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Cancer may be difficult to target, however, if cancer targeted this provides the chance for a better and
more effective treatment. Quantum dots (Qdots) coated vapreotide (VAP) as a somatostatin receptors
(SSTRs) agonist can be efficient targeting issue since may reduce side effects and increase drug delivery
to the target tissue. This study highlights the active targeting of cancer cells by cells imaging with
improving the therapeutic outcomes. VAP was conjugated to Qdots using amine-to-sulfhydryl crosslin-
ker. The synthesized Qdots-VAP was characterized by determination of size, measuring the zeta-
potential and UV fluorometer. The cellular uptake was studied using different cell lines. Finally, the
Qdots-VAP was injected into a rat model. The results showed a size of 479.8 ± 15 and 604.88 ± 17 nm
for unmodified Qdots and Qdots-VAP respectively, while the zeta potential of particles went from nega-
tive to positive charge which proved the conjugation of VAP to Qdots. The fluorometer recorded a redshift
for Qdots-VAP compared with unmodified Qdots. Moreover, cellular uptake exhibited high specific bind-
ing with cells which express SSTRs using confocal microscopy and flow cytometry (17.3 MFU comparing
to 3.1 MFU of control, P < 0.001). Finally, an in vivo study showed a strong accumulation of Qdots-VAP in
the blood cells (70%). In conclusion, Qdots-VAP can play a crucial role in cancer diagnosis and treatment
of blood cells diseases when conjugated with VAP as SSTRs agonist.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

It is problematic to distinguish and to specifically treat the can-
cer cells, nevertheless, if cancer expresses a specific receptor such
as somatostatin receptors (SSTRs) will offer the chance for more
effective and specific targeting. Targeting techniques have become
of crucial importance for the early detection by imaging of various
types of cancers today, imaging is simply a method for the detec-
tion and to determine the stages and the exact locations of cancer.
In order to check whether it has returned all of which can assist in
directing surgery and cancer therapy (Akita et al., 2016, Potier
et al., 2016). Clinical trials play a significant role in order to prove
whether the imaging techniques are more efficient and safe than
radiological procedures and therapies. These methods include
images from diagnostic radiology, interventional radiology, and
radiation therapy (Derwin et al., 2012). These types of radiations
have many side effects as it can also induce cancer (Pilz et al.,
2016; Schneider et al., 2016). Some other additional kinds of imag-
ing techniques are safe and easy to use (Li et al., 2013). Moreover,
the targeted transference of NPs to site-specific cells could be
distributed to a specific organ in the body and therefore reduce
side effects and toxic reactions significantly (Bertrand and
Leroux, 2012; Othman et al., 2017). This kind of treatment will
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deliver the drug specifically to only the cancer cells, and hence will
be safe for the other healthy cells. Our strategy is safely targeting
the cancer cells through receptor as a kind of active targeting.
The active targeting, also named ligand-mediated targeting,
includes attaching ligands to the surface of nanoparticles (NPs)
for specific uptake by the targeted diseased cells. Ligands are usu-
ally chosen to bind surface molecules or receptors that are over-
expressed in diseased cells, tissues or subcellular areas
(Avvakumova et al., 2016; Kwon et al., 2016). Active targeting is
aimed towards enhancing interactions between NPs and receptors
as well as increasing internalization of NPs without changing the
overall NPs bio-distribution (Abdellatif et al., 2016). Active target-
ing may also avoid the non-specific binding of proteins during the
NP’s journey through the bloodstream which affects the targeting
efficiency of NPs. This may be improved by altering the physio-
chemical properties such as the ligand density, the size of the for-
mulated or the choice of the attached targeting ligand in vitro as
well as in vivo (Phatak et al., 2007; Cheng et al., 2013). The formu-
lated NPs can be identified using different methods that are a novel
approach for cancer-targeting.

