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ABBREVIATIONS

CSC — cancer stem cells

QD - quantum dots

CdTe-MPA - quantum dots composed of CdTe and mercaptopropionic acid

RPMI —Growth medium of Roswell Park Memorial Institute for cell culturing
DMEM - Dulbecco’s modified Eagle's medium for cell culturing

DPBS — Dulbecco phosphate buffered saline (pH 7.4), supplemented with Ca®* ir Mg**;
PBS - phosphate buffered saline, pH 7.4

MEM - Minimal essential mediumfor cell culturing

EDTA - Ethylenediaminetetraacetic acid

XTT - 2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide
FITC - Fluorescein isothiocyanate — a fluorochrome for immunofluorescence staining
PE — Phycoerythrin — a fluorochrome for immunofluorescence staining

Anti-CD44 — antibody against CD44 surface protein

Anti-CD133 — antibody against CD133 surface protein

RGB - 3 channel (red, green, blue) detection system

NP — nanoparticle

PL — photoluminescence

FRET - Fiorster resonance energy transfer

PDT - photodynamic therapy

PS - photosensitizer

Ce¢ — photosensitizer chlorin eg

PEG - polietilenglicol

AMP — amphiphilic polymer

AML — amphiphilic lipid



1. INTRODUCTION

Recent advances in cancer research offers well developed pharmaceutics and
novel cure strategies. Hower, recurrence of oncological deseases after treatment still
remains as a huge issue. According to statistics of the World Cancer Research, 14
millions of cancer patients were registered in 2012 and this number is prognosed to
increase to 24 millions in 2035 [1]. Emerging evidence has shown that the capacity of a
tumor to grow and propagate is dependent on a small subset of cells, termed ‘“cancer
stem cells* [2]. Conventional treatments, however, may miss the cancer stem cells,
which have been shown in several tumor types to be more resistant to standard
chemotherapeutic agents, because the cancer stem cell survives and regenerates the
neoplasm [3, 4]. Tumor metastasis are also associated with the migratory capacity of
cancer stem cells [5]. Increasing number of publication in the field of targeted therapy
propose the CSCs to be the main target in anti-cancer therapies. Identification and
eradication of CSCs could lead to more effective and selective treatment of oncological
deseases and thus avoid tumor progression, recurrence and metastasis.

Rapid development of nanotechnologies has already resulted in creation of novel
therapeutics. The unique chemical and physical properties of nanoparticles and
nanocomposites led to application of these new agents in the experimental oncology
[6].Therefore it is important to continue development of nanotechnologies and to focus
on CSC-adressed noninvasive diagnostics and treatment of cancer. Primary studies on
CSC eradication by nanoparticle-based thermolysis has already been performed [7, 8].
The CSC directed selective killing was successfully achieved. These promising results of
these studies encourage for the investigation of theranostic agents, combining capability

of diagnostic as well as killing of CSCs.



1.1. The aim of the study and objectives

The aim:

To investigate the applicability of quantum dots in CSC detection and eradication.

Objectives:

1)
2)

3)

4)

5)

To investigate the accumulation of CdTe-MPA in melanoma stem cells;

To compare the accumulation and toxicity of CdTe-MPA and CdSe/ZnS-(AMP)-
COOH QDs in human cancer cells;

To investigate the localization of CdSe/ZnS-(AML/PEG)-COOH QDs and anti-
CD44-FITC conjugate in human breast cancer stem cells;

To investigate the cellular uptake, energy transfer and photosensitizing properties
of the CdSe/ZnS-(AML/PEG)-COOHQDs and photosensitizer Ces nanocomposite
in vitro;

To measure the stability of non-covalent CdSe/ZnS-(AML/PEG)-COOH QDs and
photosensitizer Ceq complex in the cell growth medium, thus simulating in vivo

blood system.



1.2. Defended statements

1) CD44"¢"CD133"Y" subpopulation of FEMX-I melanoma cells possess
properties of cancer stem cells.

2) CdTe-MPA and CdSe/ZnS-(AMP)-COOH QDs accumulate in all types of
human cancer cells in a concentration-dependant way and localize inside cells in the
vesicular structures near nucleus.

3) Due to higher PL intensity and non-toxic behaviour, CdSe/ZnS-(AMP)-COOH
QDs are more suitable for application of nanocomposites in the imaging of cancer stem
cells.

4) Conjugates of CdSe/ZnS-(AML/PEG)-COOH QDs and anti-CD44 are packed
into vesicles selectively inside CD44" cells, while anti-CD44-FITC conjugates remain on
the plasma membrane.

5) The complex of CdSe/ZnS-(AML/PEG)-COOH QDs and photosensitizer
chlorin eg accumulates inside plasma membrane and vesicles of cancer cells, and initiates
light-mediated cell death via energy transfer from QDs to Ceg molecules.

6) When incubation of the non-covalent CdSe/ZnS-(AML/PEG)-COOH-Ce¢
complex is conducted in culture medium vs physiological saline, better stability and

energy transfer is registered inside cells.



1.3. Scientific novelty and actuality

Despite these numerous advances in the treatment of metastatic disease, responses
to the existing conventional treatment have not been consistent, predictable or durable in
many cases. A topic of growing interest that may generate new insights into the
pathogenesis of cancer reccurence and metastasis is the emerging cancer stem cell field.
CSCs are tumor subpopulations in which clinical virulence resides as a consequence of
their unlimited capacity to proliferate, self-renew and differentiate into more mature
tumor populations to sustain robust tumor progression [9-11]. Increasing evidences
support the idea that, instead of merely targeting the bulk non-CSCs, successful cancer
curing may require both undifferentiated CSCs and differentiated non-CSCs to be
efficiently eliminated. Scientists are working on identification of molecular markers,
which could selectively detect the ,,most dangerous* cells and eliminate their population
thus stopping the progression of the deasease as well as metastasis. Numerous number of
markers have been already reported for different types of cancer [12-14]. However it is
still under consideration whether such markers are capable of labelling a whole
population of CSCs [15]. Therefore, despite immunophenotyping, the capabilty of
tumour formation, migration and resistance to chemo- and radiotherapies are performed
in order to characterise CSCs completely.

Advances in nanotechnology have contributed to the development of novel
nanoparticles that enable the tumor-specific delivery of imaging probes and therapeutic
agents in cancer imaging and therapy. Nanobiotechnology combines nanotechnology
with molecular imaging, which has led to the generation of new multifunctional
nanoparticles for cancer imaging and therapy. Multifunctional nanoparticles hold great
promise for the future of cancer treatment because they can detect the early onset of
cancer in each individual patient and deliver suitable therapeutic agents to enhance
therapeutic efficacy. The combination of tumor-targeted imaging and therapy in an all-
in-one system provides a useful multimodal approach in the battle against cancer [16].
QDs have gained much attetion due to unique optical and electronic properties, such as
size- and composition-tunable fluorescence emission from visible to infrared
wavelengths, large absorption coefficients across a wide spectral range and very high

levels of brightness and photostability [17, 18]. Easy surface chemistry of QDs allows
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conjugation of the bioactive molecules (antibodies, etc.) and various therapy agents —
chemotherapeutic drug or photosensitizer [19, 20]. Peptide- and antibodies-coated QDs
have already been reported to selectively detect cancer cells in vivo[21, 22]. However the
information about usage of QDs in CSC detection and treatment is still missing.

