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Abstract

Clinical experience indicates that enhanced level of heat shock protein 70 (Hsp70) 
and p53 correlates with poor prognosis due to malignant cell overexpression of these 
proteins in tumor progression. Cadmium selenide quantum dots (QDs) were syn-
thesized in aqueous solution using mercaptopropionic acid and L-cysteine (L-Cys) 
as ligands. They were conjugated with a monoclonal antibody (Ab) to p53 and 
cmHp70.1 to Hsp70 for detection of cancer cell apoptosis that was demonstrated in 
the experiment by fluorescent confocal microscopy both for breast carcinoma cells 
and for thyroid tissue. It is shown that in comparison with organic dyes, quantum 
dots have superior photostability of tracking apoptosis in cancer cells for longer 
time.

Keywords: quantum dot, p53, heat shock protein, conjugation, cancer imaging

1. Introduction

Imaging is the most powerful diagnostic approach in oncology that provides 
visualization of early stages of cancer and optimizes its treatment. Fluorescent 
semiconductor nanoparticles (quantum dots (QDs)) play a great role in cell imaging 
in oncology [1–3]. QDs have fluorescent characteristics that change conventional 
approaches in medical diagnostics. The general optical features of QDs compared 
to organic fluorescent probes are broad excitation band, narrow fluorescence band, 
high quantum yield (including near-infrared region), and stability against photo-
bleaching [4, 5]. Organic fluorescent dyes are usually used to label cells and tissues 
for both in vitro and in vivo imaging. QDs are more convenient probes for imaging 
of tumor cell surface receptors by the receptor-mediated recognition.
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Originally proposed back in the early 1990s, synthesis method for colloidal cad-
mium chalcogenide nanocrystals (CdS, CdSe, CdTe) in high-boiling solvents (the 
so-called hot injection method) made it possible to carry out controlled synthesis 
of semiconductor quantum dots with a narrow nanoparticle size distribution and 
promising optical characteristics [6]. Additional control and modification of optical 
properties can be achieved using alloying (e.g., Zn1-xCdxS QDs) or doping and 
creation of core-shell heterostructures of type-I (e.g., CdSe/ZnS) or type-II (e.g., 
CdTe/CdSe) [7, 8]. The technology of colloidal synthesis was extended to other 
binary compounds, such as lead and silver chalcogenides (for the near-IR range 
applications), zinc chalcogenides including doped with transition metal atoms (e.g., 
ZnS:Mn and ZnSe:Mn QDs), III-V semiconductors (InP QDs are actively considered 
as a less toxic competitor to CdSe-based nanocrystals for the visible range), and 
group IV semiconductors (e.g., Si, C) [7, 9–12]. Doping of QDs with transition metal 
ions is a prospective approach for development of bimodal labels for combined 
magnetic resonance and fluorescence imaging [13]. Another developing system is 
nanocrystals of ternary I-III-VI compounds (CuInS2, CuInSe2, AgInS2, AgInSe2), 
as well as quaternary QDs based on them (e.g., Zn-Ag-In-S QDs) [14, 15]. Being 
another alternative to cadmium-based nanocrystals in bioimaging applications, 
they tend to have a common drawback of an inherently broad photoluminescence 
(PL) band. Some nanocrystalline systems, such as I-III-VI QDs and type-II nano-
heterostructures (CdTe/CdSe QDs), with long photoluminescence lifetimes can be 
used to create fluorescent probes suitable for time-gated imaging with improved 
signal-to-noise ratio [16]. Despite the fact that the methods of synthesis of colloidal 
nanocrystals in nonpolar solvents are well studied and allow synthesis of highly 
fluorescent QDs, methods in aqueous medium attract the attention of researchers 
due to better cost-effectiveness, relative environmental friendliness, the absence 
of the need to perform additional operations to hydrophilize the surface of the 
nanoparticles, and the ability to readily tailor biofunctionality according to specific 
application. The general restriction to this approach is often higher defect densi-
ties and, as a consequence, lower fluorescence quantum yields of nanoparticles. 
Moreover aqueous synthetic routes may be more complicated due to involvement of 
H2O, H3O

+, and OH− species [17].
Some proteins are the markers of malignant process and can be used as targeting 

ligands in imaging. The heat shock protein 70 (Hsp70) and tumor suppressor gene 
p53 have distinguished position among protein markers. Clinical experience indi-
cates that enhanced level of Hsp70 and p53 correlates with poor prognosis due to 
malignant cell overexpression of these proteins in tumor progression [18]. Previous 
studies have shown that these proteins are expressed at high levels in oncological 
diseases such as endometrial cancers, osteosarcomas, renal cell tumors, hepatoma, 
and glioblastoma [19, 20]; elevated serum levels of Hsp70 are associated with breast 
cancer [21]. Hsp70 has prognostic significance for diagnostics of endometrial 
carcinoma as its expression appears to correlate with sex steroid receptor status in 
cancer [22].

