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Abstract

New affinity molecules such as nucleic acid aptamers are in demand in the science and
medical fields. Current aptamer selection technologies can generate unique aptamers with
desired properties to targets of interest. My thesis describes a series of investigations on the
protection of an oncolytic virus, the isolation of target cells from biological fluids, and aptamer-
facilitated biomarker discovery.

We tested individual aptamers and constructed a tetramer aptamer structure (quadramer) to
increase virus infectivity. The quadramer protects vesicular stomatitis virus (VSV) during
freeze—thaw cycles, shields the virus from neutralizing antibodies and increases viral active units.
In addition to aptamers, we screened carbohydrate-based ice recrystallization inhibitors for the
possible elimination of the cold chain of Vaccinia virus, VSV, and Herpes virus-1. N-octyl-
gluconamide provides the longest shelf life for Vaccinia virus and Herpes virus-1 as tested
according to the World Health Organization’s requirements for viral vaccines efficiency during
transportation and distribution.

We generated switchable aptamers capable of isolating cells expressing LIFR, NRP1, DLL4,
UPAR, or PTCH1. These aptamers bind to the receptor positive cells in the presence of Mg?* and
Ca?", and release the pure cells upon addition of EDTA. The aptamers were applied for a
sequential positive immunomagnetic isolation of cells from mice bone marrow. We also utilized
fluorescence-activated cell sorting (FACS) in our aptamer selections to develop switchable
aptamers to positive isolation of monocytes from human blood. Moreover, we have selected non-
switchable aptamers as an affinity probe to the cells expressing Axl receptor for

immunofluorescent analysis and cell sorting.

ii



We determined aptamers to CD107a and applied them for biomarker discovery with mass
spectrometry and found that CD107a was co-expressing with PD-1. Furthermore, we identified
CD91 as binding partners to our aptamers in human monocytes using FACS and orbitrap mass

spectrometry.
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Chapter 1

Introduction

1.1. Nucleic acids

Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are polymers of nucleotides.*
Both DNA and RNA nucleic acids have the purines adenine (A) and guanine (G) and the
pyrimidine cytosine (C). DNA has the pyrimidine thymine (T), which is replaced by the
pyrimidine uracil (U) in RNA. Nucleotides have three parts: a five-carbon sugar, a nitrogenous
base, and a phosphate group (Figure 1.1).2 Cytosine is complementary to guanine with three
hydrogen bonds, and adenine is complementary to thymine with two hydrogen bonds. One of the
main differences between RNA and DNA is the 2°-OH group on the sugar unit (RNA has an OH

group). The difference between uracil and thymine is a methyl group at C5.
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Figure 1.1. Chemical structure of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). The five-
carbon sugar in RNA is ribose, which in DNA is replaced with 2'-deoxyribose. The figure reprinted with

permission from?.



Nucleic acids, in addition to expressing and passing on genetic information, have biochemical
roles through their binding to other molecules, depending on their contiguous conditions.
Hydrogen bonds, aromatic-aromatic interactions (m stacking), van der Waals forces, shape
complementarity, hydration, and surrounding ions are main factors that determine nucleic acids'
structures, such as loop, bugle, hairpin, stem, and G-quadruplex.® Nucleotides individually
contribute unique dynamics to the nucleic acid molecules. Double-stranded DNA has a double
helix structure with forms of A, B, and Z. The most typical structure of DNA is the double-
stranded B-form (right-handed). Type Z is left-handed, while A is right-handed; they are also
different in the sizes of grooves.? In single-stranded nucleic acids, unpaired nucleotides make
bulged loops. Guanine-rich sequences cause G-quadruplex structures, where four guanines are a
core of the structure in a rotational manner. The G-quadruplex structures are stabilized by a
monovalent such as K*.* The structural conformations (such as hairpins and quadruplexes)

impact nucleic acid recognition.