The combination of semiconductor quantum dots with PDT photosensitizers
enables the use of an excitation wavelength where the photosensitizer alone does not
absorb [23]. Since quantum dots exhibit broad absorption spectra, their conjugation to a
PDT photosensitizer provides flexibility to utilize variable excitation wavelengths to
activate the photosensitizer molecule and thus to innitiate sigulet oxygen-mediated death
of cancer cells. First studies on QD-PS nanocomposites showed energy transfer from
QDs and PSs as well as production of reactives oxygen species[24, 25]. However, the
knowledge about QD-PS biocompatibility, accumulation in cancer cells and
photosensitizing properties are still missing.

In this work for the first time the sensitivity of FEMX-I melanoma cells to
ionizing radiation was shown. Also it has been documented that despite phenotypical
and funcional diversity all cells are capable of QDs accumulation. Additionally, it has
been shown for the first time that anti-CD44-QDs conjugates accumulate selectively
inside CD44" cells and localize in the endocytic vesicles, while anti-CD44-FITC is not
capable of entering inside cells. Moreover the complex of QDs and photosensitizer
chlorin e¢ accumulates inside cells and innitiates light-mediated cell death via energy
transfer from QDs to Ceq molecules.These results show the capability of quantum dots to
selectively diagnose and treat cancer. In the future studies the capacity of selective
recognision and therapy will be combined thus creating a novel multifuncional

theranostic agent.
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2. MATERIALS AND METHODS

2.1. Materials

A pancreatic adenocarcinoma (MiaPaCa2) cell line was purchased from the
Health Protection Agency Culture Collections. Prostate adenocarcinoma (PC3) and
glioblastoma (U87) cells were obtained from the American Type Culture Collection.
Melanoma (FEMX-I) cells were originally derived from lymph node metastasis of a
patient with melanoma at the Norwegian Radiumhospital in 1980 [26]. Human breast
cancer cell lines MDA-MB-231 and MCF-7 were obtained from the American Type
Culture Collection (ATCC). CdTe QDs coated with mercaptopropionic acid (MPA) were
purchased from PlasmaChem GmbH (Berlin, Germany) emitting far-red fluorescence
(Amax = 710 £ 5 nm). Commercial carboxyl-Functionalized eFluor® 605NC QDs,
composed of CdSe/ZnS core/shell, outer lipid coating with polyethylene glycol and
carboxyl functional groups, were purchased from eBioscience (USA). Commercial
carboxyl-Functionalized eFluor® 605NC anti-CD44-QD conjugate, composed of
CdSe/ZnS core/shell, outer lipid coating with polyethylene glycol and carboxyl
functional groups as well as antibodies agains CD44 antigen, were purchased from

eBioscience (USA). Ces was obtained from Frontier Scientific Inc. (USA).

2.2. Cell culturing

Cells were cultured in DMEM or RPMI. Both growth mediums contained 10%
fetal bovine serum (FBS, Fisher Scientific, Oslo, Norway), 100 U/ml penicillin, 100
mg/ml streptomycin, and 2 mM L-Glutamine (Sigma-Aldrich Norway AS, Oslo,
Norway). In the case of the U87 cells, the DMEM medium was additionally
supplemented with 3% MEM non-essential amino acids (Sigma-Aldrich). The cells were
routinely cultivated in 25 c¢cm® Nunclon culture dishes (VWR International, Oslo,
Norway) under standard conditions, subculturing them twice a week and keeping them in
a humidified incubator at 37°C with 5% CO,. For experiments, the cells were harvested
by bringing them into suspension via trypsinization and seeding a necessary amount of

cells into multiplates.
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2.3. Assessment of CSC properties

For the assessment of the expression of stem-like surface antigens up to 10° cells
were labeled in PBS solution with anti-CD44-FITC (BD Biosciences, USA), anti-
CDI133-PE (eBioscience, USA) for 20 min at room temperature. Flow cytometric
analysis was carried out with a FACSort or LSR II analyzer (BD Biosciences). The data
were analyzed with FlowJo (Tree Star, USA) software. A minimum of 10,000 viable
cells were measured per sample. Using forward and side scatter profiles and propidium
iodide (PI) staining, debris, cell doublets, and dead cells were gated out, respectively.
Fluorescence-activated cell sorting was performed on a BD FACSAria or FACSort Cell
Sorter (BD Biosciences). Purities of the sorted populations, as determined by post-
sorting flow analysis, were generally >90%.

To determine the sensitivity of FEMX-I cells to the treatment of ionizing
radiation, cells were seeded into multiplates and kept for 24 hours. Cells were exposed to
different doses of ionizing radiation ranging from O to 10 Gy delivered by a Miiller X-
ray apparatus operated at 220 kV, 20 mA, with a 0.5 mm Cu filter (Oslo university
hospital, Norway). After 24 hours the immunophenotyping by using anti-CD44-FITC
and anti-CD133-PE was performed.

2.4. Cellular uptake of CdTe-MPA QDs in cancer cells

A stock solution of CdTe-MPA QDs was prepared by dissolving 1 mg QDs in 1
ml PBS (Sigma-Aldrich) at pH 7.4 or saline (0.9% w/v NaCl). The stock solution was
further diluted to a desired concentration in DMEM or RPMI-1640 growth medium and
poured over the FEMX-I cells growing in the multiplates. The medium without QDs was
poured in a few wells to have control cells in the same multiplate. After incubation at
37°C for 24 h, the cells were washed with ice-cold PBS+ (standard PBS supplemented
with 0.9 mM CaCl, and 0.5 mM MgCl, to prevent cell detachment at this step) to
remove any free QDs. Immediately after washing, the cells were brought into suspension

by trypsinization for further analysis using flow cytometry.
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Fig. 2.4.1. Bandpass filters of BD™ LSR II flow cytometer, marked as green, yellow and
violet rectangle. The emission and exitation of fluorescent agents of FITC, PE and CdTe-

MPA are marked as a line and a dotted line respectively.

2.5. UV-VIS and time-resolved spectroscopy of QDs and

chlorin e5 complex

The steady state absorption and the fluorescence spectra of samples were recorded
with a Cary 50 UV-Vis absorption (Varian, Inc., USA) and a Cary Eclipse fluorescence
spectrometers (Varian, Inc., USA), respectively. Fluorescence decay measurements
were performed with F920 spectrometer (Edinburgh Instruments, UK), equipped with a
single photon photomultiplier detector (S900-R) [27]. The excitation source was a
picosecond pulsed diode laser (EPL-405) with a radiation wavelength at 405 nm. Quartz
cuvettes with the optical path length of 1 cm were used for measurements. PL decays
were analyzed by approximation with 3-exponential funcion. The avarge lifetime of PL
was calculated as [27]:

Y Bt

Y Bitg
7; — avarage lifetime, B; — the aplitude of the component (t = 0), i — number of the

<T>=

component.
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2.6. Intracellular distribution of QD-Ceq complex and energy

transfer from QDs to Ce¢ in live cancer cells

For intracellular imaging studies, cells were seeded into 8-chambered cover glass
plate (Nalge Nunc International, USA). 3x10* cells were seeded into each chamber and
incubated with QDs (0.2 uM), Ce¢ (1 pM) and QD-Ceg (molar ratio 1:5) complex in
DPBS. After 3 h incubation the old medium was carefully aspirated, the cells were
washed twice with DPBS and supplemented with fresh DPBS. The cellular uptake of
QD-Ces complex was assessed using Nikon Eclipse Te2000-U microscope with
Confocal Laser Scanning system Clsi equipped with CO, Microscope Stage Incubation
System (OkoLab, Italy). For precise measurements, emission of QDs and Ceq was
separated using microscope spectral imaging unit (capable of 32 bit spectral imaging). A
desired spectral range (580-730 nm) was recorded with 32 channels, 16 channels were
assigned to spectral range of QDs emission (580-655 nm — “a green image”) and the rest
were assigned to Ceg emission (656-730 nm — “a red image”) using 5 nm step of spectral
measurement. Measurements were done using 60x/1.4 NA oil immersion objective and
488 nm argon-ion laser. The data were analysed using EZ-C1 3.80 FreeViewer (Nikon)
and ImageJ (De Novo Software).