The wild-type p53 is known to be tumor suppressor apoptotic protein that tran-
scriptionally regulates DNA damage and cell transformation [23]. Interaction of 
p53 with heat shock proteins changes the apoptotic activity and causes the growth 
of cancer cells in organism [24, 25]. The Hsp70 is chaperone molecule that affects 
the p53 function by binding client protein at certain sites. The p53 has two binding 
sites, the most important one is the C-terminal domain. Therefore, the chaperone 
function of stress proteins is essential for a sustained state of p53 for malignant 
cell apoptosis. Targeting of Hsp70 and p53 is an important task for developing the 
cancer treatment strategy. It is well known that the most sensitive and specific 
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moieties for detection of antigen are its antibodies (Ab). The conjugation of QDs 
with monoclonal antibodies against Hsp70 and p53 opens the way for constructing 
a suitable platform for assay of malignant organs. Nanoparticles ensure delivery 
and sufficient accumulation of labels in diseased and apoptotic tissues. Targeted 
delivery of conjugated antibody to a cell membrane receptor was recently demon-
strated in the case of magnetic iron oxide nanoparticles. The magnetic conjugates 
with Ab against Hsp70 being intravenously injected were uptaken by C6 glioma cells 
[26]. The targeted delivery of magnetic conjugates against epidermal growth factor 
was confirmed for mouse melanoma. Although the attachment of monoclonal Ab to 
p53 at the surface of nanoparticle for molecular imaging is not described, the results 
of successful targeted detection of p53 gene indicate the possibility of apoptosis 
imaging in transformed cells [27]. Engineered conjugated QDs have diagnostic 
potential for molecular imaging of apoptosis usually performed by measurement 
of annexin V bound to phosphatidylserine on an outer cell membrane of tumor 
[28]. Phosphatidylserine is expressed on the inner side of normal plasma membrane 
but transfers onto outer leaflet in apoptosis. Some false-positive results in necrosis 
are the main obstacle for wide application of this assay. Differentiation of apop-
tosis from necrosis remains an actual problem for oncological diagnostics today. 
Radiolabeling, magnetic, and QD conjugation do not solve this problem at full 
scale [29, 30]. As an alternative approach, p53 and Hsp70 proteins in the complex 
can serve as pro-apoptotic targets for registration with the help of QDs. The QD 
associated with antibody to pro-apoptotic p53 protein may be used for diagnostic 
purposes, in particular for the assessment of tumor progression. The apoptotic 
response after chemotherapy is the special subject for this approach.

In the present study, CdSe QDs were conjugated with monoclonal antibodies to 
p53 (p53Ab) and cmHp70.1 to Hsp70. The cmHp70.1-QD and p53Ab-QD conjugates 
were synthesized using covalent bonding. The biocompatibility and cytotoxicity 
of the obtained conjugates were evaluated by in vitro studies in various cancer cell 
lines C6 glioma, U87 human glioma, K562 human leukemia, and B16 melanoma 
cells using MTT assay. The imaging potential was evaluated on the breast carcinoma 
cells by fluorescent confocal microscopy. The use of QD conjugates for expression 
of cancer marker proteins was also investigated in endometrial and thyroid tissue. 
The unique photophysical properties of CdSe nanoparticles facilitate the observa-
tion of cancer cells by laser confocal microscopy method.

2. Methods

2.1 Reagents

Cadmium chloride (CdCl2·2.5H2O), selenium powder (Se, 99.5%), sodium boro-
hydride (NaBH4), mercaptopropionic acid (MPA, 99%), and L-cysteine (L-Cys) 
were used as purchased without further purification.

