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Abstract

Transplantation of pancreatic islets (PIs) represents an alternative
treatment for type 1 diabetes mellitus. Post-transplant monitoring of islets
by a reliable imaging method may contribute to the improvement
of the transplantation outcome. In this thesis, novel visualization
approaches for PIs were tested using magnetic resonance (MR) and
optical imaging on phantoms and experimental animals, including
Chemical Exchange Saturation Transfer (CEST) MR, fluorine ('°F) MR,
bioluminescence and fluorescence imaging.

MR imaging based on frequency-selective method CEST was
performed on islets labeled with Eu-/Yb-based chelates. Labeled islets
possessed low MR signal in phantoms, what would have been
unsatisfactory for in vivo applications. Moreover, viability and function
of labeled islets was impaired reflecting limited applicability of these
agents for islet labeling and visualization.

Genetically modified bioluminescent islets showed suitable
properties for longitudinal tracking of their post-transplant fate
at an artificial transplant site - subcutaneously implanted polymeric
scaffolds. Using multimodal imaging (MR and bioluminescence),
the optimal timing for transplantation of islets into the scaffolds was
assessed in diabetic rats. Islets transplanted into scaffolds using the
optimized timing scheme were sufficiently vascularized and functional.

Finally, we developed a trimodal imaging platform for islets
transplanted into polymeric scaffolds in rats. Bioluminescent islets
labeled with multimodal nanoparticles were specifically visualized
by "F MR and sensitively by fluorescence imaging. A correlation
between the bioluminescence and the '"F MR signals was found
indicating the fast clearance of nanoparticles from the transplantation site
after cell death. This finding addresses one of the major issues with
intracellular imaging labels and proved that the proposed imaging model
is reliable for reflecting the status of transplanted Pls in vivo.

Keywords: magnetic resonance imaging, optical imaging, contrast agents, cell
labeling, pancreatic islet, transplantation



Abstrakt

Transplantace pankreatickych ostravkll (PIs) pfedstavuje
alternativni  metodu  lécby diabetu 1. typu. Monitorovani
transplantovanych PIs pomoci vhodné zobrazovaci metody miize piispét
k zlepSeni vysledkl transplantace. V predkladané disertacni praci jsme
testovali nové zplsoby zobrazeni PIs pomoci magnetické rezonance
(MR) a optického zobrazovani, konkrétné MR metodu zaloZenou
na pfenosu saturace magnetizace pies chemickou vyménu (Chemical
Exchange Saturation Transfer - CEST), fluorovou (‘’F) MR a optické
zobrazovani.

Frekvenéné selektivni CEST metoda byla pouzZita pro
zobrazovani PlIs znafenych pomoci dvou CEST kontrasti. Na MR
obrazech jsme detekovali pouze slaby signal ze znacCenych ostrivkd,
které byly navic poskozené. Tyto vysledky ukazuji, Ze tento typ kontrastl
neni vhodny pro znaceni a zobrazovani pankreatickych ostrivk.

V druhém  experimentu jsme  monitorovali  geneticky
modifikované  bioluminiscenéni  ostrivky  transplantované do
arteficialnich skeleti implantovanych do podkozi, které piredstavuji
alternativni transplantacni misto. Multimodalnim zobrazovanim (MR
a bioluminiscence) jsme urcili optimalni ¢asovani transplanta¢nich krok.
Ostruvky transplantované diabetickym potkantim podle optimalizovaného
protokolu byly dostate¢né prokrvené a funkéni.

Vyvinuli jsme také novy trimodalni zobrazovaci model pro Pls
transplantované ve skeletech. Znacené bioluminiscenéni ostruvky byly
zobrazené pomoci specifického '"F MR zobrazovani a senzitivniho
fluorescenéniho zobrazovéani. Dilezitym vysledkem je korelace '’F MR
a bioluminiscenc¢niho signalu, kterd ukazuje, Ze po destrukci PIs jsou
nanocastice z transplantacniho mista odstranéna a proto nepfispivaji
k falesné pozitivnim vysledkim. Experimenty potvrdili, Ze navrhovany
zobrazovaci model je vhodny pro sledovani transplantovanych ostrtvkt
in vivo.

