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Abstract

Diabetes is a common disorder worldwide, and exhaustive efforts have been made to cure
this disease. Gene therapy has been considered as a potential curative method that has had
more stability in comparison with other pharmaceutical methods. However, the application of
gene therapy as a definitive treatment demands further investigation. This study is aimed to
prepare a suitable high- performance vector for gene therapy in diabetes mellitus. The designed
vector has had prominent characteristics, such as directed replacement, which makes it a
suitable method for treating or preventing other genetic disorders. The whole rDNA sequence
of the human genome was scanned. The 800 bp two homology arms were digested by EcoRI,
synthesized and cloned into the pPGEM-B1 plasmid (prokaryotic moiety). The carbohydrate
sensitive promoter, L-pyruvate kinase, and insulin gene were sub-cloned between homologous
arms (eukaryotic moiety). The PGEM-BI plasmid was digested by EcoRI, and the eukaryotic
fragments were purified and transfected into Hela cell and then cultured. Afterward, the 300
pg/mL of glucose were added to the culture medium. Insulin expression in the transfected cells
with 200 and 400 ng of the construct in comparison with negative control was detected using
western blot and ELISA methods. Results have shown insulin expression in different glucose
concentrates.
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Introduction

Diabetes is a disease, caused by abnormal
metabolism of carbohydrates due to defects
in insulin secretion, caused by pancreatic
dysfunction or deficiency of insulin receptors on
the cell surfaces. Insulin is a hormone secreted
by pancreatic cells that stimulate liver cells to
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take up glucose from the blood and store it as
glycogen in the liver to regulate blood glucose
and glycogen accumulation in muscle cells as a
source of energy boost. Lack of insulin secretion
or deficiency in its function can cause several
complications in the diabetic patient.

Given the importance of insulin in the
regulation of metabolism (1), several methods
have been tested to compensate for its lack. Gene
therapy is a method that has been considered
today as a one of the specific way for curation of
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several diseases. Transformation of the desired
therapeutic gene into the cell genome is one of
the most significant steps in gene therapy (2).
The use of viral vectors because of their high
capacity as well as the ability to insert into the
host genome has been considered by researchers
(3). Although the use of viral vectors for gene
transfer into eukaryotic cells is a valuable
phenomenon, this has had disadvantages that
can affect the outcome of gene therapy.

These disadvantages include reactivation of
the virus (the vector) and simulation of host
immune response. Due to failure of inaccurate
insertion of the therapeutic gene into the genome
(4, 5), researchers used non-viral vectors,
including naked DNA (plasmid) to overcome
this problem. The main advantages of non-
viral vectors are, they have had safety function
without stimulating of the immune system,
cost-effectiveness, easy to use and have had a
controllable expression in the cells. However,
they have less efficiency than viral vectors (6,
7).

The goal of this study was to produce
an engineered construction sensitive to
carbohydrates in eukaryotic cells in-vitro.

Accordingly, the human rDNA sequence
which has many copies in the genome and
is a useful target for gene transfer through
homologous recombination (8) was used in our
project.

Experimental

Construct design

The homologous recombination process
should have two conserved complementary
homologous arms within target sequences (9).
The eukaryote rDNA sequence has had many
copies in the genome (8) and is a useful target for
gene replacement. The whole rDNA sequence
of the human genome (accession: U13369.1)
was scanned and the selected area with a high
score of 200 was highly conserved. The 800
bp two homology arms have been synthesized
into pEX- A vector (concerning the position of
restriction enzyme cutting sites for insulin gene
and promoter sequence).

The pEX-A plasmid was digested by EcoRI
and the homologous arms sequence was released

and sub-cloned into the pGEM-B1 plasmid
(prokaryotic moiety). The carbohydrate (sugar)
sensitive promoter, L-pyruvate kinase (181 bp)
was used (10).