For confirmation of FRET inside live cancer cells, the fluorescence lifetime
imaging microscopy was performed. Cells were prepared for the experiment as described
previously, lifetime imaging was done using Lifetime and FCS Upgrade for Nikon Clsi
(PicoQuant GmbH, Germany). The system consisted of a 404 nm pulse diode laser with
a pulse width of 39 ps and repetition rate of 10 MHz. Fluorescence signal was filtered by
a band-pass 578+52.5 nm filter. Detected photons were counted by a time correlated
single-photon counter PicoHarp 300 (PicoQuant GmbH, Germany). Initialization,
scanning, and acquisition were controlled by the same Nikon Clsi microscope system.
FRET images were reconstructed using three exponential fitting model (SymPhoTime
software, PicoQuant GmbH, Germany), in which average lifetime of a fluorescent agent
is displayed for every given pixel. Histograms for all average lifetimes (for all pixels) of

QDs and QD-Ceq complex were plotted using the same SymPhoTime software.
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2.7. Photosensitizing properties of QD-Ce; complex

Photosensitizing properties was measured as a capability of QD-Ces complex to
induce obvious cell death via QD-directed irradiation. Cells were seeded for the
experiment as described previously. After 24 hours the medium was replaced with 300 pl
DPBS containing QDs (0.01 uM), Ce6 (0.05 uM), QD-Ceq (molar ratio 1:5) complex in
DPBS and left for 3 hours in the incubator (in the dark). For irradiation procedure, cells
were transferred to Microscope Stage Incubation System (OkoLab, Italy). The cells were
irradiated with blue light (470£5 nm) using light source MAX-302 (Asahi Spectra CO.,
Ltd, Japan) with an in-built narrow band-pass filter. The light intensity measured at the
sample position was 33 mW/cm?®. Irradiation was applied for 9 minutes for each well,
giving a dose of 17.7 J/cm®.

The viability was measured 20 hours after irradiation by adding 5 pl (100 pg/ml)
of propidium iodide into each well and registering both fluorescence and bright field
microscopy images. Statistical significance was counted using Student T-test by MS

Excel program. P<0.05 were considered to be statistically significant.

2.8. Accumulation of anti-CD44-QD in MCF-7 and MDA-MB-

231 cancer cells

QDs were diluted to a concentration of 5x10™® M in the complete growth medium
and poured over the MCF-7 and MDA-MB-231 cells growing in the 8-well glass
chamber slide. After the desired time of incubation at 37°C the cells were washed with
Dulbecco’s PBS (supplemented with Ca® and Mg2+ to prevent cell detachment)
(Biochrom, Germany) to remove any excess QDs and were fixed with 4% PFA (Sigma-
Aldrich, Germany) for 15 min, permeabilized for 4 min using 0.2% Triton X-100
(Sigma-Aldrich, Germany) and blocked for 20 min with PBS containing 1% BSA
(Sigma-Aldrich, Germany). To label actin, fixed and BSA-blocked cells were incubated
with phalloidin- Alexa Fluor® 488 (Life Technologies, USA) methanolic solution for 20
min. To label nuclei, both fixed and live cells were incubated with 25 pg/ml Hoechst
33258 (Sigma-Aldrich, Germany) for 30 min. After staining cells were mounted on
slides using Qdot® Mounting media (Life Technologies, USA) with coverslips. Labeling

of actin and nuclei was made after the incubation with QDs.
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For selective labelling studies, MCF-7 and MDA-MB-231 cells were set into 8-
chambered plates. After 24 hours the medium was aspirated, 100 pl of DPBS solution
containing 20 pL of anti-CD44-QDs and anti-CD44-FITC were poured over the cells for
30min. Live cell imaging was performed at two points of time: immediatelly after
labelling and 24 hours after labelling.

Samples were examined under confocal microscope by scanning with the beam of
UV laser (404 nm) for Hoechst, argon ion laser (488 nm) for phalloidin and FITC, and
helium-neon laser (543 nm) for QDs using oil immersion 60x NA 1.4 objective (Plan
Apo VC, Nikon, Japan). Images were captured and processed with EZ-C1 3.90 image

analysis software (Nikon Instruments, USA).
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3. RESULTS AND DISCUSSION

3.1. Identification of CSC

Heterogeneity of four cancer cell lines using putative stem cell markers for
CD133 and CD44 was investigated. The cell-surface associated CD44 is an adhesion
glycoprotein. The function of CDI133 is still unknown, but it has been shown to be
involved in dynamics of membrane protrusions and to mark cancer stem cells. The flow
cytometry technique was performed to detect fluorescence from single cell after
combined staining with antibody-dye conjugates against CD133 and CD44. All cell lines
expressed CD44 to a similar degree, from 96.2 to 99.9% (Fig. 3.1.1). However, the
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Fig. 3.1.1.The expression of CD133 and CD44 in different human cancer cell lines.
Prostate adenocarcinoma (A), glioblastoma (B), pancreatic adenocarcinoma (C), and

melanoma cells (D).
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expression of CD133 was very low among these cell lines (0.001-0.23%) with slightly
higher prevalence in U87 cells (1.94%, Fig. 3.1.1, B). Only FEMX-I cells exhibited high
levels of CD133 (99.1%, Fig. 3.1.1, D).

The response to CD markers was not enough to determine heterogeneity of the
cell lines. Therefore, we further analyzed the shape of their phenotypical patterns (Fig.
3.1.1). U87 (Fig. 3.1.1, B) cells show nearly uniform semi-horizontal oval-shaped cloud
distribution. PC3 (Fig. 3.1.1, A) and MiaPaCa2 (Fig. 3.1.1, C) cells show two clouds,
indicating two subpopulations: circular-shaped dense cloud with high CD44 expression
(CD44"™") and a horizontal oval cloud with low/no CD44 expression (CD44"°"").
FEMX-I cells appear to consist of three different subpopulations: CD44"€"CD133"¢",
CD44"¢"CD133"Y", and CD44*CD133""" (Fig. 3.1.1, D).
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Fig. 3.1.2. The expression of CD133 and CD44 after FACS sorting of different
subpopulations of FEMX-I cells. Phenotype of the total population of the cells before
sorting (A), and phenotype of CD44"®"CD133"&" (B), and CD44"#"CD133"°"" (C)
subpopulations after 10 days growth after sorting.
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Since FEMX-I cells showed high expression of both CD markers with three
distinct subpopulations, we further examined their capability of growing and restoring
initial population. Each subpopulation (CD44""CD133"¢" CD44"#"CD133""", and
CD44"°""CD133""") was FACS sorted, isolated, and plated under usual growing
conditions. CD44"°"CD133""" cells did not grow after sorting. CD44™€"CD133"" cells
grew after sorting, but after 10 days of growth the cells did not show significant changes
in their phenotypical composition. Immediately after sorting, the subpopulation was
composed of ~95% CD44""CD133"¢" cells and remained unchanged after 10 days of
growth (Fig. 3.1.2, A, B) suggesting that CD44™¢"CD133"¢" subpopulation was unable
to restore its progeny. However, CD44"£"CD133'"" cells were able to grow and change
their phenotypical composition. Immediately after sorting, the cells were composed of
~80% CD44™"CD133"Y" cells, and after 10 days of growth this subpopulation was
composed of ~58% CD44""CD133"°" and ~41% CD44"™"CD133"" cells, thus
approaching the phenotypical composition of the unsorted cells (Fig. 3.1.2, A, C).
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Fig. 3.1.3. The expression profiles of CD133 and CD44 shown separately for untreated
cells (A) and for cells irradiated with 7 Gy (B) and 10 Gy (C). Different colors of the
dots show the number of the overlapping dots: the red dots represent denser areas than

the blue dots.