1.2. Nucleic acids and protein interactions

Reagents that interact with high specificity and affinity are important in the scientific and
medical fields. Nucleic acids (DNA and RNA) are built from nucleotides that contain three
chemical groups: a phosphate group, a sugar molecule and a nitrogenous aromatic base. Four
different nitrogenous aromatic bases in RNA or DNA are capable of providing specific binding
affinity to amino acids. Various sequences of nucleotides give shape to a single strand of nucleic
acid by binding with other molecules through hydrogen bonding, dipole, ionic, Van der Waals
forces, hydrophobic effect, solvent interactions and entropic forces.>” Nucleic acids make

discrete structures through stacking interactions of the bases and hydrogen bonds.? ® Nucleic acid



conformations transit easily because of their phosphodiester backbone flexibility to rotate.> °-1
Thus, single-stranded nucleotides recognise and interact with other molecules through
noncovalent bonding and have “induced conformation” because of their flexibility in rotation” 1
11 which is different than the “lock and key” mechanism of antibodies.!® 12 13 Nucleic acids
orient in shape to “key and lock fit” or to induce shape through the affinity of nucleotides to
specific amino acids to fit in their epitope.'* Nucleic acid interactions can be specific or
nonspecific. For instance, histone proteins and DNA have a non-specific interaction which is the
result of the negatively charged sugar phosphate backbone of DNA and the functional groups on
histone regardless of the DNA sequence.” 12 Specific interactions are dependent on the primary
protein structure and the nucleotide sequence. Protein-nucleic acid interaction is more complex
than a simple molecular docking process. Some proteins and nucleic acids change conformations
in the presence of each other.® > The conformational changes can also affect the properties of
the protein.> ¢ In general, specific protein-nucleic acid interactions can be divided into two sets:
nucleotide-specific interactions and shape interactions. The former set of interactions occur
through hydrogen bonds and hydrophobic interactions while the latter interactions need
sequence-dependent structure and deformability in addition to hydrophobic or hydrogen bonds to
have specificity.™> " Cations also affect nucleic acid-protein interaction; divalent cations such as
Mg?* are more effective than monovalent Na* as they stabilize the backbone.!® These nucleic
acid interaction properties empower us to generate DNA or RNA as affinity tools with the

desired function and properties to a specific purpose, which are called aptamers.

In 1990, two laboratories published their discovery of aptamers independently 1* 20, After this
breakthrough, aptamer technologies have been growing for diagnostic, therapeutic and analytic

purposes. Aptamers have drawn attention because of their unique advantages such as: small size,



not animal or cell dependent, ease to be modified, economical, and ease to be labeled. Aptamers
are selected against a specific target from a library of approximately 10*° different sequences. 2%
23 One of the most interesting advantages of aptamer technology is the ability to develop a highly
tuned aptamer with unique properties and functions by changing the selection procedure. The
selection procedure called Systematic Evolution of Ligands by Exponential Enrichment

(SELEX).

1.3. Systematic Evolution of Ligands by Exponential Enrichment (SELEX)

technology

For the first time, in 1990, Tuerk and Gold ° and Ellington and Szostak ?* independently
developed the “Evolution of Ligands by Exponential Enrichment” (SELEX) method to generate
single-strand oligonucleotides, RNA or DNA, from a mixed library. SELEX is based on the
Darwinian evolution of single-stranded oligonucleotides. The selected single-strand of RNA or
DNA with affinity and specificity to a specific target has been named an aptamer. The library is a
chemically synthesized oligonucleotide library. Each oligonucleotide includes a random region
of nucleotides flanked by a fixed region with reverse complementary to primers for
amplification. The classical SELEX includes cycles of several steps, which starts by incubating a
target with the synthesized single strand oligonucleotide library (Figure 1.2). After non-binding
oligonucleotides are washed away, the bound oligonucleotides are recovered and amplified. Each
additional cycle of aptamer selection provides a more stringent evolutionary selection of

oligonucleotides with high binding affinity.
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Figure 1.2. Schematic representation of DNA aptamer selection using the SELEX method. Single strand
nucleotides with specific binding to a target are evolved and enriched during each cycle of aptamer

selection. The specific binding pool is subjected to sequencing.