The receptor selected for this targeting is SSTRs, which are parts
of the G protein-coupled receptors (GPCRs) (Hoyer et al., 1995;
Patel, 1999). There are five subtypes of SSTRs (SSTR1-5) which
are expressed in many organs such as the pancreas, kidney, heart
blood cells and cancer cells. SSTRs can be targeted using somato-
statin (SST) or its analogues such as octreotide (OCT) and vapreo-
tide (VAP). The SSTRs are either expressed on the cell membrane
or within the cell, and cells that do not have such receptors cannot
be influenced directly by that SST or SST analogues (Abdellatif
et al., 2016). Significantly, it was reported that SSTRs are over-
expressed in all kinds of cancer. Additionally, it was proven in
our lab that cancer cells express SSTRs, and therefore delivering
drug to cancer is possible by targeting SSTR2, and imaging also is
possible by using NPs with high fluorescence, such as Quantum
dots (Qdots) (Herrmann et al., 2015; Gupta et al., 2017).

Qdots are a semiconductor, having huge advantages for in vivo
applications because they resist photobleaching (Chen et al., 2009)
and provides a good stability in the bloodstream (Ballou et al.,
2005). In addition, amine-PEGylated Qdots have low cytotoxicity
when incubated with cell culture, whichmakes Qdots suitable tools
for cellular andmolecular imaging techniques, used to diagnose the
nature and stage of cancer and other diseases. Consequently, Qdots
conjugated VAP can be used to transport a certain number of drugs
to specific sites in the human body. Qdots have distinctive chemical
and physical possessions due to their characteristic size and their
high compacted structure (Ghasemi et al., 2009).

The aim of this study is to develop and formulate novel Qdots
conjugated with SST analogues which is VAP for targeting SSTR2

expressed in blood cells. The selected Qdots which have both fluo-
rescences and can deliver the drug to a specific site. For this, Qdots
coated with VAP (Qdots-VAP) were formulated. For selective bind-
ing to SSTR2, the Qdots-VAP was incubated using MCF7 cells which
expressed all kind of SSTRs. Flow cytometry (FACs) and confocal
laser scanning microscopy (CLSM) were used for imaging the
fluorescent of Qdots-VAP in the MCF7. Finally, the formulated
Qdots-VAP were injected into model rats. Thus, this state of art
groundbreaking methodology will open new approaches for the
specific targeting of cancer cells.
2. Materials and methods

2.1. Materials

Quantum dots carrying PEG-amine, Dulbecco‘s phosphate
buffered saline (pH 7.2), Dulbecco’s Modified Eagle Medium, and
Leibovitz0s L-15 and Sulfo-SMCC (sulfosuccinimidyl 4-(N-maleimi
domethyl)-cyclohexane-1-carboxylate) from Life Technologies
Ltd, Paisley PA4 9RF, U.K. Triethanolamine buffer and Ethylene
di-amin Tetraacetic acid (EDTA) were purchased from Sigma
Aldrich (Steinheim, Germany). Human Caucasian breast adenocar-
cinoma (MCF7 cells) were purchased from VACSERA CO., Dukki,
Giza, Egypt. Adult female albino rats (each 120-130 g) with age
of about 6–8 months were used for the in-vivo experiment. The rats
were housed under harmonized environmental situations in the
pre-clinical animal house, Department of Pharmacology, Faculty
of Medicine, Assiut University, Assiut. They were fed with typical
diet and permitted free access to drinking water.

2.2. Conjugation of vapreotide to quantum dots

In order to conjugate VAP to Qdots-PEG-amine, VAP was first
thiolated using Traut’s reagent. For thiolation of VAP, it was dis-
solved in phosphate buffer (pH 8.2, 0.1 M). Typically, 500 mL of
1.2 mM VAP was mixed with an equimolar concentration of Traut́s
reagent. The reactants were incubated at 37 �C and stirred at 600
rpm for 60 min (Amartey, 1993). The reaction mixture was purified
using Sephadex G-25 mini-column (Updegrove et al., 2011). Fur-
thermore, Qdots-PEG-amine was activated with a 500-fold molar
excess of sulfo-SMCC. The activated Qdots-sulfo-SMCC was conju-
gated to the thiolated-VAP to form Qdots-VAP. The reactants were
incubated at 37 �C and stirred at 600 rpm for 3 h at pH 7. The final
product was purified by centrifugation using an ultrafiltration tube
(Amicon Ultra-4, 100 K MWCO; GE Healthcare) (Fig. 1).