The doses (7 and 10 Gy) of ionizing radiation were chosen to induce death of
more than half of the cells [28]. The percentage of the CD44"e"Cp33hieh subpopulation

decreased from 72% in the control unirradiated cells to 58—62% after irradiation while
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that of the subpopulation CD44"€"CD133""" increased from 26% to 35-36%. The
percentage of CD44°*CD133""" subpopulation increased from 0.6% in the untreated
cells to ~2.4-4.4% in the cells after irradiation (Fig. 3.1.3, A-C).

To sum up, these results indicate that only CD44"€"CD133"°"cells are capable of
progeny formation after sorting and are more resistant to radiotherapy treatment,
therefore these cells posses more stem-like properties than CD44"e'CD133"e" cells.
Since CD133 are often reported to be the CSC-identifing marker [12, 29-31], our
findings are controversal. But there are other studies which also find CD133 antigen as

meaningless in detection of CSCs [15].

3.2. Accumulation of CdTe-MPA QDs in subpopulations of
FEMX-I cells

To determine the accumulation of CdTe-MPA QDs in the subpopulations of
FEMX-I cells, FEMX-I cells were incubated with QDs for 24 hours in the incubator (5%
CO,, 37°). Following incubation cells were brought into suspension and the
immunophenotyping with anti-CD133-PE and anti-CD44-FITC markers were
performed. Then the subpopulations of CD44"€"CD133'""and CD44"#"CD133"¢" were
gated out for the analysis of QDs emission inside them. The PL of QDs was registered in
94-99% of cells in both CD44""CD133"°"" and CD44"£"CD133"" subpopulations (Fig.
3.2.1).

These results indicate, that despite stem-like properties CdTe-MPA QDs
accumulate inside cells. The accumulation of various types of QDs is well documented
in many studies [19], however there is no information about the accumulation of QDs in
CSCs. The reason for this might be the toxicity of CdTe-MPA, which is shown in many
publications [28, 32-34]. But it is important to mention that toxicity is associated with
the release of the ions of Cd and Te. Recently this instability issue had been solved by
capping the core of QDs with additional coatings [35-37]. By using well coated QDs,
scientists demonstrated successful labeling of normal stem cells, without any disturbance

into its physiological functions [38, 39].
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Fig. 3.2.1. Accumulation of the CdTe-MPA QDs in FEMX-I cells. Intensity histograms
represent autofluorescence of the control untreated cells (red curve) and the fluorescence
of the cells treated with 50 pug/ml (A, blue curve) and 100 pg/ml (B, blue curve) QDs,
respectively. The percentage of cells positive for QDs PL was 94-99% in all
subpopulations (C).

3.3. Accumulation of non-functionalized QDs and anti-CD44-

QD conjugates in breast cancer cells

Accumulation of non-functionalized carboxyl-coated QDs studies showed that
MCEF-7 and MDA-MB-231 breast cancer cells accumulate QDs and store them in

endocytic vesicles (Fig. 3.3.1). Confocal fluorescence images taken at 3, 6 and 24 hours
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after the incubation with carboxyl-functionalized QDs at 37°C show that the localization
and distribution of vesicles with QDs depends on the incubation time: after 3 hours
vesicles are distributed all along the cell in MDA-MB-231 cells (Fig. 3.3.1, A), after 6
hours vesicles of QDs localize in the close proximity to the nucleus (Fig. 3.3.1, B) and
after 24h multivesicular body-like structures with QDs are formed in the perinuclear
region (Fig. 3.3.1, C). A slightly different time-dependent distribution is present in MCF-
7 cells: after 3 hours vesicles with QDs are spread all over the cytoplasm and in the
course of time their distribution almost does not change (Fig. 3.3.1, D-F). However, the

size of the vesicles differs between cell lines — MDA-MB-231 cells form over 2 times

larger vesicles than MCF-7 cells.

Fig. 3.3.1. MDA-MB-231 cells (top) and MCF-7 cells (bottom) after 3h, 6h and 24h
incubation with non-functionalized QDs. Green color shows actin, blue color — nucleus,

red color — QDs.

Accumulation of QDs in different types of cells have been well documented.
Similary to our results, other authors find QDs to localize in endocytic vesicles with
slight differences between various types of cell [40]. However, the information about

accumulation and localization of antibody-functionalized QDs is still missing. Therefore
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we futher performed accumulation and distribution studies of anti-CD44-QDs in both

CD44" (MDA-MB-231) and CD44  (MCF-7) cancer cells.

MDA-MB-231 '

MCF-7

Fig. 3.3.2. The expression of CD44 surface antigen of MDA-MB-231 and MCEF-7 cells
(A). Laser scanning confocal micrographs of MCF-7 cells after 30 min incubation with
anti-CD44-QD (C) and anti-CD44-FITC (B). Blue color shows nucleus, green color —
anti-CD44-FITC, red color — anti-CD44-QD.

As seen from flow cytometry results, MCF-7 cells express CD44 molecule
weakly — only 10,3% of MCF-7 cells express CD44 adhesion molecule and has fewer
CD44 antigens than MDA-MB-231 cells (Fig. 3.3.2A). After incubation with anti-CD44-
QDs and anti-CD44-FITC, only a weak PL signal is registered in the plasma membrane
of MCF-7 cells (Fig. 3.3.2B, C). That shows the specificity of used antibodies for
binding CD44 antigens. Contrary, strong labelling is registered in the MDA-MB-231
(CD44") cells: after 30 min incubation the anti-CD44-QDs and anti-CD44-FITC brightly
and continuously label plasma membrane of the cells (Fig. 3.3.3, left panel).
Interestingly, after 24 hours post labeling, redistribution is registered in the anti-CD44-
QD-labeled cells: while antibodies conjugated with FITC stay in the cell membrane, the
anti-CD44-QDs conjugates are engulfed and packed into vesicles (Fig. 3.3.3, right
panel), similarly as in the case of non-targeted QDs (Fig. 3.3.1).

In conclusion, the accumulation results of anti-CD44-QDs in CD44" and CD44
cells show the selectivity of targeted nanoparticles. Moreover, the engulfment of anti-

CD44-QDs inside cells shows the capability of QDs not only to selectively label CSC-
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like cells, which is very important for NP applications in cancer imaging, but also it
shows the capacity of QDs as a drug transporter. It is unknown, why QD-conjugated

antibody is engulfed inside cells, while organic molecule FITC-conjugated antibody

30min inc. 30min inc.+24h

anti-CD44-QDs

anti-CD44-FITC

Fig. 3.3.3. Laser scanning confocal micrographs of the stem-like MDA-MB-231 cells
after 30 min incubation with anti-CD44-QDs (red) and anti-CD44-FITC (green) and
after additional cultivation post incubation under standart culture conditions for 24h.