Klic¢ova slova: magnetické rezonance, optické zobrazovani, kontrastni latky,
bunécné znaceni, pankreatické ostrivky, transplantace



1 Introduction

Non-invasive imaging represents an efficient diagnostic tool
in medicine and it can be found in many areas including cellular imaging.
Part of this hot topic area is imaging of pancreatic islets (PIs) both in
experimental and clinical practice. There are many imaging options for
PIs visualization, from which magnetic resonance (MR) and optical
imaging belong to one of the most advantageous methods. In this thesis,
we investigated alternative imaging approaches based on these two
imaging methods and we applied them on visualization of transplanted
Pls.

1.1 Transplantation of pancreatic islets

Transplantation (Tx) of Pls represents an alternative treatment
for type 1 diabetes mellitus (Shapiro et al. 2006). Islets are usually
transplanted into the liver; however, this method has several limitations
and it is accompanied by a massive destruction of the transplanted grafts.
To overcome these limitations, extrahepatic transplantation sites are
being tested. Subcutaneously implanted macroporous scaffolds showed
promising properties by providing an easy access, minimally invasive
surgery and a possibility of removal in case of complications and are
suitable for monitoring by imaging methods.

1.2 Visualization of pancreatic islets

To elucidate the processes of islet engraftment and rejection, the use
of imaging methods is of a great help. Precise monitoring of islet
viability, distribution and mass by a reliable method could contribute to
improvement of transplantation outcomes and optimization
of transplantation protocols. Visualization of transplanted Pls is
conditioned by their labeling with contrast agents or by genetic
engineering of islets in order to create contrast between the islets and
the host tissue. Each imaging method provides different information and
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is accompanied by various limitations as low spatial resolution
(radionuclide imaging), low specificity (proton (‘H) MR), low sensitivity
(fluorine (”’F) MRI) or signal attenuation (optical methods). The most
widely used agents for islet labeling are superparamagnetic iron oxides
nanoparticles (SPIONs) used for 'H MRI (Jirék et al. 2004). On the other
hand, highly sensitive SPIONs offer low imaging specificity (due to other
sources of hypointense MR signal in tissues) and enable only relative
quantification of islet number. Due to the lack of proper contrast agents
for transplanted Pls, this thesis aimed to test alternative probes and
approaches for imaging of transplanted PIs. Novel contrast agents
for MRI (based on chemical exchange saturation transfer (CEST) and
fluorine-containing probes for '°’F MRI) and fluorescence imaging were
tested, as well as genetically modified cells trackable by bioluminescence
imaging.

1.3 Alternative labels for pancreatic islets

1.3.1 Chemical exchange saturation transfer

CEST imaging allows frequency-selective saturation
of exchangeable protons in a compound and thus a possibility
of simultaneous visualization of various CEST agents/labeled cells
or islets in one MR experiment (Ward et al. 2000). CEST contrast is
dependent on various intrinsic parameters (e.g. pH and temperature) and
can be switched on and off. This approach has been applied in a variety
of application; however not yet for visualization of labeled pancreatic
islets.

1.3.2 Bioluminescence and fluorescence imaging

Bioluminescence imaging is based on oxygenation of luciferins
in a biochemical reaction catalyzed by enzyme luciferase, which
produces light. Bioluminescence provides specific tracking of genetically
modified cells with expression of Iuciferase. An advantage
of bioluminescence is visualization of only viable cells (Kim et al. 2015).
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Fluorescence provides a sensitive detection of fluorescent probes
after excitation at a specific frequency. For in vivo applications,
the near-infrared probes are preferred due to low absorption
in the biological tissues.

1.3.3 Fluorine (**F) MRI

The main advantage of using "°F isotopes as MR contrast agents
to 'H is their negligible natural content in the tissues, what leads to high
specificity of visualization (Srinivas et al. 2012). '°F MR allows absolute
quantification of '’F atoms, which enables estimation of the number
of cells labeled with fluorine-containing probes. The drawback of '’F MR
is low sensitivity due to low amount of "F per a molecule
of a synthetized agent; therefore compounds with high number
of "’F atoms are needed.