2.3. Characterization of nanoparticles

2.3.1. Dynamic light scattering
The dynamic light scattering (DLS) was used to determine the

size, count rate and zeta potential of Qdots-PEG-amine (before and
after conjugation with VAP). The samples were adjusted to 25 �C,
then subjected to a laser beam of 633 nm at a scattering angle of
90� using the Malvern Zetasizer nano s90 (Malvern Instruments
GmbH, Herrenberg, Germany) (Leung et al., 2006, Destremaut
et al., 2009). All sampleswereplaced in aqueous solution. The results
were calculated from the average of the three measurements while
each measurement was run 20 times (10 s duration).

2.3.2. Spectrophotometric analysis
The fluorescence of Qdots-PEG-amine (before and after conju-

gation with VAP) was recorded using a Perkin-Elmer LS 55 (Perkin
Elmer, Waltham, U.S.A.) equipped with a R928 red-sensitive quan-
tum photomultiplier and the FL-WinLab V4.00.03 software in 1 cm
quartz cuvettes and in polycarbonate crystal microplates in white
to provide maximum reflectivity, and for allowing high sensitivity
of the luminescence/fluorescence assays. The fluorescence emis-
sion spectra of VAP in phosphate buffer pH 7.2 were recorded. Exci-
tation wavelength maximum of VAP was 288 nm and an emission
wavelength maximum 305 nm. Fluorescence emission spectra
were also recorded in order to determine the shift obtained after
conjugation VAP to Qdots-PEG-amine using (Ex: 488 nm and Em:
655 nm) (Sreenivasan et al., 2012).

2.3.3. Cellular uptake
In order to study the cellular uptake and displacement of the

formulated Qdots-VAP, (MCF7 cells passage 67) which express
SSTRs as reported previously (Abdellatif, 2015a,b). MCF7 were
incubated with Qdots-PEG-amine (before and after conjugation
with VAP) as the previously reported method (Fang et al., 2013;
Tsoi et al., 2013). For the displacement experiment, Qdots-VAP
were incubated with 100 mM free VAP for 1 h at 37 �C. After 1-h
incubation all Qdots were removed from the incubation medium,



Fig. 1. Conjugation of Qdots-PEG-amine with VAP. Qdots was first activated using Sulfo-SMCC and then conjugated to VAP. The formulated Qdots-VAP was purified using
Sephadex G-25.
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the cells were washed with phosphate buffer pH 7.2 and afterward
incubated with trypsin for 3 min. The cells were centrifuged at
1200 rpm at 4 �C, washed with phosphate buffer pH 7.2 and used
for flow cytometry (FACS) analysis. Cells were analyzed on a FACS
(Calibur BD Biosciences, San Jose, CA). Qdots were excited at 488
nm while the emission was measured using 655/16 nm band-
pass filters. Data were calculated using Win-MDI 2.9 (The Scripps
Institute, Flow Cytometry Core Facility), the software Windows
Multiple Document Interface for Flow Cytometry. 10,000 cells were
extracted and counted by FACS from the total amount of cells and
the fluorescence was expressed in a histogram. Each record repre-
sents the average of three measurements (±SEM). The Qdots-PEG-
amine concentration was determined prior to use fluorimetric
measurement in a 96-well plate on an LS-55 fluorescence spec-
trometer at an excitation wavelength of 450 nm and an emission
wavelength of 655 nm.
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Fig. 2. Particle size distribution of Qdots-PEG-amine and Qdots-VAP which were
measured using dynamic light scattering.
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2.3.4. Identification of the internalized nanoparticles
For identification of the internalization of Qdots-VAP using con-