Blue color shows nucleus.

remains in plasma membrane. The size of QD might be a reason as it resembles the size
of CD44 ligand — hyaluronic acid, but futher studies are needed to give a reasonable
explanation. Other studies with QD-bioactive molecule conjugates revealed that

conjugates accumulate more efficiently in cancer cells, then unconjugated QDs [21, 22,
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41]. However, no studies concerning distribution of QD-conjugates in vitro or in vivo

have been found. Therefore our study gives new knowledge in the field of nanomedicine.

3.4. Cellular uptake and photosensitizing properties of

quantum dot-chlorin e complex in MiaPaCa2 cancer cells

Schematic representation of QD-Ceq complex formation can be seen in Fig.
3.4.1A. The size and location of Ceg molecules as well as the size of QDs and its inner
core/shell (6.1+0.4 nm) are drawn to scale according to Jennings et al and our previous
findings [42, 43]. The formation of the QD-Ceq complex in aqueous solution was
determined spectroscopically. The addition of Ceg into the aqueous solution of QDs
induced the decrease in intensity of a PL band of QDs with simultaneous appearance of
the Ceq fluorescence band in the complex with a maximum at 670 nm, which is
bathochromically shifted in comparison with the fluorescence maximum at 660 nm of
free Ceq (Fig. 3.4.1, B). The broad absorption spectrum of the QDs [44] enabled us to
find a suitable wavelength for the energy transfer studies where the donor QDs could be
selectively excited avoiding the direct excitation of Ceg. Thus, the detected increase of
fluorescence intensity of Ceg at 670 nm with accompanying decrease of the PL intensity
of QDs at 607 nm indicate the excitation energy transfer from QDs to Ceq molecules in
the complex.

Steady state spectroscopy observations have been supported by the PL lifetime
measurements. The mean PL lifetime <7> of pure QDs was found to be 26.3 ns and
decreased to 16.7 ns in the presence of Ceq at a molar ratiol:5 (Fig. 3.4.1, C). A
substantial shortening of the donor QDs lifetime in the presence of the acceptor Ceg
accords with the quenching of QDs PL intensity by Ceg in the formed complex implying
the FRET mechanism.

For the accumulation studies QD-Ceq complex was prepared as previously
described and poured over the cells. For comparison, pure QDs and pure Ceq were
applied on the cells separately at the same concentrations. Images were recorded by laser
scanning confocal microscopy with the upgrade of spectral imaging and fluorescence

lifetime imaging units.
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Fig. 3.4.1. Schematic representation of QD-Ces complex formation (A), where the size
and location of Ces molecules as well as the size of QDs and its inner core/shell are
drawn to scale. PL spectra (B) of pure QDs, Cegs and QD-Ce solution at QD:Ceg molar
ratio 1:5. PL spectrum of pure Ceq is multiplied 20 times; PL decay spectra (C) (Aex =
405 nm, A, = 605 nm) of pure QDs and QD-Ceq solution. Instrument response function

(IRF) is also shown.

Ce¢ molecules distribute diffusely in the cells (Fig.3.4.2, A). The spectral analysis
revealed that the fluorescence band of Ceq in live cells is shifted to the red (A,.x=670
nm) (Fig.3.4.2, A, insert) in comparison to aqueous solution (A;.x=660nm) (Fig.3.4.1,
A). Due to amphiphilic structure of Ces molecule, its spectral properties are highly
sensitive to environmental changes. Upon interaction with hydrophobic compartments of
cell membranes and inner proteins, the PL spectrum of Ceq experiences a bathochromic
shift [45, 46]. Distribution of QDs in cells has a more discrete pattern (Fig. 3.4.2, B).
QDs localize in the plasma membrane and vesicles.

Accumulation of QD-Ceq complex in cells is presented in Fig. 3.4.2 C. Green-,
yellow- and red-coloured regions are detected inside cells. For more precise analysis, the
spectral data were extracted for yellow (1), green (2) and red (3) regions (Fig. 3.4.2, D).

Interestingly, the PL of QD-Ces complex was in detected all coloured regions, but with
27



different QD:Ceq PL intensity ratios (Fig. 3.4.2, D). Yellow regions represent areas
where QD:Ceq PL intensity ratio is similar to that registered in aqueous solution (Fig.

3.4.1, B). Green regions are seen in plasma membrane and few vesicles and represent the
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Fig. 3.4.2. Intracellular distribution of Ceq (A), QDs (B) and QD-Ces complex (C) in
MiaPaCa2 cells under spectral confocal microscope (Aex = 488 nm). Scale bar = 10 um.
Red color shows Ceg, green color — QDs, yellow color shows of red and

green emission.

higher PL intensity of QDs (at A=607 nm) in the QD-Ces complex. It is known that
quenching of QDs PL in the QD-Ces complex depends on the number of bound Ceg
28



molecules [47], therefore green regions indicate areas where QD-Ceq complex
underwent partial loss of Ceq molecules during intracellular uptake. Red regions are seen
in vesicles and diffusely spread through the cell representing the superposition of the
QD-Ce¢ PL as well as the fluorescence of Ceg possibly released from the complex due to

the interaction with the cell substrate.
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Fig. 3.4.3. FLIM of QDs and QD-Ceq complex (A) in MiaPaCa2 cells (A, = 404 nm).
(B) - plotted histograms for obtained average lifetimes of QDs (red curve) and QD-Ceg
complex (yellow curve). Colours of FLIM images in A and B correspond to lifetime

values presented in (C) (colour scale).

The shortening of the mean PL lifetime <t> was also found during FLIM

measurements of cells incubated with QD-Ceqs complex, as represented in Fig. 3.4.3,
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where the bluish and greenish colours have been attributed to the areas with shorter and
longer <t>, respectively. The lifetime image of QDs yielded few colours in one cell
indicating longer PL lifetimes in plasma membrane and shorter PL lifetimes inside inner
organelles. After incubation with QD-Ceqs complex more vesicles with shorter PL
lifetimes appeared (Fig.3.4.3 B, blue colour), reflecting quenching due to energy transfer
from QDs to Ces molecules, and at the same time verifying the presence of QD-Ceg
complex inside cancer cells.The quantitative analysis was done by calculating PL
lifetime histograms for each image. The mean PL lifetime <z> of QDs in cells was

found to be 19 ns and decreased to 16 ns in the cells incubated with QD-Ceq complex.
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Fig. 3.4.4. MiaPaCa2 cells after treatment with QDs, Cegs and QD-Ceq complex in the
dark (A, B, C, D) and after 17.7 J/cm?® irradiation (470 nm) respectively (A1, B1, C1,

D1). After combined treatment (complex+irradiation), all cells were stained with
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propidium iodide (red). Scale bar — 10 um. Histogram shows XXT absorbance after
treatmentwith QDs, Ces and QD-Ceq complex in the dark and in the precence of 17.7

J/cm? irradiation. *P<0.05.

