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Abbreviations

BM - basement membrane

CdSe/ZnS-mPEG — CdSe/ZnS core/shell structured quantum dots coated with
amphiphilic polymer and methoxy-polyethylene glycol

CdTe-MPA — CdTe core quantum dots coated with mercaptopropionic acid
HE — hematoxylin and eosin staining

MPA — mercaptopropionic acid

mPEG — methoxy-polyethylene glycol

NP — nanoparticles

PAS - periodic acid-Schiff staining

PL — photoluminescence

QD - quantum dots

RES - reticuloendothelian system

RGB - 3 channel detector (red, green, blue)
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1. INTRODUCTION

Nanotechnologies offer new methods for the diagnostics and therapy to deal
with medical problems which are not solved using current techniques. Nanoparticles
(NP) possess new properties which are not prominent in the bulk materials of the same
chemical composition, e.g. photoluminescence (PL), superparamagnetism, thermal and
electrical superconductance, etc. It enables to apply NP as contrast agents for optical,
magnetic resonance, X-ray or multimodal imaging for diagnostics. NP are shown to
increase the efficiency of drug and gene delivery for therapeutic purposes. At the
nanoscale the particles reach high surface to volume ratio which is important for surface-
based interactions with biomolecules like cellular receptors, enzymes or genetic material.
The physical properties and biological effects of NP can be easily modulated by
chemical synthesis and surface modifications. These possibilities expand the field of
biomedical NP applications and make them superior over conventional organic drugs.

Quantum dots (QD) are semiconductor NP which exhibit exceptional optical
properties like photostability, high photoluminescence quantum yield, size tunable
emission spectrum, broad absorption spectra, flexible surface engineering, etc. It enables
to use QD for non-invasive optical imaging of tumours, visualization of certain
anatomical structures during surgery and studying the processes of angiogenesis. QD can
be functionalized to achieve tissue specific accumulation for targeted imaging. More to
add, they can be conjugated with drug molecules and serve as drug delivery vehicles. As
biodistribution of all inorganic NP mainly depend on size and surface interaction with
biomolecules, QD can be used as a model to study the localization of other NP with
similar geometrical and superficial properties. However in order to reach optimal
beneficial effects of QD and to avoid adverse biological effects, some issues regarding
QD biodistribution have to be solved.

It was shown that QD can be used for vascular imaging with high contrast to
surrounding tissues. However the accumulation of QD in the vessel walls and the
transfer mechanisms of QD to the extracellular space are not fully explored. This issue is
important for QD applications related with QD accumulation in specific tissues like
brain or foetus, as many drugs are impermeable to the blood-brain or placental barriers.

For instance, QD could be used for optical imaging during pregnancy in the absence of



QD effects on embryogenesis. It was shown that QD might be embryotoxic, but the
passage of QD to the foetus and mechanisms of QD toxicity remain undiscovered (1).

On the other hand, QD can be used for non-invasive cancer imaging as it was
shown that QD might accumulate specifically in the tumour in respect to surrounding
healthy tissues. However the biodistribution of QD within the cancerous as well as
healthy tissues is not extensively studied. The knowledge about QD localization in the
tissues (cells, extracellular matrix, blood vessels, etc) is required to reach the biological
target and to maximize the beneficial effects of QD application.

Another issue regarding biomedical QD applications is the estimation of QD
permeability through the protective biological barriers of skin, respiratory tract, digestive
tract and other. It was shown that QD are impermeable to healthy skin and it‘s main
barrier capacity is attributed to the stratum corneum. However the barrier properties of
other layers of the skin remain undisclosed. It is important in the case of mechanical
epidermal damage. It is also useful to elucidate what are the further QD migration
pathways after reaching the dermis and what biological effects can be induced due to QD
deposition in skin tissues. On the other hand, QD biodistribution in the skin is important
for diagnostic applications which are based on intradermal or subcutaneous QD
injection.

QD clearance from the body and the potential risk of long-term accumulation
are inevitable issues for any QD application. It was shown that >99% of cadmium which
was injected as PEG coated CdSeTe/ZnS QD remained in the tissues of experimental
rats up to 4 months (2). It means that these QD were not excreted from the body and
some of these QD were degraded releasing cytotoxic compounds. However the reasons
of poor QD clearance properties and the mechanisms of QD retention in the body remain
unrevealed. Long-term accumulation of QD raises the question about the chemical
stability of nanocrystal structure in biological environment.

These premises indicate that safe and efficient biomedical applications of QD
require fundamental research on QD penetration through biological barriers, diffusion
properties within different tissues, migration pathways in the body, deposition in organs,

clearance properties and potential harmful effects.



The aim and objectives

The aim of this dissertation was to investigate the main pathways of CdSe/ZnS-
mPEG quantum dots (QD) migration in the tissues of experimental animals using the
methods of fluorescence microscopy and spectroscopy.

The objectives:

1) To investigate the penetration of QD through the walls of blood vessels and to

evaluate the accumulation of QD in the internal organs.

2) To investigate the penetration of QD through the placental barrier and to

evaluate QD accumulation in the embryos.

3) To investigate the biodistribution of QD in skin tissues.

4) To determine the main pathways of QD migration in the organism after different

administration routes.

5) To compare the stability and the application possibilities of CdTe-MPA and
CdSe/ZnS-mPEG for biomedical imaging in vivo.



Scientific novelty and actuality

For the first time, the penetration of QD through the epidermis was investigated
in basal-apical direction and the significance of the basement membrane in the barrier
properties for the QD penetration through the skin was discussed. These findings reveal
biodistribution pattern of QD in the skin tissues and explain their limited passage to the
epidermis, hair follicles, sebaceous and sweat glands. These findings are important for
the research of NP penetration through the skin barrier. The results can be used for
designing NP-based pharmaceuticals which require comprehensive knowledge of NP
biodistribution in the skin and their abilities to reach particular tissue targets.

For the first time was shown, that the migration of PEG-coated QD in
connective tissues depends on the structure of extracellular derivatives: QD freely
migrate in the areolar connective tissues (dermis, epineurium, epimysium, tfunica
adventitia, etc.), but they can not permeate densely organized tissue fibers (basement
membranes, perineurium) and don’t pass to the epidermis, hair follicles, skin glands,
nerves and muscle cells.

For the first time, it was shown that PEG-coated QD do not penetrate to the
tunica media of healthy blood vessels from the lumen as well as from the exterior of the
vessel. It contributes to the general understanding of restrictions for QD diffusion in
tissues. This finding can be used for application of NP to visualize the damages of the
vessel walls, e.g. atherosclerotic plaques, which are characterised by the disruption of
structural integrity. It opens new frontiers for the NP-based diagnostics and therapy.

For the first time, it was shown that PEG-coated QD do not penetrate through
the placental barrier and avoid accumulation in the embryos. This finding is important
for developing safe by design NP based products, which could be used during
pregnancy. These results also contribute to the explanation of QD embryotoxicity
mechanisms, as it was not clear whether QD exhibit toxic effects due to their
accumulation in embryos or by degradation in maternal tissues and the formation toxic
compounds which are transferred through the placenta by different metabolic pathways.

Our results support the latter scenario.

10
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Defended statements

Intravascularly located CdSe/ZnS-mPEG QD adhere to the endothelium, but
they can not permeate it and don‘t accumulate in the tunica media.

QD can pass to the funica adventitia from the surroundings tissues of the blood
vessel, but they are unable to penetrate into the tunica media.

QD localize in the vascular compartment of most organs and they don‘t
extravasate into extracellular space. QD extravasate from sinusoidal capillaries.
QD appear in rat placenta but they are not transferred through the placental
barrier to the foetuses.

The migration of QD in the connective tissues depend on the organisation of the
extracellular tissue fibers: QD can freely migrate in the loose connective tissues
(dermis, epineurium, epimysium, funica adventitia, etc.), but they can not
permeate densely organized tissue fibers (basement membranes, perineurium).
The main clearance pathway of QD from the connective tissues is the lymphatic
drainage which results in QD accumulation in lymph nodes and pour into blood
circulation.

Topically applied QD are retained by the stratum corneum and don‘t pass to the
deeper layers of the skin.

CdSe/ZnS-mPEG QD possess better stability in tissues, lower toxicity and are

more suitable for fluorescence imaging in vivo than CdTe-MPA QD.

11



2. MATERIALS AND METHODS

Quantum dots (QD)

Two types of QD were used in the experiments (fig. 1.): a) CdSe/ZnS QD
coated with methoxy-polyethylene glycol (mPEG), abbreviated CdSe/ZnS-mPEG
(Qtracker-655, App=655+5 nm, non-functionalized, Invitrogen Inc.), b) CdTe QD
coated with mercaptopropionic acid, abbreviated CdTe-MPA (Ap;=630+£5 nm,
PlasmaChem GmbH).
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Fig. 1. The model of QD structure and spectroscopic properties of CdSe/ZnS-mPEG and
CdTe-MPA QD which were used in the experiments.

Experimental animals

Albino Wistar rats and Balb/c mice were obtained from the State Scientific
Research Institute of Innovative Medical Center (Vilnius, Lithuania). The animal
husbandry and experiments on animals were carried out according to the national and
European regulations and were approved by the Lithuanian Animal Care and Use
Committee (permission no. 0019). Animals were housed under conditions of constant
temperature, humidity and standard light /dark cycle. Food and fresh drinking water
were available ad libitum. Animals were acclimated for at least 7 days before the
experiments.

Intravenous injection of QD

In order to estimate QD penetration through the vessel walls and QD
biodistribution in the organism 200 ul of CdSe/ZnS-mPEG QD solution at 0,4 uM was
injected to the lateral tail vein. Mice were euthanized after 1 h (n=3) and 24 h (n=3).

Control group was injected with saline (n=3). Internal organs were removed and blood

12



samples of 50 ul were collected for fluorescence spectroscopy. Organs were also fixated
in 10% formaldehyde solution for 24 h and prepared using standard paraffin embedding
technique for microscopical examination. Additionally some organs were frozen at 253
K to prepare slices of ~0,5 mm thickness for fluorescence microscopy.

Subcutaneous injection of QD

In order to determine QD localization in skin tissues 50 pl of CdSe/ZnS-mPEG
QD solution at 0,4 uM was injected subcutaneously to the leg (n=5). After 1 h and 24 h
mice were euthanized and fluorescence spectra of internal organs were measured and
tissues were fixated in the 4% formaldehyde solution for at least 24 h.

OD penetration through placental barrier

For the pregnant rat model female rats were mated overnight with males of the
same strain. Vaginal smears from each female rat were collected and subjected to
microscopic examination on the following morning in order to determine the oestrous
cycle and the presence of sperm. The day of sperm detection in vaginal smears was
designated as day O of gestation.