2.2 Synthesis of CdSe QDs

Typical synthesis procedure included the following steps. Sodium hydroselenide 
NaHSe solution (Se precursor) was prepared by reacting of NaBH4 with Se powder 
in distilled water. It resulted in vigorous reaction accompanied by intensive hydrogen 
gassing:

 4NaBH4 + 2Se + 7H2O → 2NaHSe + Na2B4O7 + 14H2 (1)
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To obtain cadmium precursor solution, CdCl2·2.5H2O was dissolved in distilled 
water, and the certain amount of MPA was added so that the mixture became 
turbid. By the dropwise addition of NH4OH, acidity of the solution was brought up 
to approximate value pH = 11 and it cleared. It is suggested that moderately alkaline 
environment facilitates the formation of Cd2+-MPA complexes which act as an 
immediate reactant. Component molar ratio was adjusted to [Cd2+]:[Se2−]:[MPA] 
= 1:0.5:2.4. Selenium precursor solution was swiftly injected in a solution contain-
ing cadmium ions under vigorous stirring at room temperature, followed by rapid 
heating to 90°C. The QDs were purified by isopropyl alcohol-assisted precipitation 
and dissolved in phosphate-buffered saline (PBS) buffer. Analogous technique was 
used to synthesize CdSe QDs capped with L-cysteine.

Luminescence of such particles essentially is associated with radiative recombi-
nation via surface states. It is typical for CdSe QDs prepared in an aqueous medium. 
As compared to QDs, synthesized in an organic medium, such particles have a 
broader spectrum of luminescence but do not require the additional step of transfer 
into the aqueous phase. Absorption and photoluminescence spectra are presented in 
Figure 1.

2.3 Characterization of CdSe QDs

The absorption spectra were obtained with ultraviolet-visible-near-infrared 
spectrophotometer (Ecohim, PE-5400UV) between 190 and 1000 nm, with a 
spectral resolution of 1 nm. Fluorescence spectra were recorded with a fluorescence 
spectrophotometer with a solid-state 405 nm laser. Dynamic light scattering (DLS), 
also known as photon correlation spectroscopy, was used to determine the hydro-
dynamic diameter of free and conjugated QDs. Diluted samples were used to avoid 
multiple scattering. The measurements were conducted with Zetasizer (Nano ZS, 
Malvern Instruments Ltd., UK).

2.4 Evaluation of stability

To assess the stability of the QDs in buffer solutions, CdSe/L-Cys nanoparticles 
were added in a concentration of 17.5 μM/ml to the following solutions: phosphate-
buffered saline, pH = 7.5 (BIOLOT); wash buffer, pH = 8.0 (Dako); and Tris buffer, 
pH = 5.0 (Sigma). Aliquots of each solution were selected after 60 min, placed on 
the slides, evaporated, and observed for fluorescent areas using Olympus FV 1000 
confocal laser scanning microscope (excitation laser wavelength—405 nm).

Figure 1. 
Characterization of the optical absorption and photoluminescence of CdSe nanoparticles.
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2.5 Evaluation of fluorescence intensity

The evaluation of the fluorescence intensity of CdSe/L-Cys QDs samples compared 
to organic fluorophores FITC (rabbit anti-mouse immunoglobulins, conjugated with 
FITC, Dako) and Alexa Fluor 568 (donkey anti-mouse immunoglobulins, conjugated 
with Alexa Fluor 568, Abcam) was done in the following way: 15 μl of the fluorophore 
was added to the slide and mixed with a fluorescence mounting medium (Dako), 
which prevents the fluorophores from crystallizing and decolorizing, coverslipped, and 
subjected to ultraviolet radiation (using a Mercury Vapor Short Arc, 120 W) of 25% 
intensity for 120-min period. A Niba fluorescent filter (for the UV radiation) was used 
to observe fluorescence. The samples were scanned with the same laser beam intensity 
every 15 min. The QD sample was irradiated with 405 nm laser, the FITC sample with 
488 nm laser, and the Alexa Fluor sample with 559–568 nm laser. The mean fluores-
cence intensity was measured in relative units using the FluoView 10 software.

2.6 An assessment of the cytotoxic effect of QDs

The cytotoxicity of the CdSe/L-Cys QDs was assessed in two cell cultures. The 
first cell culture was a cell line ZR-75-1 (breast carcinoma) and the second—normal 
human mononuclear lymphocytes (MNL).