As it was shown in accumulation studies, QD-Ceq complex localize in plasma
membrane and vesicles within three hours. To determine whether such subcellular
localization of the complex is proper to induce cell death via FRET, the cells were
exposed to 17.7 J/cm? irradiation at 470 nm, where the absorbance of QDs is dominant
[44]. As can be seen in Fig. 3.4.4, the viability of MiaPaCa2 changed dramatically only
in those cells, which was incubated with QD-Ces complex and irradiated by light
dominantly absorbed by the QDs. The microscopy image (Fig. 3.4.4, D1) shows
randomly shaped, propidium iodide stained cells. Such observations are not present in
irradiation untreated cells (Fig. 3.4.4, A, B, C, D) as well as all other controls (Fig. 3.4.4
A1, B1, C1) and are indicative of obvious cell mortality. Quantitative analysis correlated
with microscopy results: the combined treatment of cells with QD-Ceq complex and
irradiation resulted in ~4 times lower viability and proliferation (Fig. 3.4.4).

Since nanotechnologies immerged into medicine as a potential therapeutic
upgrade to conventional therapies, the development of newer photoactive agents in PDT
using nanoparticles have become of great interest [48-51]. Combination of
semiconductor nanocrystals, namely QDs, and PS might resolve many difficulties that
are encountered in PDT, such as specific localization in cancerous tissue, excitation of
PDT agents via energy transfer and visualization of therapy. We have preliminary data
that shows QD-PS complex accumulation in cells within 3 hours. The complex localize
into vesicles of cancer cells without losing the ability to transfer energy from QDs to
chlorin e via FRET. Nevertheless, after QD-selective irradiation at 470 nm QD-Ceg
complex showed phototoxicity in MiaPaCa2 cancer cells without significant dark

toxicities.
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4. CONCLUSIONS

1) Analysis by flow cytometry revealed, that CD44"¢"CD133""" subpopulation
of melanoma cells FEMX-I is capable of restoring its initial unsorted composition as
well as is less sensitive to ionizing radiation, therefore CD44M"CD 133" cells can be
used as a model system of CSCs in the development of anti-cancer agents.

2) Although cancer cells are different in terms of chemo- and radiosensitivity,
expression of surface proteins, capability to form colonies in vitfro and tumors in vivo,
they uptake quantum dots in a similar manner: quantum dots are engulfed in a
concentration-dependent way and packed into vesicles in the perinuclear region.

3) Due to higher PL intensity and non-toxic behaviour, CdSe/ZnS-(AMP)-COOH
QDs are more suitable for application of nanocomposites in the imaging of cancer stem
cells.

4) Conjugates of CdSe/ZnS-(AML/PEG)-COOH QDs and anti-CD44 are packed
into vesicles selectively inside CD44" cells, while anti-CD44-FITC conjugates remain on
the plasma membrane. Engulfement of anti-CD44-QDs might show its capability to
bring ,,cargo* inside the selected type of cells.

5) Analysis by laser scanning spectral confocal and fluorescence lifetime imaging
microscopy revealed, that the complex of CdSe/ZnS-(AML/PEG)-COOH QDs and
photosensitizer chlorin es accumulates inside plasma membrane and vesicles of cancer
cells. Such a subcellular localization is proper enough to initiate light-mediated cell
death via energy transfer from QDs to Ceq molecules. These results show the capability
of QDs to act not only as a fluorescent label but also as a therapeutic agent.

6) When incubation of the non-covalent CdSe/ZnS-(AML/PEG)-COOH-Ce¢
complex is conducted in culture medium vs physiological saline, better stability and

energy transfer is registered inside cells.
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5. SANTRAUKA

Ivadas

Nepaisant pazangos veézio gydymo srityje, daugelis mokslininky ir tyréjy
pripazjsta, kad Siuo metu taikomos standartinés terapijos pasiZymi Zemu gydymo
efektyvumu,o véZio atsinaujinimas po taikytos terapijos iSlieka opi gydymo problema.
Pasaulinio veézio registro duomenimis, serganciyjy Sia klastinga liga vis daugéja: 2012
metais uZregistruota ~14 milijony serganc¢iyjy véZiu ir progozuojama, jog Sis skaiCius
2035 metais sieks 24 milijonus. Atlikty fundamentaliyjy darby bei mokslo tyrimy
rezultatai rodo, kad uz prasta gydomajj efekta, metastazes bei naviko atsinaujinimg po
taikyto gydymo gali buti atsakinga véZiniy lasteliy subpopuliacija, pasiZyminti
kamieniniy lasteliy savybémis. Sios subpopuliacijos véZinés lastelés pasizymi geny
raiSkos pokyc¢iais ir/ar mutacijomis, susijusiomis su apoptozes slopinimu, proliferacijos
aktyvinimu, molekuliy transportavimo ir vaisty Salinimo i§ lgstelés mechanizmy
jungimu. Todél daroma prielaida, kad nuo véZiniy kamieniniy Igsteliy, pasiZyminciy
aktyviais molekuliniais rezistentiSkumo mechanizmais, priklauso atsparumas taikomai
terapijai bei metastaziy formavimasis. Eksperty, dirban¢iy onkologijos srityje, nuomone,
efektyvios véZio terapijos taikinys turéty biti véZinés kamieninés lgstelés (VKL). VKL
aptikimas ir toksinio poveikio joms realizavimas leisty padidinti onkologiniy susirgimy
gydymo veiksmingumag ir specifiSkuma bei padéty iSvengti antriniy naviky ir metastaziy.

Spartus nanomedicinos vystymasis jau Siandien pateikia jvairius onkologiniy
problemy sprendimo kelius. Nanodalelés ar nanodariniai pasiZymintys iSskirtinémis
savybémis sékmingai taikomi eksperimentinéje klinikoje, tad neabejotinai aktualus ir
nanodariniy sgveikos su VKL klausimas sprendZiant neinvazinés diagnostikos ir tikslinio
vaisto nuvedimo ] paZaidos vietg igyvendinimg. Jau dabar aptinkama straipsniy, kuriuose
parodoma, kaip s€ékmingai yra jveikiamos chemoterapijai ir radioterapijai atsparios VKL
nanotechnologijy pagalba. Todél VKL aptikimas, nanotechnologijy sinteze,
modifikavimas ir tyrimai jvairaus tipo véZinése lastelése yra svarbiis $iy dieny moksliniai

uzdaviniai.
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Tyrimo tikslas
IStirti nanodariniy pritaikymo galimybes véziniy kamieniniy lgsteliy aptikimui ir

sunaikinimui.

UZdaviniai:

1) Istirti CdTe-MPA kaupimgsi melanomos kamieninése lgstelése;

2) Palyginti CdTe-MPA ir CdSe/ZnS-(AMP)-COOH kaupimasi ir poveiki Zmogaus
veéziniy lgsteliy linijose;

3) IStirti CdSe/ZnS-(AML/PEG)-COOH ir antiktino prie§ CD44 antigeng konjugato
kaupimosi ir pasiskirstymo désningumus kriities véZinése kamieninése Igstelése.

4) Istirti  CdSe/ZnS-(AML/PEG)-COOH ir sensibilizatoriaus Ces komplekso
kaupimasi, energijos pernasa ir sensibilizacinj poveik] in vitro;

5) Ivertinti CdSe/ZnS-(AML/PEG)-COOH ir sensibilizatoriaus Ces komplekso
stabiluma baltymais prisotintoje mitybingje terpéje, imituojant in vivo sistemos

kraujotaka;

Ginamieji teiginiai:

1) Melanomos lasteliy linijos FEMX-I CD44™'*CD133™*" fenotipo
subpopuliacija pasiZymi véZinéms kamieninéms lasteléms biidingomis savybémis.