3 h after intraperitoneal injection of 500 ul CdSe/ZnS-mPEG QD solution at 0,8
uM the animals (n=4) were sacrificed, internal organs with were excised and analyzed
by fluorescence spectroscopy. Afterwards tissues were processed by cryomicrotomy and
paraffin embedding techniques for confocal fluorescence microscopy (n=3 rats). Control
animals (n=2 rats) were not injected with QD.

Fluorescence spectroscopy

Fluorescence spectroscopy was performed using Cary Eclipse spectrometer
(Agilent Technologies, USA) with fiber optics module (S casured~20 mmz) in order to
determine QD accumulation in the embryos and maternal tissues. The organs were
washed with saline and dried before measurements. The spectra of internal organs were
recorded using the excitation wavelength of 450 nm. The spectra were analyzed and
compared with the autofluorescence of the control tissues (uninjected with QD).

Tissue preparation and microscopy

In order to visualize QD localization in the tissues, the samples were prepared
by cryomicrotomy (sliced at ~240 K, thickness 20 um) and standard paraffin embedding
techniques (thickness 4 pm). The unstained slices were used for fluorescence

microscopy to avoid QD elution and screening effects of the histological dyes. Tissue
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slices were imaged using Nikon Eclipse TE2000 inverted microscope (objectives:
x10/0,25, x20/0,5 Plan Fluor and x60/1,4 Plan Apo VC oil) with confocal scanning
system C/si which is equipped with RGB detector (channels: 433-467 nm; 500-590 nm;
620-755 nm) and 32-channel spectral detector.

After fluorescence imaging tissue slices were deparaffinised and stained with
hematoxylin-eosin (HE) or periodic acid-Schiff (PAS) stains to visualize tissue structure.
Brightfield transmission microscopy images were recorded with Leica DFC-290 RGB
CCD camera. Image processing was performed using ImageJ 1.43 and Nikon EZ-CI
Bronze version 3.80 software.

Long-term stability of QD in vivo

The solutions of 0,8 uM CdSe/ZnS-mPEG and ~3 uM CdTe-MPA QD of 0,5
ml were injected intraperitoneally (n=3 each) or into the muscle of thigh (n=1 each). 7
days after QD injection animals were euthanized and tissues from the injection site
(muscle, omentum) were prepared for fluorescence spectroscopy and tissue histology

(paraffin embedding technique).
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3. RESULTS

3.1. Distribution of quantum dots (QD) in mice after intravenous injection

Intravenous injection of CdSe/ZnS-mPEG QD resulted in the appearance of QD

PL in the spectra of all internal organs after 1 h (kidney, lungs, liver, thymus, spleen,

skeletal muscle, heart, etc.). Highest QD PL intensity was observed in the spectra of

blood plasma and skin of the injection site (fig. 2). The latter was caused due to the

tissue damage and partial extravasation of QD solution during injection procedure. 24 h

after injection QD could be observed only in the blood plasma and skin of the injection

site. However QD could not be detected in other tissues.
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Fig. 2. The averaged and normalized fluorescence spectra of mice tissues 1 h and 24 h
after intravenous injection of CdSe/ZnS-mPEG QD solution. Control animals were
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injected with saline. The curves represent averaged spectra (Napimals/group =3 Nspectrartissue=2>
}‘*excitation=45 0 nm).

Spectroscopic analysis reflects general accumulation of QD in the organ,
however it lacks information about spatial distribution of QD in the tissues. Confocal
fluorescence microscopy was used to assess QD localization in the tissues. The analysis
of the frozen tissue sections (thickness ~0,5 mm) revealed that QD (red) mainly
accumulated in the blood vessels of skeletal muscles, cerebral hemispheres, uterus, heart,
skin and other tissues (fig. 3). The network of blood vessels could be clearly seen in the
background of green tissue autofluorescence. There was no exatravasation of QD to the

intercellular space.

100 pm

Fig. 3. Confocal fluorescence microscopy images of frozen mice tissue sections: A —
uterus wall, B — skeletal muscle, C, D — cerebral hemispheres 1 h after intravenous
injection of CdSe/ZnS-mPEG QD (red). Green color corresponds to the tissue
autofluorescence (A, B, D: x60/1,4 obj., C: x20/0,5 obj., Aexcitation=488 nm). A—C) single

i
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plane images; B) additional projections of optical sections in perpendicular planes (depth
z=23 um); D) Cumulative projection of 30 optical sections (z=6 um).

Optical sectioning of single vessels was performed to analyze detailed QD
localization in the vessels. Fig. 4 shows the confocal fluorescence images of the single
cerebral artery at different focal depths. In the superficial layers of the vessel the QD PL
(red) is negligible and the autofluorescence (green) can be clearly recognized (fig. 4 B-
D). The autofluorescence forms stripes as it is caused by the elastic lamina of the vessel
wall, which is folded due to absence of the internal blood pressure. Going deeper to the
specimen the autofluorescence becomes weaker and the PL of QD increases (fig. 4 E).
QD PL is strongest in the middle of the vessels. It is caused by QD presence in the lumen
(fig. 4 F-H). However QD distribute unevenly: the bright red background is interrupted
by circular dark shadows which correspond to the erythrocytes. It means that QD
localize in blood plasma, but they don’t pass into the erythrocytes. Going even more
deeply to the specimen, the QD PL decreases and the autofluorescence of the posterior
wall becomes visible (fig. 4 J-K).

Optical sectioning of single blood vessels showed that QD localize in the lumen

of the vessels but they are not found in the vessel wall.
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Fig. 4. Optical sectioning of a single cerebral vessel using confocal fluorescence
microscopy. Frozen tissue slices were prepared 1 h after intravenous injection of
CdSe/ZnS-mPEG QD (red). Green color corresponds to the tissue autofluorescence.
(x60/1,4 obj., Az=0,5 pm, Aexcitation=488 nm).
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Additional data about QD localization in the layers of the vessels wall could be
retrieved from the paraffin embedded tissue sections of the skin at the injection site (fig.
5). As QD extravasated in the damaged area, QD PL could be seen around the vessels.
Confocal microscopy images clearly showed that QD accumulated in the outer layer of
the wall tunica adventitia, but they could not cross the border of the middle layer of the

wall (tunica media) and didn’t accumulate in this layer. QD could also be detected in the

18



lumen of the vessels due to presence in the blood. QD adhered to the endothelium, but

they couldn’t penetrate through it and pass to the tunica media.

{ -4 4

Fig. 5. Confocal fluorescence microscopy images (A, C, E) of paraffin embedded tissue
sections of dermis from the injection site 1 h after intravenous injection of saline (A) and
of CdSe/ZnS-mPEG QD (red) (C, E). QD accumulation in the vessel walls of an artery
(B) and a vein (E) are visible. Green color corresponds to the tissue autofluorescence.
(x20/0,5 obj., Aexcitation=488 nm). The transmission microscopy images (B, D, F) of HE
stained tissue slices help to recognize tissue structure.

).
[

QD outlined even small blood vessels: arterioles, venules and capillaries
without accumulation in the wall of the vessels. It shows that the barrier properties of the
vessel wall don’t depend on the presence of the muscle fibers. The barrier of the
capillaries probably is formed by the basement membrane of the endothelium and the

neighbouring fibers of the surrounding connective tissue.
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Discussion of QD distribution in the organism after intravenous injection

The results of confocal microscopy show that intravenously injected CdSe/ZnS-
mPEG QD localize within the blood vessels and the extravasation of QD to the
extracellular space in most organs is negligible. It means that QD accumulation in organs
1 h after injection which was assessed by fluorescence spectroscopy is determined by the
QD presence in the blood vessels, but not in the extracellular space or tissue cells. 24 h
after injection QD PL could be detected only in the spectra of skin at the injection site
and blood plasma. However QD PL in other tissues was observed neither by
fluorescence spectroscopy nor by confocal microscopy. These temporal changes are
mainly attributed to the decrease of QD concentration in the blood. The stability of QD
PL quantum yield is also important as it might be altered in vivo due to interaction with
biomolecules. QD clearance from the blood is mainly explained by the uptake to the
reticuloendothelian system (RES) and accumulation in liver, kidneys, spleen and bone
marrows (3-5). However in our study we didn’t observed temporal increase of QD PL
intensity in RES organs. Confocal microscopy of liver sections showed that QD
localized not only in the vascular compartment, but also in the liver cells. It indicates that
QD have extravasated through the wall of sinusoidal capillaries and accumulated in the
liver tissue. It could partially explain the decrease of QD PL intensity in the spectra of
blood plasma.

The results of confocal microscopy show that intravascularly located QD mainly
resided in the blood plasma, while there were no QD in the erythrocytes. QD adhered to
the endothelium, but there was no QD PL in the deeper layers of the vessel walls. It
indicates that QD are not transferred through the endothelium to the middle layer (tunica
media) of the wall. It was shown that endothelial cells might internalize QD and this
process depends on the surface coating of the particle: QD terminated with carboxyl or
amine groups were observed in the endosomes, but PEG coated QD could not be
detected in the endothelial cells (6, 7). However it remains unclear if QD can be
translocated on the basal side of the endothelium. Our results show, that QD do not
penetrate tunica intima and don’t accumulate in the deeper layers of the vessel wall.

The results also show that QD which were located outside the blood vessels
penetrated into the external layer of the vessels (funica adventitia) and they outlined the

border of the tunica media, but didn’t cross it. It shows that extracellular tissue
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organization impeded QD diffusion into the funica media. It was probably determined
due to the proximity of the muscle cells and the basement membrane which forms a

continuous layer and may act as a filter for the diffusion of various compounds.
3.2. Penetration of QD through the placental barrier

The embryotoxicity of NP first of all depends on the ability of the compounds to
cross the maternal-foetal barrier and to accumulate in the embryonic tissues. We used
fluorescence spectroscopy and confocal microscopy to investigate the penetration of
CdSe/ZnS-mPEG QD through the placenta in the 13" day of embryogenesis when the

placental structure is completely formed and can be clearly identified by histological

examination.
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Fig. 6. The averaged and normalized fluorescence spectra of rat tissues indicating the
presence of CdSe/ZnS-mPEG QD (PL peak at 650 nm) in the maternal tissues (uterus,
placenta) but not in embryonic tissues 3 h after QD injection, 13" day of embryogenesis
(Npas=3, nembryos=10’ Aexcitation=450 nm).

Fluorescence spectroscopy of the tissues excised 3 h after CdSe/ZnS-mPEG QD
injection revealed that characteristic PL. band of QD at 650 nm could be detected in the
tissues of uterus and placenta (Fig. 6). However QD fluorescence was not registered in
the embryonic tissues: embryo, yolk sac placenta and umbilical cord.

