
Abstract

FA is a neurodegenerative disorder caused by the expansion of the GAA trinucleotide repeat
on the gene FXN encoding the protein Frataxin.  The GAA repeat  expansion leads  to the
methylation and the transcriptional silencing of the gene, causing a deficiency of Frataxin in
the cells. The deficiency of Frataxin can lead to failures in energy production and oxidative
stress,  and  eventually  cell  death  through  ferroptosis.  The  cutting  of  this  expansion  using
CRISPR Cas9 could kadırmak the silencing of the gene and thus, provide the expression of
the gene. Cutting the GAA repeat with two sgRNAs, one upstream and one downstream, can
sağlamak the removal  of the expansion and birleştirmek of the two segments without the
expansion. To deliver the CRISPR system, two options were proposed; delivery of RNPs with
cationic lipids and the delivery of plasmids coding the system with lentiviruses. 

Introduction

Friedreich  Ataxia  (FRDA)  is  an  autosomal  recessive  neurodegenerative  disorder  with  a
prevalence of 1/50000.  It  is  homozygous in  %96 of patients  while  the other  4% that are
heterozygous  have  a  mutation  in  the  other  allele.  It  is  characterized  by  the  abnormal
expansion of the GAA repeat on the chromosome 9. The GAA repeat is a trinucleotide repeat
in the first intron of the FXN gene. The GAA repeat in healthy people is in the 5-33 interval;
while  in  FRDA patients,  this  repeat  is  expended  up to  66-1300,  with  the  most  common
interval  being  600-1200.  This  expansion  causes  the  gene’s  methylation,
heterochromatinization, and transcriptional silencing. (1)(2)(3)

The  FXN gene  encodes  the  protein  Frataxin.  Frataxin  has  functions  in  iron  metabolism,
oxidative  stress  response,  and  cellular  respiration.  The  most  important  responsibility  of
Frataxin is the synthesis of Iron-Sulfur Clusters (ISCs). In the deficiency of Frataxin, proteins
and enzymes containing ISCs cannot function correctly,  and processes involving them are
derailed. Cellular respiration is one of these processes; thus, failures in ATP production are
also seen. In the presence of excessive iron (Fe+2), as is the case in Frataxin deficiency, the
increased Fenton-Haber reactions lead to the synthesis of excessive reactive oxygen species.
Excessive  amounts  of  reactive  oxygen species  in  the cell  cause oxidative  stress.  Frataxin
deficiency also causes problems in the homeostasis of glutathione, a strong antioxidant. Thus,
the deficiency of Frataxin causes oxidative stress, both through the creation of prooxidants
and through the deficiency of antioxidants. This oxidative stress eventually leads to the death
of the cell through ferroptosis, a programmed cell death particularly triggered by oxidative
stress’ effects. (1)(4)(5)

The  cells  most  affected  by  frataxin  deficiency  and  the  following  cell  death  are  sensory
neurons, cardiomyocytes, and pancreatic beta islets. Body-wide symptoms of FRDA can be
directly tied to the loss of these cells. FRDA is mainly characterized by the progressive ataxia
seen. Other  symptoms of  it  are  cardiomyopathy,  peripheral  neuropathy,  diabetes  mellitus,
dysarthria, foot deformity and others. (1)(2)

There is no current treatment to FRDA, only symptom-specific treatments such as physical
therapy and antioxidant therapy. (1)(3)

The proposed treatment here relies on the CRISPR system. The CRISPR Cas system is a
bacterial defense against viruses. It has been adapted to target genes and make modifications
on them. The guide RNA guides the Cas protein to the cleavage site where it cleaves the DNA
with  double  strand  breaks  (DSBs).  Through  the  repair  mechanisms  of  the  body,  non-
homologous end joining (NHEJ) and homology directed repair (HDR), this DSB is repaired.



HDR, a more precise and mutation free repair pathway, requires the presence of a template
DNA; a donor DNA.  (6)(7)

For the joining of the cleavage sites and donor DNA, FKBP-FRB proteins are to be used.
FKBP-FRB proteins are fusion protein that fuse together in the presence of rapamycin, an
antibiotic. (11)

The CRISPR system can be delivered to the cell in a variety of ways. It can be delivered as a
plasmid  or  as  mRNAs  or  as  ribonucleoproteins  (RNPs).  Each  have  different  possible
advantages and disadvantages. (8)

The delivery vectors proposed are cationic lipids and adenoviruses. 