2) Nepaisant skirtingy kamieniSkumo savybiy, KT kaupimosi désningumai beveik
vienodi visose véZinése lastelése: KT patenka i Igsteliy citoplazma, iSsidésto 1asteléje
puslelinémis strukttiromis aplink branduolj, o didinant KT koncentracija, matomas
didesnis KT fotoliuminescencijos intensyvumas lgstelése.

3) CdSe/ZnS-(AMP)-COOH KT pasizymi didesniu fotoliuminescencijos
intensyvumu lgstelése ir maZesniu toksiniu poveikiu joms nei ZnS sluoksnio ir AMP
dangalo neturintys CdTe-MPA KT.

4) Antikiinais prieS pavirSiaus antigeng CD44 padengti CdSe/ZnS-(AML/PEG)-
COOH KT selektyviai patenka j CD44" fenotipo, kuris bidingas kriities véZinéms
kamieninéms Igsteléms, vidy ir pasiskirsto pislelése aplink branduolj, o anti-CD44,
konjuguotas su organine fluorescuojancia molekule, nepatenka j Igsteliy vidy ir bégant

laikui lieka prisijunges prie 1gstelés plazminés membranos.
34



5) Sensibilizatoriaus chlorino e ir CdSe/ZnS-(AML/PEG)-COOH KT
kompleksas per 3 valandas susikaupia plazminéje membranoje ir véZiniy lasteliy viduje,
puslelinése struktiirose, o paveikus regimaja Sviesa geba sukelti véZiniy lasteliy zut] per
energijos pernasg i§ KT j chloring eg.

6) Nekovalentiskai sujungtas CdSe/ZnS-(AML/PEG)-COOH KT ir Ceq
nanodarinys yra stabilesnis lgstelése, kai inkubacija atliekama baltymais ir vitaminais

prisotintoje, in vivo sistemg primenancioje terpéje, nei fiziologiniame drusky tirpale.

Aktualumas ir naujumas

Tiek pasaulyje, tiek Lietuvoje onkologiniy susirgimy vis daugéja, o mirtingumas
nuo ve€Ziniy susirgimy yra antroje vietoje, po Sirdies ir kraujagysliy ligy. Tai vercia
jvairiy sri¢iy mokslininkus apjungti savo Zinias ir ieSkoti ne tik ankstyva véZio
diagnostika uZtikrinanciy priemoniy, bet ir iSsiaiSkinti priezastis bei mechanizmus,
lemiancius véZzio atsparumg gydymui.

Pastargji 10-meti vis gauséja irodymy apie veézyje esanCig nedidele
subpopuliacija, pavadintg — véZio kamieninémis lgstelémis. Teigiama, jog butent VKL
yra atsakingos uZ naviko formavimg, atsparumg taikomai terapijai bei metastaziy
formavimg [9-11]. Intensyviai ieSkoma Zymeny, kurie leisty aptikti ,,pavojingasias‘
lasteles, bei sunaikinti jas, tokiu biidu uzkertant kelig vélesniam ligos atsinaujinimui ir
progresavimui. Siai dienai jau yra pasifilyta nemaZai Zymeny, kurie galéty aptikti VKL
lasteles jvairiy lokalizacijy navikuose [12-14]. Taciau vis dar yra gin¢ijamasi dél Zymeny
patikimumo ir jy geb¢jimo pazyméti visas VKL [15], d¢l to norint atskirti/iSgryninti
»piktasias® lasteles, atliekami kiti tyrimai, kurie parodo Zymenimis atskirty VKL
gebéjima formuoti navikus, geb€jimg migruoti, metastazuoti ir atsparumg
chemoterapiniams vaistams bei jonizuojanciai spinduliuotei.

Nanodalelés pateikia naujas galimybes vézio diagnostikos ir gydymo srityje. Ypac
svarbi ND savybé — diagnostikos ir terapijos funkcijy apjungimas ] vieng darinj.
Diagnostikag ir terapijag atliekantys nanodariniai yra vadinami nauju terminu —
teranostiniais nanodariniais [16]. Kvantiniai taskai mokslin¢je literatiiroje minimi kaip
rySkiausiai SvieCiantys fluorochromai, pasiZymintys reguliuojamomis spektrinémis

savybémis, leidZianCiomis pasirinkti sugerties ir emisijos spektrinius ruozus audiniy
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skaidrumo lange [17, 18]. Jy lengvai modifikuojamas pavirSius leidZia uzkabinti norimas
bioaktyvias molekules, pavyzdZiui antikiinus, bei teraping funkcijg atliekancius vaistus —
chemopreparatus ir fotosensibilizatorius [19, 20]. KT dengti peptidais ir antikiinais pries$
EGFR antigeng, buvo s¢kmingai panaudoti selektyviam véZio aptikimui in vivo [21, 22].
Taciau nepavyko rasti duomeny apie VKL Zymenimis dengty KT panaudojimg VKL
aptikimui in vitro ir in vivo.

KT panaudojimas kaip diagnostika ir terapija atlieckancio nanodarinio buvo
pasitlytas dar 2003 metais, kai Samia pristaté KT (kaip galimo Sviesos energijos donoro)
ir fotosensbilizatoriaus (Sviesos akceptoriaus) apjungimg ] kompleksg [23]. Tokia
sistema leisty parinkti Zadinanciaja spinduliuot¢ audiniy skaidrumo lange, o prikabintas
sensibilizatorius atlikty aktyviy deguonies formy generavimg, sukeldamas navikiniy
lasteliy zutj. KT-FS nanodariniai buvo pasiilyti ir kity mokslininky, buvo parodytas jy
susikompleksavimas, gebéjimas perduoti energija i§ KT j FS, bei singuletinio deguonies
generavimas [24, 25]. Taciau vis dar triksta duomeny apie KT-FS suderinamumg su
biologine aplinka, jy kaupimasi ir geb&jimg inicijuot] véZiniy lasteliy Zitj.

Siame darbe pirma kartg jvertintas FEMX-I lasteliy jautrumas jonizuojanciai
spinduliuotei, jvertinta, jog KT kaupiasi neatsiZzvelgiant j imunofenotipinius ar
funkcinius Igsteliy skirtumus. Taip pat parodyta, jog antikiinais (prie§ antigeng CD44,
kuris biidingas VKL) dengti KT kaupiasi selektyviai tik CD44" Igstelése, bei patenka j jy
vidy, prieSingai nei FITC dazu Zymeétas analogiSkas antikiinas. Pirmg karta parodytas
sukonstruoto KT ir sensibilizatoriaus chlorino e komplekso kaupimasis, energijos
pernasa ir inicijuota lasteliy Zitis véZinése lastelése. Sie rezultatai parodo KT galimybes
tiek selektyviai diagnostikai, tiek terapijai. Ateityje bus siekiama apjungti abi funkcijas
(selektyvaus kaupimosi ir terapijos) j vieng KT nanodarinj ir taip priartéti prie norimo

nanotechnologinio teranostinio preparato.