The cryosectioned tissue slices were used to investigate QD localization using
confocal microscope coupled with a spectral detector which enables the discrimination
of the QD PL from the tissue autofluorescence with spectral resolution. This technique
revealed that QD are accumulated in the labyrinthine zone of the placenta (Fig. 7.). QD

appeared distributed in the samples not homogenously, but patterned, indicating QD
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accumulation in the areas with lower autofluorescence (green) background. In the
labyrinthine zone the maternal blood sinuses have strong absorbance and lack of
endogenous fluorophores which are more abundant in the connective foetal tissue.
Therefore maternal blood results in lower autofluorescence intensity and darker green
areas in the image when compared with foetal tissue. In this way, QD are mostly

distributed in the maternal blood sinuses.
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tissues (cryosectioned slices) 3 h after intraperitoneal injection of CdSe/ZnS-mPEG QD
(x60/1,4 0obj., Aexcitation=488 nm). QD PL (peak at 650 nm) was identified by spectral
imaging (middle) in placenta but not in the embryonic tissues. The patterned red QD
distribution in placental tissue resembles the network of maternal blood sinuses which
can be seen in HE stained histological slices (bottom, x10/0,25 obj.).

The examination of the embryo tissues showed no appearance of QD in the
samples. There were seen some yellowish endogenous objects, but they exhibited

fluorescence spectra which wasn't characteristic to QD. The results of confocal
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microscopy and fluorescence spectroscopy show that QD are found in the labyrinthine
zone of the placenta, but there is no QD accumulation in the embryos. This finding

suggests that QD do not penetrate through the placental barrier.

Discussion of QD penetration through the placental barrier

After intraperitoneal injection of CdSe/ZnS-mPEG QD the concentration
increases up to 2,5 h post injection and then starts decreasing exponentially (data not
presented). According to the human perfusion models, the equilibrium between maternal
and foetal compartments is reached after 2-3 h (8). Therefore the incubation time of 3 h
should be sufficient for QD to reach the foetus in the case of the QD passage through the
placental barrier.

However the results show that CdSe/ZnS-mPEG QD do not pass to the
embryonic tissues. It is explained due to maternal-foetal barrier which is constituted of
three continuous trofoblast layers. The trofoblast cells are joined by the tight, adhesive
and gap junctions which limit the intercellular passage of macromolecules (9).
Alternatively the molecules can be transported transcellularly involving the
internalization of the compounds and excretion on the foetal side of the barrier.

Yamashita K. et al. have shown that some NP (silica and TiO, NP with
diameters of 70 nm and 35 nm) can cross the placental barrier in pregnant mice and
cause neurotoxicity in their offspring (10). They showed that the NP were found in the
placenta, foetal liver and foetal brain. Moreover, they found that mice treated with these
NP had smaller uteri and smaller foetuses than untreated controls. The authors concluded
that these detrimental effects are linked to structural and functional abnormalities in the
placenta on the maternal side, and are abolished when the surfaces of the silica NP are
modified with carboxyl and amine groups.

It is also shown that the penetration of NP depends on the size of the particles.
Polyamidoamine (PAMAM) dendrimers of the 5-6 nm size can penetrate through the
intercellular junctions in human placenta perfusion model (11). The NP accumulated in
the connective tissue of the chorion and there was almost no significant accumulation in
the trofoblast. Meanwhile the polystyrene NP of 50-240 nm size accumulated mainly in
the trofoblast via the transcellular pathway (8). It shows that the penetration pathway

depends on the physical properties of the NP.
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The hydrodynamic diameter of CdSe/ZnS-mPEG QD used in our study is
greater than 23 nm (12). It was shown that QD of this size can not cross the glomerular
barrier and therefore can not be filtrated in kidneys (13, 14). The placental barrier is
physiologically designed to restrain the diffusion of various compounds even more.
Therefore CdSe/ZnS-mPEG QD are too big to pass between the trofoblast cells.

The transcellular transfer is too complexed to be explained only by the physical
properties of QD. First of all, it should include the internalization of QD which depends
on the opsonization and charge of the QD surface. It is known that PEG coated QD
possess neutral charge and they can avoid biomolecule interaction and endocytosis much
better then QD with polar surface (terminated with carboxyl or amino groups) charge
(7). It was also observed that QD localize in endosomes, multivesicular bodies and other
organelles, but the secretion of QD is highly unlikely process (15, 16). It means that
under theoretical QD uptake to the trofoblast cells, they can remain in this layer without
the excretion to the foetal side of the barrier. These facts and our results lead to an
assumption that QD may accumulate in the placenta but they are not transferred to the
embryonic tissues.

Other authors showed that cadmium which is found in the core of QD can be
observed in mice embryos after maternal exposure of QD by the means of mass
spectrometry (1). However, fluorescence microscopy analysis didn‘t confirm QD
presence in the embryos. These results can be explained that QD were degraded in
maternal tissues which resulted in the release of cytotoxic cadmium compounds (2).
These compounds exhibit other metabolic pathways than QD and they can be transported
through the placental barrier (17). The stability of QD in the pregnant organism is of
crucial importance as it was reported earlier that QD toxicity in vivo is mainly attributed
to the destabilization of QD, degradation of inorganic core and the release of cytotoxic

Cd*" ions into the tissues (3).
3.3. Distribution of QD in the skin

OD distribution in the skin after subcutaneous injection
After subcutaneous injection of CdSe/ZnS-mPEG QD the non-homogeneously

distributed red PL of QD was detected in the dermis, hypodermis and between the
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underlying muscle fibers (Fig. 8). No red fluorescence of the QD was found in the
epidermis layer and hair follicles. QD accumulation pattern after 24 h didn't significantly

differ from the samples taken after 1 h.
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microscopy images of mice skin 24 h after subcutaneous injection of CdSe/ZnS-mPEG
QD solution showing QD (red) distribution in the skin layers and the underlying muscle
tissue (A). Higher magnification (C) reveals detailed accumulation of QD along the
basement membrane (D) indicating that QD are prevented from passing through the
epidermal-dermal junction. Topically applied QD (E) are found only in the stratum
corneum (SC), but not in the deeper layers of the skin (paraffin embedding).

After subcutaneous injection QD are homogenously distributed in the dermis
indicating that the loose network of dermal fibers allows NP diffusion in this tissue. It
can be seen that QD pattern resembles the arrangement of collagen fibers indicating that
they are continuously covered with QD. It manifests that QD interact with the
biomolecules of extracellular matrix. The detailed analysis of the samples using confocal
microscopy revealed that QD were abundantly accumulated along the epidermal-dermal
junction, without crossing this border. The QD were prevented from the uptake to
epidermis (fig. 8 C).

Additional experiments were performed to investigate QD penetration through
the skin after topical application. The results show that QD accumulate in the superficial

layers of stratum corneum (fig. 8 E) but they were not observed in the deeper layers of
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epidermis. These results show, that QD are retained from passage to the viable epidermis

due to the barrier properties of stratum corneum.

Hair shaft

Follicle cells

Basement
membrane

Connective tissue

Basement membrane-
Outer root sheath
Hair matrix
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Fig. 9. Confocal fluorescence (A, C, C; - unstained) and brightfield (B, D - PAS stained)
microscopy images of the longitudinal section of the hair follicle (A, B) and the hair bulb
(C, D) after subcutaneous injection of CdSe/ZnS-mPEG QD solution (paraffin
embedding). The QD (red) are distributed in the connective tissue of dermis, but they are
sequestered by the BM from passing to the hair follicle. The enlarged image (C;) shows
high QD fluorescence contrast at the dermal-epidermal junction.

Figure 9 represents the longitudinal section of a hair follicle after subcutaneous
injection of QD. QD are found in the dermis around the hair follicle, but they are
retained from passing to the outer root sheath cells or deeper hair follicle layers (fig. 9
A). There was also no QD accumulation in the sebaceous glands. We observed high QD

PL contrast in the dermal papilla compared to the hair bulb cells (fig. 9 C), it means that
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QD transport to the hair matrix is prevented. PAS staining, which is used for the imaging
of the basement membrane (BM) (18), resolved that QD don’t cross the BM indicating
that this structure is highly impermeable to PEG coated QD (fig. 9 D).

Intracellular localization of QD

CdSe/ZnS-mPEG QD in the dermis are mainly found adhered to the
extracellular fibers. However detailed confocal microscopy analysis revealed that there
are some cells which contain internalized QD (fig. 10 A). These cells accumulate QD in
the cytoplasm, particularly, in the vesicular structures instead of being homogenously
distributed (fig. 10 A;). QD are abundantly assembled in the perinuclear area, but they
are not found in the nuclei. These cells don't show any morphological signs of toxicity or
imparity. The observed QD PL pattern resembles localization in the endosomes and/or
endoplasmic reticulum. The spectroscopic examination revealed that the fluorescence
spectra of the intracellularly located QD matches the spectra in saline solution. It means
that spectroscopic properties of QD are retained in vivo and QD are prevented from the
degradation in cellular compartments.

Analysing the brightfield images of the stained tissue slice, the cells containing
QD can be differentiated. Highest QD accumulation was observed in the cells, which
exhibit granulated cytoplasm (fig. 10 B, square contour). According to skin physiology
such granules might be characteristic to mast cells and macrophages. However, QD were
not observed inside the muscle fibers and adipocytes despite of abundant accumulation

around these cells. It means that QD uptake in vivo strongly depends on the cell type.

27



e

-=- QD in cell
QD in solution

0.4+

PL intensity, a.u. 0
o
(0]

0.2+

0.0 Fomong . . .
550 600 650 700 750

Wavelength, nm

Fig. 10. Confocal fluorescence (A, A;- unstained) and brightfield (B - PAS stained)
microscopy images of mice dermis showing intracellular QD (red) uptake in vivo 1 h
after injection of CdSe/ZnS-mPEG QD (paraffin embedding). The cells marked with
white contour show QD presence in the cytoplasm. Enlarged image (A;) of a single cell
reveals heterogeneous QD pattern and high accumulation in the perinuclear region. QD
PL spectrum (C) in the cell (from rectangle in A;) matches the QD spectrum in the saline
indicating no appearance of spectroscopic changes in vivo.

OD localization in other structures

As abundant QD retention in the dermis was observed up to 24 h, we
hypothesized if QD could be excreted via sweat glands. Therefore QD were injected into
the palm of mice where the highest density of the sweat glands is reported (19). The
microscopy images show that QD are found accumulated around the sweat glands, but
there is no NP permeation into the epithelial cells of the sweat glands (fig. 11 A, B).

QD were also observed in the epineurium of the peripheral nerves (fig. 11 C).
However, QD PL outlines the borders of the nerve without deeper penetration into the
densely packed tissue of the perineurium. Similarly QD accumulated in the funica
adventitia of the large blood vessels, but they were prevented from passing to the tunica
media. These observations show that QD diffuse in the loose connective tissue but they

are unable to permeate the barriers of tightly organized collagen fibrils.
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Fig. 11. Confocal fluorescence (A, C - unstalned) and brlghtfleld (B, D - HE stained)
microscopy images of mice dermis showing QD (red) accumulation in the connective
tissue around the sweat gland ducts (A) and outlining artery and peripheral nerve borders
(C) in vivo 1 h after subcutaneous injection of CdSe/ZnS-mPEG QD (paraffin
embedding). There is no QD accumulation in the sweat glands, funica media of the
artery and inside the nerve.