Cationic lipids are a non-viral way of delivery. They have low immunogenicity, making them
safer than viral vectors. They are cheaper than viral vectors. Although they do not have the
transduction efficiency of viral vectors, they have high transfection efficiency among nonviral
vectors. They have a large packaging capacity and are suitable for carrying large RNPs. (9) (10)

The use of RNPs increases the safety of the process, as they are degraded quicker in the cell
and thus show less off-target cutting and more safety. (8) These RNPs are to be produced using
E. colie.

Adenoviruses rely on the natural ability of viruses to break through the cell wall and make the
cell produce its own protein. Using this, recombinant adenoviruses are to enter the cell and
through the expression of its plasmid, the CRISPR system is to be expressed. Adenoviruses
do not insert their DNA into the host genome, ensuring transient expression of the CRISPR-
Cas system. This transient expression decreases off-target cutting possibilities and increases
the safety.  They have a large packaging capacity  and are able to carry large plasmids.  A
drawback of adenoviruses is their high immunogenicity, although it can be overcome by the
repression of the immune system. (9)

The proposed treatment relies on the subjects mentioned. The first is the delivery of CRISPR-
Cas9 RNPs using cationic lipids to the body. The second the is the delivery of CRISPR-Cas9
plasmids using adenoviruses.  Using two sgRNAs, one before and one after the abnormal
repeat, the repeat is expected to be extracted. After the extraction, the donor DNA containing
a normal amount of GAA repeats is to be inserted. During this process, FRKB-FRB fusion
proteins are aimed to help bring the cleavage sites and ease the joining of the donor DNA to
the cut sites. Thus, normalization of the FXN, restoration of Frataxin levels, alleviation of the
symptoms and a stop to the progression of the disease is expected.

Methods

Two projects have been designed for the treatment of Friedreich Ataxia. While the first of the
projects involves the delivery of CRISPR RNPs via non-viral vectors; the second involves the
delivery of plasmids using viral vectors. 

For the Cas proteins, spCas9 will be used. Two sgRNAs were designed; one before and one
after the repeat to provide the extraction of the repeat. A donor DNA containing 12 GAA
repeat is planned to be used to minimize the negative effects in the absence of the repeat. For
the  binding  of  the  cut  sites,  the  FKBP-FRB  protein  pair  in  the  presence  of  rapamycin
antibiotic will be used to bring the cleavage sites closer and ease the process.

For the first project, involving the delivery of RNPs through non-viral vectors., cationic lipids
will be used as delivery vectors. The RNPs will be produced by the E. coli strain BL21-DE3
(Rosetta  2)  expressing  a  plasmid  containing  the  CRISPR  and  guide  RNAs.  After  the



purification, these RNPs will be complexed with cationic lipids and ready to be administered. 

For the second project, adenoviruses will be used to deliver the plasmids coding the Cas9 and
guide RNAs. For the high immunogenicity of adenoviruses to not be a problem, the immune
system will be suppressed through antibiotics.

Result

Excision

To approximate the excision efficiency that can be expected; excision of the GAA repeat in
other studies can be looked into.

In the studies done by Rocca et al. and Ouellet et al. Where GAA repeat was cut using Cas9
and two sgRNAs, excision efficiencies ranging from 12.1% to 61.9% were achieved. Most
efficiencies were between the 25% - 50% range. (12)(13)

An excision efficiency in the interval 30-50% or higher could be expected with taking into
consideration the FKBP-FRB proteins that will help in bringing the cut parts closer.

Delivery

Before  the  excision  efficiency  comes  into  play,  it  is  also  important  to  look  into  the
transfection  efficiencies  of  cationic  lipids  and  transduction  efficiencies  of  adenoviruses.
Different  circumstances  and  cell  types  have  substantial  effects  on  the  transfection  and
transduction efficiencies. Thus, it is hard to give an exact widely applicable estimate as to
what the efficiency will be in this project.

