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ABSTRACT
Objective(s): The central role of molecular imaging modalities in cancer management is an undeniable fact 
that could help to diagnose cancer tumors in early stages. The main aim of this study is to prepare a novel 
targeted molecular imaging nanoprobe of CD24-PEGylated Au NPs to improve the ability of Computed 
tomography scanning (CT scan) outputs for both in vitro and in vivo detection of breast cancer (4T1) cells. 
Materials and Methods: Gold nanoparticles (Au NPs) were synthesized and coated with polyethylene glycol 
(PEG) chains in order to improve the stability of the Au NPs and to provide bio modification points for 
antibody immobilization. The synthesized nanoprobe was used for both in vitro and in vivo targeted CT 
imaging breast cancer cells (4T1) and the xenograft tumor model. 
Results: Findings showed that the attenuation coefficient of 4T1 cells that were targeted by CD24-PEGylated 
Au NPs is calculated to be over two times higher than the untargeted 4T1 cells (15 HU vs 39 HU, respectively). 
Indeed, the results clearly reveal that the developed CD24-PEGylated Au NPs showed the tumor CT 
enhancement was higher than that of Omnipaqe which used as control.
Also, the CT number values of the tumor area at different time points gradually increased after 60 min post 
injection and was significantly higher than before injection.
Conclusions: Results showed the introduced CT imaging nanoprobe (Au NPs-PEGylated) could be useful 
for CT imaging of breast tumors under in vivo condition. Overall, it is concluded that Au NPs-PEGylated 
contrast media is able to detect breast cancer (4T1) cells and is more effective compared with other casual 
methods.

Keyword: CD24 antibody, Computed tomography, Cancer detection, Gold nanoparticle, Polyethylene glycol 
(PEG), 4T1

INTRODUCTION 
Currently, imaging modalities have been 

considered for detection and recognition 
treatment progress in various diseases, especially 
cancer. Cancer imaging could be divided into two 
categories: (i) structural (anatomical) imaging and 
(ii) molecular imaging (functional) [1] modalities. 

Computed Tomography (CT), Magnetic Resonance 
Imaging (MRI), and Ultrasound methods as the 
(anatomical) structural imaging applications are 
applying in clinical domain in order to detect 
different cancer progress steps such as propagation 
and tumor site. Also, anatomical information 
could be obtained through the mentioned 
structural imaging applications for treatment aims 
[2]. Despite much valuable information from the 
structural imaging modalities, there are some 
dramatic limitations concerning cancer detection, 
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including lack of distinction between benign and 
malignant tumors and inability to recognize of 
metastases less than 0.5 cm [3, 4]. Molecular 
imaging based on incorporation molecular 
biology and in vivo imaging techniques has been 
implemented recently to gain more data on 
biological condition of diseases through molecular 
markers. To achieve molecular imaging outputs, it 
is necessary to obtain anatomical imaging system 
using targeted contrast media [5-7]. CT is a potent 
diagnostic imaging device that is low expensive, 
deep tissue permeation, great spatial, and density 
resolution [8, 9]. Clinically, molecular composition 
of iodine is mostly exerted as a contrast operator 
in CT imaging [10]. It is include some drawbacks 
such as possibility of renal toxicity, insufficient 
circulation time for long time imaging, and 
deficiency of targeting specificity. These defects 
are the main problems for misleading results 
concerning biological ingredient or cancer 
markers [9, 11, 12]. Therefore, in spite of some 
appropriate properties of the contrast operator, 
it is not a suitable molecular imaging modality 
for sensitive and selective operations. Since high 
sensitivity and selectivity are two crucial factors 
in cancer detection, designing novel nanoprobes 
with the mentioned characterizations have been 
considered in the recent years [13].