The insulin gene (accession no AAAS59172)
and promoter were placed downstream of
the promoter and were sub-cloned between
homologous arms (eukaryotic moiety) into
pGEM-B1 plasmid through BamHI and Kpnl
restriction sites. The vector was transformed
into E. coli.

Transfection

pGEM-B1 plasmid was digested by EcoRI
and, its eukaryotic moiety was released. The
eukaryotic fragment was purified and transfected
into Hela cells by electroporator (220V/ 500us).

For confirmation of the insertion gene into
rDNA, two primers were designed: Forward
primer at the homologous sequence and
reverse primer on the insulin gene sequence
that this primer design has had 860 PCR
products.

Expression of insulin: Hela cells were
cultured in RPMI1640 medium enriched by
10% FBS, 100 ug/mL penicillin and 100 pg/mL
streptomycin (11, 12, 13). The 300 micrograms/
mL of glucose was added to the culture medium.
Insulin expression in transfected cells with 200
and 400 ng of the construct, in comparison with
negative control, was detected using western
blot and Monobind ELISA kit (14).

Results

Construction of default vector

An overview of the construct has shown
in Figure 1. Default vector has been made
up from prokaryotic and eukaryotic moieties,
for proliferation and laboratory experimental
requirements.

Designing of homologous arms

The 800 bp two homology arms from rDNA
sequence were synthesized into pEX-A vector
(with concerning to the position of restriction
enzyme cutting sites for insulin gene and
promoter sequence) and subcloned into pGEM-
B1 plasmid through EcoRI restriction enzyme.
(Figiur 2)
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Figure 1. default vector which is made up of prokaryotic and eukaryotic sections.

Cloning of insulin gene and promoter

Insulin gene and promoter sequence has been
ligated between two homologous arms through
BamHI and Kpnl restriction sites and confirmed
by PCR reaction with designed primers on the
two homologous arms sequence (Figure 3).

HelLa cell culture and gene transfer

Confirmed construct was digested by EcoRI
restriction enzyme, and eukaryotic moiety was
purified. HeLa cells were grown on, suspended
cells were removed, and the purified construct

Figure 2. Identification of homologous arms (800bp) with
EcoRI restriction enzyme. Lane 1: digested plasmid by EcoRI.
Lane 2: I kb DNA ladder marker.
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was electroporated into the adherent cells.

The transfected cells were confirmed by
PCR as described in materials and methods.
PCR Product (860 bp) produced by forward
(insulin gene) and reverse (18srRNA)
primers was electrophoresed on agarose gel
(Figure 4).

Insulin expression

To stimulate transcription, 300 micrograms/
mL of carbohydrate (glucose) was added
to the culture medium (cell constructs were

3000 bp

1500 bp

1000 bp 1100 bp

500 bp

Figure 3. PCR products (1100 bp) of confirmed whole
construct include 511 bp insulin/promoter with 600 bp from
homologous arms. Lane 1: 1 kb DNA ladder marker. Lane 2
PCR product on cells transfected by the eukaryotic moiety of
default vector.
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Figure 4. Confirmation of correct insertion in the genome
in transfected cells Lane 1 PCR product of insulin gene and
rRNA. Lane 2: I kb DNA ladder marker.

Table 1. absorption of samples read by ELISA reader at 450 nm.

Figure 5. well 1: Hela cells were transfected by 200 ng of the
construct, well 2: Hella cells were transfected by 400 ng of
the construct, well 3: negative control (without carbohydrate).

Samples Absorption
1: 5 uL (200 ng) from construct 0.248
2: 10 pL (400 ng) from construct 0.789
3: negative control 0.011
i
W
18—
W
Figure 6. Confirmation of gene expression by P -
western blot.
Tl —
Lane 1: protein marker. o
Lane 2: sample replication and expression analysis .
of construct with added 400 ng of glucose.
Lane 3: A sample replication and expression Pommp—
analysis of construct with added 200 ng of glucose. .
Lane 4: negative control without the addition of S
glucose. F p—
o
L
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transfected, with 200 and 400 ng of the
construct, respectively). Insulin gene expression
was confirmed by ELISA (Figure 5) and western
blotting (Figure 6).
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ELISA showed that in the negative control
cells (no sugar) insulin was not expressed but,
in sugar-stimulated cells, insulin was expressed
in cell culture media.