focal laser scanning microscopy (CLSM), 10,000 cells were seeded
in an 8-well chamber-slide (Ibidi, Munich, Germany). To identify
the specific interaction with receptors, a competitive displacement
experiment was carried out by incubation of Qdots-VAP with a
1000-fold excess of free VAP as a competitor (Abdellatif and
Tawfeek, 2016). The cells were incubated for 1 h at 37 �C, washed
with DPBS and examined using a Zeiss Axiovert 200 M inverted
epifluorescence microscope coupled with an LSM 510 laser scan-
ning device, using a 40� plan-Apochromat water immersion objec-
tive (NA 1.2), CLSM (EX: 488/Em: 655).

2.3.5. Binding and displacement experiments
Binding and displacement experiments were carried out cell

expressed receptors (Gupta et al., 1999), such as human breast can-
cer cell line MCF-7 cells expressing SSTR2. For the experiments, the
cells were incubated with various concentrations of VAP with
Qdots-VAP for 2 h at room temperature. Displacement trials were
carried out using a fixed amount of 1 nM of Qdots-VAP while
increasing the concentrations of the free VAP receptor agonist.
Both, binding and displacement data were achieved after isolating
the cells with trypsin. The fluorescence intensity was determined
using a FACS Calibur (flow cytometer equipped with a 661/16 nm
bandpass filter and an excitation laser of 488 nm).

2.3.6. In vivo study
In vivo studies were performed to examine the delivery of

Qdots-VAP to blood cells. Adult female albino rats (n = 10) were
used to prove the targeting of SSTRs. The rats were injected with
70 mL of ketamine (100 mg/kg) and xylazine (10 mg/kg) intraperi-
toneal at a ratio of (3:1). Afterward, the rats were injected with
Qdots-PEG amine as a control and Qdots-VAP at a concentration
of 100 pmol in the lateral vein (Abdellatif, 2015a,b). Animals were
sacrificed after 1 h post-injection according to the previously
described protocol (Davidson et al., 2015). Then the blood cells
were collected and the peritoneal cavity was opened. The organs
(liver, spleen, kidney, pancreas, lung, heart, tail, eyes) were dis-
sected and fixed by immersion in 4% PFA for 24 h and eyes for 6
h. Inductively coupled plasma mass spectrometry (ICP-MS) was
carried out to identify the amount of cadmium content of the
Qdots-VAP in the organs and blood. All animal experiments were
approved by the Research Ethics Committee in the Faculty of Med-
icine, Assiut University, Egypt.

2.3.7. Determination of cadmium mass using inductively coupled
plasma-mass spectroscopy (ICP-MS)

The bio-distribution of Qdots-VAP was determined by measur-
ing the cadmiummass in rat blood cells and the other organs using
ICP-MS as recently described by Kane and Hall (2006), Wang et al.
(2008). The amount of cadmium was quantified and then con-
verted to the corresponding amount in kg using Microsoft excel
program which makes the calculation easy. Briefly, the blood cells
and all organ samples were digested by a microwave-assisted
nitric acid digestion method using a MARSX press system (CEM).
The cadmium content was determined, which corresponded (*)
with the number of Qdots-VAP quantitatively. Concentrations of
cadmium in the blood cells and organ samples were quantified
using an ICP-MS 7700cx (Agilent Technologies, USA). The total
injected dose (ID) per animal was calculated by adding up the cad-
mium mass of all organs.