The apoptosis induction by a fixed staining procedure with propidium iodide 
(PI) that stains the nuclei of cells with compromised cell membrane structure was 
determined to assess the cytotoxic effect of QDs in the ZR-75-1 cell line in 1, 3, 18, 
and 24 h after administration of QD solution.

Phosphate-buffered saline was added as a control in the same quantities to the 
cell cultures. The QD samples were added to the growth medium at the concentra-
tions of 175 nM/ml, 1.75 μM/ml, and 17.5 μM/ml. The similar method was used to 
evaluate MNL culture cytotoxic effect, but the concentration of QDs was 1.15 nM/μl 
and further evaluated after 48 h of incubation.

2.7 An assessment of the specificity of p53Ab-QD conjugates

The specificity study was conducted with p53Ab-QD conjugate at a 1:50 dilution. 
The material of the study was normal endometrial cell culture, taken by endome-
trial pipeline biopsy within the examinations of a patient entering into IVF cycle, 
as well as fixed and paraffin-embedded thyroid tissue. Endometrial cell culture 
was grown in Dulbecco’s Modified Eagle’s Medium (DMEM)/F12 (Gibco) supple-
mented with 10% fetal bovine serum (Gibco), penicillin, and streptomycin in a 
humidified atmosphere of 5% CO2 at 37°C. Apoptosis induction was carried out by 
adding 200 μM H2O2 to the cell culture for 24 h. Normal thyroid tissue possesses a 
high index of apoptosis. As a control, QD solution of 0.003 M was added in PBS. 
Immunofluorescence staining was performed using primary antibody (Monoclonal 
Mouse Anti-Human p53 Protein Clone DO-7, 1:50, Dako) and secondary antibody 
with Alexa Fluor 647 (Anti-Mouse Alexa Fluor 647, Abcam). The cell nuclei were 
counterstained with Hoechst stain 33,258 (Sigma); 30 μl volume of each reagent 
was added per a single slice or well. Fluorescence evaluation was carried out under 
Olympus FV 1000 confocal laser scanning microscope. The number of stained cells 
was counted in 10 fields of view at 20× magnification.

2.8 Glioma model for Hsp70 assay

Male nu/nu NMRI mice weighing 28–30 g were purchased in animal nursery 
“Charles River Laboratories” (Germany). All animal experiments have been 
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approved by the local ethical committee of I.P. Pavlov State Medical University  
(St. Petersburg, Russia) and were in accordance with institutional guidelines for the 
welfare of animals.

Animals were anesthetized before mounting in a stereotactic frame (David 
Kopf Instruments, Tujunda, CA) with 10 mg “Zoletyl-100” (Vibrac sante Animale, 
France) and 0.2 ml 2% Rometar (Bioveta, Czech Republic) intraperitoneally. 
U87 cell suspension (1 × 106 cells/ml) in 2 μl was injected into the nucleus cauda-
tus dexter.

For assessment of the accumulation of the nanoparticles in the tumor, animals 
were randomly divided into four groups (three animals each) on the 14th day after 
inoculation: (1) i.v. injection of the PBS (control group); (2) i.v. injection of the 
QD-Isotype IgG1 for 24 h; (3) i.v. injection of QDs-cmHsp70.1 conjugates for 24 h. 
Following administration of the QDs, the animals were sacrificed, and extracted 
brains were fixed in 4% formaldehyde. Brain tumor sections were additionally 
stained with 4,6-diamidino-2-phenylindole solution (DAPI) (Vector Laboratories, 
Burlingame, CA, USA). Glasses were mounted in DAKO fluorescent mounting 
medium (Dako North America Inc., USA) and further analyzed on confocal system. 
Fluorescence images were captured with a Leica TCS SP5 confocal system (Leica 
Microsystems, Heidelberg, Germany). For evaluation of co-localization, single 
z-planes were analyzed with Leica confocal software LCSLite (Leica Microsystems, 
Heidelberg, Germany) and ImageJ 1.37 (Wright Cell Imaging Facility, Toronto, 
Canada).

