nanoparticles enter the cell. The protein serumecbagold nanoparticles aids in RME
mechanism of the cell.

3.3 Biodistribution studies and uCT experiment

CT images will be taken at 10min, 30min, 1hr, 3Br&rs and 24 hours after injection
of gold nanopatrticles. Shown in Figure 8 is the gesmproduced 2 min and 6 hours after



injection of gold nanoparticle.

IV Summary

We aim to develop gold nanoparticles DDS for norasive imaging for future
dynamic tracking radiation therapy and X-ray DD$.achieve it, we analyzed the uptake of
gold nanoparticles into pancreas cancer cells. Galdoparticles intracellular uptake was
investigated using pancreas cancer human cells ,FXK145H and Panc-1. Cellular uptake
using different gold nanoparticles sizes was armayasing Atomic Absorption Spectrometry
(AAS). It was found that 20nm gold nanoparticlggake is higher compared to other gold
nanoparticles sizes. The dependence on incubatime tand concentration was also
investigated. Accumulation of gold nanoparticlesn dae increased further thru longer
incubation and higher concentration. From our presesults, we were able determine
optimum conditions for the uptake of gold nanomdes by pancreas cancer cells.

We will extend this further by conducting the expeants in-vivo using modified gold
nanoparticles. The findings of this study will halp the design and optimization of the
nanoparticles uptake for therapeutic and diagnoagplications of X-ray Drug Delivery
System.

Further investigations will be conducted using Ctonpmonochromatic x-ray source
at AIST and The University of Tokyo, combining gaidnoparticles and polymers in order to
develop X-ray DDS for verification of safe and efige use of gold nanoparticle-based agents
in the near future.
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Figure 1. Attenuation of gold in comparison with iodine, bones, soft tissues, fat and water.
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Figure 2. Xray Drug Delivery System

Figure 3. TEM of gold nanoparticles a) 10nm, b) 20nm, ¢) 30nm, d) 40nm, €) 50nm,
f)100nm
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Figure 4. AAS uptake for different cell lines. Maximum uptake was observed using 20nm
gold nanoparticles.
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Figure 5. AAS dependence on incubation time. Continuous increase in uptake. Plateau
not reached for theincubation times considered.
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Figure 6. Uptake dependence on gold nanoparticles concentration.

Figure 8. Preliminary result of uCT experiment. a) mouse immobilized by jig. b and c)
transver se plane of mouse showing liver after 2min and 6 hour srespectively.