2.3.8. Statistical analysis
All assays were carried out in triplicate. All data were expressed

as a mean ± standard deviation. One-way analysis of variance and
Bonferroni’s post hoc test was used to analyze differences between
the sets of data. A p-value smaller than 0.05 was considered
significant.
3. Results

The unmodified Qdots-PEG-amine and the formulated Qdots-
VAP were of a uniform particle size. The size was increased from
479.8 ± 15 to 604.88 ± 17 nm for Qdots-PEG-amine and Qdots-
VAP respectively (Fig. 2). After purification, the Qdots-VAP was
found to be stable without aggregation and the formulated
Qdots-VAP were found also to be reasonably stable in size and
didńt form aggregates. Qdots-PEG-amine displayed a zeta potential
of �37.3 ± 6 mV. After conjugation with VAP, the zeta potential
showed a reversal to positive values (+44 ± 3 mV) respectively
(Fig. 3).

3.1. Fluorescence spectroscopy analysis

In order to explore the binding of VAP to Qdots-PEG-amine, the
fluorescence spectra for VAP were measured in contrast to Qdots-
VAP (Prescott et al., 2003). The results showed no considerable flu-
orescence emission when VAP was excited at 488 nm (Fig. 4). How-
ever, the significant redshift from 650 ± 3.6 to 661 ± 4.3 nm for
Qdots-PEG-amine and Qdots-VAP respectively, P < 0.001 was
observed when Qdots-PEG-amine and Qdots-VAP were excited at
488 nm at the same concentration (100 nM).

3.2. Cellular uptake

Qdots-VAP exhibited high specific binding to SSTR2 when incu-
bated with (MCF7 passage 67) but showed no significant uptake of
unmodified Qdots-PEG-amine using confocal laser scanning micro-
scopy (CLSM). In contrast, Qdots-VAP was internalized by the cells
and showed as spots in the nucleus (Fig. 5). Qdots-VAP was found
throughout the cells with strong fluorescence. Moreover, the
experiments showed that the internalization binding was reduced
in the presence of the free agonist VAP at 10 mM in MCF7 cells
because the fluorescence of Qdots-VAP was significantly decreased
when displaced by free VAP. The high binding of Qdots-VAP in the
MCF7 cells was due to the higher expression of SSTR2 (Abdellatif,
2015a,b).

In order to confirm the binding of Qdots-VAP to SSRT2, MCF7
cells were examined using a flow cytometer (FACS). The results
obtained from FACS showed higher binding of Qdots-VAP to
MCF7 cells (Fig. 6). Additionally, the fluorescence intensities of
Qdots-VAP to MCF7 cells reflect the same results obtained by
CLSM. The studies showed that the higher binding of Qdots-VAP
with these cells (MCF7 cells) were due to higher expression of
mRNA of SSTR2 with MCF7 cells as reported previously by
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Fig. 3. Zeta potential of Qdots-PEG-amine and Qdots-VAP in phosphate buffer pH
7.4. The zeta potential of Qdots-VAP showed reversal to positive values.

Fig. 4. Fluorescence emission spectra of VAP, Qdots-PEG-amine, Qdots-VAP in pH
7.2 buffer (Ex: 488 nm). Concentration of Qdots-PEG-amine and Qdots-VAP; 100
nM. Concentration of VAP; 1 mM.
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Abdellatif (2015a,b). The fluorescence intensity increased from 3.1
to 17.2 when using Qdots-PEG-amine and Qdots-VAP respectively
(P < 0.001) and decreased by the addition of free VAP to be12.1
MFU (P < 0.05).

Qdots-VAP can be fully displaced from their SSTR2 when the
receptors were entirely occupied with free VAP (Fig. 7) (Litau
et al., 2015). The displacement was confirmed using IC50 for VAP
and Qdots-VAP. The IC50 value for VAP in MCF7 cells with Qdots-
VAP is approximately 700 lM. This strong binding could be an
explanation for binding of Qdots-VAP with cells when Qdots carry
a number of VAP on their surface can target SSTR2, and the SSTR2
a)- MCF7 cells (control cells) 

c)- 10 nM Qdots-VAP 

Fig. 5. Confocal microscopy images of Qdots-VAP incubated with MCF7 cells. The concen
min incubation, cell medium: Leibovitźs L-15; 0.1 BSA. CLSM (EX: 488/Em: 655).
can be occupied and blocked using VAP in a high concentration
of around 700 mM. Also, the results obtained confirmed the safety
of the formulated particles.
3.3. In vivo study

