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ABSTRACT
Objective(s): Successful detection of tumors in the early stages can significantly increase a patient’s healing 
process and recovery speed. Conventional imaging techniques usually depend on the tissues’ anatomical 
structure. Epidermal growth factor receptor-2 (HER-2) is a transmembrane protein with an extracellular 
ligand-binding domain. HER2 plays an essential role in cell proliferation, differentiation, and survival, and 
its overexpression is associated with various cancers, especially breast and ovarian cancers. Access to its 
extracellular domain makes HER2 an ideal target for drug preparation and molecular imaging probes. In this 
study, a targeted magnetic nanoprobe for molecular imaging of HER2 positive cancers was synthesized, and 
also its potential as a T2-weighted targeted contrast agent was assessed.
Materials and Methods: Superparamagnetic SPION nanoparticles were synthesized using the co-
precipitation method in the presence of CMD and were labeled with SLTVSPWY peptide. The SPION@
CMD@SLTVSPWY nanocomplex was characterized by TEM, DLS, XRD, AAS, FTIR, EDX, and VSM. The 
r1 and r2 relaxivities were then calculated using a 1.5 Tesla clinical magnetic field. The cytotoxicity of the 
nanocomplex was evaluated by MTT assay. Finally, the difference between uptake of targeted nanocomplexes 
and SPION by the human SKOV-3 cell line (HER2 +) was investigated.
Results: The SPION@CMD NPs were synthesized with spherical shape and superparamagnetic behavior. 
Characterization results confirmed the formation of SPION@CMD@SLTVSPWY.  r2 relaxivity and r2/r1 
calculations resulted in suitable values of 313 mM-1s-1 and 8.05 for SPION@CMD@SLTVSPWY, respectively. 
Increased uptake of targeted nanocomplexed (SPION@CMD@SLTVSPWY) compared to non-targeted NPs 
(SPION@CMD) was very noticeable visually, and its numerical ratio was 3.51 at a concentration of 0.075 
mM.  
Conclusion: The targeted synthesized nanocomplex in this study has great potential as a T2 weighted probe 
contrast agent in MR imaging owing to its appropriate high uptake in HER2 + cells. 
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INTRODUCTION
Successful early tumor detection at 

the  earliest  possible  stage or even at the 
precancerous lesion stage or the “Stage  0” can 
significantly improve the patient’s healing process 
and recovery (1, 2). Conventional clinical imaging 
techniques are commonly used to detect lesions 

larger than 1 cm in diameter  (3, 4). Therefore, 
there has been an urgent need to develop precise 
methods for early detection and enhance anti-
tumor drugs specificity (4, 5). In this regard, cellular 
and molecular imaging plays an essential  role  in 
preventing disease and improving treatment 
efficiency by detecting the cell’s fate, signaling 
paths, growth factors, and other mechanisms. 
Molecular cell imaging indirectly measures the 
biological and cellular processes of the body for 
diagnostic and therapeutic applications. Therefore, 
it has a unique ability to describe body tissues 
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pathology without invasive procedures(6, 7). The 
purposes of molecular researches are detecting 
factors that help tumor growth, proliferation, 
angiogenesis, metastases, developing diagnosis 
and treatment tools by targeting methods. 
Molecular imaging probes can  help visualize 
and quantify cancer’s anatomical, functional 
and molecular profiles (4).

Some cancers are associated with increased 
expression of cell surface receptors. Among them 
is the human epidermal growth factor receptor 
2 (HER2)(8). human epidermal growth factor 
receptor 2 (HER-2 or ErbB2) is a transmembrane 
protein capable of attaching to extracellular N- 
terminal ligand and intracellular tyrosine kinase. 
HER2 receptor expression can cause epithelial-
like cancers, such as uterine, ovarian, breast, 
lung, prostate, intestine, stomach, kidney, and 
pancreas cancers (8). HER2 plays an essential 
role in cell proliferation, differentiation, and 
survival. Its expression is intensively related to 
tumor aggressiveness, reoccurrence risk, and 
weak prognosis. As a result, HER2 is an effective 
indicator of cancer diagnosis and treatment(9). 
Due to its extracellular domain, HER2 is becoming 
an ideal target for drug preparation and cellular 
and molecular imaging (10).