The presented results show that subcutaneously injected NP distribute in the
dermis, hypodermis and the muscle tissue. QD migrate in the connective tissue, penetrate
between the muscle fibers and adipocytes. However, QD diffusion in the tissue is limited
by specific dermal structures and, therefore, QD fluorescence is absent in the epidermis,
hair follicle, sebaceous and sweat glands. All these structures are outlined by the BM
which organizes the epithelial cells and predominantly plays the major role as the
limiting factor for NP migration in the skin. QD are prevented from passing through the
densely organized fibrils of the connective tissue coating in the peripheral nerves, blood

vessel walls and muscle fascicles.

Penetration of QD through the skin after topical application
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After topical application of CdSe/ZnS-mPEG QD solution on shaved mice skin,
QD PL could be detected in the skin samples by confocal fluorescence microscopy (fig.
12). QD localized mainly in the superficial layers of stratum corneum. QD could also be

detected in the bends and wrinkles as well as superficial part of the hair channel.

Fig. 12. Confocal fluorescence microscopy images (A, A;, C) of mice skin 2 h after
topical application of CdSe/ZnS-mPEG QD solution on shaved mice skin. Transmission
microscopy of HE stained tissue slice (B) visualizes skin structure and helps to recover
QD localization in skin layer. C — Control sample without QD application.

Discussion of QD distribution in the skin

Our results show that subcutaneously injected QD distribute widely in the
dermis, hypodermis and between the underlying muscle fibers. QD migrate within the
loose connective tissue of the dermis. However QD diffusion in the tissues is limited by
certain extracellular structures which prevent QD from passing to the epidermis, hair
follicles, nerves, blood vessel walls, sebaceous and sweat glands.

Topically applied QD are found in the stratum corneum of the skin, however no
penetration to deeper layers of epidermis was detected. The QD retention in the
superficial layer of epidermis is primarily caused by dense cellular network which is
tightly interconnected with lipids and proteins, which all together create a highly

impermeable barrier for various exogenous compounds (20).
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We demonstrate high QD accumulation along the dermal-epidermal junction
without passing to the epidermis after subcutaneous injection. It is an interesting
observation because in most studies the barrier properties of the skin are attributed to the
stratum corneum (21, 22).

The role of the BM in the overall skin permeability to NP is not widely
discussed in the literature. Baroli B. ef al. investigated metallic NP penetration through
human skin ex vivo and showed that NP mainly accumulated in the stratum corneum
with little penetration to the viable epidermal layers, particularly stratum granulosum
(22). However, the authors didn't observe NP permeation to the dermis (22). Kuchler S.
et al. investigated the penetration of fluorescently labelled solid lipid NP and
dendrimeric core-multishell NP and observed the concentration decrease from stratum
corneum towards the deeper skin layers for both types of NP (23). Fullerenes were
applied to human skin biopsies and they permeated into the epidermis but could not
penetrate the BM (24). These studies and the current review by Prow T.W. et al
highlight limited or no NP permeability from epidermis to dermis (25). Our results
contribute strongly to this opinion as we show QD retention in the stratum corneum
without any penetration to the deeper layers after topical QD administration.

The main proposed mechanisms of drug delivery through the skin are the
intracellular diffusion of hydrophobic particles through the cellular membranes and the
transcellular penetration of hydrophilic NP (25, 26). Therefore the main hindrance comes
from the alternation of the moiety going through the epidermis. Our results show that
QD are impermeable to the dermal-epidermal junction after subcutaneous injection.
Unlike cellular epidermis, the BM barrier arises from the densely packed protein layers
(18) and there are no specific carriers, lipid membranes or transcellular spaces which are
characteristic to the epidermal cells and can contribute to QD transfer. In this way, BM
acts as a passive filter for QD and we assume that it determines high BM resistance for
the transport of in both directions: epidermal-dermal as indirectly shown by others (22,
24-26) and the dermal-epidermal direction as indicates this study. The QD transport
across the BM should depend on their physicochemical properties as the penetration
through other biological barriers was shown to be sensitive to the size, surface charge,

hydrophylicity and biofunctionalization of NP (27, 28).
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QD retention by the BM might be used for evaluating the integrity of the
epidermal-dermal junction. Bennett K.M. et al. applied ferittin NP for MRI imaging of
the BM in the kidney (14). The cationic NP were observed accumulated in the BM of the
glomerules and in the filtration slits between the podocytes. The NP penetrated only
through the fenestrations which are characteristic for glomerular capillaries. The BM of
the epidermis lacks of these fenestrations and it is integral, but the mechanical or
radiation damage might disintegrate BM structure and alter barrier capacity for the QD.

Therefore QD could be used to assess the integrity and physiological state of the BM.

Hair follicle

As many compounds are impermeable to the stratum corneum much attention is
paid to the pilosebaceous unit as an alternative drug delivery pathway (29, 30). The hair
follicles extend deep into the skin and the thickness of the stratum corneum layer is
progressively reduced going deeper. The lower part of the hair infundibulum has a weak
barrier as the corneocytes are smaller and crumbly, which increases the permeability for
drugs (31). More to add, there is a rich capillary blood supply available to distribute the
substances systemically. Our results show that QD accumulate abundantly along the
dermal-follicle junction but they don't penetrate across this barrier. QD are prevented
from passing to the hair bulb even in the anagen phase of hair life cycle (characterised by
the presence of dermal papilla), when the cells grow most rapidly and the cells
internalize the extracellularly located substances most efficiently. The fact that even
highly proliferating cells of the hair bulb do not internalize QD indicates that the
transport of QD from dermis to the hair matrix is strongly limited or even completely
prevented.

It confirms the significance of the BM as the preventive structure for QD
migration and may explain low efficiency of transfollicular transport of other reported
NP reported. Lademan J. ef al. (2007) investigated the follicular penetration of polymeric
NP (size 320 nm) and showed that NP penetrate deeply into the hair follicles providing
long-term deposition in the epidermis (29). NP accumulated along the epidermal-dermal
junction. However, the NP penetration from the follicle to the dermis was not discussed
(29). Similar results were presented in a recent study, where drug loaded polymer NP

(size 30-96 nm) penetrated deeply in the hair follicle, but they were sequestered from
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passing to the dermis (32). It was shown that transcutaneously applied 40 nm NP
penetrated the skin predominantly via follicular route and possibly passed into the
perifollicular dermis, by entering the meshwork of Langerhans cells, which are
particularly concentrated in the upper parts of human hair follicles (33). However
intercellular migration to the dermis was not observed suggesting that NP were
transferred within the Langerhans cells. These reports show that NP are impermeable to
the follicular-dermal junction after topical application. Our results complement these
studies as we show QD retention by dermal-follicular junction from dermal
compartment. The limited transfollicular transfer of QD may be explained by assigning
the QD interceptive properties to BM.

Limited transfollicular penetration of NP can be advantageous for drug delivery
as they provide rapidly sourcing carriers that can accumulate in the hair canal and create
a drug depot without passing to other tissues of the body.

Intracellular QD uptake in vivo

We observed intracellular QD wuptake by dermal cells. According to
morphological analysis they were internalized by different cellular types. The
macrophages, mast cells and eosinophils could be identified from other dermal cells. As
QD distributed heterogeneously in the cytoplasm and mainly accumulated in the
perinuclear region it seems that they passed by endocytotic pathways. Kuchler S. et al.
showed intracellular uptake of solid lipid NP to the keratinocytes in vitro with the same
distribution pattern (23). There are several types of dermis cells which endocytotic
activity for various NP was shown earlier in vitro. Fullerenes were found assembled in
the lysosomes, mitochondria, and endoplasmic reticulum of the human mast cells (34).
Gold NP were reported to accumulate in fibroblasts (35). QD were found to be rapidly
endocytized by dendritic cells (36) and macrophages (37) and to localize in the
lysosomes. However uptake of QD or other NP by dermal cells in vivo is not extensively
described.

Cellular uptake of drug-loaded NP can become clinically relevant when applied
to the damaged skin. In the case of dendritic cells or macrophages QD could be, later on,
transported to the regional lymph nodes. On the other hand, the intracellular localization
increases the risk of toxic effects because it was shown that QD modulate the expression

of genes which are associated with inflammatory, immune and apoptotic responses in
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human keratinocytes and dermal fibroblasts (38). The degradation of QD and the release
of toxic compounds in vivo after oral (25) and intravenous administration (2) was
reported. As we showed active cellular uptake and accumulation of QD in dermal cells,
including mast cells it is highly possible that NP induce the inflammatory and immune

responses in vivo as well.

OD migration pathways in dermis

The long-term QD accumulation in the dermis suggest that they might be
excreted to the skin surface as it was shown for organic substances including drugs (39).
However, we observed that QD don't penetrate into epithelial cells of the sweat glands. It
minimizes the possibility that QD could be excreted from the organism with the sweat as
it requires QD uptake to the sweat gland cells.

According to our results, QD were unable to penetrate inside the nerves and
accumulated along the perineurium, but they were dispersed in the surrounding
connective tissue - epineurium. The epineurium consists of areolar connective tissue
with loose bundles of collagen fibrils (40), meanwhile, perineurium is usually
represented as a sheet of collagen fibrils forming a lacework structure. Therefore, we
assume that the differences in extracellular collagen organization determine limited QD
diffusion into perineurium and result the observed QD distribution pattern in the tissue.

Similarly QD were not detected in the muscle fibers, but distributed in the
connective tissue between the muscle fascicles. QD were also detected in the tunica
adventitia of the blood vessels, but they were retained from permeation into the tunica
media. These observations indicate that QD diffusion through the tissues is limited and
depends on the structure and physical organization of the connective tissue fibers. QD
can migrate in the loosely organized tissue, but they are not able to penetrate between the
densely organized connective tissue fibers.

The limited QD diffusion through the tissue contribute to the slow NP clearance
from the injection site. Restricted transfer across the BM leads to inefficient uptake to
the blood vessels as the capillaries are outlined by BM and the uptake firstly depends on
the QD ability to penetrate through the vessel wall. We assume that it determines that
QD are mainly drained from the tissues by the lymphatic system which was observed

during fluorescence imaging of mice (data not presented).
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3.4. Long-term stability of QD in vivo

Long-term fluorescence imaging applications of QD require stable optical
properties to maintain sufficient signal to noise ratio. It is also important to estimate
biological effects of prolonged QD accumulation in the tissues as it was shown that QD
might degrade and release cytotoxic compounds (1, 38, 41). Therefore we compared the
stability of spectroscopic properties in vivo of CdSe/ZnS-mPEG and CdTe-MPA QD 7
days in rat tissues.