Pagrindiniai rezultatai

Siame darbe, pagal literatiiroje nurodyta véZio kamieniniy lasteliy aptikimo
metodika, buvo istirtos kruties, kasos, kiauSidZiy vézio ir melanomos Igsteliy savybés.
Buvo rasti minéty lasteliy pavirSiaus Zymeny ekspresijos skirtumai, jautrumo

chemoterapiniams vaistams ir jonizuojanciai spinduliuotei skirtumai. Taip pat skyrési
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lasteliy gebé¢jimai formuoti navikus imunodeficitinése pelése ir atstatyti prie§ ruSiavimag
buvusiag fenotiping sudéti. Nepaisant Siy lasteliy skirtumy, kvantiniai taskai kaupési
beveik vienodai visose lastelése. Toks rezultatas rodo, kad kvantiniai taskai galbiit geba
iveikti vézio kamieninéms Igsteléms biidinga daugiavaistinj atsparuma.

Pastaruoju metu vis daZniau mokslinéje literatiiroje aptinkama duomeny apie
nanodarinius, kurie selektyviai paZymeéty véZines lgsteles ir jas sunaikinty, taciau triksta
Ziniy apie tokiy nanodariniy kaupimasi ir lokalizacija lastelése. Siame darbe buvo
jvertintas kvantiniy tasky, kaip galimy diagnostika ir terapija atliekanciy nanodariniy,
kaupimosi ir lokalizacijos lastelése tyrimai. Buvo parodyta, jog antikiinais pries§
pavirSiaus antigeng CD44 padengti kvantiniai taSkai selektyviai kaupiasi tik CD44"
fenotipo lgstelése. Nors CD44 molekulé yra pavirSine, taciau kvantiniai taSkai laikui
bégant pateko ] lasteliy vidy, iSsidéste¢ pislelinése struktirose. Ateityje atradus
selektyvesne vézinéms kamieninéms lasteléms biidingg membranos molekule, biity
galima sukonstruoti prie§ ja antikiing ir tikétis, jog kvantiniai taSkai, padengti tokiais
antikiinais, taip pat pateks ] véZiniy lasteliy vidy.

Kvantinio tasko ir antikino nanodarinys atrodo daug Zadantis, taciau tinkamas tik
veéziniy lasteliy atpaZinimui ir vaizdinimui. Norint atlikti véZio terapija, reikalinga
papildoma molekulé, kuri inicijuoty véZiniy lasteliy Zitj. Siame darbe buvo istirta
kvantinio tasko ir, fotodinaminéje terapijoje naudojamo, sensibilizatoriaus chlorino eg
nanodarinio kaupimasis véZinése lastelése ir atsakas ] fotosensibilizacinj poveik].
Parodyta, jog toks nanodarinys lokalizuojasi pislelése lasteliy viduje ir sukelia tik ty
lasteliy zutj, kurioms pritaikytas apjungtas KT-Cegs komplekso ir 470 nm spinduliuotés
poveikis. Tokie rezultatai papildo prie§ tai aptartus kvantinio tasko padengto CD44
antiklinais kaupimosi Igstelése rezultatus, parodo, jog galima kvantinj taSka ne tik
selektyviai nukreipti ] norimas Igsteles, bet taip pat ir jneSti ] jy vidy norimg teraping
molekule.

Kvantinio tasko ir chlorino es komplekso formavimasis bei kaupimasis lastelése
buvo atliktas fiziologiniuose drusky tirpaluose, taCiau siekiant testi komplekso
kaupimosi ir poveikio tyrimus in vivo sistemoje, buvo nuspresta patikrinti, ar
nanodarinio patalpinimas ] baltymais ir vitaminais prisotintag mitybin¢ lasteliy terpe

nepaveiks komplekso stabilumo. Rezultatai atskleidé, jog baltymai ir kiti terpés
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komponentai neiSardo hidrofobinés sgveikos riSamo komplekso. PrieSingai, KT-Ceq
kompleksas, inkubuojant baltymais ir vitaminais prisotintoje terpéje, buvo stabilesnis,
nei inkubacijos metu naudojant fiziologin} drusky tirpalg. Tai tik pirminiai rezultatai,
atlikti modelin¢je kraujotakg primenancioje sistemoje. Taciau tokie rezultatai padrasina
tolimesniems KT-Ceqs komplekso kaupimosi ir pasiskirstymo tyrimams sudétingoje in

vivo sistemoje.

ISvados

1) Tékmeés citometrijos metodika parodyta, jog melanomos lgsteliy FEMX-I
CD44"¢CD133™*" subpopuliacija geba atkurti prading, prie§ ri§iavima buvusia, sudétj
ir yra maZiau jautri jonizuojanciai spinduliuotei, dél to gali biiti naudojama kaip véZiniy
kamieniniy lasteliy modelis prieSvéZiniy preparaty tyrimuose.

2) Vézines lastelés, kurios yra skirtingos pagal jautrumg chemoterapiniam vaistui
bei jonizuojanciai spinduliuotei, pavirSiniy baltymy raiSka, pagal geb¢jima
diferencijuotis ir formuoti navikus in vivo, panasiais désningumais kaupia CdTe-MPA ir
CdSe/ZnS-(AMP)-COOH kvantinius taSkus: kvantiniai taSkai patenka ] Igsteliy
citoplazmg, iSsidésto pislelinése struktirose aplink branduoli, o didinant KT
koncentracijg, matomas didesnis KT fotoliuminescencijos intensyvumas lastelése.

3) CdSe/ZnS-(AMP)-COOH KT yra intensyviau Svytintys ir maZziau toksiski
lasteléms nei ZnS ir amfifilinio dangalo neturintys CdTe-MPA KT, dé¢l to yra tinkamesni
veZziniy lgsteliy vaizdinimui ir sekimui.

4) CdSe/ZnS-(AML/PEG)-COOH kvantiniai taskai, konjuguoti su antikiinu prie$§
véziniy kamieniniy Igsteliy antigeng CD44, selektyviai jungiasi tik prie CD44" lgsteliy ir
yra jtraukiami ] citoplazmg, prieSingai nei organiniu dazu FITC Zymeéti analogiski
antiktinai. Tai i§ dalies rodo anti-CD44-KT nanodarinio gebéjima jneSti prijungta
,Krovinj* selektyviai tik j taikiniu pasirinkty lasteliy vidy.

5) Lazerine skenuojancia konfokaline mikroskopija su spektriniu ir gyvavimo
trukmiy vaizdinimo priedu parodyta, jog CdSe/ZnS-(AML/PEG)-COOH KT ir
sensibilizatoriaus chlorino es kompleksas per 3 valandas susikaupia véZiniy lasteliy
membranoje ir endocitinése piislelése, neprarasdamas gebéjimo perduoti sugertos Sviesos

energija i§ KT j Ces molekules. Komplekso lokalizacija 1astelése, stabilumas ir energijos
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pernaSos efektyvumas yra pakankami, jog biity sukelta fotosensibilizaciniy vyksmy
nulemta véZiniy Igsteliy zitis. Tai rodo KT gebéjimg aktyvuoti prie jo prikabintg terapinj
agenty ir tokiu biidu atlikti ne tik vaizdinimo, bet ir terapijos funkcija.

6) FL gyvavimo trukmiy matavimai atskleidé, jog nekovalentiSkai sujungtas
CdSe/ZnS-(AML/PEG)-COOH KT ir Ceq nanodarinys yra stabilesnis Igstelése, kai
inkubacija atliekama baltymais ir vitaminais prisotintoje, in vivo sistema primenancioje
terpéje, nei fiziologiniame drusky tirpale. Rezultatai atrodo daug Zadantys biisimuose
KT-Ceq komplekso tyrimuose, kuriy metu bus jvertinamas jy diagnostinis ir terapinis

potencialas in vivo aplinkoje.
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