Today, Receptor-mediated tumor targeting has 
been considered because of its high specificity  
(11). A critical aspect for the successful progress 
of targeted drug delivery is based on discovering 
particular ligands. Peptides targeting are ligands 
with low molecular weight and high cell/tissue 
penetration. These features make the peptides 
recognized as promising candidates for diagnosis 

and treatment of cancer (2, 12, 13). Heptapeptide 
LTVSPWY has a high binding specificity for HER2 
receptors (14-20). Recently, Superparamagnetic 
iron oxide particles (SPION) are being used as a 
theranostic agent in various imaging modalities, 
including magnetic resonance imaging (MRI), 
magnetic particle imaging (MPI) and treatment 
modality of magnetic induction hyperthermia(11, 
21, 22).  Despite the mentioned advantages of 
iron oxide application, the necessity of injection 
high doses of the MNPs (SPION) for effective MRI 
and magnetic hyperthermia is the most crucial 
disadvantage. Simultaneously, this procedure 
causes high accumulation in non-target tissues, 
toxicity, temperature rise, and noise in background 
tissue. High dose injection of the MNPs leads 
to undesirable results and sometimes patient 
intolerance (11). A targeted drug delivery method 
can be used to prevent such consequences.  This 
study constructs a specific contrast agent for HER2-
positive cancers. In this regard, magnetic iron 
oxide nanoparticles were coated by carboxymethyl 
dextran (CMD) and marked by anti- HER2 peptides 
(LTVSPWY). Then, the performance of the 
nanocomplex as a targeted contrast probe was 
investigated. 

MATERIAL AND METHODS
Ser-LTVSPWY-COOH peptide was 

synthesized by HuiChem (China) and purchased. 
Dextran, FeCl2.4H2O, 99%, Sodium hydroxide 
(NaOH), bromoacetic acid, NH4OH (5 M), 
2,5-diphenyltetrazolium bromide (MTT) were 
purchased (Sigma Aldrich). Neodymium magnet 

 

  Fig 1. Schematic illustration of SPION@CMD@ SLTVSPWY as a targeting system for MRI



281Nanomed. J. 8(4): 279-289, Autumn 2021

A. Papi et al. / Synthesis, targeting and Relaxometry of the superparamagnetic SPION@CMD@Ser-LTVSPWY 

N50 (50× 50 × 30 mm) with 14 kg of Gauss 
remanence was purchased (Iran). Fetal bovine sera 
(FBS), trypsin, Cell culture media (RPMI1640), and 
streptomycin solution were purchased from Gibco 
(Germany). SKOV-3 human ovarian carcinoma cell 
line was obtained from the Pasteur Institute of 
Iran and the National Center of Genetic of Iran. 

Synthesis of nanocomplex SPION@CMD@Ser-
LTVSPWY-COOH
Preparation of carboxymethyl dextran (CMD)

To prepare CMD, 1 gr of dextran was dissolved 
in 3 ml of distilled water, then 3 ml of  NaOH (8 M) 
was added, and the reaction solution temperature 
was raised to 60-65 ° C by a hot water bath. 0.4 gr 
of Bromoacetic acid was added. Then, the mixing 
reaction continued at this temperature for 2 hr. 
After this time, the reaction solution was neutralized 
by adding acid, and the dextran was washed with 
ethanol three times. Finally, it dried at 60 ° C.