To achieve these aims, nanoparticles 
(NPs) have been notified for preparing high-
performance contrast media for CT method. 
Nanoparticles contain various appropriate 
properties for this purpose, including high number 
of atoms (radio-dense elements), flexible surface 
characteristics for attaching biomarker, suitable 
shape and size for cell entrance automatically, 
ability to be functionalized for targeting goals such 
as monoclonal antibodies, and selectivity cellular 
uptake [14-17].  Gold nanoparticles (Au NPs) 
due to the eligible colloid endurance, well bio-
adaptability, easy synthesis, controlling their sizes, 
and surface modification flexibility are widely 
used in the many biological researches [18-20]. 
Moreover, since Au NPs include tunable surface, 
they could easily be conjugated with targeting 
ligands such as antibodies [21-24]. However, Au NPs 
are unstable under physiological conditions and 
they easily could aggregate [11, 25]. To overcome 
these problems, since polyethylene glycol (PEG) 
prevents plasma proteins interactions with the 
NPs, the surface of Au NPs is often modified with 
PEG chains to increase the dispensability and 

blood retention [26, 27]. Therefore, through the 
mentioned method targeted CT imaging of tumors 
could be achieved with high reliability.

From the many researches, CD24 as a surface 
marker is expressed in the high level in a wide 
range of solid tumors such as carcinoma of renal 
cell, nasopharyngeal, hepatocellular, bladder, 
breast cancer, ovarian cancer and lung cancer [28-
32]. It is shown that CD24 has a direct connection 
with the metastasis capacity of the solid tumors 
through interaction with P-selection as an 
adhesion receptor on activated endothelial cells 
and platelets [33]. Many studies revealed that 
CD24 as biomarker could be helpful in the clinical 
domain to choose a suitable treatment [34]. 
Furthermore, according to the specific properties 
of CD24, it is a well biomarker for conjugation to 
NPs. The main aim of this study is to use a targeted 
PEGylated gold nanoparticle with CD24 antibody 
for both in vitro and in vivo detection of cancer 
cells (4T1). 

MATERIALS AND METHODS 
Materials
Chemical synthesis, Bio conjugation and 
Characterization of Au NP 

Chemical synthesis was carried out by the 
citrate reduction method as introduced elsewhere 
(R). The synthesized Au NPs were PEGylated with 
a mixture of long PEG (HS-PEG-CH3O; MW = 6000) 
and short PEG (HS-PEG-COOH; MW = 3500) using 
a molar ratio of 1 to 3 in water for 72 hours. The 
terminal carboxylate groups were then activated 
with 3 μL of (1-ethyl-3-(3-dimethylaminopropyi) 
carbodiimide hydrochloride) EDC (0.4 M) and 
(N-hydroxysuccinimide) NHS (0.1 M) for 10 min. 
After centrifugation at 5000 rpm for 5 min, the 
supernatant was removed and the pellet was 
redispersed with 80 μL of PBS buffer. Afterward, 20 
μL of the antibody (0.5 mg/mL) was added into the 
tube and incubated for 2 hr at RT. The morphology 
of the provided Au NPs was characterized via 
transmission electron microscopy (TEM) imaging 
(2010F JEOL analytical electron microscope, 
Japan) with an operating voltage of 100 kV. An 
aqueous solution of a sample (5 mL, 1 mg/mL) was 
dropped onto a carbon-coated copper grid and air 
dried before measurements.   

Cell culture
4T1 (mouse breast cancer) and CT26 (mouse 

colorectal cancer) cell lines were purchased from 
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Pasteur institute, Tehran, Iran. The cells were 
continuously cultured in the supplemented RPMI 
1640 medium with (fetal bovine serum) FBS (10%) 
and penicillin/streptomycin (1%). The cultured 
cells were incubated at 37 ºC and 5% CO2 in a 
humidified atmosphere.  