To recover as many single-stranded oligonucleotides with binding affinity as possible, the
first cycle has a longer incubation time and fewer washes. To increase the evolutionary selection
pressure, the incubation time is decreased, and the number of washes is increased gradually in
each round of selection. In the SELEX procedure for DNA aptamers, the output of each cycle is
amplified by PCR, and single-stranded DNA molecules are isolated and purified for the next
round of selection. In the selection of RNA aptamers, the resulting RNA of each cycle was

reversely transcribed, amplified, and then transcribed for the next round of selection. Adding



negative selections after three cycles eliminates the non-specific binding oligonucleotides. The
specific binding affinity of the single-strand oligonucleotides from each round is evaluated, and
the pools with the highest specificity and affinity are subjected to sequencing. The resulting
single stranded DNA or RNA sequences with specific binding affinity are called aptamers. Since
the 1990s, arrays of modifications have been applied to the traditional SELEX to obtain more

efficient, specific, and high-binding affinity aptamers with desired functions.

The single-stranded oligonucleotide library is one of the main subjects of modification.
Oligomers are made of four different nucleotides, while polypeptides contain twenty different
amino acids. To increase the diversity in oligonucleotides addition of functional groups and
artificial nucleotides have been used 2> 2. For example, Dom Zichi’s group incorporated
modified deoxyuridine triphosphates (dUTPs) to diversify their DNA libraries®® 2. More
specifically, they modified nucleotide triphosphate analogs at the 5’-position of dUTP with 5-
benzylaminocarbony-dU, 5-naphthimethylaminocarbonyl-dU, 5-tryptaminocarbonyl-dU, and 5-
isobutylaminocarbonyl-dU?. Bruce E. Eaton’s group added conformational flexible functionality
groups such as amino acids and alkyls to Uridine-triphosphate (UTPs) to make the
oligonucleotide library compatible with proteins and increase the binding of an aptamer to
proteins.?” 28 Adding such functional groups can also provide the oligonucleotides with more

torsional freedom than proteins. %’

Besides modifications to the library, the SELEX procedure itself is also highly altered. To
increase the aptamer selection speed, lower the volumes, and remove contaminations, high purity
targets such as recombinant proteins can be used. In this case, the target is immobilized on a
solid phase. One drawback to this approach is that as a result of immobilization and fusion of the

target the epitopes exposed to aptamers may differ than when they are in their natural



environment. Furthermore, the selected aptamer may be contaminated with aptamers, which have
a high-affinity, and cross-reactivity to the solid support. One of the most common solid support

systems used are magnetic beads %°.

To remove non-specific aptamers to a counter-selection is applied. The capillary
electrophoresis-SELEX has been developed for the efficient separation of unbound
oligonucleotides from bound aptamers to their target *. The principal of this method is
electrophoretic mobility. The capillary electrophoresis-SELEX reduces the number of aptamer
selection cycles °, but it is limited to a small volume and the capillary electrophoresis conditions

such as charge and solutions.

Cell-SELEX has been developed to employ the generated aptamers in therapy and cancer
research, differentiate cells from each other, discover biomarkers, and target recognition. In this
method, oligonucleotides are developed with binding affinity to the cell surface targets in their
native state (Figure 1.3). Prior knowledge of the target identity is not necessary; the target
molecule can be identified after the aptamer selection.3! The limitation of this approach is the
effect of the cell membrane’s and the aptamers’ negative charge. The negative charge of the
membrane and aptamers can repulse them and direct the aptamers to more positive proteins on

the cell membrane.®!
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Figure 1.3. Schematic representation of aptamer selection to a specific cell using SELEX method (Cell-

SELEX). The figure reprinted with permission from®.

The sequencing of the selected oligonucleotides pools was another crucial area that that has
been modified. Identification of the aptamer sequences from the aptamer pools with the highest
affinity is a crucial step in the aptamer selection process. Initially, cloning was used to sequence
aptamers. Nowadays, high throughput sequencing has emerged as a more promising method. 32
This method has the advantage of a comprehensive understanding of the functional motifs and
abundance of each possible aptamer. High-throughput sequencing provides the possibility of
analyzing a million sequences whereas clone sequencing can only analyze a maximum of several

hundred clones.



Although there has been much progress, investigations on aptamer selection technology are
still needed to improve affinity and specific binding of the developed aptamer, non-specific
binding of aptamers to dead cells, and fluctuation of aptamer-specific binding with changing
conditions. Moreover, aptamer structures are affected by interactions with other molecules in the

solution.