7 days after intraperitoneal injection of CdTe-MPA QD dark spots in the
peritoneal muscle or omentum were observed which were identified by histological
examination as necroses (fig. 13). Fluorescence spectroscopy of these tissues showed
QD accumulation. However QD PL spectra were red-shifted up to 18 nm in respect to
CdTe-MPA spectrum in distilled water (fig. 13). The position of the band peak varied
among different places of the same specimen in the range of 745-753 nm. It shows that
spectroscopic properties of CdTe-MPA are changing in biological environment and the
structure of the QD might be altered. QD PL was localized in the range of few
milimeters in the tissues and QD PL could be registered in the surrounding tissues or
other rat organs. It shows that QD diffusion and dissemination in the tissues is

inefficient.
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Fig. 13. A-D) The localization of necroses (arrows) in rat abdominal muscle (A, C) and
omentum (B) in the injection site 7 days after injection of CdTe-MPA QD solution. QD
PL in the necrosis can be seen under UV illumination (D). E) Transmission microscopy
image of HE stained necrotic muscle tissue (x10/0,25 obj.). F) Normalized and averaged
fluorescence spectra of necrotic and healthy tissues, differential spectra and CdTe-MPA

QD spectrum in distilled water (Npeasurements/tissue=23» Mexcitation=450 nm).
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Fig. 14. A) Normalized and averaged fluorescence spectra of rat thigh muscle 7 days after
CdSe/ZnS-mPEG injection. “Muscle — QD* represents the spectra in the QD injection
site, while control was measured in the opposite thigh of the same animal. “Sp* — spectra
were measured using spectrometer (Npeasurements/tissue=23> Mexcitation=40 nm), “Micr.* — using
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spectral detector of the microscope (averaged spectra from the squared regions in B:
yellow — control, blue — QD). B) Confocal fluorescence image of injected tissue (paraffin
embedding, x20/0,5 obj., Aexcitaion=488 nm); C) Transmission microscopy of the HE
stained specimen.

7 days after injection of CdSe/ZnS-mPEG QD solution there were seen no
macroscopical tissue damages. QD PL could not be visualized by naked eye under UV
illumination. Characteristic PL. band of CdSe/ZnS-mPEG QD was registered in the
fluorescence spectra of thigh muscle in the region of injection site (fig. 14). QD PL
spectra in the tissues were nearly overlapped the QD spectra measured in distilled water.
QD PI spectra in the muscle were measured and using confocal microscope. These
spectra had additional component on the shortwave side of the spectra, while longwave
side of the spectra overlapped with QD spectra in distilled water. These measurements
show that CdSe/ZnS-mPEG maintain relatively stable spectroscopic properties in vivo.

QD PL could be distinguished from the autofluorescence background in the tissue
region of 2-3 cm, but QD were not detected in other rat tissues. It means that CdSe/ZnS-
mPEG distribute more evenly than CdTe-MPA QD in the tissues of a muscle and
possess better diffusion properties in vivo.

Fluorescence microscopy revealed that CdSe/ZnS-mPEG QD accumulate in the
connective tissue, but they were not detected in the muscle fibers, inside the nerves and
tunica media of blood vessels. Similar QD distribution was observed 1 h after
subcutaneous QD injection (chapter 3.3.). It means QD remain their biodistribution
properties up to 7 days and during this time can not reach muscle cells, nerves and other
discussed targets.

The spectroscopic changes of CdTe-MPA QD could be related with
reorganization of the superficial ligands, their desorption and QD aggregation (42, 43).
In this case QD loose the passivating organic ligands and are exposed to surrounding
biomolecules. It can lead to the oxidation of the CdTe core and the release of cytotoxic
compounds. It was shown that CdTe possess cytotoxicity and it is justified by the effects
of Cd and Te compounds which impede normal metabolic activity of the cells (44, 45).
However MPA is toxic as well (46). It shows that detachment of MPA molecules from
CdTe nanocrystal could result tissue necrosis in few ways. Exact mechanisms of QD are

still not determined.
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The core of CdSe/ZnS-mPEG is stabilized with the ZnS shell, covered with
amphiphilic polymer and terminated with mPEG groups. These coatings stabilize the
structure of QD and protect nanocrystal from biological interaction. It results in higher
structural stability and higher biocompatibility when compared with CdTe-MPA QD.
The neutrally charged mPEG were shown to reduce interaction with proteins and
intracellular accumulation (12, 47). These properties make CdSe/ZnS-mPEG more

favourable for QD applications in the fluorescence imaging of biological systems.
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4. CONCLUSIONS

Intravascularly located CdSe/ZnS-mPEG QD adhere to the endothelium and
extravascularly located QD accumulate in the tunica adventitia, but they are

unable to penetrate into tunica media from any direction.

Intravenously injected CdSe/ZnS-mPEG QD localize in the blood vessels of most
organs, but they don‘t extravasate or accumulate in the tissues. QD extravasate to
the extracellular space through the sinusoidal capillaries and accumulate in the

liver cells.

CdSe/ZnS-mPEG QD accumulate in rat placenta but they are not transferred

through the placental barrier to the foetuses.

The migration of CdSe/ZnS-mPEG QD in the connective tissues depends on the
structure of extracellular tissue fibers: QD freely migrate in the loose connective
tissues (dermis, epineurium, epimysium, tunica adventitia, etc.), but they can not
permeate densely organized tissue fibers (basement membranes, perineurium) and

don’t pass to the epidermis, hair follicles, skin glands, nerves and muscle cells.

The main migration pathways of CdSe/ZnS-mPEG QD depend on the
administration route: QD injected into connective tissues are drained via the
lymphatic system and pour into blood circulation; QD located in the blood are
transfered only within it; QD applied on the skin are retained by the stratum

corneum and don‘t reach other tissues.
Higher stability of optical properties, lower toxicity and more efficient migration

in the tissues of CdSe/ZnS-mPEG QD determine that they are more suitable for

fluorescence imaging in vivo than CdTe-MPA QD.
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5. SANTRAUKA (Summary in Lithuanian)

Ivadas

Nanotechnologijos vis pla¢iau taikomos maisto pramon¢je, optoelektronikoje,
buitin¢je chemijoje, kosmetologijoje ir kitose Zmogaus veiklos srityse. Nanodaleles (ND)
diegiamos ] naujai kuriamus medicinos diagnostikos ir gydymo metodus kaip
kontrastinés =~ medZiagos  optiniame, magnetinio  rezonanso, rentgeno  ar
daugiamodaliniame vaizdinime. Taip pat naudojamos kaip biosensoriai, vaisty ar DNR
neSikliai. ND pasiZymi naujomis savybémis, kurios nebudingos tos pacios cheminés
sudeties medZiagoms, kai jos yra mikrometry eilés ar didesniy matmeny, pvz.,
pasireiSkia superparamagnetizmas, superlaidumas, fotoliuminescencija (FL) ir kt.
Nanoskal¢je Zenkliai iSauga daleliy pavirSiaus ir tirio santykis. Tai vienas esminiy
veiksniy nulemianciy iSskirtini ND démesj biomedicinos tyrimuose, nes jy susikaupimas
audiniuose ir sukeliamas biologinis poveikis visy pirma priklauso nuo jy pavirSiaus
sgveikos su organizmo molekulémis - lasteliy receptoriais, fermentais, genetine
medZiaga ir kt.

Kvantiniai taSkai (KT) yra puslaidininkinés ND, pasiZymincios iSskirtinémis
fizikocheminémis savybémis, tokiomis kaip aukStas FL kvantinis naSumas,
fotostabilumas, nuo cheminés sudéties ir dydzio priklausomas FL spektras, plati
sugerties juosta ir kt. KT pavirSius gali biiti modifikuojamas jvairiais ligandais, siekiant
juos funkcionalizuoti ir pritaikyti specializuotiems biologiniams taikymams. Sios
savybes sudaro sglygas panaudoti KT neinvaziniam fluorescenciniam biologiniy objekty
vaizdinimui, pvz., piktybiniy augliy diagnostikoje, angiogenezés ar kraujotakos
sutrikimy tyrimuose. Prie KT pavirSiaus prijungus vaisto molekules, galima sukurti
daugiafunkcinius nanodarinius, kurie vienu metu suteikty vaizdinimo galimybe ir
pasiZzymety terapinémis savybémis. KT gali biuti panaudojami kaip neorganinés ND
modelis tiriant kity ND lokalizacijg organizme, nes jy pasiskirstymas labiausiai priklauso
nuo jy geometriniy ir pavir§iniy savybiy, o vidinés sandaros jtaka daZniausiai
nereikSminga.

Yra parodyta, kad KT gali buti pritaitkomi sveiky audiniy ir naviky kraujotakos

sistemos vaizdinimui (1, 2). Visgi KT lokalizacija kraujagysliy sienelése, poveikis
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endotelio 13steliy gyvybingumui ir su tuo susijes pasalinis KT poveikis néra placiai
iStirtas. KT pernaSa per kraujagysliy sienele itin aktuali siekiant KT susikaupimo
specifinése organizmo vietose, pvz., galvos smegenyse ar navikuose, siekiant selektyviai
vaizdinti Siuos audinius diagnostikos tikslais ar paveikti jy lasteles ligy gydymui.
Daugelio vaisty vartojimas néStumo metu yra ribotas deél galimo Salutinio poveikio
embriogenezei. Todél domimasi KT ir kity ND medicininiu panaudojimu néStumo metu
tikintis, kad jos kaupsis motinos audiniuose, nepateks j embriong ir nesutrikdys jo
vystymosi. Tac¢iau kol kas KT prasiskverbimas per placentos barjerg ir jy patekimo ]
embriong biuidai néra iStirti. Eksperimentiniy gyviiny tyrimuose yra parodyta, kad KT gali
buti embriotoksiski, taiau Sio proceso mechanizmas néra iSaiskintas (3).

Kitas svarbus klausimas susijgs su saugiu KT taikymu biomedicinoje yra jy
prasiskverbimas per apsauginius biologinius barjerus, pvz., odos, kvépavimo taky,
virSkinamojo trakto ir kt. Yra parodyta, kad ant sveikos odos uZtepti KT yra sulaikomi
raginio epidermio sluoksnio ir j gilesnius audinius nepatenka (4). Visgi paZeidus
pavirSinius odos sluoksnius pastebéta, kad KT aptinkami ir dermoje. Konkretus KT
pernasos mechanizmai per epidermj néra iStirti. Kol kas néra iSaiSkinta, kokiuose
audiniuose lokalizuojasi ] odg patek¢ KT, kokiose lastelése jie kaupiasi, ar jie yra
i¥nesiojami po visg organizma ir kaip jie gali paveikti audiniy funkcijas. Sie klausimai
aktualtis tiek vertinant potencialiai Zalingg KT poveikj, tiek ir optimizuojant
biomedicininius taikymus, kurie susij¢ su KT jvedimu per odg ar | poodi.