1.3.4 Multimodal imaging

Multimodal imaging represents a future perspective for molecular
imaging by providing more complex information about transplanted cells.

Using bioluminescence and MR, viability and vascularization
of transplanted cells can be assessed, what can contribute to optimization
of transplantation protocol (e.g. in artificial scaffolds).

Moreover, combining specific '’F MR and sensitive optical imaging
(bioluminescence and fluorescence) methods can provide complementary
information about islet distribution and in vivo viability of transplanted
islets.



2 Aims

The aim of the proposed thesis is pre-clinical examination and validation
of alternative visualization approaches for pancreatic islets by MR
and optical imaging. Feasibility of the novel contrast mechanisms is
tested in order to improve detection of the transplanted graft and enhance
the transplantation outcome. The specific aims are following:

1) Testing of frequency-selective MR contrast agents based on CEST
effect for labeling of pancreatic islets.

The aim is to test the feasibility of visualization of pancreatic islets
labeled by CEST agents.

2) Visualization of pancreatic islets by bioluminescence imaging.

The second aim of the thesis is to implement bioluminescence
for long-term in vivo tracking of localization and viability of transplanted
islets at alternative transplant site (polymeric scaffolds). The purpose
of this study is optimization of the transplantation protocol
in the scaffolds wusing a multimodal approach (MRI and
bioluminescence).

3) Trimodal imaging of pancreatic islets labeled with multimodal
nanoparticles using '’F MR and optical imaging.

The third task 1is optimization of labeling of pancreatic islets
with multimodal nanoparticles that are trackable by '"F MR and
fluorescence imaging. Optimized labeling route should be implemented
for longitudinal multimodal in vivo visualization (19F MRI, fluorescence,
bioluminescence) of pancreatic islets transplanted in artificial scaffolds.



3 CEST agents for labeling of pancreatic islets
3.1 Materials and Methods

Two paramagnetic chelates containing europium (Eu-DO3A-ae)
or ytterbium (Yb-DO3A-ae) were tested by CEST imaging on a 4.7 T
MR scanner.

Isolated rat pancreatic islets were labeled with various
concentrations of the agents (45 — 100 mM) by pinocytosis (incubation
in a culture medium within 12 or 24 hours) and microporation
(application of electric pulses with 600 — 1000 V). Viability of islets was
assessed with propidium iodide and acridine orange, insulin secretion was
measured after stimulation with glucose and intracellular uptake
of the agents in islets was assessed by inductively coupled quadrupole
plasma mass spectrometry (ICP-QMS).

Labeled islets (200 — 1000 islets) were washed and placed
in a phantom (gelatin or buffer) and measured by in vitro CEST imaging
using the parameters: repetition time 7R = 5000 ms, echo time
TE = 8.9 ms, spatial resolution 0.43 x 0.43 x 2 mm’. A pre-saturation
pulse (2000 ms/ 35 uT) was applied at the specific frequencies: 19 ppm
and 34 ppm for Eu-DO3A-ae; 42 ppm and 89 ppm for Yb-DO3A-ae.

Alternatively the whole Z-spectrum was acquired by saturation
at -110 ppm to +110 ppm (step 2.5 ppm; a saturation pulse 2000 ms/
35 uT). WAter Saturation Shift Referencing (WASSR) correction was
accomplished by direct water saturation with higher frequency resolution
ranging from -1.5 ppm to +1.5 ppm (step 0.25 ppm, a saturation pulse
100 ms/0.5 uT).

CEST effect was expressed as asymmetric magnetic transfer ratio
(MTR  syy) and calculated from a region of interest (ROI) on the pixel
wise basis according to the formula

Sear(Aw)
MTRgyy = % + 100%, (1)

where Sqyr(4dw) and Sg r(—Aw) are water signal intensity after saturation
at the frequency offsets 4w and —4w, respectively.
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3.2 Results and Discussion

CEST imaging revealed higher MTR sy, values of Eu-DO3A-ae
compared to Yb-DO3A. Labeling by pinocytosis was more efficient than
microporation. The intracellular uptake of the agents after pinocytosis
reached the detection threshold, in contrast to microporation that did not
lead to sufficient uptake.