From the website of ThermoFisher, the transfection efficiencies of Lipofectamine 3000, the
cationic  lipid  to  be  used  in  this  project,  have  been  investigated.  Across  62  cell  types,
efficiencies below 30% and above 80% have both been seen.  This variety of transfection
efficiencies give an idea of the capabilities and performance of cationic lipids and show the
difficulty of giving and exact efficiency. (14)

Studies have been investigated to estimate the transduction efficiencies of adenoviruses and
efficiencies ranging from 11.3% to 93.3% have been observed. (15)(16)(17)(18) From the research
of Granio et al, it has been seen that Adenovirus 5-Fiber 35 has a higher performance. (18)

From the analysis of both delivery systems, it was seen that both methods are capable of high
efficiency delivery as well as low. 

Discussion

CRISPR/Cas9 Advantages

The most important advantages of CRISPR/Cas9 compared with genome editing technologies
is its simplicity and efficiency.  Additionally,  CRISPR/Cas9’s simplicity,  ease of use, and
affordability  surpass  the  previous  gene  editing  techniques  such  as  Zinc-Finger  Nuclease
(ZFN) and Transcription activators-like effective nucleases (TALENS). The simple operation,
high efficiency and high specificity of CRISPR makes it a widely used gene editing system.
(19) Delivery of Cas9 as mRNA or as RNPs show higher editing efficiency and lower off-target
effects. (20)



As is seen in Tables 1, 2, and 3 given below, CRISPR/Cas technologies are more efficient and
usable than ZFNs and TALENS. (21) Due to these advantages, CRISPR technique was chosen
as the gene editing technique for this project. 

Table 1:  Genome Editing Techniques (21)



Table 2: Genome Editing Techniques (21)

Table 3: Genome Editing Techniques (21)

In CRISPR gene editing system viral and non-viral delivery methods both have advantages
and disadvantages. Due to their different advantages viral and non-viral vectors both used in
this Project.

In the Table 4 and 5, different properties of viral and non-viral vectors are given.



Table 4: Viral and Non-Viral Vectors (22)

Table 5: Viral and Non-Viral Vectors (23)

Non-Viral Vectors

Non-viral vectors could remarkably reduce the chance of insertion of the encoding sequence
into the host genome compared to viral vectors. With nonviral systems such as plasmid DNA–
cationic lipid complexes (lipoplexes), the large size and positive charge of these lipids result
in rapid clearance, and high expression levels are again observed in gene editing studies. (24)

Non-viral vectors are used in the first project because of their advantages.

Cationic Lipids

Cationic  lipids  are  the  most  widely applied  and studied nonviral  vectors .  Cationic lipids
have many advantages such as good targeting, excellent controlled release, and good stability.
In addition, they could utilize the characteristics of fusion with cell membranes to mediate
genes  and  drugs  into  the  cells.  Due to  transfection  efficiency,  stability,  and  low toxicity
properties of cationic lipids are the most common used non-viral vector. (25)

Liposomes



Cationic  liposomes  are  widely  used  cationic  lipids.  (26) Due  to  dynamic  properties  of
liposomes, they have been used widely for gene and drug delivery. The success of liposome-
mediated gene delivery depends on their excellent stability, availability and high transfection
efficiency. (27)

As shown in Figure 1 liposomal gene delivery has many advantages. Due to these advantages,
liposome was chosen as the delivery vector in our first project. 

Figure 1: Advantages of Liposomes (28)

Viral Vectors 

Viral delivery vectors are more efficient than non-viral vectors, but have high production
costs and limited cargo capacity. In addition, these systems induce immune responses which
compromise  transfection  resulting  from  subsequent  injections.  (29) Viral  vectors,  such  as
retroviral or adenoviral vectors, are now widely used in clinical trials of gene therapy because
of the stability and high efficacy of transgene expression. (30)

Adenoviral Vector

Their  relatively  easy production and high levels  of  transgene expression make adenoviral
vectors commonly used research tools. Further, the use of Adenoviral vectors results in a high
frequency of transduction and high levels of transgene expression. (31)(32)

The advantages and disadvantages of adenoviruses are seen in Table 6 given below.



Table 6: Advantages and Disadvantaged of Adenoviruses (33)

Adenoviruses  were chosen as the vector  in  for the second project  due to their  packaging
capacity and high transduction efficiency. 
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