Synthesis of iron oxide magnetic nanoparticles in 
the presence of CMD

In order to synthesize SPION@CMD, 1 gr of 
CMD produced according to the previous protocol 
was dissolved in 25 ml of water and then was filtered 
by a 0.2-micron syringe filter. 0.75 gr of FeCl3.6H2O 
salt and 0.4 gr of FeCl2.4H2o salt were dissolved in 
10 ml of water and filtered by a 0.2-micron syringe 
filter. CMD solutions and iron salts were mixed 
together, and the solution temperature reached 
10 ° C. 2.83 ml of 28% ammonia (NH3) was added 
dropwise until the black iron oxide formation. This 
product was kept at 78 ° C for one hour. After cooling 
at room temperature, it was neutralized by acetic 
acid. Large particles were separated by 1500 rpm 
for 15 min. The supernatant was dialyzed for one 
day by a 20 kDa dialysis bag after centrifugation.

Labelling SPION@CMD with peptide Ser-
LTVSPWY-COOH

2 ml of the SPION@CMD synthesized with 
concentration of 5000 ppm was placed on the 
stirrer and 0.0211 gr of Na₂CO₃ was added while 
the pH reached about 10. After dissolution, 4.6 
mgr Cyanogen bromide (CBrN) was added. After 
10 min, 0.0238 gr of sodium dihydrogen phosphate 
(Na2HPO4) was added until the pH reached about 
8.5. Then, 4.8 mgr of the peptide was added and 
rotated at room temperature for 2 hr. Then, 3.2 
mgr of glycine was added to the reaction solution, 
and the temperature was set to 6 ° C for 24 hr. In 
the last step, it was dialyzed for one day by a 20 
kDa dialysis bag.

Physico-chemical characterizations
Dynamic Light Scattering (DLS)

The hydrodynamic particle size, size 

distributions, and zeta potential of SPION@CMD@
SLTVSPWY and SPION@CMD were measured by 
the DLS system using a HORIBA Zetasizer (NANO-
ZS, Malvern, UK). 

Transmission Electron Microscopy (TEM)
The morphology and size distribution of the 

synthesized nanoparticle was evaluated with the 
TEM system. A 100 KeV field emission Philips 
CM120, Philips Electron Optics, Netherland was 
used to get TEM.

Phase structure
To confirm the crystal structure of SPION, 

the X-ray diffraction (XRD) (GNR EXPLORER, 
Italy) was performed approximately  equal to 
room  temperature (25° C). For this purpose, the 
XRD system was set to the 20º–80º  (2θ) range that 
using Cu-Kα (with λ= 1.54 Å,  40 kV,  30 mA) of 
radiation parameter. 

Infrared spectra
Fourier-transform IR (FTIR) spectroscopy was 

used to identify functional groups and chemical 
structural changes in SOION@CMD@SLTVSPWY 
and SPION@CMD.

Magnetometry
vibrating sample magnetometer (vibrating 

sample magnetometer) VSM (VSMF model, Iran) 
was used to obtain the magnetic field-dependent 
magnetisation loop from −10000 to 10000 Oe at 
room temperature.

Relaxivity measurements 
Magnetic nanoparticles as a contrast agent 

in MRI could change relaxation times (T1 and 
T2). Iron oxide-based MNPs are often used to 
enhance T2 contrast is referred to as T2 weighted 
images. r1 and r2 quantify the contrast-enhancing 
efficiency of contrast agents. (longitudinal and 
transversal relaxivities values). r1 and r2 were 
calculated by relaxometry of phantom containing 
the synthesized nanostructures at 1.5 Tesla 
MRI scanner (Avanto/ SIEMENS) at various Fe 
concentrations of (0.045, 0.091, 0.137, 0.183, 
0.229, and 0.275 mM) according to AAS results.  
T1-weighted images were obtained at Time of 
Repetition (TR): 100 to 2000 ms: 100/300/600/ 
900/1200/2000 ms; Time of Echo (TE): 8.7 ms; flip 
angle: 20 degrees; the field of view(FoV): 260 mm; 
matrix size: 256× 192; 100%; averages: 1, echo 
train length: 1; slice thickness: 5 mm. T2-weighted 
images were acquired with T2 spin-echo multi-
section pulse sequence by TE, 13.8 to 165.5: 13.
8/27.9/41.4/55.2/69.0/82.8/96.6/110.4/124.2/1
38.0/151.8/165.6/  179.4/193.2/207.0/220.8 ms; 
TR of 2000 ms; ; matrix size: 256 ×192; flip angle: 
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20 degree FoV: 260 mm; 100%; averages: 1, echo 
train length: 1. The data analysis and curves fitting 
was performed by using Origin pro radiant Dicom 
viewer software and Excel.