CEST MRI experiment proved feasibility of in vitro visualization
of PIs labeled by Eu-DO3A-ae and Yb-DO3A-ae chelates using
pinocytosis; however with the drawback of viability and functionality
impairment. Islets labeled with 100 mM of Eu-DO3A-ae were
successfully detected in vitro with 20% MTR sy signal, whereas islets
labeled with 100 mM of Yb-DO3A-ae reached only 4% of MTR  syy.
Islets labeled with 80 mM of Eu-DO3A-ae provided about 8% MTR 4sym
and the islets labeled with 80 mM of Yb-DO3A-ae were not detected.
Islets labeled with 60 mM were detected after correction of B,
inhomogeneites (WASSR approach) with MTR 45y, around 5% (Fig. 1).

However, higher CEST effect was detected from islets labeled with
higher agent concentration, viability of the labeled islets was low; using
concentration above 60 mM for 24-hour incubation, viability of islets
decreased below 70% and insulin secretion was impaired. Islet viability
above 80% was reached using shorter incubation time (12 hours) and
concentrations below 40 mM, which was not sufficient for detection of
the CEST effect. Islets labeled by pinocytosis for longer time (leading to
higher uptake of the complexes in Pls) expressed lower viability probably
due to a slow release of a toxic lanthanide ion under acidic condition
(pH<6) as has been already reported (Krchova et al. 2013). We propose
that the same effect occurred in endosomes (lysosomes) during
pinocytosis in our study.

Importantly, our findings of low sensitivity of CEST imaging for
cellular imaging corresponded to the published data. A recent report at
9.4T showed in vitro CEST signal from labeled cells around 1.1% or 12%
for Eu- and Yb-labeled cells, respectively (Nicholls et al. 2015).
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In summary, the decrease of CEST effect in endosomes after
labeling by pinocytosis together with deterioration of islet viability after
labeling by higher concentration of the agents and low CEST signal
originating from Pls labeled at low concentration, make the CEST agents
at current experimental setting unsuitable for in vivo application in Pls
labeling and visualization.

The data were published in two publications in impacted journals
(Galisova et al. 2016; Krchova et al. 2016).

Eu-DO3A-ae Yb-DO3A-ae

= 10 =
E 5 6 B <20% ~ 40%
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E g : <10% = 50%
=] o o
) = =
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(=]
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Fig. 1. Visualization of pancreatic islets labeled with CEST agents. Islets labeled with
Eu-DO3A-ae provided higher MTR sgy\ values. Higher CEST signal was detected from
islets labeled with higher concentration of CEST agents; however viability was impaired

at high concentrations.
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4 Bioluminescence imaging of transplanted pancreatic
islets

4.1 Materials and Methods

Subcutaneously implanted artificial macroporous scaffolds served as
an alternative transplantation site for PIs. The scaffolds were
supplemented with rods for creation of a cavity for transplanted cells.
The scheme of transplantation steps is shown in Fig. 2.

1.Scaffold implantation 2.Rod removal 3.Tx MSCs 4.Tx Pls

Fig. 2. A scheme of transplantation steps. Firstly, a scaffold supplemented
with a rod is implanted subcutaneously in the abdominal part of an animal (A).
One week after scaffold implantation, the rod is removed (B). Transplantation of
mesenchymal stem cells (Tx MSCs) is performed immediately after the rod
removal (C) or the scaffold is left empty (with NaCl). The last step is
transplantation of pancreatic islets (Tx PIs) (D) on day 4 or 7 after the rod
removal.

Because adequate vascularization is crucial for survival and long-
term function of transplanted islets (especially in the poor-vascularized
scaffolds), mesenchymal stem cells (MSCs) with angiogenic potential
were transplanted in the scaffolds prior Pls.