Discussion

Given the importance of diabetes and its
treatment, in the current study, a plasmid
construct for expressing the human insulin gene
has been successfully designed and cloned. Our
results have indicated that the construct has been
capable of accurate targeting and gene transfer
into the chromosome. The Specific carbohydrate
sensitive promoter (10) has been used for insulin
gene expression with the comparative advantage
of providing several restriction enzyme
recognition sites for replacing other genes into
the same construct. Muzzin et al. treated diabetic
rats by a recombinant adenovirus contained
mutated preproinsulin cDNA. Briefly, they alter
the B-C junction, from Lys-Ser-Arg-Arg to Arg-
Ser-Lys-Arg, which is the consensus sequence
recognized and cleaved by furin, a liver protease
(15). Chen et al. used glucose 6 phosphatase
promoters for controlling insulin gene that have
been cloned in adenovirus and transfected into
hepatocyte rat liver; they measure insulin in
culture media of rat blood by ELISA kit (16).
Dong et al treated diabetic rat using engineered
preproinsulin ¢cDNA gene under control of
elongation factor 1-(EF1-) promoter and
transfected into the liver cell by adenovirus (17),
but we have used complete insulin gene under
control of carbohydrate sensitive liver protein
kinase promoter. We have designed a plasmid
with eukaryotic and prokaryotic moieties.

Despite many efforts, gene therapy is still not
a routine medical treatment and progress is less
than expected (7). However, gene therapy has
had great potential in the treatment of genetic
and metabolic disorders. The Long-term success
of gene therapy has been based on the controlled
transfer of targeted therapeutic gene and precise
replacing of the mutated gene (18).

Homologous recombination appears that have
fewer side effects, and transfer of the therapeutic
gene technique is a promising approach for gene
therapy (9). In the field of human ribosomal
gene sequences, homologous recombination
technique recently has become very important
(21, 22). This sequence due to the high copy
number in cells chromosome measures to be
considered within the genome (8, 21 and 22).

Conclusion: we designed a naked DNA vector
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and carbohydrate sensitive promoter for transfer
of insulin gene into rDNA of the mammalian
cells. According to our information, this is the
first transfer system into mammalian cells by
naked DNA vector.

Acknowledgment

This paper was extracted from MSC's thesis
for Shivasadat Gheflat at Arak University of
Medical Sciences and was done in Cellular
and Molecular Biology Research Center, Shahid
Beheshti University of Medical Sciences. This
work was supported by Iran National Science
Foundation through grant No. 91057380

References

(1) Unger RH, Dobbs RE and Orci L. Insulin, glucagon and
somatostatin secretion in the regulation of metabolism.
Ann. Rev. Physiol. (1978) 40: 307-43.

(2) Sandler S, Andersson AK, Barbu A, Hellerstrom C,
Holstad M, Karlsson E, Sandberg JO, Strandell E,
Saldeen J, Sternesjo J, Tillmar L, Eizirik DL, Flodstrom
M and Welsh N. Novel experimental strategies to
prevent the development of type 1 diabetes mellitus.
Ups. J. Med. Sci. (2000) 105: 17-34.

(3) Dunbar CE, High KA, Joung JK, Kohn DB, Ozawa K
and Sadelain M. Gene therapy comes of age. Science
(2018)12: 359.

(4) Kazemi B. Using FVII in hemophilia gene therapy. In:
Yongping Y (eds.) Targets in Gene Therapy. Intechweb
(2011) 369-88.