Cytotoxicity assay
Cytotoxicity of the nanostructures was assessed 

using the MTT assay. Briefly, the SKOV-3 cells were 
seeded in 96-well plates at a density of 8 × 103 cells/
well and incubated at 37°C and  5% CO2 for 24 hr. 
In the next step, the cells were exposed to various 
concentrations (0.025, 0.05, 0.1, 0.25, and 0.7 mM) 
of SPION@CMD and SOION@CMD@SLTVSPWY for 
24 hr in the incubator. Finally, the MTT assay was 
carried out to estimate the cell viability. 

Quantitative evaluation of cell uptake in vitro
The amount of absorbed iron was 

measured quantitatively in cells incubated with 
nanocomplexes SPION@CMD and SPION@CMD@
SLTVSPWY. Briefly, SKOV-3 cancer cells were 
cultured in 6-well plates with a seeding density of 
4×105 cells/well for 24 hr. After washing, the cells 
were incubated with synthesized nanostructures 
(SPION@CMD@SLTVSPWY and SPION@CMD) 
at concentration of  0.035, 0.075, and 0.25 mM 
for 24 hr (concentration series of nanostructures 
were measured and used based on the iron 
content in it with the help of atomic absorption 
spectroscopy (AAS)). In the next step after washing  
the cells three times with PBS,  complete cellular 
digestion was carried out by using perchloric acid. 
Finally, the iron (Fe) concentration of the cells was 
measured by AAS.

Visual evaluation of cell uptake in vitro
The visual technique was used to visualize the 

accumulation of synthesized nanostructures in 
SKOV-3 cells. SKOV-3 cells (4×106) were cultured in 
three single T75 flasks for 24 hr at 37°C incubators. 
Then, the cells were incubated with SPION@CMD 
and SPION@CMD@SLTVSPWY at a concentration 
of 0.25 mM for 24 hr. After washing with PBS 
and separation from the flasks, the cells were 
centrifuged in falcon.

RESULTS
Synthesis and Physico-chemical characterizations 
of Nanoparticles

Fig 2. shows a schematic scheme of the 
nanocomplex synthesis steps and interactions of 
the components.  The reaction of dextran with 
bromoacetic acid produced dextrin carboxylate. 
To synthesize SPION nanoparticles, Iron (III) 
chloride and iron (II) chloride simultaneously 
reacted with dextrin carboxylate prepared in the 
previous step. Simultaneous synthesis of iron 
oxide nanoparticles in the presence of dextrin 
carboxylate has two advantages: The first is that 
dextran forms a stable bond with nanoparticles 
due to carboxyl groups. The second is that it causes 
a more uniform size distribution in the formation 
of nanoparticles. After the formation of dextran-
coated nanoparticles, they react with Cyanogen 
bromide (CBrN). Cyanogen bromide reacts with 
groups OH of dextran on the one hand and can 
form an amide bond with the peptide amine group 
on the other hand. An LTVSPWY peptide was used 
in this study, and a Serine amino acid was added 
to its N- terminus as a spacer. The N- terminus of 
peptide reacted with Cyanogen bromide in the last 
step, and the final complex was formed.