3. Experimental results

3.1 Physical characterization of the CdSe QDs

The optical absorption and fluorescence spectra of the colloidal aqueous solu-
tion are shown in Figure 1. Absorption band edge around 470 nm is located at 
energies higher than for the bulk CdSe (bandgap 1.74 eV) proving that grown nano-
structures are CdSe QDs. The average diameter of the CdSe QDs can be calculated 
by inputting the wavelength of the lowest energy absorption peak into the following 
empirical expression [31]:

 9 4 6 3 3 21.6122 10 2.6575 10 1.6242 10 – 0.4277 41.57,D l l l l
- - -

= × - × + × +  (2)

Here, D (nm) is the mean diameter of the CdSe QDs and λ (nm) is the wave-
length of the lowest energy absorption peak, i.e., the first excitonic transition. This 
expression yielded a diameter of 2 nm, which indicates the formation of ultrasmall 
QDs. The fluorescence spectrum of the QDs is relatively broad.

3.2 Stability

The carried out observations demonstrated that after the QDs had been incu-
bated in PBS solution and liquid evaporated, the crystalline structure was formed 
wherein the QDs fluoresce in the orange region of the spectrum. It is found that the 
QDs remain stable in buffer solutions at room temperature. Herewith the acidity 
of the solution does not affect the stability of the QDs, since the fluorescence was 
observed in an hour in all three samples with pH values equal to 8.0, 7.5, and 5.0, 
respectively. This result is consistent with our previous publication [32].
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3.3 Fluorescence intensity of QDs

The comparison analysis of fluorescence intensity of CdSe/L-Cys QDs and 
organic dyes (Figure 2) showed that the maximum brightness of the fluorescence 
was typical for organic fluorophore FITC in the first 15 min; however, the decrease 
of brightness (more than threefold) was observed in 15 min. Alexa 568—another 
organic fluorophore—was more stable than FITC, but its fluorescence intensity 
also decreased over time. At the same time, the fluorescence intensity of QDs was 
increasing over time (from 230 to 1000 relative units). Therefore, due to high 
photostability, QD can be used to monitor fluorescence in objects for long periods 
of time.

3.4 The assessment of the QD cytotoxicity

The cytotoxicity of the CdSe/L-Cys quantum dots was evaluated using 
the ZR-75-1 line. The absence of the cytotoxic effect is characteristic for the 
time intervals of 1, 3, and 18 h. After 24 h, about 4% of cells in the group with 
injected QDs (concentration of 17.5 mM/ml) accumulated PI, while for the other 
two groups, these values were 3%. Such a result was not significantly different 
from the control group, where the number of fluorescent cells scanned was 2 of 
100. The number of dead cells in the ZR-75-1 culture did not exceed 3% both 
in the control and experimental group in all checkpoints. The following results 
were obtained for a mixed culture of MNL: apoptotic cells were not observed 
during the first few hours; but long-term (18 h and above) incubation of QDs 
with MNL proved that the cytotoxic effect increased, and after 48 h, level of 
apoptosis reached 20%. The increase of cytotoxicity may be associated with the 
destruction of the organic coating in a cell culture medium. Moreover, MNL 
were obtained from peripheral blood where lymphocytes do not proliferate 
without generating special conditions. Therefore, the cytotoxic effect for MNL 
cell culture may have been more pronounced than for the immortalized ZR-75-1 
line. Thus, cytotoxicity was tested both on tumor cells, with greater viability, 
and on normal human cells, which approximates cytotoxicity assessment for in 
vivo conditions.

Figure 2. 
Dynamic of fluorescence intensity of the CdSe QDs, Alexa Fluor 568, and FITC organic dyes versus time.
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3.5 Conjugation of QDs with human antibody against p53 protein (p53Ab)

Conjugation of QDs (CdSe/MPA, 1 mM) and anti-human p53 protein (p53Ab 
1:1000 Sigma 0.02 mM) was carried out via water-soluble carbodiimide-mediated 
linker using СМС (N-Cyclohexyl-N′-(2-morpholinoethyl)-carbodiimide metho- 
p-toluenesulfonate, Sigma 2 mg/ml (4.7 mM)). 0.2 mM QDs with 0.47 mM CMC 
was vortexed for 30 min at room temperature. 0.3 μM or 2.2 μM p53Ab and 1× 
PBS was added to a final volume 210 μl. The conjugation of p53Ab with QDs was 
performed by incubation in the shaker for 3 h after mixing. Nonconjugated QDs 
without p53Ab were prepared as the control probe. Nonconjugated QDs were 
removed from the reaction medium by dialysis with size cutoff limit 12–14 kDa. 
One probe of p53Ab-QD was ultrafiltrated in Vivaspin 100 kDa filter by centrifuga-
tion at 10,000 rpm for 3 min. Protein quantity after ultrafiltration and adjustment 
to a volume of 100 μl was 0.03 μM by Bradford assay. The prepared conjugated QDs 
were stable and had fluorescence as for control solutions. Until use, the conjugates 
were stored protected from light at 4°C.