1.4. Cations govern aptamer conformational structures

The structure and conformation of aptamers are the main parameters that govern their binding
affinity. Cations govern the conformational structure of all nucleic acids, including DNA
aptamers. The negative charges of the phosphate groups on nucleic acids need to be shielded
with cations; this interaction influences the conformational structure of nucleic acids. Amanda
Beck et al. tested the effect of divalent ions on triplex DNA stabilization, using Circular
Dichroism (CD). They reported that positively charged cations increase the stability of the DNA
structure. They tested the conformational transition of the DNA structure with changing cation
concentrations.®® 3* The influence of cations is changed depending on their size and charge.

Divalent cations have a higher effect on DNA conformation than monovalent cations. In an
experiment which compared the influence of Na+ and Mg?* on DNA conformation, a 1000 times
higher concentration of Na+ was as effective as Mg?* to stabilize triplex DNA.*3

In addition to the charge of cations, their size is another major governing factor of the
conformational stability of DNA. The Watson-Crick DNA structure stabilization and
conformation can be changed by the concentration of small metal ions.>® The stability of the

DNA structure decreases with the increasing size of divalent cations. Small cations contribute a

10



stronger Columbic electrostatic potential interaction because they easily fit in grooves and cause
a closer distance interaction to the phosphate groups. The size also affects charge density. Mg?*
provides significantly higher DNA melting temptation, as compared to other divalent cations.
The charge density of Mg?* is greater than Ca®* because of the smaller size of Mg?*.

Charge and size also affects the hydration of ions. Smaller ions, more than larger ions, were
hydrated.® % The freedom of cations contributes to their influence on DNA conformation. A
cations' hydration affects their availability.

In conclusion, due to the negative charges of the phosphate groups, cations interact with
nucleic acids and govern their structure. lonic size, charge density, binding site on DNA, and ion
hydration are the main factors that determine DNA conformation. Based on this, our objective
was to use Mg?" and Ca?" to engineer the aptamer evolutionary selection process to generate
switchable aptamers. We modified SELEX where the aptamer binding step was done in the
presence of calcium chloride and magnesium chloride. In addition, the elution of the bound
aptamers was done by adding EDTA; EDTA chelates Ca?* and Mg?" which can change the

conformation of the aptamers’ structure and in turn can affect their binding.

1.5. Affinity and Avidity of Aptamers

Strong and specific binding to a target is an essential property of aptamers. The strength of
binding is often-called affinity and expressed as dissociation constant (Kq). Affinity is depended
on the interaction between aptamer paratopes and target epitope. Avidity reflects several
affinities in a structure of aptamers, which have a multiple binding sites with several epitopes.
Avidity of aptamer structures is approximately the average affinity of all target epitopes and

aptamer paratopes. Avidity is determined by the number of binding sites on the aptamer structure
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to a target and their structural arrangement. Constructing a structure with multiple aptamers can

increase specific binding.

1.6. Aptamer applications

The advantages of aptamer technologies such as their flexibility to generate aptamer with
desired functions have provided a wide range of opportunities in aptamer applications such as
therapeutic, diagnostic, and viral applications and targeted drug delivery. *

Diverse strategies have been used to employ aptamers in therapy. One strategy is using
aptamers as antagonists to block signaling pathways. In this approach, an aptamer with a high
binding affinity is applied to block receptor-ligand or protein-protein interactions. For example,
Pegaptanib, a single-stranded oligonucleotide is used to treat macular degeneration by binding to
the vascular epidermal growth factor and blocking its effects.®
The application of aptamers for analytical purposes is an area that has captured the attention of
chemists. Aptamers were successfully applied in chromatography, where they were immobilized
as ligands on a solid support *°, and they were also used as biosensors for Vaccinia virus .
Another common clinical application of aptamers is for the detection of microorganisms such as
those responsible for bacterial and viral infections #1. In 2006, Gopinath et al. reported specific
aptamers for the identification of several viral strains. They were able to classify the human

influenza A virus subtype H3N2 with discrimination ability 42.