FTIR. Fig 3. shows the FTIR results of 

 

  Fig 2. Synthetic scheme of SPION@CMD@SLTVSPWY
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nanostructures SPION@CMD@SLTVSPWY and 
SPION@CMD. In the spectrum related to SPION@
CMD nanostructure, the band at 3244 cm-1 is 
associated with the stretching vibration and 
bending vibration of the O-H bonds is associated 
with the adsorbed water groups. The peaks at 
2923 cm-1 and 583 cm-1 were associated with the 
CH2 and C-O bonds of CMD, respectively. The peak 
at 583 cm-1 is related to Fe-O bonds. Also, the peak 
at 1590 cm-1 is associated with the carbonyl of 
the asymmetric carboxyl group. In the spectrum 
of SPIONs coated with peptide SLTVPWY, Peak at 
3421 cm-1 is associated with the O-H bond of CMD 
and water while amine bonds overlap. The peak 
at 2418 cm- 1  is associated with nitrile bond, 1615 

cm-1 peak is associated with the formed amide 
group’s carbonyl, 1149 cm-1 is associated to the C-N 
peptide bond, 1082 cm-1 peak is associated to C-O 
bond of CMD and peak at 531 cm-1  is associated 
with Fe-O bond of iron oxide nanoparticles.

DLS. The results of SPION@CMD@SLTVSPWY 
and SPION@CMD nanocomplexes were shown as 
single castles (Fig 4). The highest frequencies of 
SPION@CMD@SLTVSPWY and SPION@CMD were 
162.9 and 160.8 nm, respectively (Fig 4a, 4b). Zeta 
potential was measured at -75.9mV for SPION@
CMD and -6.5 mV for SPION@CMD@SLTVSPWY 
(Fig 4c).

TEM. The TEM image taken from SPION@CMD 
shows a spherical structure (Fig 5a). The histogram 

Fig 3. FTIR spectra of SPION@CMDSLTVSPWY and SPION@CMD 

Fig 4. The hydrodynamic particle size distribution diagram. SPION@CMD(a) and SPION@CMD@SLTVSPWY(b); peaks at 160.8 nm 
and 162.9 nm, respectively zeta potential map of SPION@CMD(c), and zeta potential map of SPION@CMD@SLTVSPWY(d) were 

measured at -75.9 mV and -6.5 mV, respectively
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of nanoparticle size distribution showed that the 
maximum SPION@CMD is approximately between 
30 and 45, with an average size of 31.35 nm in 
diameter (Fig 5b). 

XRD. XRD pattern of the SPIONs is shown in Fig 
6. Based on this pattern, the maximum diffraction 
peak occurred at a 2θ value of 35.7°. All peaks’ 
location and relative intensity were matched well 
with the pattern of standard magnetite SPION 
(JCPDS card, file No. 19-0629), denoting that the 
synthesized SPION are magnetic crystals. The 
Sherrer’s equation estimated the mean crystal size 
(D): D = Kλ/β cosθ where K is the Scherrer constant, 
λ is the wavelength, β is the FWHM (in radians), and 
θ is the peak angular position. As a result, the crystal 
size of the SPION was calculated by the highest 
intensive peak (311) with a value of ~7.95 nm. The 
peaks of the crystalline pattern of hydrophobic 
SPIONs are related to the 220, 311, 400, 422, 511, 
and 440  planes of x-ray diffraction (23).

VSM. The magnetic properties of SPION@CMD 
were investigated using a SQUID system. (Fig 7). 

According to this hysteresis curve, Mr and Hc’s zero 
values in the curve confirm the superparamagnetic 
behavior of the synthesized SPION@CMD. The 
results showed that SPION@CMD has a saturation 
magnetization of 18.26 emu/g at 27 ° C.

MRI Relaxometry
The properties of magnetic relaxation were 

analyzed to evaluate the potential application 
of nanocomplexes as MR contrast agents. T1 
and T2 - weighted images were taken using 
aqueous suspensions of the nanocomplexes at 
concentrations 0.045, 0.091, 0.137, 0.183, 0.229 
and 0.275 mM of Fe. For nanostructure SPION@
CMD, the values ​​of r2 and r1 were calculated as 
318.16 and 34.40 mM-1s-1, respectively (Fig 8). 
In comparison, the values ​​ r2 and r1 for SPION@
CMD@SLTVSPWY were calculated as 313.26. 
and 38.91 mM-1s-1, respectively (Fig 9). The r2/r1 
ratio is an interesting, sensitive parameter used 
to identify the contrast agents’ category (T1 or 
T2 contrast agent). The r2/r1 ratio was calculated 