(5) Kinnon C, Waddington SN, Milsom MD and Howe
SJ. Enhancement of mouse hematopoietic stem/
progenitor cell function via transient gene delivery
using integration-deficient lentiviral vectors. Exp.
Hematol. (2018) 57: 21-9.

(6) Jones CH, Hill A, Chen M and Pfeifer BA.
Contemporary approaches for nonviral gene therapy.
Discov. Med. (2015) 19: 447-54.

(7) Misra S. Human Gene Therapy A brief overview of the
genetic revolution. J. Assoc. Physicians India (2013)
61: 127-33.

(8) Lu KL, Nelson JO, Watase GJ, Warsinger-Pepe N and
Yamashita YM. Transgenerational dynamics of rDNA
copy number in Drosophila male germline stem cells.
Elife (2018) 7: €32421.

(9) Wright WD, Shah SS and Heyer WD. Homologous
recombination and the repair of DNA Double-Strand
Breaks. J. Biol. Chem. (2018) 293: 10524-35.

(10)Lan MS, Wang HW, Chong J and Breslin MB.
Coupling of glucose response element from L-type
pyruvate kinase and Go6Pase promoter enhances
glucose responsive activity in hepatoma cells. Mol.
Cell Biochem. (2007) 300: 191-6.



Gheflat Sh et al. / 1JPR (2019), 18 (4): 2111-2116

(11) Khan KH. Gene Expression in Mammalian Cells and
its Applications. Adv. Pharm. Bull. (2013) 3: 257-63.

(12) Dumont J, Euwart D, Mei B, Estes S and Kshirsagar R.
Human cell lines for biopharmaceutical manufacturing:
history, status, and future perspectives. Crit. Rev.
Biotechnol. (2016) 36:1110-22.

(13)Kinna AW. Improved production and purification of
recombinant proteins from mammalian expression
systems [dissertation]. Department of Biochemical
Engineering, University College London, Torrington
Place, London, UK (2015).

(14) Even MS, Sandusky CB, Barnard ND, Mistry J and
Sinha MK. Development of a novel ELISA for human
insulin using monoclonal antibodies produced in
serum-free cell culture medium. Clin. Biochem. (2007)
40: 98-103.

(15) Muzzin P, Eisensmith RC, Copeland KC and Woo SL.
Hepatic insulin gene expression as treatment for type
1 diabetes mellitus in rats. Mol. Endocrinol. (1997)
11: 833-7.

(16) Chen R, Meseck ML and Woo SL. Auto-regulated
hepatic insulin gene expression in type 1 diabetic rats.
Mol. Ther. (2001) 3: 584-90.

(17) Dong H, Morral N, McEvoy R, Meseck M, Thung

2116

SN and Woo SL. Hepatic insulin expression improves
glycemic control in type 1 diabetic rats. Diabetes Res.
Clin. Pract. (2001) 52: 153-63.

(18) Narayanan G, Cossu G, Galli MC, Flory E, Ovelgonne
H, Salmikangas P, Schneider CK and Trouvin JH.
Clinical development of gene therapy needs a tailored
approach: a regulatory perspective from the European
Union. Hum. Gene Ther. Clin. Dev. (2014) 25: 1-6.

(19)Li X and Heyer WD. Homologous recombination in
DNA repair and DNA damage tolerance. Cell Res.
(2008) 18: 99-113.

(20) Vasquez KM, Marburger K, Intody Z and Wilson JH.
Manipulating the mammalian genome by homologous
recombination. Proc. Natl. Acad. Sci. USA (2001) 98:
8403-10.

(21) Salim D, Bradford WD, Freeland A, Cady G, Wang
J, Pruitt SC and Gerton JL. DNA replication stress
restricts ribosomal DNA copy number. PLoS Genet.
(2017) 13: €1007006.

(22) Maggert KA. Reduced rDNA copy number does not
affect "competitive” chromosome pairing in XYY
males of Drosophila melanogaster. G3 (Bethesda).
(2014) 4: 497-507.

This article is available online at http://www.ijpr.ir