The effect of bioluminescent MSCs on vascularization in scaffolds
was examined using multimodal imaging in healthy Lewis rats (n=6).
Perfusion and vessel permeability inside the scaffolds were measured by
dynamic contrast enhanced (DCE) MR method using a gradient echo
sequence at 4.7 T. MR images were acquired before and after intravenous
administration of a 7, contrast agent. The presence and viability
of transplanted MSCs were assessed by bioluminescence imaging.
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Accurate timing of transplantation steps is necessary, therefore in the
next experiment, two time points for PIs transplantation were tested
— 4 and 7 days after rod removal/MSCs transplantation. Here,
bioluminescent Pls (1000 islets/animal) were transplanted into diabetic
Lewis rats with or without 10 millions of MSCs (n = 6 in each group).
Bioluminescence imaging was used to track viable transplanted islets.
Vascularization in scaffolds was monitored by DCE MR and the
histological analysis was performed at the end of the study. The weight
and blood glucose levels of animals were measured at a regular basis.

4.2 Results and Discussion
Effect of MSCs on vascularization in scaffolds

In healthy animals with transplanted bioluminescent MSCs,
DCE MR imaging confirmed a positive effect of MSCs on
vascularization and blood supply in scaffolds; this effect was found
also in diabetic rats with bioluminescent PIs transplanted together with
non-bioluminescent MSCs. MR data analysis revealed a significantly
higher area under the curve (AUC) (paired t-test; p < 0.01) in scaffolds
supported with MSCs in comparison to scaffolds without MSCs
indicating better vascularization. AUC value is dependent on vascular
permeability and perfusion, which are related to vascularization. It has
been already reported that MSCs secrete various pro-angiogenic
substances, such as vascular endothelial growth factor (VEGF), which
stimulates growth of the vascular network (Minteer et al. 2013). In our
animal model, higher VEGF content in scaffolds with MSCs was
confirmed by histology.

14



Tracking of pancreatic islets by bioluminescence imaging

Bioluminescent PIs were tracked in scaffolds by bioluminescence
imaging for 4 months. Optical signals originating from the viable Pls
remained stable for 120 days (Fig. 4).

Assessment of optimal timing of transplantation steps

DCE MR and bioluminescence imaging of scaffolds with
bioluminescent MSCs revealed the optimal window for further
transplantation of PIs between day 3 and 9 after rod removal, when the
optical signal reached its maximum and perfusion and vessel permeability
inside the scaffold with MSCs started to elevate rapidly (Fig. 3).

Maximal number Maximal perfusion

of viable MSCs and vessel permeability
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T T T T 7171170
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Fig. 3. The optimal time window for transplantation of PIs in scaffolds. The
optimal condition in the artificial scaffolds by means of vascularization (assessed
by DCE MR) and graft viability (assessed by bioluminescence imaging) was
found between day 3 and 9 after rod removal/MSCs transplantation (Tx MSCs).

In the next step, multimodal imaging was applied for estimation of
the optimal time for transplantation of Pls, concretely day 4 and day 7
after rod removal. In this experiment, bioluminescent Pls were
transplanted with or without MSCs. The results of bioluminescence
imaging showed that PIs transplanted on day 4 after rod removal showed
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higher optical signals (regardless of MSC presence) compared
to transplantation on day 7 (paired t-test, p<0.0001) (Fig. 4).
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Fig. 4. In vivo bioluminescence imaging. Differences between optical signals
originating from pancreatic islets transplanted on day 4 and day 7 after rod
removal (A). D4 and D7 refer to the day after rod removal, unpaired t-test:
*p < 0.05. A representative in vivo bioluminescence image of transplanted Pls in
an artificial scaffold (B).

Similarly, DCE MR imaging confirmed statistically higher AUCs
related to vascularization in the scaffolds with PIs and MSCs transplanted
on day 4 after rod removal compared to day 7 (paired t-test; p = 0.02)

(Fig. 5).