Successful conjugation is confirmed by DLS (Figure 3). The peak in the size 
distribution of QD conjugates is shifted toward larger diameters than the case of 
“free” QDs due to the conjugation with antibodies.

The asymmetry of the distribution in the case of conjugates can be explained 
by the fact that QDs and antibodies can bind to each other in different proportions. 
The hydrodynamic diameter of the semiconductor particles is typically larger than 
the diameter calculated from the absorption spectrum due different physical mean-
ing, but the diameter values are of the same order. The PL spectrum was the same 
for QDs and their conjugates.

3.6 The specificity of p53Ab-QD conjugates

As a result of specificity assessment experiments for the p53Ab-QD conjugates 
with apoptosis induced in the cell culture, it was found there were a large number of 
cell nuclei stained with conjugates (Figure 4A and C).

For the evaluation of p53Ab-QD conjugates, we also used a fixed thyroid 
tissue (Figure 4B and D). Such an object of the study was chosen for two reasons: 
(1) thyroid gland has a high potential of cell renewal (apoptosis index in its 
parenchyma is about 25%) because of high intensity of synthetic and metabolic 
processes in normal cells and (2) thyroid pathology often develops during preg-
nancy and cascade associated with changes in the functioning of the reproductive 

Figure 3. 
The size distribution of QDs and QD-p53 antibody in PBS obtained by dynamic light scattering.
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system during this period. We observe the expression of the pro-apoptotic 
protein in the nuclei of thyrocytes.

Thus, the penetration of the p53Ab-QD complexes into the cells was confirmed 
both in the cell culture and tissue, and specific reaction to the nuclear protein p53 
was registered. In comparison with control samples stained with antibodies to 
p53Ab-Alexa Fluor 647, experimental samples showed a weak fluorescence but suf-
ficient for detection by a confocal microscopy. Stained slides will not discolor over 

Figure 4. 
Confocal laser scanning microscopy images. (A) Control, cell culture stained with p53 antibody-Alexa Fluor 
647; (B) control, thyroid tissue stained with p53 antibody-Alexa Fluor 647; (C) cell culture with QD-p53 
antibody; (D) thyroid tissue with QD-p53 antibody.

Figure 5. 
Flow cytometry analysis of Hsp70-positive cells treated by QD-labeled cmHsp70.1 against Hsp70. The results 
were presented in comparison to fluorescein isothiocyanate-labeled immunoglobulin IgG1.
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time, so preservation of the fluorescence intensity was observed at carrying out 
repeated scans at 1, 3, and 7 days.

3.7 The specificity of cmHsp70.1-QD conjugates

Flow cytometry analysis of Hsp70-positive cells treated by QD-labeled 
cmHsp70.1 against Hsp70 is shown on Figure 5. The results are presented in com-
parison to fluorescein isothiocyanate-labeled immunoglobulin IgG1.

4. Discussion

The presented above results suggest that CdSe nanoparticles are suitable for 
constructing the diagnostic platform for attachment of antibodies against proteins 
actively participating in apoptosis of malignant cells. Heat shock protein 70 in 
complex with p53 plays important role in apoptotic cell death. Level estimation of 
these apoptotic proteins can be adapted for monitoring of early stages of cancer. 
Whether the interaction of Hsp70 and p53 with cancer cells may be registered with 
high sensitivity by coupling Ab with QD is a subject of the study. For attachment 
of antibodies against p53 and Hsp70, QDs were synthesized and studied by optical 
spectroscopy. The core material is semiconductor CdSe nanocrystal coated by short 
ligands attached to the nanoparticle surface via sulfhydryl groups, while carboxylic 
groups of the ligands provide sites for conjugation. The study revealed that QDs 
remain stable for 1 month regardless of the acidity of the buffer solution.