Svarbu paminéti, kad ND kaupimosi, pasiSalinimo ir poveikio organizmui tyrimai
itin svarbiis toksikologiniu poZidiriu. Siuo metu didZiausi nanotarSos 3altiniai yra
pramon¢ ir autotransportas. Taciau nanoinZinerijos kuriamy komerciniy produkty
gamybos apimtys sparciai auga. Todeél ND pagrjsti produktai tampa potencialiu tarsos
Saltiniu, kurio rizika Zmogaus sveikatai bei aplinkosaugai néra jvertinta.

Optimaliam KT taikymui biomedicinoje biitinos Zinios apie jy pasiSalinimg iS$
organizmo ir ilgalaikj stabilumg audiniuose. Yra parodyta, kad Ziurkéms suleidus
CdSeTe/ZnS KT, dengty PEG, pra¢jus 4 ménesiams >99% suleistos kadmio dozés iSliko
organizme (5). Tai rodo, kad KT per §j laikotarpj praktiSkai nebuvo pasalinti iS
organizmo. Kepenyse ir inkstuose buvo aptikta toksiSky kadmio junginiy. Vadinasi, dalis

KT suiro ir apnuodijo organizmg. Manoma, kad KT Salinimui i§ kiino didZiausig jtakg
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turi jy pavirSiaus padengimas bei dydis. Taciau tikslios prieZastys, lemiancios ilgalaikj
KT susikaupimg ir lokalizacijg organuose, kol kas néra nustatytos.

Aptartos problemos, susijusios su KT taikymu biomedicinoje, sukelia
fundamentiniy tyrimy poreikj, kurie suteikty iS§samiy Ziniy apie KT prasiskverbimg per
biologinius barjerus, jy farmakokinetikg, lokalizacijg audiniuose, lgstelése bei jy
kompartmentuose, KT stabilumg bei poveiki organizmo funkcijoms, ilgalaikj

susikaupimg ir pasiSalinimg i§ organizmo.

Darbo tikslas
IStirti CdSe/ZnS-mPEG kvantiniy taSky migracijos kelius eksperimentiniy gyviiny

audiniuose naudojant fluorescencinés mikroskopijos ir spektroskopijos metodus.
Darbo uZdaviniai:
1) Istirti kvantiniy tasky (KT) prasiskverbimg per kraujagysliy sieneles ir jvertinti jy

kaupimasi vidaus organuose.

2) Istirti KT prasiskverbimg per Ziurkés placentos barjerg ir jvertinti jy kaupimasi

embrionuose.

3) Istirti po oda suleisty KT pasiskirstymg audiniuose.

4) Nustatyti pagrindinius KT migracijos kelius organizme jvedant juos skirtingais

budais.

5) Palyginti CdSe/ZnS-mPEG ir CdTe-MPR KT stabilumg Ziurkés audiniuose ir

jvertinti jy pritaikomuma fluorescenciniame vaizdinime in vivo.
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Mokslinis naujumas ir aktualumas

Pirmg kartg iStirtos odos barjerinés savybés KT prasiskverbimui bazaline —
apikaline kryptimi ir jvertinta bazinés membranos reikSmé KT migracijai per epidermj ir
kitas odos dalis: riebaly bei prakaito liaukas, plauky folikulus. Sie rezultatai gali biti
panaudoti aiSkinant KT prasiskverbimo per odos barjero veikimo principus. Duomenys
taip pat svarbiis, kuriant KT ir kitomis ND pagristus vaisty pernasos metodus, kuriy
optimalus taikymas reikalauja i§samiy Ziniy apie jy pasiskirstymg audiniuose, gebéjimag
pasiekti bei paveikti tikslinius taikinius odoje.

Pirma kartg parodyta, kad KT difuzija jungiamuosiuose audiniuose priklauso nuo
ekstralgsteliniy dariniy struktoros: KT laisvai migruoja puriuosiuose jungiamuosiuose
audinivose (dermoje, epineuriume, epimyziume, adventicijoje ir kt.), taciau
neprasiskverbia per audiniy strukturas, sudarytas i§ tankiy skaiduliniy sluoksniy (bazing
membrang, perineuriuma).

Pirmg kartg parodyta, kad CdSe/ZnS-mPEG KT nejsiskverbia ] sveiky
kraujagysliy raumeninj kraujagysliy sluoksnj (funica media) tiek is kraujagyslés vidaus,
tiek i§ jos iSorés. Sie rezultatai naudingi aiSkinantis KT pernaSos per kraujagysliy
sieneles mechanizmus. Tai sudaro sglygas taikytti KT ir kitas ND selektyviam
kraujagysliy pazaidy, kurioms budingas sieneliy struktiirinio vientisumo paZeidimas
(pvz., aterosklerozes zidiniy), vaizdinimui, diagnostikai ir gydymui.

Pirma kartg parodyta, kad CdSe/ZnS-mPEG KT yra sulaikomi placentos barjero ir
nepatenka j embrionus. Sis faktas svarbus nagrinéjant KT embriotoksikumo ir
teratogeniSkumo mechanizmus. Rezultatai taip pat naudingi vertinant KT bei kity ND
patekimo j organizma rizikg néStumo metu. KT neprasiskverbimas per placentos barjera
aktualus jy taikymams tikslin¢je vaisty pernaSoje siekiant sukurti tokius junginius, kurie
veikty tik motinos organizma, bet nepatekty j embriong ir nepaveikty jo vystymosi.

Pirmg kartag palygintas nefunkcionalizuoty CdSe/ZnS-mPEG KT kaupimasis
skirtingose lastelése in vivo salygomis. Sie rezultatai aktualds aiskinantis KT kaupimosi

audiniuose ir jy biologinio poveikio mechanizmus.
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1)

2)

3)

4)

5)

6)

7)

8)

Ginamieji teiginiai
Kraujagyslés viduje lokalizuoti KT sgveikauja su endoteliu (tunica intima), taCiau
pro ji neprasiskverbia ir nepatenka ] vidurinj kraujagyslés sienelés sluoksnj
(tunica media).
Kraujagysliy iSor¢je esantys KT kaupiasi iSoriniame sienelés sluoksnyje (tunica
adventitia), taCiau nepatenka giliau | vidurinj kraujagyslés sienelés sluoksnj
(tunica media).
KT lokalizuojasi daugumos organy kraujagyslése, taiau ] jy tarplasteline terpe
nepatenka. KT ekstravazacija ] tarplasteling terpe gali vykti per sinusinius
kapiliarus.
KT kaupiasi nésciy Ziurkiy placentoje, taciau yra sulaikomi placentos barjero ir
nepatenka j embriony audinius.
KT difuzija jungiamuosiuose audiniuose apsprendZia ekstralgsteliniy skaiduly
organizacija: KT laisvai migruoja puriuosiuose jungiamuosiuose audiniuose
(dermoje, epineuriume, epimyziume, adventicijoje ir kt.), taiau neprasiskverbia
per tankius skaidulinius sluoksnius (bazines membranas, perineuriumg) ir
nepatenka ] epidermj, plauky folikulus, odos liaukas, nervy vidy ir raumeny
skaidulas.
I jungiamuosius audinius pateke CdSe/ZnS-mPEG KT rezorbuojasi j limfos
kapiliarus, migruoja limfine sistema ir su limfa jsilieja | kraujotaka.
Ant odos uzZtepti CdSe/ZnS-mPEG KT neprasiskverbia per sveikg ir UVB
spinduliuotés pazeista epidermio barjera.
CdSe/ZnS-mPEG KT pasizymi stabilesnémis optinémis savybémis efektyvesne

migracija audiniuose ir maZesniu toksiSkumu negu CdTe-MPR KT.

Rezultaty apibendrinimas

Siame darbe nagrinéjamas CdSe/ZnS-mPEG KT prasiskverbimas per skirtingus

audinius ir pasiskirstymas organizme jvedant juos ] organizmg skirtingais budais. KT
lokalizacija audiniy ir Igsteliy lygmenyse suteikia duomeny aiSkinant pagrindinius KT
migracijos kelius organizme. KT lokalizacija audiniuose analizuojama konfokaling

fluorescencing mikroskopija derinant su klasikinés histologijos metodais. Iki Siol toks
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budas buvo pritaikytas tik KT lokalizacijos limfmazgiuose tyrimui (51). Mikroskopijos
metodai leidZia jvertinti KT kaupimasi lasteliniame lygyje ir tiksliau nusakyti jy
lokalizacija negu placiai paplit¢ elementinés analizés (pvz., masés spektrometrija,
radioaktyviy izotopy scintigrafija) ar fluorescencinio vaizdinimo metodai.

Eksperimentiniy gyviiny audiniy mikroskopijos tyrimai rodo, kad CdSe/ZnS-
mPEG KT neprasiskverbia per kraujagysliy sieneles ir néra perneSami i$ tarplastelinés
terpés | kraujagysliy vidy. Tai nulemia, kad KT néra tiesiogiai rezorbuojami |
kraujotakos sistemg ir iSneSiojami po visg organizmg. Eksperimentiniai rezultatai rodo,
kad ] tarplasteling audiniy terpe suleisti KT migruoja i§ suleidimo vietos limfine sistema.
Manoma, kad tai apsprendZia daleliy geometriniai matmenys, nes CdSe/ZnS-mPEG KT
yra panaSaus dydzio (HD ~23 nm (12)) kaip kai kurie tarplastelinés terpés baltymai ir
patogenai, kuriuos pernesti su audiniy skys€iu yra prisitaik¢ limfos kapiliarai. Taigi KT
migracija 1§ audiniy per limfin¢ sistemg apsprendzia KT dydis ir didesnis limfos
kapiliary sieneliy laidumas kraujo kapiliary atzvilgiu. Tai sudaro palankias sglygas
naudoti KT limfinés sistemos anatominiams ir funkciniams tyrimams bei taikyti KT
fluorescenciniame limfmazgiy vaizdinime operacijy metu.

KT pernasos ribojimas i$ kraujagysliy vidaus ] tarplasteling terpe salygoja tai,
kad jie nepatenka j daugumos organy audinius. Tai paaiskina, kodél misy ir daugumos
kity autoriy tyrimais nenustatomas KT susikaupimas ne RES audiniuose net ir ilgalaikeje
perspektyvoje. Tuo tarpu KT aptikimas RES organuose dalinai paaiSkinamas jy kapiliary
sieneles strukturiniais skirtumais, t.y., didesnémis endotelio poromis, plonesne ir
nevientisa bazine membrana, kity audiniy atZvilgiu (4, 52). Kita vertus mikroskopijos
rezultatai rodo, kad audiniuose esantys KT patenka j makrofagus endocitozés badu. Sis
procesas gali papildomai prisidéti prie KT kaupimosi RES organuose, kuriuose telkiasi
makrofagai ir kitos fagocituojancios lgstelés.