 

  
Fig 5.  (a) TEM images of SPION@CMD (b) Size distribution histogram of SPION@CMD

 

  Fig 6. XRD pattern of SPION sample synthesized by a co-
precipitation method. The XRD system acted at 40 kV and 30 

mA in a 2θ range of 20°-80°

 

  
Fig 7. The magnetic hysteresis curve for SPION@CMD at the 

magnetic field ranges from 0 to 10 kOe at 27 °C
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as 9.24 and 8.05 for SPION@CMD and SPION@
CMD@SLTVSPWY, respectively.

Cell viability assay of nanoparticles
The cytotoxicity of SPION@CMD@SLTVSPWY 

and SPION@CMD was investigated by MTT assay 
(Fig 10). The cytotoxicity of the nanocomplexes 
was investigated on the SKOV-3 cell line at 
concentrations of 0.025, 0.05, 0.1, 0.25, and 0.7 mM 
for 24 hr. Using SPSS software, the data normality 
was checked based on the Kolmogorov–Smirnov 
test (*P>0.05). Then the homogeneity of variance 
of the groups was examined. The ANOVA test 
results showed a significant difference between 
the groups and the control group (*P<0.05). Due 
to the equality of variances (P-value=0.093), 

the Dunnett test was used to compare groups. 
Mean cell survival percentage at 0.025, 0.05, 0.1, 
0.25 mM concentrations of SPION@CMD and 
0.025, 0.05, 0.1 mM concentrations of SPION@
CMD@SLTVSPWY does not show any significant 
difference compared to the control group. 
However, SPION@CMD concentration of 0.7 mM 
and SPION@CMD@SLTVSPWY concentrations of 
0.25 and 0.7 mM showed a significant difference 
compared to the control group. This toxicity and 
reduced survival may be due to the high uptake 
of the nanocomplex by the receptor into the cell.
Quantitative evaluation of cell uptake in vitro

The atomic absorption spectroscopy (AAS) test 
results of measuring the amount of iron-loaded 
inside SKOV-3 cells showed a significant increase 

 

  Fig 8. Longitudinal (r1) and transverse(r2) relaxivity plot of the 
aqueous suspension of SPION@CMD

 

  Fig 9. Longitudinal and transverse relaxivity plot of the aqueous 
suspension of SPION@CMD@SLTVSPWY
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Fig 10. In vitro cytotoxicity of SPION@CMD@SLTVSPWY and SPION@CMD tested on SKOV-3 cell line after 24 h incubation at 37 °C. 
Data are shown as mean ± SD (n = 5)
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in cellular uptake of targeted nanocomplexes 
compared to SPION@CMD. According to Fig 11, 
the cell uptake value for targeted nanocomplexes 
compared to SPION@CMD increased 3, 3.51, and 
1.22-fold at concentrations 0.035, 0.075, and 
0.25 mM, respectively. At concentrations greater 
than 0.25 mM, cells treated with SPION@CMD@
SLTVSPWY showed toxicity and cell lysis after 24 
hr of incubation due to the very high iron uptake 
of SKOV-3 cells.

Visual evaluation of cell uptake in vitro
As shown in Fig 12, a significant increase in iron 

uptake was observed in cells treated with controls 
(a) compared to SPION@CMD(b) and SPION@
CMD@SLTVSPWY (c).