Evaluation of the biocompatibility using MTT 
assay

The biocompatibility of CD24-PEGlatedAu NPs 
was studied through a tetrazolium dye MTT assay. 
Briefly, the cells in early log phase were trypsinized 
and cultured in 96-well plates with concentration 
of 104 cells/well/200 µl. Then, they were 
incubated overnight at 37 °C and 5% CO2. After 24 
h, the stock medium was replaced with the fresh 
medium, containing different concentrations of 
CD24-PEG-Au NPs (0, 0.005, 0.01, 0.02, 0.05 and 
0.1 mM).  After 4 hr of treatments, 50 μl MTT (2 
mg/ml) was added to each well and incubated for 
4 h in a humidified atmosphere at 37 °C following 
the manufacturer’s instructions. The formazan 
crystals were solubilized with DMSO (dimethyl 
sulfoxide) and 25 µl of Sorenson buffer. Then, 
the absorbance at a wavelength of 570 nm was 
measured using ELISA plate reader (Bio Teck, 
Germany). All experiments were performed at 
least three times. To analyze obtained data, the 
peak of absorbance was considered for each 
concentration and the viability percentage was 
calculated based on the following formula:
Percentage cell viability (%) = (mean absorbance 
of test/mean absorbance of control) × 100. 

CT number measurement 
Ten consecutive dilutions of PEGylated Au 

NPs or iohexol as a common contrast media 
(Omnipaque®, 300 mg iodine per ml, GE 
Healthcare, Milwaukee, WI, USA) were provided 
by in 1.5 ml micro tube through using different 
concentrations of [Au] or [I] (from 0.005 to 1 
mM). Then, the obtained solutions were placed 
in a self-designed scanning holder. Distilled water 
sample was used to normalize X-ray absorption. 
The provided tubes were then scanned using a 
16 row multi detector CT system (Bright Speed 
VCT, GE Medical Systems, Milwaukee, WI, USA) 
with the following sets: tube voltage: 120 kV; tube 
current: 150 mA; slice thickness: 0.625 mm; slice 
space: 0, and CT number measured using a GE 
imaging workstation (Advantage Workstation 4.3, 
GE Medical Systems, Milwaukee, WI, USA). A 5 

mm circle as region of interest (ROI) was laid over 
the center of each image in five different slices to 
measure CT value. The data were presented as 
mean ± standard deviation. 

In vitro CT imaging of cancer cells
4T1 cells were cultured in a 6-well plate at a 

density of 1.5 × 106 cells/well one day prior to 
the experiment. The cells culture medium was 
replaced with fresh medium containing CD24-
PEGylated-Au NPs at 0.1 mM concentrations and 
the cells were incubated for 3 h at 37 ºC and 5% 
CO2. CT26 cell line in the presence CD24-PEGlated-
AuNPs, and 4T1 cell line in the presence IgG-
PEGylated-Au NPs were used as control samples 
in the same concentrations. The cells were 
washed with PBS three times for 5 min, then, 
trypsinized. Following that, the washed cells were 
centrifuged, and resuspended in 200 µl PBS in 0.5 
ml Eppendorf tubes. Also, 200 µl water in 0.5 mL 
Eppendorf tube was used as a control sample for 
normalizing absorption. The supplied tubes were 
placed in a self-designed scanning holder. Finally, 
the cells suspension samples were scanned by 
using mentioned CT imaging system. 

Targeted Computed Tomography imaging of 4T1 
tumor in vivo

All animal experiments and cares were 
performed according to the protocols approved 
by the institutional committee for animal care 
and the policy of the National Ministry.  In the 
initial stage, female 4-6-week-old BALB/C mice 
(18-20 g, Pasteur Institute, Tehran, Iran) were 
subcutaneously injected with 1 × 106 cells/mouse 
in the abdominal mammary gland. Following this, 
the tumor nodules were allowed to reach their 
volumes of 0.7-1.2 cm3 after approximately 2 
weeks post injection. Then, after the mice were 
anesthetized by intraperitoneal injection 0.2 ml 
of Xylazine 2% and Ketamine hydrochloric, they 
were placed in a scanning holder and injected 
with CD24-PEGylated Au NPs and Omnipaque (100 
mL, [Au] 1 mM). Finally, the injected mice were 
scanned immediately as a first time point 0 and 
in the delay times of 30 and 60 min post injection 
and next prepared images were reconstructed on 
CT imaging workstation (Advantage Workstation 
4.3, GE Medical Systems, Milwaukee, WI, USA). 
Meanwhile, CT scanning was performed before 
injection as a control images and it is noticeable 
that the same CT imaging system and protocol 
were used for in vitro and in vivo imaging. 
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Fig 1. (A) TEM image of gold nanoparticles and (B) histogram 
of size distribution. The gold nanoparticles were observed to 