Pazymétina, kad KT nepatenka  sveiky kraujagysliy vidurinj sluoksnj (funica
media) ir tai siejama su KT sulaikymu ties endoteliu (i§ vidaus j iSore) ir ties lygiyjy
raumeny skaiduly tarpusavio jungtimis bei bazine membrana (iS iSorés j vidy). Tai
sudaro salygas taikyti KT kraujagysliy pazaidy, kurioms budingi struktiirinio vientisumo
pokyciai (pvz., aterosklerozés Zidiniy), vaizdinime ir diagnostikoje. Tode¢l tikimasi, kad
gauti rezultatai praplés KT taikymo perspektyvas biomedicinoje ir suteiks pagrinda

panaudoti KT aterosklerotiniy pakitimy tyrimams bei naujy medicinos metody kiirimui.
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Odos audiniy mikroskopiné analizé rodo, kad KT neprasiskverbia i§ dermos
jungiamojo audinio j plauky folikulus, prakaito bei riebaly liaukas, griauciy skersaruoziy
raumeny skaidulas ir kitus audinius. Visiems Siems dariniams budinga baziné membrana,
kuri juos skiria nuo aplinkinés tarplastelinés medZziagos ir kurioje yra KT. Todé¢l ji yra
pirminis barjeras ribojantis KT difuzijg ] minétus audinius. KT taip pat yra sulaikomi
tankiai iSdéstyty jungiamojo audiniy skaiduly, kurios sudaro perineuriumg ir riboja KT
patekimg ] periferiniy nervy vidy. Apibendrinant Siuos faktus galima teigti, jog KT
migracijg audiniuose riboja specializuoti tankiai organizuoty ekstralgsteliniy skaiduly
sluoksniai. Sis apibendrinimas svarbus tuo, jog bazinés membranos juosia visus
epitelinius audinius, kurie sudaro pagrindinius organizmo apsauginius barjerus (odos,
kvépavimo ir lytiniy taky, virSkinamojo trakto ir kt.), taciau literatiroje KT pernaSa per
bazines membranas yra praktiSkai nenagrinéta ir jos reikSmé KT lokalizacijai audiniuose
yra nejvertinta.

KT taip pat yra sulaikomi placentos barjero ir i§ motinos j embriono audinius
nepatenka. Sj fiziologinj barjera visy pirma apsprendZia trofoblasto lastelés, kurios yra
glaudZiai susietos tarplastelinémis jungtimis. Sie rezultatai papildo KT prasiskverbimo
per kraujagysles tyrimus ir rodo, kad KT yra sulaikomi ne tik endotelio bet ir kity
vientisg sluoksnj formuojanciy lasteliy. Tarplastelinés pernasos ribojamas per Siuos
sluoksnius grindZiamas tuo, kad tarpai tarp lgsteliy yra per mazi, kad per juos vykty KT
prasiskverbimas. Tuo tarpu translgsteliné pernasa yra sudétingesnis procesas, kuris
salygotas apikalinés membranos receptoriy raiSkos, KT endocitozes, vidulgstelinés
pernasos ir sekrecijos bazalin¢je membranoje. Manoma, kad svarbiausias vaidmuo $ioje
grandin¢je yra KT saveikos su translasteling pernaSg uZtikrinanciais endotelio ir
trofoblasto receptoriais nebuvimas. KT pernaSos mechanizmai per vidinius organizmo
barjerus néra placiai iStirti. Tod¢l tikimasi, kad Sie darbo rezultatai bus naudingi tiriant
KT ir kity panaSaus dydzZio bei pavirSiniy savybiy ND prasiskverbimo per biologinius
barjerus mechanizmus. Rezultatai taip pat naudingi kuriant ND pagristus
farmakologinius preparatus, nes efektyviam jy taikymui biitina Zinoti, kur organizme
lokalizuojasi Sios ND ir kokius audinius jos gali paveikti.

Audiniy mikroskopijos tyrimai parodé, kad CdSe/ZnS-mPEG KT kaupiasi kai
kuriy lagsteliy viduje in vivo salygomis ir | jas patenka endocitozés budu. Vidulgstelinis

KT susikaupimas priklauso nuo Iagsteliy tipo: intensyviausia KT FL aptikta
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makrofaguose, eozinofiluose, mazesnio intensyvumo — dermos fibroblastuose, tuo tarpu
raumeninése skaidulose, limfocituose bei eritrocituose KT neaptikti. Sie skirtumai
grindZziami lgsteliy specializacija ir jy skirtingu endocitotiniu aktyvumu. Pvz.,
makrofagai pasizymi aktyvia nespecifine endocitoze, kuri reikalinga neutralizuojant
patogenus. Tuo tarpu eritrocitams endocitoz¢ nebiidinga (53), todé¢l tair greiCiausiai
salygojo KT nepatekimg ] jy vidy. Tai taip pat parodo, kad KT pasyvi difuzija per
plazming eritrocity membrang nevyksta. Limfocitai sudaro didelés jvairoves lasteliy
grupe ir jy endocitotinis aktyvumas priklauso nuo diferenciacijos ir pavirSiniy receptoriy
raiskos. Sios lastelés dalyvauja specifinio imuninio atsako formavime, todél tikétina, kad
KT patekimui ] lgsteles reikalinga specifiné sgveika su atitinkamais 1astelés pavirSiaus
receptoriais, kurie inicijuoja endocitoze, pvz., DEC-205, CD36, DC-SIGN ar kt. (54).
Kadangi tyrime naudoti nefunkcionalizuoti KT, jy sgveika su Siais receptoriais
greiCiausiai buvo per silpna. KT kaupimasis eozinofiluose bei putliosiose lastelése iki
Siol nebuvo stebétas ir tai yra jdomus faktas, nes Sios lgstelés dalyvauja alerginése
reakcijose. PraneSama, kad TiO, ir fulereny ND sukelia alerginj atsakg organizme, taciau
Sio vyksmo mechanizmai néra iStirti (55). Taigi ND kaupimasis eozinofiluose gali biti
susijes jy sukeliamomis alerginémis reakcijomis ir musy tyrimo rezultatai gali buti
naudingi aiSkinantis ND sukeliamo biologinio atsako mechanizmg. PazZymétina, kad
dauguma KT kaupimosi lgstelese tyrimy atliekami in vitro sglygomis, taCiau KT
vidulgstelinis susikaupimas in vivo néra placiai iStirtas. Yra atlikta tyrimy, rodanciy, kad
specifiniais ligandais funkcionalizuoti KT gali biiti selektyviai kaupiami atitinkamus
receptorius turinCiose lgstelese (48, 56, 57). Visgi palyginamyjy tyrimy apie
nefunkcionalizuoty KT kaupimagsi skirtingose lastelése in vivo néra atlikta. KT
kaupimasis lgstelése yra svarbus prognozuojant jy lokalizacija bei poveikj lgsteléms
klinikiniuose taikymuose ir vertinant i§ KT sudaryty elektronikos ar kity produkty
vartojimo sauguma.

Efektyviam KT taikymui taip pat svarbus jy optiniy savybiy stabilumas ir
struktlirinis vientisumas in vivo sglygomis. Darbo rezultatai rodo, kad CdTe-MPR KT
patekus ] Ziurkés audinius kinta jy spektroskopinés savybeés, rodancios, kad vyksta KT
sgveika su organizmo molekulémis ir (arba) vyksta pavirSiniy KT ligandy destabilizacija
ir KT agregacija. Sie vyksmai galutiniame rezultate sukelia audiniy nekroze, t.y. lasteliy

zutj. Tuo tarpu CdSe/ZnS-mPEG KT FL savybés islieka pakankamai stabilios, kad Sie
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KT galéty bati pritaikyti ilgalaikiam audiniy vaizdinimui. Sie KT nesukelia audiniy

nekrozeés, todél jie yra pranaSesni fluoroforai ir biosuderinamumo atzvilgiu.

1)

2)

3)

4)

5)

6)

Darbo iSvados:
CdSe/ZnS-mPEG KT prasiskverbimo per kraujagysliy sieneles tyrimai parode,
kad kraujagysliy viduje esantys KT sgveikauja su endoteliu (funica intima), o
iSorinéje kraujagysliy aplinkoje esantys KT patenka j iSorinj sienelés sluoksnj
(tunica adventitia), taCiau KT nejsiskverbia ] vidurinj kraujagyslés sienelés
sluoksnj (tunica media).
I kraujotakg suleisty KT pasiskirstymo audiniuose tyrimai parode, kad CdSe/ZnS-
mPEG KT lokalizuojasi daugumos organy kraujagyslése, taciau i tarplasteling
terpe ar audiniy Igsteles nepatenka. KT prasiskverbia per sinusinius kapiliarus ir
kaupiasi kepeny lastelese.
CdSe/ZnS-mPEG KT pasiskirstymo nes¢iy Ziurkiy organizme tyrimai atskleide,
kad KT patenka j placenta, taCiau yra sulaikomi placentos barjero ir nepatenka }
embriono audinius.
CdSe/ZnS-mPEG KT lokalizacijos odoje tyrimai parode, kad KT migracija
jungiamuosiuose audiniuose sglygoja ekstralgsteliniy skaiduly organizacija: KT
laisvai  migruoja  puriuosiuose jungiamuosiuose audiniuose  (dermoje,
epineuriume, epimyziume, adventicijoje ir kt.), taiau neprasiskverbia per tankius
skaidulinius sluoksnius (bazines membranas, perineuriumg) ir nepatenka |
epidermj, plauky folikulus, odos liaukas, nervy vidy ir raumeny skaidulas.
CdSe/ZnS-mPEG KT migracija organizme priklauso nuo jy suleidimo budo: |
jungiamuosius audinius suleisti KT juda puriaisiais jungiamaisiais audiniais,
rezorbuojasi j limfinius kapiliarus ir kartu su limfa jsilieja i kraujotaka; i krauja
pateke KT perneSami tik jo sudétyje; ant sveikos odos uZztepti KT j kitus audinius
nepatenka.
Didesnis CdSe/ZnS-mPEG KT optiniy savybiy stabilumas, efektyvesné migracija
audiniuose ir maZzesnis toksiSkumas negu CdTe-MPR KT salygoja tai, kad Sie KT

yra tinkamesni fluorescenciniui vaizdinimui in vivo.
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= Team working skills gained through research and educational
projects

» Pedagogical skills gained through lectures, working with
students and pupils.

= Leadership skills gained through supervision of students’
research projects

* Budget management and organisational skills through planning
scientific research and working as e-commerce manager.