Recent in vivo studies were performed to investigate the target-
ing of Qdot conjugated VAP in the healthy rat (Abdellatif and
Tawfeek, 2016). The bio-distribution of Qdots-VAP was assessed
by determining the cadmium mass (Cd) in blood and other organs
by using inductively coupled plasma mass spectrometry (ICP-MS)
b)- 10 nM Qdots-PEG-amine 
(Un-modified Control). 

d)- 10 nM Qdots -VAP + 10 µM 
VAP. 

tration used was 10 nM Qdots-VAP in presence or absences of 10 mM free VAP at 30
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which represent the concentration of Qdots-PEG-amine or Qdots-
VAP in all organs of the body per one kilogram. The results showed
a huge accumulation of Cd in the blood compared to the other
investigated organs (Fig. 8). The percent of Cd in the blood of rat
injected with Qdots-VAP was 72.09% ID/gtissue of the measured flu-
orescence intensity. 5.9% ID/gtissue were detected in the liver and
6.6% ID/gtissue in the spleen. The data displayed an inhibition of
the non-specific distribution of Cd in the liver compared to
Qdots-PEG-amine, which was mostly accumulated in the liver.
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Fig. 8. Bio-distribution of Qdots-VAP and Qdots-PEG amine in various tissues of rats. Th
tissue statistic). The results showed a massive accumulation of cadmium in the blood c
4. Discussion

Qdots-VAP was synthesized to provide a stable colloidal solu-
tion and showed no visible coalescence. The role of EDTA in the
reaction was to chelate divalent metal ions, which can oxidize sulf-
hydryls. Triethanolamine buffer was used in the reaction to ionize
the Traut́s reagent. Our results indicate that Qdots coated with VAP
has no significant different fluorescence properties compared to
the unmodified Qdots-PEG-amine. Even though the Qdots-PEG-
amine was chemically modified with VAP, they still possess a sig-
nificant fluorescence. This indicates that the coating of Qdots with
VAP did not affect the fluorescence of Qdots-PEG-amine. The poly-
dispersity index (PDI), size (hydrodynamic diameter) and the zeta
potential of particles are factors signifying the stability of NPs. PDI
is a sign for the stability of NPs since it shows the size distribution
range in the colloidal solution and smaller PDI values indicate the
homogeneity of the particle size in the solution. A PDI below 0.7
was suitable and acceptable since the particle size distribution fell
within a narrow range (Abdellatif et al., 2016). The surface charge
also plays an essential role in the stability of the NPs, and the
degree of zeta potential confirms the stability of the colloidal sys-
tem (Abdellatif and Abou-Taleb, 2016). The high zeta potentials
provide a more stable dispersion. DLS showed a reversal of zeta
potential to positive values. The high zeta potential indicates the
dispersion stability and the inversion of the zeta potential points
out that the VAP binds to Qdots-PEG-amine (Greenwood and
Kendall, 1999). Nevertheless, a significant red shift confirmed that
Qdots-PEG-amine conjugated VAP. Even though the Qdots-
PEG-amine was chemically modified with VAP, they still possess
a significant fluorescence. This result indicates that the conjugation
with VAP did not affect the fluorescence of Qdots-PEG-amine.

The results obtained from CLSM can also support our hypothe-
sis. The results obtained with the CLSM displayed that the particles
were effectively transported into the target cells. The fluorescence
was recognizable and looks like spots in the cytoplasm which are
typical of endocytic vesicles formed upon receptor-mediated endo-
cytosis. Furthermore, the fluorescence intensities obtained from
FACS corresponded to the results obtained by CLSM. The higher
binding of Qdots-VAP to cells that expressed higher SSTR2, due to
higher expression of mRNA of SSTR2 with MCF7 cells as reported
previously (Abdellatif, 2015a,b; Abdellatif et al., 2016). Our data
showed that the Qdots-VAP exhibited a high specific binding to
the SSTR2 and can be displaced from their receptor by using high
concentrations of the receptor agonist. These receptor-
interactions and receptor-mediated endocytosis is essential to
creas Lung Heart Eyes Tail