Another application is to use aptamers for targeting the cell membrane molecules. The
aptamers to the cell membrane molecules can be generated through Cell-SELEX method without

prior knowledge of the molecules. The molecules can be proteins, lipids, and carbohydrates.
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Cell-SELEX also is able to generate aptamers to meet cell membrane molecules and distinguish
molecular differences between two types of cells. The molecule differences can be identified
using mass spectrometry methods. This approach can be used as a biomarker discovery
technique and called Aptamer facilitated Biomarker Discovery (AptaBiD).*® The logic behind it
is that Cell-SELEX develops aptamers for molecular targets, which are exclusive to positive cells
and absent in the cells used in the negative aptamer selection. The biotinylated aptamer can be
applied to pull down its own target from cell membranes using streptavidin-coated magnetic
beads. Thus, mass spectrometry can identify the aptamers’ target molecule®®, which result in
biomarker identification and discovery. Biomarkers are quantifiable characteristics, which
determine a person’s physiologic or pathologic state, and response to a biological process.* 4°
Biomarkers are also crucial for monitoring a person’s state during medical treatment. Biomarkers
are often membrane molecules found on target cells. > “® Various methods for discovering
biomarkers are: western blotting, mMRNA screening by quantitative PCR and two-dimensional gel
electrophoresis followed by mass spectrometry.*® 4 Recent developments in aptamer technology
have enabled discovery of more accurate and sensitive biomarkers. Aptamer technologies
empower the discovery of cell membrane biomarkers in heterogeneous tissues and generate
probes with high specificity. This is because aptamers with exclusive binding to target cells have
a unique molecular structure when bound to the biomarker. The diverse structures of nucleic
acids, which are a result of the random nucleotide sequences, are a promising approach to
distinguishing different antigen in two heterogeneous samples or identifing an antigen on a cell
type in a heterogeneous mixture of cells such as blood or bone marrow. Cell-SELEX enables the
selection of aptamers against unknown receptors exclusive to a particular cell population in a

mixture of cells.** The selected aptamer can isolate the target molecule unique to the cell
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population by employing biotin-streptavidin magnet technology.** Employing Fluorescence-
Activated Cell Sorting (FACS) for cell- SELEX allows to exclusively detect biomarkers of
specific cell types in heterogeneous tissues such as bone marrow or blood. The aptamer can then
be used to isolate the cell unique target followed by identification by mass spectrometry.

Aptamers as a molecular probes are further area of success for aptamers applications.
Fluorescence aptamers have been shown as molecular probes to study membrane targets on live
cells such as microscopic and flow cytometric analysis as well as surface energy transfer (SET)
studies. Aptamer can provide better resolution because of their small size. For example, a
conjugated aptamer Sgc8 with gold nanoparticles was used to analyze the distance of two targets
on cell membranes using SET.*/

Aptamers also have been applied as a vehicle for therapeutic reagents to target intracellular
proteins.*® Aptamers mainly internalize cells through receptor-mediated endocytosis.*® The
specificity of Sgc8 aptamer to its target inside cell was confirmed when experiments had been
done on target cells in comparison to controls at 37°C.

Aptamer technology is also going to open a wide area of applications in the isolation of
discrete cell types from heterogeneous suspensions in medicine and research such as cell therapy,
capturing circulating tumor cells, and isolating specific cells from bone marrow, tissue
engineering, regenerative medicine and diagnosis.>®>® Clinics need cell purification with high
efficiency and purity as per the standards of the Food and Drug Administration.>* As a result, a
wide range of cell sorting and purification methods has been developed. Current cell isolation
methods are classified into four groups: cell density and size, cell morphology, cell adherence,
cell immunophenotypic, and cell elasticity in response to acoustic waves.* *® More work needs