be 10-15 nm in diameter and as quasi-spherical shapes on the 
TEM image

RESULT AND DISCUSSION 
Synthesis and Characterization of CD24 modified 
Au NPs 

To prepare desire nanoparticles as a CT 
targeted contrast media, gold nanoparticles were 
covered via PEG/ m-PEG chains effectively in 
order to improve biocompatibility and decreases 
aggregation of the NPs [34-36]. As mentioned in 
researches the addition of PEG to NPs increases 
circulation time that is so important for imaging 
applications [37, 38]. In addition to use of the 
PEG, changes NP size for this reason the EPR effect 
was modulated and solubility in buffer and serum 
increases due to the hydrophilic ethylene glycol 
repeats [39]. The coated NPs with PEG and m-PEG 
are able to be conjugated with the antibody easily 
[29]. The terminal end of PEG be activated by EDC/
NHS groups and it attached to CD24; it would give 
some unique characteristics to the NPs such as 
appropriate size, biocompatibility, and maximum 
wave length that to be implemented in the in vitro 
and in vivo experiments. As it is shown in figure 

1A, the archived Au NPs includes a spherical shape 
in the TEM image. Also, the prepared Au NPs were 
a red-colored solution with a particles size range 
from 10 to 15 nm in diameter (Fig 1B). 

Fig 2. Viability of 4T1 cells after treatment with CD24-
PEGylated-Au NPs at the different Au concentrations for 4 hr  

Cytotoxicity assay  
Before application of the formed CD24-

PEGlated-Au NPs as a contrast media for in vitro CT 
imaging, the cytotoxicity effects of the modified 
NPs were analyzed via MTT viability assays. In 
order to examine the viability of 4T1 cells, the cell 
line was treated in the presence CD24-PEGlated-
Au NPs for 4 h. As it is shown in Fig 2, there were no 
significant changes in the different concentrations 
of Au compared with the treated control cell line 
with PBS buffer (P > 0.05). From the obtained 
results, it is suggested that the modified NPs are 
compatible in the different concentrations of Au 
under biological condition.

X-ray attenuation property of NPs 
Since gold atom contains higher atomic 

number and electron density compared to iodine, 
it is expected that this atom would show a greater 
X-ray absorption coefficient [36].  Some studies 
proved this theory and showed the attenuation 
coefficient difference in concentration greater 
than 0.01 M [35]. In this study X-ray attenuation 
of preparation PEGylated Au nanoparticles 
was compared with that of Omnipaque in ten 
serial dilutions whereas water absorption used 
as normalized all the absorption data. The 
concentrations of Au and iodine were less than 
1 mM in all samples. It was revealed that with 
the increment concentrations of the radio dense 

A 
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elements (Au and I), X-ray attenuation coefficients 
for both PEGylated Au NPs and Omnipaque were 
risen (Fig 3b), but difference in CT number is low 
as observed in CT images (Fig 3a) and quantitative 
study was used to show that difference. While, 
in the presence PEGylated Au NPs, the risen rate 
of X-ray attenuation was slightly higher than that 
of iohexol. Despite using slight differences in 
the concentrations Au and iodine (lower than 1 
mM), according to the capability of PEGylated Au 
NPs to conjugate with CD24 antibody, this minor 
difference in the radiation absorption  was used 
for computed tomography.