DISCUSSION
Cancer is one of the most important causes 

of death in human societies. Early detection 
and effective treatment of cancer are significant 
challenges. Molecular diagnosis of cancer in the 
clinic is an essential requirement. Characteristics 
and specific markers of tumor cells are used as 
targets for diagnostic and therapeutic agents (24). 
Her2 protein expression level is an important 
predictor of the diagnosis and treatment of 
cancer. In some cancerous tumors, especially 
breast cancer, there is a direct link between 
Her2 overexpression and mortality. (25). Based 
on ErbB receptor importance, many attempts 
have been made to improve targeted therapies 
(26). Heptapeptide LTVSPWY has a high binding 
specificity for Her2 receptors (4). Candidate 
structures as imaging probes must-have features 
such as stability and good biocompatibility. SPIONs 

are low-toxic and in the long run, biodegrade 
to form blood hemoglobinTheir surface is 
covered with biocompatible materials to prevent 
aggregation and instability in the interstitial 
fluid and blood (27). different polymers Such as 
CD  (cyclodextrin) and PEG (Polyethylene glycol) 
have been coated onto the surface of SPIONs to 
decrease their uptake by the immune system 
(Reticuloendothelial system) and improve their 
stability (28-31). According to previous studies, the 
surface of SPIONs can be modified with carboxyl 
groups (-COOH) to provide a suitable binding site 
for SPIONs with compounds containing amine 
groups (-NH2) such as peptides. (23, 32, 33). In 
this study, we also used the CMD (Carboxymethyl 
dextran) to cover the surface of nanoparticles 
and create carboxyl groups. Using this approach, 
we used carboxymethylated dextran. Forming an 
amide reaction with the amine group of the peptide 
causes the peptide to bind to the nanoparticle’s 
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Fig 11. Cellular uptake level of synthesized nanocomplexes

 

  Fig 12.  Observed uptake differences between nanocomplexes. 
control (Cell without any nanostructures) (a) SPION@CMD(b).  

SPION@CMD@SLTVSPWY(c). 
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surface. The FTIR also confirmed the formation of 
SPION@CMD@SLTVSPWY. The MTT test showed 
a lack of toxicity in the range used. There is a 
correlation between the size of nanostructures 
based on iron oxide nanoparticles with magnetic 
properties and cellular uptake mechanisms (34). 
In this study obtained average hydrodynamic 
diameter for nanostructures SPION@CMD and 
SPION@CMD@SLTVSPWY by the DLS system, 
which were 160.8 nm and 162.9 nm, respectively. 
Processing of TEM image results with Imagj 
software showed that the synthesized SPIONs 
have an average diameter of 31 nm. They also 
had an almost spherical and uniform morphology 
(35). Also, their small size and suitable surface 
modification led to acceptable superparamagnetic 
behavior (36, 37). The size reported by DLS is larger 
than the TEM size of the magnetic nanoparticles. 
This was confirmed by this research and many 
studies that used this method. According to 
previous studies, DLS for small and large particles 
has shown the greatest difference with TEM and 
the highest correspondence in medium sizes. 
According to other studies, the increase of DLS size 
also depends on the concentration of the solution 
containing the nanoparticles (38). The crystal 
size of the synthesized nanoparticles with a small 
size of 7.95 nm was calculated by analyzing the 
XRD pattern and Sherrer’s equation. Comparison 
between DLS and TEM results shows that the 
average size of nanoparticles (31 nm) is composed 
of several crystals (3-5 crystals). However, this 
range of sizes is desirable to increase r2 relaxivity. 
(39, 40). In magnetic resonance imaging (T2-
weighted imaging) of the nanostructures 
concentration series (SPION@CMD and SPION@
CMD@SLTVSPWY ), significant negative contrast 
changes were observed. 

The R2 value obtained with a clinical 1.5 
Tesla MRI for SPION@CMD and SPION@CMD@
SLTVSPWY was 318.16 and 313.26 mM-1s-1, 
respectively. The results confirmed that SPION@
CMD@SLTVSPWY could be considered as a 
targeted negative contrast agent. The relaxivity of 
MNPs according to equation (1) depends on the 
saturation magnetization (Ms), size and shape of 
NPs, and the thickness of the coating:

Where Ɣ is the geomagnetic ratio of protons, 
r is the diameter of the nanoparticles, ms is the 
magnetization of a nanoparticle, V is the volume 
of the nanoparticles, D is the diffusion coefficient 
of water molecules, and L is the coating thickness 
of the nanoparticles (38, 41, 42). According to 

equation (1), r2 decreases with the increasing 
diameter of the coating (L). This confirms the 
relaxometry results of this study. So that, the r2 
value of targeted nanocomplexes was calculated 
lower than r2 of SPION@CMD due to the larger 
diameter of the coating. The high value of the 
r2/r1 ratio indicated a suitable T2 contrast agent 
(43) In the present study, the obtained r2/r1 ratio 
showed that SPION@CMD@SLTVSPWY has the 
potential to be nominated as a negative contrast 
agent in clinical MRI. The evaluation of cellular 
uptake of formulations on the SKOV-3 cell line 
indicated the importance of SLTVSPWY peptide 
on the targeted formulation’s uptake. In all 
concentrations, the cellular uptake for SPION@
CMD@SLTVSPWY was higher than SPION@CMD. 
Moreover, the cells treated with SPION@CMD@
SLTVSPWY at concentrations higher than 0.25 
mM burst and lysed due to high iron uptake and 
intolerance. This is in agreement with previous 
studies in which delivery of diagnostic factors with 
peptides increased the cellular internalization 
of functionalized-SPIONs in vitro (17, 25, 26, 44-
46). Coupling ligand (SLTVSPWY peptide) and 
receptor (HER2) resulted in a significant increase 
in endocytosis and SPION@CMD@SLTVSPWY  
cellular uptake in cells with HER2-overexpression 
(47). In the study of Zhang et al., SPIONs were 
labeled with folate as a targeted diagnostic probe. 
Cell uptake experiments were performed on the 
SKOV-3 cell line at concentrations of 0.2 and 0.4 
mM. They had the highest amount of adsorption at 
a concentration of 0.4 mM, approximately equal to 
30 pg/cell. Also, in targeted NPs with FA compared 
to non-targeted NPs, the amount of iron uptake 
in the concentrations used was approximately 2.5 
and 3 times, respectively (Fig. 13) (48). However, 
in our study on the same cell line, the highest iron 

 
Fig 13. Cellular uptake assay of the Skov3 cells after treatment 
with FA-targeted SPION NPs or non-targeted SPION NPs at Fe 

concentration of 0.2 and 0.4 mM(48)
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uptake at a concentration of 0.075 mM (5.33-fold 
dilution of Fe (FA-targeted SPION)) was 16.53 pg/
cell. This means that SPION@CMD@SLTVSPWY 
is 2.93 times (approximately three times) more 
absorbent than FA-targeted NPs. Also, iron 
adsorption with targeted nanoparticles increased 
by 3 and 3.51 times compared to non-targeted 
nanoparticles at concentrations of 0.035 and 
0.075 mM, respectively (Fig. 11). These results 
indicate that SPION@CMD@SLTVSPWY has high 
sensitivity and uptake in HER2-positive cells.

CONCLUSION
This study aimed to synthesize targeted SPION-

base nanoprobes to detect HER2-positive cancer 
cells with the help of MRI. SPIONs with an average 
diameter of 31 nm were synthesized using the co-
precipitation method. The SPIONs were coated 
with CMD and labeled with SLTVSPWY peptide. 
The effect of nanocomplexes on Transverse 
relaxation time (T2) in aqueous solutions of 
varying concentrations (iron concentration) was 
determined with a clinical 1.5 Tesla MRI. The values ​​ 
r2 for SPION@CMD@SLTVSPWY and SPION@CMD 
were calculated as 313.26 and 318.16 mM-1s-1, 
respectively, and r2/r1 ratio for SPION@CMD@
SLTVSPWY was 9.24. Targeted nanostructure 
(SPION@CMD@SLTVSPWY) showed higher cellular 
uptake than non-target (SPION@CMD). Our study 
suggests that SPION@CMD@SLTVSPWY can be 
used in the future as a targeted diagnostic probe 
for improving cancer HER2 positive diagnosis.
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