to be done in order to improve these approaches to increase the viability, purity, and
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functionality of the isolated cells. Antibody-based cell purification methods enable the removal
of target cells from a large heterogeneous sample faster and with higher purity than other
techniques. Due to their high specificity, antibodies have so far shown to be the most efficient
and reliable. For example, antibodies facilitate cell isolation in fluorescence-activated cell sorting
(FACS) and magnetic activated cell sorting (MACS). Flow cytometry and cell sorting
instruments are capable of examining cells in a wide range of fluorescence and light scattering
signals correlated to cellular physiology, cell morphology, surface and intracellular protein
expression. The quality of cell purification methods is based on isolated cell purity, recovery,
viability and yield.>” Common biological samples are bone marrow, peripheral blood, and
tumor.>® The major challenges in cell isolation from these types of samples are removal of
additives and the antibodies bonded with the cells, which can change cell function and
contaminate downstream applications. Cell isolation can be achieved through two main
strategies: “negative isolation” or “positive isolation”.%° In negative isolation, non-target cells are
eliminated from the cell mixture. Negative isolation is chosen when the isolated target on the cell
needs to be left unmodified or no specific antibody is available for the target cells. Moreover,
negative isolation is applied for enrichment of target cells. Positive isolation is a direct method
for isolating cells from a heterogeneous sample. In this approach, the target cells are labeled and
isolated. One challenge of positive cell isolation is that the cells of interest may be affected due
to interactions with ligands or antibodies during the isolation process. In the positive isolation,
additives, ligands or antibodies, remain in the final sample with the cells after isolation and
persist throughout the duration of any downstream experiments; this can cause clustering of
receptors, triggering of signaling pathways or blocking of receptor functions. For cell therapy,

pure and viable cells, free of antibodies and other additives, are necessary.®® %' To accomplish
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the isolation of pure cells free of additives, antibody, and beads contamination, we aimed to
generate switchable aptamers via a positive cell isolation method. We were successful in
selecting switchable aptamers, which bind to target cells in the presence of Mg2+/Ca2+ and the

aptamers release, the purified cells upon addition of EDTA in solution.
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1.7. Thesis outline

We sought to harness the power of aptamer technology for discovering novel biomarkers,
detecting and isolating target cells from heterogeneous tissues, protecting oncolytic virus
infectivity from neutralizing antibodies, and stabilizing virus infectivity. Furthermore, we
screened and evaluated carbohydrate-based small molecule ice recrystallization inhibitors to
preserve the potency of viruses. Chapters 2 to 8 of this thesis are divided based on the outcomes
of specific objectives.

Chapter 2 had two objectives. The first one was to evaluate the selected aptamers with
binding affinity to VSV and its neutralizing antibodies (nAbs) to protect VSV infectivity from
nAbs. The second objective was to construct a structure to increase the number of binding sites,
which results in high avidity, to better protect VSV potency from nAbs. The VSV neutralizing
antibody is the main obstacle of oncolytic virotherapy. Dr. Anna Zamay and Dr. Darija
Muharemagic developed the aptamers at Dr. Berezovski's lab. Plaque-forming assays were done
in collaboration with Dr. Darija Muharemagic. The developed aptamers' application was
successful and increased the oncolytic virus infectivity in the presence of neutralizing antibodies
in vitro.

In Chapter 3, the objective was to evaluate the efficiency of monomeric and quadrameric
aptamers from Chapter 2 for stabilizing VSV potency during multiple freeze-thaw cycles and
increasing the number of active units of viral particles. The results unveiled a new application of

aptamers that can be used to preserve a virus from freezing damage.
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In the previous chapters, we evaluated a new application of the developed aptamers
technology to protect an oncolytic virus, VSV, from neutralizing antibodies and from damage
due to storage to increase the active viral units. To increase complexity of our aptamer research
we moved from small viruses to cells. In Chapters 4 to 6, we generated EDTA switchable
aptamers for positive cell isolation. We pursued this goal because the main challenge of current
immunomagnetic positive cell isolation is the persistence of bound antibodies and magnetic
beads, which may not only alter cellular viability but also contaminate any downstream
applications. We employed Cell-SELEX with some modifications; we incubated the cells with
the single strand DNA in the presence of Ca?*/Mg?* and recovered the bound single strand DNAs
to generate EDTA switchable aptamers to the cells expressing specific receptors. The outcomes
of this method were three groups of aptamers. The first group contains the aptamers (Chapter 4)
selected for the cells expressing Notch ligand Delta-like 4 (DLL4), leukemia inhibitory factor
receptor (LIFR), neuropilin-1 receptor (NRP1), urokinase plasminogen activator receptor
(UPAR), and Patched 1 receptor (PTCH1). The aptamers released the pure and intact cells upon
addition of EDTA. However, we could not identify molecular binding partners for the aptamers.
The second group (Chapter 5) includes an aptamer to cells expressing Axl tyrosine kinase. Even
though we aimed to generate EDTA switchable aptamers using the modified Cell-SELEX
method in Chapter 4, the generated aptamer does not leave the cells by adding EDTA. The
aptamer facilitated biomarker discovery approach coupled with the liquid chromatography
Orbitrap Fusion Tribrid mass spectrometer (LC-MS) identified AxI tyrosine kinase as a possible
molecular target of the aptamer. The third group comprises the aptamer generated against cells