Fig 3. CT images (a) and X-ray attenuation (HU) intensity (b) 
of PEGylated Au NPs and omnipaque as a function of the mM 

concentration of radio dense element (Au and iodine)

In vitro CT imaging of cancer cells 
To carry out CT imaging experiment, 106 cells/

mL (4T1 cells) was used. As previously discussed, 
4T1 cells has a significant CD24 overexpression. 
CT imaging was performed on the cells that 
were targeted by anti CD24 coated PEGylating 
gold nanoparticles (CD24-PEGylated Au NPs). 
In this experiment there were three negative 
control including; CT imaging of 4T1 cells (breast 
cancer) in the absence of the NPs, CT imaging of 
4T1 cells  that were targeted by IgG- PEGylated 
Au NPs (unspecific antibody), and CT imaging 
of CT26 cells (colorectal cancer) that does not 
express this antigen, in the presence of CD24-
PEGylated Au NPs. Since it is difficult to investigate 
the brightness difference of the cell in CT images 
(Fig 4a), quantitative analysis of the CT values of 
the images was necessary. Figure 4b shows the 
attenuation values in Hounsfield unit (HU) that 
were obtained from CT imaging experiments. 
The attenuation coefficient of 4T1 cells that were 

targeted by CD24-PEGylated Au NPs is calculated to 
be over two times higher than the untargeted 4T1 
cells (15 HU vs 39 HU, respectively). The achieved 
values obviously illustrated that the targeted NPs 
were attached to 4T1 cells. The attenuation values 
of the negative control samples indicated that 
nonspecific binding was comparatively rare in the 
samples. Surrounding 4T1 cells through CD24-
PEGylated Au NPs is responsible for increasing the 
rate of radiation absorption by the cells. Since 0.1 
mM of CD24-PEGylated Au NPs was used in this 
section, from the previous researches, it includes 
less complication compared with other contrast 
media [27, 36]. 

Fig 4. CT images (a) and x-ray attenuation intensity (b) of 4T1 
and CT26 cell lines after incubation with nanoparticles

Targeted CT imaging of 4T1 cells in vivo
With the suitable biocompatibility and 

targeting specificity of CD24-PEGylated Au NPs, 
the applicability of CD24-PEGylated Au NPs for 
in vivo targeted CT imaging of 4T1 cells was 
investigated. Whereas early detection of cancer 
is a fundamental factor for planning effective 
therapeutic intervention; therefore, for this 
reason a small xenografted 4T1 tumor model was 
established in BALB/C mice and subsequently, the 
CT number of the tumor region was quantified 
before injection and after different time points 
post injection. According to the CT images of 
tumor before and after intravenous injection of 
CD24-PEGylated Au NPs (Fig 5a), it’s quiet clear 
that the tumor site showed an enhancement of 
higher CT value after injection compared with that 
in control. Quantitative CT help us to clarify the 
amount of this enhancement. Overall, it’s evident 
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that the CT values of the tumor area at different 
time points gradually increased (Fig 6); after 60 
min post injection, the CT value was significantly 
higher than before injection (P < 0.05 Fig 6). 
These results clearly reveal that in addition to the 
developed CD24-PEGylated Au NPs could be useful 
for CT imaging of breast tumors in vivo, the tumor 
CT enhancement is higher than that of Omnipaqe 
(Fig 5 and Fig 6).

Fig 5. CT image of mice bearing 4T1 tumor after intravenous 
injection of the prepared nanoparticles (a) control mice were 
injected with Omnipaqe (b). Images were taken before 0, 30 
and 60 min post injection. Tumor region was showed with 

white arrow

Fig 6. CT value in Hounsfield unit (HU) of the tumor region 
before injection and at different time points post injection

CONCLUSION
Using cancer biomarker in CT imaging has 

been developed reliably as an inexpensive way for 
classification tumors. CD24 antibody as biomarker 
for detection and characterization of cell cancer 
was conjugated to the Au NPs PEGylated and used 
as a targeted contrast mediate for the detection 
of breast cancer 4T1 cells both in vitro and in vivo. 
The obtained results illustrated that the introduced 
nanoprobe is able to help detecting the existence 
of cancer cells that express CD24 through clinical 
CT scans. With the provided this new nanoprobe, 
it is expected that this method would be useful for 
cancer detection in different stages. 
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