= Competent with Microsoft Office tools, OriginLab, ImageJ,
Corel Draw.
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Projects

Awards

e Supervisor. ,,Students‘ research practice* (Nr. M 2012-
01/SMP 12-033) Duration: 2012.07.02-09.02. Supported by
Research Council of Lithuania.

e Junior research fellow. ,,Penetration of nanopartciles through
the placental barrier and effect on embryogenesis* (Nr. MIP-
10440). Duration: 2010.07-2011.12. Supported by Research
Council of Lithuania.

e Senior specialist. ,, Multifunctional nanoparticles for specific
non-invasive early diagnostics and treatment of cancer ““ (Nr.
2004-LT0036-IP-1NOR). Projekto trukmeé: 2008.08-
2010.06. Supported by Norway Grants and republic of
Lithuania.Lector ,,Training of the personnel of the Institute
of Oncolo, Vilnius University” ( Nr. VP1-1.1-SADM-10-V-
01-004/D4-116). Supported by European Social fund.

e Supervisor, lector. “School is alive in art” Undergraduate
research projects. Together with National Gallery of Art.
Duration 2013.03-04. Supported by EU structural assistance.

e ector. ,,National academy of pupils®. The training school of
talented pupils. 2011.01.02-05
2012 Scholarship of the Research Council of Lithuania
2011 Scholarship of State Studies Foundation
2000-2002 I-IIT places in Vilnius city Olympiads of
highschool students: Biology, Chemistry, Physics and
Mathematics.
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Gyvenimo aprasSymas (CV)

Asmeniné informacija

POVEs
Darbo patirtis
Datos

Pareigos

Pagrindinés veiklos

Darbovieté

Datos
Pareigos
Pagrindinés veiklos

Darbovieté

Datos
Pareigos

Pagrindinés veiklos

Darbovieté

ISsilavinimas
Datos
Kvalifikacija

Istaigos
pavadinimas

Vytautas Kulvietis

Gimimo data: 1984.07.11

Adresas: J.Franko g. 8-7, LT-08431, Vilnius, Lietuva
Telefonas: 869833844

El. Pastas: vytautas.kulvietis @vuoi.lt

Pilietybé: Lietuvis

Nuo 2010.07 mén iki dabar
Jaunesnysis mokslo darbuotojas

Moksliniy eksperimenty planavimas, vykdymas, rezultaty analize,
pristatymas konferencijose, publikacijy rengimas, vadovavimas
studenty tyrimams, darby saugos organizavimas, naujy metody
diegimas.

Vilniaus universitetas Onkologijos institutas, Biomedicininés
fizikos laboratorija, Vilnius, Lietuva

Nuo 2008.07 iki 2009.11
Projekty vadovas

Verslo organizavimas, produkty vadyba, e-prekybos portalo
www.ciapigiau.lt kiirimas

UAB , Miisy prekyba“., Vilnius, Lietuva

Nuo 2007.06 iki 2010.07

InZinierius

Moksliniy eksperimenty planavimas, vykdymas, rezultaty analize,
vadovavimas studenty tyrimames.

Vilniaus universitetas Onkologijos institutas, Biomedicininés
fizikos laboratorija, Vilnius, Lietuva

Nuo 2009.10 - 2013.12

Doktorantiira (Biomedicinos mokslai, biofizika — 02B)

Vilniaus universitetas, Fizikos fakultetas
Disertacijos tema: ,,Kvantiniy taSky migracijos organizme tyrimai
optiniais metodais*
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Datos
Kvalifikacija
Istaigos
pavadinimas

Datos
Kvalifikacija
Istaigos,
pavadinimas

Nuo 2007.09 —2009.06

Biofizikos magistras

Vilniaus universitetas, Gamtos moksly fakultetas
Baigiamojo darbo tema: ,,CdTe kvantiniy tasky susikaupimas
Erlicho ascito navikinése lgstelése*

2003.09 —2007.06

Biofizikos bakalauras

Vilniaus universitetas, Gamtos moksly fakultetas
Baigiamojo darbo tema: ,,Fotosensibilizatoriy kaupimasis Ziurkes
galvos smegenyse*

Kvalifikacijos kélimas

Datos

Kvalifikacija.
Istaiga

Datos

Kvalifikacija.
Istaiga.

Datos
Kvalifikacija.Istaiga.

2008.02 —2008.07

Studijos pagal Erasmus programa. ISklausyti kursai: 1)
Savitvarkés nanosistemos, 7,5 ECTS (,,Selfassembling
nanosystems), 2) Video mikroskopija ir vaizdy analize 7,5 ECTS
(,, Video microscopy and image analysis®). 3) Mokslo tiriamasis
darbas 15 ECTS (Research work).

Kopenhagos universitetas, Danija.

2004.07 — 2004.08

Stazuote vasaros mokykloje: “Analyzing English and Intercultural
Communication” (,,Angly k. analiz¢ ir tarptautinis bendravimas).
Liutono universitetas, DidZioji Britanija

2001.09 — 2003.06

Lietuvos jaunyjy matematiky mokykla, Vilniaus universitetas.
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Dalyvavimas projektuose:
1. Lektorius, organizatorius Nacionalinés Dailés Galerijos edukaciniame modulyje
»Mokykla gyva mene*. Paskaita, ekskursija ir paZintiniai laboratoriniai darbai 9-12 kl.
moksleiviams, vykdant projekta ,,Muziejus — mokykla — moksleivis. Muziejy ir
bendrojo lavinimo mokykly nacionalinis partnerystés tinklas®, jgyvendinamo pagal
2007 — 2013 m. Zmogiskuyjy istekliy plétros veiksmy programos 2 prioriteto
,Mokymasis visg gyvenima“ VP1-2.2-SMM-10-V priemone , Neformaliojo §vietimo
paslaugy pletra“. 2013
2. Vadovas. ,,Studenty mokslin¢ praktika* (Nr. M 2012-01/SMP 12-033) Projekto trukmeé:
2012.07.02-09.02. Finansuoja Lietuvos moksly taryba.
3. Metodinés medziagos rengimas. ,,Biotechnologijos kvalifikacijos tobulinimo programa
gamtos moksly mokytojams* (Nacionalinio lygio programa). (Nr. VP1-2.2-SMM-03-
V-01-004). Trukmé: 2011-2013. Finansuoja LR Svietimo ir mokslo ministerija.
4. Jaunesnysis mokslo darbuotojas ,,Nanodaleliy pasiskirstymas organizme,
prasiskverbimas pro placentos barjerg ir poveikis embrionui‘ (Nr. MIP-10440).
Projekto trukmeé: 2010.07-2011.12. Finansuoja Lietuvos moksly taryba. Kruvis: 0,25
etato.
5. Vyresnysis specialistas. ,,Daugiafunkcinés nanodalelés specifinei ir neinvazinei
ankstyvajai vézio diagnostikai ir gydymui‘“ (Nr. 2004-LT0036-IP-1NOR). Projekto
trukme: 2008.08-2010.06. Finansuoja Lietuvos Respublika ir Norvergijos finansiniai
mechanizmai. Kruvis: 0,5 etato.
6. Lektorius ,,Sveikatos specialisty, prisidedanciy prie sergamumo ir mirtingumo nuo
onkologiniy ligy maZzinimo, kvalifikacijos kélimas Vilniaus universiteto Onkologijos
institute*( Nr. VP1-1.1-SADM-10-V-01-004/D4-116). Projekto trukme: 2009.05-
2014.04. Finansuoja Lietuvos Respublika ir Europos socialinis fondas. Krtivis: 4 val.
Kiti moksliniai renginiai:
e Tarptautiné mokykla: “Advanced methods in biophysics™. 2007 lapkri¢io 26-30; Trakai,
Lietuva.

e Konferencija: “Teaching Biophysics: Curruculum, Methods, Problems™. 2006 birZelio 8-
10; Vilnius, Lietuva,

eLietuvos mokslo ir studijy fondo finansuojama vasaros praktika: ”Application of
databases for biophysical data presentation” Vilniaus Gedimino technikos universitetas;
2005; Vilnius, Lietuva
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Pedagoginé veikla

2011-2013 Straipsniai mokslo populiarinimo Zurnale "Jaunasis tyréjas"”, temos:
"Biomimetika ir biologiné nanodaleliy sinteze", "PirSty atspaudy paslaptis”, "Kas
yra fluorescencija?".

2011-2012 Metodinés medZiagos rengimas. ,,Biotechnologijos kvalifikacijos tobulinimo
programa gamtos moksly mokytojams*. (Nr. VP1-2.2-SMM-03-V-01-004).
Trukmé: 2011-2013. Finansuoja LR Svietimo ir mokslo ministerija.

2011.01.02-05 Lektorius "Nacionalinéje moksleiviy akademijoje”, biochemijos sekcijoje
(4 val).

2010.10.25-29 Lektorius mokymuose pagal projekta ,,Sveikatos specialisty, prisidedanciy
prie sergamumo ir mirtingumo nuo onkologiniy ligy mazinimo, kvalifikacijos
keélimas Vilniaus universiteto Onkologijos institute* (4 val.)

2010-2013 Vadovavimas studenty mokslo tiriamiesiems darbams: Ieva Niciute¢ (VGTU),

Edita Jazdauskaité (VU FF), AuSra Marciuskaite (VU GMF), Justina Pupkaite
(VU GMF). Juras Kigonas (VU MF), Paulius Cekanauskas (VU MF), Herkus
Bajercius (VU MF)

Asmeniniai gebéjimai

Gimtoji Lietuviy

kalba
Uzsienio Supratimas Kalbéjimas Rasymas
kalbos*
English Cl|Igudes vartotojas| B2 Pazengqs Bl Pazengqs
vartotojas vartotojas

German Bl PaZen g6s B1 PaZen g6s A2 Pradedan'tys1s
vartotojas vartotojas vartotojas

Russian B2 Pazengqs Bl Pazengqs Al Pradedan.tyms
vartotojas vartotojas vartotojas

Socialiniai  Geri bendravimo jgiidZiai tarptautinéje ir tarpdiscipliningje aplinkoje,
gebéjimai  komandinis darbas, partnerio poreikiy suvokimas ir interesy derinimas,
pedagoginiai ir reprezentaciniai jgiidZiai.

Techniniai Fluorescencing ir sugerties spektroskopija, fluroescenciné konfokaline
gebéjimai mikroskopija, darbas su laboratoriniais gyviinais, audiniy preparavimas,
reoencefalografija.

Darbo MS Office, Origin Lab, Statistica, Neuron, Maple, ImageJ, Corel Draw.
kompiuteriu  SusipaZzings su: Matlab, HTML, PHP scripting, Turbo Pascal
geb¢jimai  programavimas, duomeny bazes.

Vairuotojo B kategorija nuo 2002 m.
pazymejimas
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