expressing PD1, and CD107a was recognized as a potential target of the aptamer (Chapter 6).
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As a result of lessons learned from previous studies (Chapters 2 to 6) and understanding
the influence of experimental conditions and environment (such as ions, proteins, and other cells
in the solution) on aptamers as well as cross reactivity of aptamers with other molecules, we
generated EDTA switchable aptamers to primary cells from human blood, monocytes, in their
native state environment in Chapter 7. For this purpose, we developed DNA aptamers by
Fluorescence Activated Cell Sorting (FACS) and SELEX. The developed aptamer was employed
in biomarker detection using an LC-Orbitrap Fusion Tribrid mass spectrometer. CD91 was
identified as a possible target of the aptamer and an exclusive biomarker of monocytes in whole
blood leukocytes.

The last chapter consists of research done in parallel with studying the aptamers’
efficiency as a cryoprotectant of the Vesicular Stomatitis virus (VSV) in Chapter 3. We sought to
evaluate the impact of carbohydrate-based ice recrystallization inhibitors (IRIs) on the potency of
viral vectors for possible elimination of the cold chain and apply them to stabilize the potency of
Vaccinia virus, Vesicular Stomatitis virus (VSV), and Herpes virus-1 (HSV-1). The leading and
novel outcome of this research was the discovery of the N-octyl-D-gluconamide effect of
increasing the shelf life of Vaccinia virus at room temperature from four days to more than forty
days and of the Herpes virus-1 from a day to more than nine days, according to the strict

requirements of the World Health Organization.
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Chapter 2

Aptamers to shield oncolytic viruses

2.1. Objective

The first objective was to evaluate the selected aptamers with binding affinity to VSV
and its neutralizing antibodies (nAbs) to protect VSV infectivity from nAbs. The second
objective was to design and construct an aptamer construct, a quadramer, to increase avidity and
better protect VSV potency from nAbs. Dr. Anna Zamay and Dr. Darija Muharemagic in Dr.
Berezovski’s group developed the DNA aptamers used in this study.5?

Shahrokh M. Ghobadloo with Dr. Maxim V. Berezovski (supervisor) designed the research and
Shahrokh M. Ghobadloo performed the experiments. Plaque forming assays were done in

collaboration with Dr. Darija Muharemagic.
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2.2. Background

Cancer is classified as the third cause of death worldwide by the World Health
Organization (WHO).®® The main characteristics of cancer include prolific invasion and
metastasis.®* Cancer stem cells are tumor-initiating cells that also cause tumor metastasis; they
are resistant to current therapies such as chemotherapies and radiotherapies.®® Cancer stem cells
are able to reprogram themselves to make epithelial to mesenchyme transition, which leads to
metastasis. Oncolytic viruses are capable of accurately targeting and killing both cancer and
cancer stem cells without affecting healthy cells. Oncolytic virus therapy is one the most
promising breakthroughs because it targets tumor cells with defects in their interferon response
system while leaving healthy tissue unaffected.®®®® The virus lyses tumor cells and directs the

immune system to the infected cancer cells using immune checkpoints.®6-%°

One of the most promising oncolytic viruses is Vesicular Stomatitis virus (VSV). VSV is
a bullet-shaped, prototypic, negative-sense RNA virus.”® "t VSV integrates no part of its genome
into its host genome.”? Its 11 kb genome codes five genes: nucleocapsid protein, phosphoprotein,
matrix protein, glycoprotein and large polymerase.” VSV is a suitable oncolytic virus because
glycoproteins on VSV facilitate infection in a wide range of cells. Also, VSV induces apoptosis
in transformed cells within a few hours because of its rapid life cycle.” ™ The interferon system
of most tumor cells is diminished