DCE map

ws Group B - D4
W Group D -D7

MR signal enhancement [%)]

A - A 2 & P o &
Day after Tx Pls
A Paired t-test: p = 0.02 B

Fig. 5. DCE MR analysis related to vascularization. Differences in AUC
between animal groups with Pls transplanted on days 4 (D4) and 7 (D7) after
MSC transplantation (A). Unpaired t-test: * p < 0.05. A representative
color-coded DCE map of a rat with transplanted scaffolds (B).
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Similarly, quantitative histology analysis (CD31 staining against
endothelial structures) showed the highest microvascular density
(MVD) in scaffolds with PIs transplanted on day 4 after transplantation
of MSCs. The results of MVD analysis strongly correlated with the
results of DCE MR examination (AUC) (R* = 0.99).

An important result of the study was induction of long-term
normoglycemia (for 4 months) in more than 80% of experimental
animals. Viable grafts and insulin deposits were confirmed in scaffolds
also by histology, which verified results obtained by other methods.

These findings confirm the efficiency of the model presented
here for type 1 diabetes treatment. It is also worth noting that
the transplanted mass was suboptimal and that the number of transplanted
islets was lower compared to other scaffold models (Pepper et al. 2015;
Pileggi et al. 2006), which is an important parameter for clinical
application due to lack of donors.

The data were published in three publications in impacted
journals (Galisova, Fabryova, Sticova, et al. 2017; Galisova, Fabryova,
Jirdk, et al. 2017; Fabryova et al. 2014).
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5 Trimodal imaging platform for pancreatic islets

5.1 Materials and Methods

To precisely monitor transplanted Pls in scaffolds, isolated Pls
were labeled with positively-charged multimodal nanoparticles based
on poly(lactic-co-glycolic acid) (PLGA-NP) with encapsulated
perfluoro-15-crown-5-ether and the near-infrared fluorescent dye
indocyanine green. Labeling was accomplished by incubation of islets
with 17 mg/mL of PLGA-NP within 24 hours (endocytosis).

After optimization of labeling procedure, 1000 and 3000
bioluminescent Pls labeled with PLGA-NP were transplanted into
subcutaneous artificial scaffolds. The animals were monitored using
in vivo "F MR, fluorescence and bioluminescence imaging in healthy
Lewis rats for 2 weeks. The number of engrafted islets over time was
assessed by '"F MRI. Bioluminescence imaging served for assessment
of viability of transplanted islets. A schematic illustration of the study
design is shown in Fig. 6.

== PLGA
@ PFCE for °F MRI

27 ICG for fluorescence
A
AY

Bioluminescent
Pancreatic Islet

19F MRI

Fluorescence

S @ Bioluminescence

Fig. 6. Design of the experiment. Transplanted pancreatic islets labeled with
multimodal PLGA-based nanoparticles were simultaneously visualized in
artificial scaffolds by '"F MR, fluorescence and bioluminescence imaging

Transplantation
in Scaffolds

providing complementary information on graft localization, size and viability.
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5.2 Results and Discussion

In this study, a trimodal imaging platform for in vivo
examination of transplanted PIs by "F MR, bioluminescence and
fluorescence imaging was introduced. Transplanted Pls were
unambiguously localized in the scaffolds by '’F MRI. Both 1000 and
3000 transplanted islets provided a detectable "’F MR signal throughout
the whole examination (14 days). The absolute signal revealed
engraftment of an average of 2300 £ 200 and 1100 + 300 islets in the
scaffolds on day 1, corresponding to 3000 and 1000 transplanted islets
respectively (manually counted prior to transplantation).

The maximum "’F MR signal was detected on the first day after
islet transplantation; after which the signal continuously declined (Fig. 7).
The decrease of the '°’F MR signal to 44% on day 14 corresponds with
published experimental and clinical data reporting a gradual loss
of transplanted islets over 2 weeks after transplantation (Saudek et al.
2010; Jirdk et al. 2009). To our knowledge, we supply the first evidence
of longitudinal tracking of transplanted islets by ’F MRI in vivo.
Previous studies have visualized islets labeled by fluorine-containing
probes at one time point post-transplantation only (Liang et al. 2017;
Barnett et al. 2011). It should be noted that due to low sensitivity
of ”’F MRI, long acquisition times (1 hour) were needed to visualize the
transplanted grafts in our study.