Synthesized QDs have no cytotoxic effect as confirmed by the study of viability 
not only on tumor cells but also on normal human cells. CdSe/MPA nanoparticles 
were successfully conjugated with monoclonal antibodies to p53 and cmHp70.1 
to Hsp70. The Ab conjugation results in an increase in the hydrodynamic size of 
nanoparticle from 4.8 nm to 10 nm. The coupling of Ab to CdSe/MPA nanoparticles 
is carried out without the changes in fluorescence emission spectra of nonconju-
gated QDs. The strong photoluminescence at λ = 650 nm allows getting microscopic 
images unperturbed by background fluorescence of tissues. The amount of Ab per 
one nanoparticle was similar for Hsp70 and p53 proteins. The covalent coupling 
of Ab yields random immobilization of Ab at the surface. Some Fab parts of Ab 
can be in close contact with a surface that restricts immunochemical recognition 
in ELISA assay. Free access to antigen is determined by chosen synthesis strategy 
and structure of surface layer. The biological activity depends on the protein 
density and orientation of Ab on the nanocrystal surface. The large decrease of 
biological activity follows from a random exposition of epitopes outside of QD 
[33]. Nonspecific adsorption of conjugated QDs is the additional complication for 
adequate labeling of apoptotic malignant cells. Experimental data indicate that 
bioconjugate cmHp70.1-QD shows the specific interaction with cells of C6 glio-
blastoma line cell. The membrane receptors of C6 cells are appeared to be targeted 
by QDs coupled with Ab against protein Hsp70. On the basis of experimental data, 
fluorescent conjugates of Hsp70 are uptaken by surface receptors on abnormal C6 
cells. Bioconjugates of QDs for targeted delivery of cancer brain cells were actively 
studied by numerous researchers. The most known biomolecules for targeted 
recognition are transferrin, EGFR, some aptamers, RGD peptides, folic acid, etc. 
Human breast cancer cells and U87MG human glioblastoma cells were robustly 
labeled by QDs conjugated with RGD peptide [34]. The results of laser scanning 
confocal microscopy confirm the data earlier obtained for magnetic conjugates 
SPIONs-Ab-Hsp70 by MRI and NMR methods [26] that QD conjugates are accu-
mulated by C6 glioma cells and brain tumors derived from it. The immunogenic 
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function of Hsp70 results in an induction of immune response to the association of 
Hsp70 with cytoplasmic peptides/proteins that translocated out of the cell. It should 
be noted that the pool of p53 protein is not always recognized by antibody in vivo 
due to its dynamical conformation. p53 protein is an unstable molecule in vitro. 
For prolongation of its lifetime, the presence of heat shock proteins is essential in 
vivo. As regards to the endometrial breast carcinoma cell line ZR-75-1 and p53, the 
conjugated QDs bound only the surface without internalization in the cell. The 
bioconjugates retain to some extent the affinity to bind an antigen similar to pure 
monoclonal antibody. The protein complex from a malignant cell is recognized 
by the immune system as a foreign antigen. The immunogenic regulation agrees 
well with anti-apoptotic function Hsp70 as protein affiliated with p53 antitumor 
activity. The molecular chaperone Hsp70 supports p53 tumor suppressor activ-
ity by refolding injured molecules. Overexpression of pair p53-Hsp70 by glioma 
and breast cancer cells makes possible fluorescent visualization with the help of 
corresponding Ab-QD conjugates. The obtained results are similar to imaging 
results of the breast cancer MDA-MB-231 cell line treated by CdSe/CdS core-shell 
magic-sized QD coupled to a specific breast cancer Fab antibody. But incubation of 
cancer MDA-MB-231 cells in QD solution was followed by intracellular absorption. 
Our experiment displays only surface interaction of QDs with cell receptors. The 
intracellular interaction of the CdSe/p53 conjugates was observed in the fixed tissue 
thyroid gland. Specific recognition of the nuclear protein p53 was registered as 
evidence of the expression of the pro-apoptotic protein in the nuclei of thyrocytes.

Engineered conjugated QDs have diagnostic potential for molecular imaging of 
apoptosis usually performed by measurement of annexin—extracellular phospha-
tidylserine binding. Proteins p53 and Hsp70 in the complex may serve as pro-apop-
totic targets for registration with the help of QDs. The QDs associated with antibody 
to pro-apoptotic protein p53 may be used for diagnostic purposes, in particular for 
the assessment of tumor progression. The apoptotic response after chemotherapy is 
the special subject for this approach.
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