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Even if our lentiviral vector enters other cells, thanks to the 
tetracycline-dependent liver specific promoter at the beginning of 

the CRISPR / dCas9-FokI system, the dCas9-FokI protein will 
not be sufficiently synthesized in cells other than hepatocytes 

and will be activated in hepatocyte cells only when doxycycline 
is given. As a result, our gene therapy will only take place at the 

desired time and will be limited to hepatocytes only. [14] [15] [16]
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In our project We aimed to treat GSD type 1A by safely integrating the functional G6PC gene into the regions we
determined in the genome of liver cells. With the integrase defective lentiviral vector (IDLV) and CRISPR-dCas9-FokI
system, we delivered our treatment to the genome of hepatocytes in one piece, while preventing possible off-target
mutations and oncogenicity. We also increased liver tropism by altering the envelope proteins of our vector. We used
miRNA target regions and liver specific tetracycline-dependent promoters to make the system work only on hepatocytes
whenever we wanted. In addition, we added the active G6PC isoform (S298C) to our treatment plan for the G6PC
enzyme we restored to work more effectively. As a result, we designed a treatment model that will minimize the potential
risks of the treatment we will give, with the principle of "do no harm first", which is the golden rule of medicine.

Fighting illness has many material and moral difficulties. In rare diseases, there 
is an extra challenge of being a minority. Based on this, we established a 
solidarity platform in order to create difference for glycogen storage patients 
and awareness for the society. On this platform, we shared literature 
information about GSD via UpToDate. In addition, we shared the adventures of 
the families and their difficulties from their own pens and prepared videos 
which they shared their one day. We have added a map with the data of 
glycogen storage patients from all over the world and provided families to get to 
know each other and exchange ideas under the forum title of our site. In 
addition, we aimed to reach more people by using the power of social media.

Our lentiviral vector, which we give to the body through the blood, can transfer our gene therapy to many different cells other than the hepatocyte cells we target. However, continuous 
expression of the G6PC enzyme in tissues where it is naturally inactive (muscle, neuron, etc.) may cause metabolic disorders and excessive immune response of antigen presenting 

cells. We have made our treatment more specific to hepatocyte cells in order to avoid these undesirable effects.

As a result of our research, we decided to use lentiviral 
vectors. Because they have low inflammation potential, 
high gene transfer efficiency and carrying capacity, and 

changeable target cell range in in vivo treatments. [3]

Lentiviral vectors have the potential to create oncogenicity 
by settling in a random region in the genome through the 
integrase enzyme they contain and causing mutation in 
that region.[4] That's why we decided to use integrase 

defective 3rd generation lentiviral vectors in our treatment.

Genetic therapy will remain episomal when an integral 
defective lentiviral vector is used. If gene transfer remains 

episomal, the treatment to be applied will be temporary in a 
short time. Therefore, we decided to use the CRISPR / Cas9 

gene editing method to integrate the G6PC gene from the 
episomal form into the genome.[5]

Different types of glycogen storage disease (GSD) have 
been identified, and the most common subtype is GSD

type 1A. It occurs due to mutations in the glucose-6-
phosphatase (G6PC) gene. The most important complaint 
of the patients is hypoglycemia. Blood sugar levels below 

the critical level have different consequences, from 
irritability to seizure and severe coma. Repetitive seizures 
can lead to permanent mental, growth and developmental 
reterdations.[1] In the long term, patients have an increased 
risk of developing liver adenoma and cancer.[2] Today, there 
is no approved treatment for GSD. The only thing that can 
be done is to prevent hypoglycemia attacks with frequent 

feeding and strict sugar monitoring.
I mean, kind of live on thongs!

We aimed to increase the orientation of our lentiviral vector to 
hepatocyte cells by replacing the VSV-G envelope protein with 
GP64 (Baculovirus)[12] and E1, E2 (RRV)[13] proteins that are 

more specific to hepatocytes.
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Dimeric CRISPR RNA-guided FokI nucleases for highly specific 
genome editing. Figure 4

In order to minimize the risk of off
target mutation caused by the 

Cas9 enzyme, we planned to use 
the CRISPR / dCas9-FokI system 
in our treatment, which cuts the 
DNA only when both gRNAs are 

the appropriate distance and 
position.[5] [6] [7] [8]

.With the CRISPR / dCas9-
FokI system, we decided to 
put the G6PC gene into the 
G6PC gene region in order 
to naturally ensure 
physiological gene 
regulation[9] or in the AAVS1 
Safe Harbor region[10] [11] in 
order to minimize the risk of 
mutagenicity and interaction 
with endogenous genes.
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Even if the mRNA of the dCas9-FokI protein is 
synthesized in tissues other than hepatocytes, 

thanks to the tissue-specific miRNA target regions 
(muscle miR206-3pT[17], hematopoietic miR142-
3pT[18] and endothelial miR126-5pT[19]) we have 

placed in the continuation of the dCas-FokI gene, 
dCas-FokI will not be produced in these tissues.

We have also designed a system that provides 
dCas9-FokI activity only in the presence of liver 

specific miRNA (miR122). [20]

While increasing the specificity of our treatment to 
hepatocytes, we replaced the WT G6PC enzyme 
with the naturally occurring G6Pase-α isoenzyme 
(S298C) [21] to compensate for the falling G6PC 

gene genome integration. Thus, when we use this 
isoform instead of the WT G6PC gene, we 

anticipate more than two-fold increase in enzyme 
activity.

We plan to perform our treatment from the portal 
vein with interventional radiology in order to see a 
higher effect at a lower dose and to minimize side 
effects. However, we will compare this approach 
with a peripheral vein to calculate the profit-loss 

balance.
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