The fluorescence signal originating from the labeled islets
reached its maximum immediately after transplantation (day 1), then it
rapidly decreased over the next week in all experimental groups. This
result revealed instability of the fluorescent dye and its limited
applicability for longitudinal in vivo studies.

In vivo BLI confirmed the presence of viable transplanted islets
in the scaffolds throughout the entire 14 day-experiment. Labeling with
nanoparticles did not impair the viability or survival of transplanted islets
measured by in vivo bioluminescence, as the labeled islets provided
a similar bioluminescence signal compared to unlabeled controls.
Importantly, insulin deposits were present at the same locations
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as luciferase within the graft (Fig. 8) confirming functionality
of bioluminescent islets.

The F MR signal strongly correlated with bioluminescence
between days 4 and 14 (R®> = 0.99) indicating the fast clearance
of PLGA-NPs from the transplantation site, which addresses one
of the major issues with intracellular imaging labels because the cleared
nanoparticles do not contribute to the false positive data after cell death.
Therefore, the proposed PLGA-NP platform is reliable for reflecting
the status of transplanted Pls in vivo.
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Fig. 7. Trimodal imaging of transplanted pancreatic islets in scaffolds.
Representative bioluminescence, fluorescence and axial "F/'H MR images
of 1000 and 3000 pancreatic islets transplanted into scaffolds on days 4 and 14
(A). Time course of bioluminescence (BLI), fluorescence (FLI) and '’F MRI
signals for 3000 labeled transplanted islets. MRI signal is recalculated to
the corresponding number of '°F nuclei (left axis); the optical signals (BLI, FLI)
are normalized to the maximum value (=100 %, right axis).
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Fig. 8. Histology of scaffolds on day 14 after islet transplantation.
The representative images of transplanted islets in a scaffold stained with
haematoxylin and eosin (left magnification 20%) (A). A detail of the viable graft
is shown at higher magnification on right. Immunohistochemical staining with
the primary antibodies, anti-insulin (B) and anti-luciferase (C). Insulin- and
luciferase-positive cells were present at the same locations within the graft. The
scale bar corresponds to 100 um.
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6 Conclusion

In this thesis, novel imaging approaches for visualization
of pancreatic islets were tested with the intention to improve the detection
of islets after their transplantation.

CEST as a frequency-selective approach has a great potential for
MR imaging; however our results pointed out to low sensitivity
of the method for cell imaging and high toxicity of the tested CEST
probes. Therefore, the use of the CEST agents as exogenous labels for Pls
and their in vivo application is at current instrumental setting
inappropriate.

Multimodal imaging with bioluminescence and MR imaging was
used for optimization of a transplantation protocol at an alternative
transplant site — artificial scaffolds. Transplantation of a suboptimal Pls
mass on day 4 after rod removal from scaffolds was found to be superior
in comparison to day 7 due to higher islet viability and vascularization.
Using optimized protocol, long-term normoglycemia was induced in
more than 80% of experimental animals, therefore the model holds
a potential for further clinical applications.

Three imaging modalities, including specific '’F MRI and sensitive
optical imaging were applied for monitoring of transplanted PIs using the
optimized transplantation protocol. Multimodal probes can provide
complementary  information about distribution and viability
of transplanted grafts. The bioluminescence signal correlated with
the '"F MR signal indicating clearance of PLGA-NPs from the
transplantation site after cell death eliminating false positive data. This
result addresses one of the major issues of intracellular imaging labels.
The proposed imaging platform is therefore reliable for quantification
of survived transplanted islets.

The work contributes to the improvement of transplantation protocol
for pancreatic islets and may help to monitor non-invasively
the distribution and viability of transplanted islets or processes causing
rejection. Moreover, multimodal imaging might speed up translation
of these alternative transplant models into clinical practice.
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