Q.dots-VAP

Q.dots-PEG-amine

Qdots-OCT

e results are presented as means ± SD in %ID/g (percentage injected dose per gram
ells as compared to the investigated organs.
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diagnose cancer cells. Qdots-VAP can be completely displaced from
the receptors when the receptors were completely occupied as a
good confirmation for specific receptor targeting. Finally, Qdots-
VAP can act as targeting tools on SSTR2.

The results obtained from in vivo study showed that SSTRs espe-
cially SSTR2 can be targeted in the blood cells and VAP was more
specific binding to SSTR2 in the blood cells rather than other organs.
These resultswill open the gate for focusing on the targeting RBCs. It
was reported that the long circulation of Qdots-VAP could be due to
PEGylation of Qdots-VAP. Furthermore, PEGylation is still the most
widely used strategy method because a strategy cannot be used to
enhance the circulation half-life of all kinds of NPs in the blood cells
(Huang et al., 2016). It was stated that the PEG layer around the NPs
reduced the adsorption of opsonins and other serum proteins could
be reduced by the presence of PEG on the surface of NPs (Vannucci
et al., 2012, Xin et al., 2012; Simsek et al., 2013). Here we found that
the unmodified Qdots which carry PEG amine on its surface showed
a high accumulation in the liver, which cannot explain the long cir-
culation time of the formulatedQdots-VAP because VAP binds to the
SSTR2 expressed in blood cells (Bhathena and Recant, 1980; Perez
et al., 2003; Lichtenauer-Kaligis et al., 2004; Petrak, 2005;
Reynaert et al., 2007; ter Veld et al., 2007; Muscarella et al., 2011).
The SSTRs overexpressed on RBCs could so interact with Qdots-
VAP expressed in RBCs. High accumulation of Cd in the blood cells
in case of injected Qdots-VAP due to the expression of SSTRs on
the blood cells and VAP binds to SSTR2 expressed in blood cells
(Zahr et al., 2006). VAP which coated the Qdots to target blood cells
that over-expressed SST2 receptors in their surfaces will be investi-
gated in our research group for delivery of the same Qdots coated
with SST for future targeting of blood cells (Abdellatif et al., 2018).
Qdots coatedwith VAP has higher specific targeting andmore speci-
fic internalization compared with Qdots coated with SST. This type
of NPs which one VAP or SST or bothwill open the gate for new kind
of targeting blood cells disease such as Leukaemia. It has been
reported that SSTRs were identified on mitogen-activated human
peripheral blood lymphocytes (PBL) and human leukemic cells in
87.5% of lymphoblastic leukaemia and in 12.5% of non-
lymphocytic leukaemia, using a somatostatin radio-binding assay
(Hiruma et al., 1990). Thus, the targeting of leukemic cells using
Qdots coatedwith somatostatin analogues such as VAP or OCT, open
up a new venue for new possibilities of detecting and treatment of
leukemic cells.

5. Conclusions

Somatostatin receptor 2 showed high specific interaction with
the synthesized Qdots coated with somatostatin analogues. The
specific binding of Qdots-VAPwas alsomaintained by displacement
experiments to confirm the specific binding to SSTR2. The in vivo
experiments showed the bio-distribution of Qdots-VAP traveled to
each organwithmassive accumulation in blood cells which are use-
ful tools for cancer imaging and treatment. The targeting of blood
cells using Qdots coated with somatostatin analogues VAP open
the gate for new possibilities of detecting and treatment of many
kinds of blood diseases. Furthermore, the targeted Qdots has a fluo-
rescence as proved by a fluorimeter, FACS, and CLSM, so this kind of
nanoparticles can be also used in bio-imaging for cancer cells.
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