US 20140112895A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2014/0112895 A1

Haji Ahmad et al. (43) Pub. Date: Apr. 24,2014

(54) GLP-1 PROMOTER MEDIATED INSULIN (52) US.CL
EXPRESSION FOR THE TREATMENT OF CPC oo CI2N 15/85 (2013.01)
DIABETES USPC ... 424/93.21; 514/44 R; 435/32; 435/6.12;

(75) Inventors: Zalinah Haji Ahmad, Serdang (MY); 435/320.1; 435/356; 435/60.4

Abdul Rahman Omar, Serdang (MY)

(73) Assignee: UNIVERSITI PUTRA MALAYSIA, 67 ABSTRACT
Selamgor (MY)

(21) Appl. No.: 13/825,085 Insulin gene therapy is one of many envisioned alternative
treatments of diabetes. Diabetes gene therapy would be pos-
(22) PCT Filed: Oct. 5, 2011 sible if insulin could be produced in a regulated and specifi-
cally in a sensitive manner dependent on the blood glucose
(86) PCTNo.: PCT/MY2011/000215 leve}ll. Therefore, the present in\ljention relates to a met%lod for
§ 371 (c)(1), the isolation of GLP-1 expressing cells, to nucleic acids
(2), (4 Date:  Aug. 8,2013 sequence construction or vectors useful for isolating GLP-1
expressing cell and to the GLP-1 expressing cells isolated
(30) Foreign Application Priority Data therewith. Furthermore, the invention relates to a method of

nucleic acids sequence construction or vectors under the con-

Oct. 8,2010  (MY) cevervrrecreeccennen PI 2010700074 trol of the GLP-1 promoter expressing insulin in a recombi-

Publication Classification nant GLP-1 expressing cell line. The cells of the present

invention are particular useful for the treatment of diabetes

(51) Int.ClL and may be used in a gene therapy approach to treat diabetes
CI2N 15/85 (2006.01) and other disorders related to the nutrient metabolism.

Sacl 852, BstX I, Sac I, Not {, Eag I, Xba [, Spel, BarnH |, Sma | Pstl 700

oy -

2.3Glu.BS
5441 bp
ac § 1381

pro Giu

Kpni 3228 Pvu il 1564
Apal

EcoO Kot 1712
Drall

Xho!

Hincll Ncol 1912

Accl '
Sl /

Bspi
Clal 3199 Hind 1l 3190

RAcc 3062 Saci30s0




Patent Application Publication  Apr. 24,2014 Sheet 1 of 11 US 2014/0112895 A1

Figure 1:
Sact 652, BstX |, Sac I, Not {, Eag I, Xba I, Spel, BamH |, Sma | Psti 700
\\_\
\\\
P "Q\\
G L_/ﬁd__,fcom 710
Xhal 910
2.3 Glu.BS
5441 bp
ac | 1381
Kpni 3228 Pvu il 1564
Anal
EcoO Kon 11712
Drail
Xho}
Hincll Nco 11912
Acc!
Salt
Bspi
Clal 3190 Hind I 3190
Accl3os2  Saci3050

Figure 2:




Patent Application Publication  Apr. 24,2014 Sheet 2 of 11 US 2014/0112895 A1

Figure-3:

Sall
/

InspJET insulin §
4800 bp

GLP-1proipJET

GLP-1 pro
5265 bp

HI
Barn Hind
Figure 4:
| I

ngla Hind Il

Bgl il Pst USse8387 |

Xhol Sal

BstX | Acc |

py oy

S5
Not | BamH |




Patent Application Publication

Apr. 24,2014 Sheet 3 of 11

US 2014/0112895 A1l

Figure 5:
Sne 124
/, \
/ CMV promoter Hind I} 664
/ Pstl
/ Sall
/ Accl
Multiple cloning site \ Scal
Xbal
pBud (prormoter EF less) BamH 1713
3408 hp
BstB 11943 Zeocin
Sfil
Byift Multiple cloning site
Xhol g o
BstXI -
Hpnl
BstBl
Hot | 1880 Nhe | 1876
Figure 6:
A Spel 24 B
Spel24
\ Hind 11 664 leBI5|12 .
CHIV psotnoter h /
Sal 1670 Bgm
BSIBI 3769 Xnol /
N BstXl
sl Kmi
Boin BstBt
Xhio! ] Mot 15352
ast "'54’%‘:‘:4“3"“5' GLP-1nspBud
Kpnl 6822 bp
tont Nhel 5350

Nhe 13702\
AN

Muttiple cloning site Insulin

Zeocils

BamH | 2490

Zeocin
Hind 1 2315

Insuiin

BamH 13141



Patent Application Publication  Apr. 24,2014 Sheet 4 of 11 US 2014/0112895 A1

» InsCo-R
ProM-R LPC-F LPC-R LP-V
° e «+— <

Figure &:

Kpn |

NeojpBli
4200 hp

Xbal



Patent Application Publication  Apr. 24,2014 Sheet 5 of 11

Figure 9:

Kol -
Dral
Xho't
Sall

s , . Hindin
i oot Kpn EcoR1

' (pBluescripf SK (+/-) @M Bl

BamH|
spel
xbal

P lac Net |
Bs1¥ [
Sacl

3-0 kb Sac | Smal

pUC on

Figure 10:

Xho 1328

GLPAMNeo/hB

6491 bp

\,

\
EcoR12619

US 2014/0112895 A1l

EcoR 2544



Patent Application Publication  Apr. 24,2014 Sheet 6 of 11 US 2014/0112895 A1

Figure 11:
ProM-R LPC-F LPC-R Py \Xb-R.

o —> 4 —» <

WNeomycin gene e

Figure 12:




Patent Application Publication  Apr. 24,2014 Sheet 7 of 11 US 2014/0112895 A1

Figure 13:
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Figure 14:
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Z : =l ﬁcﬁAAAATTAAAATTAGAATATGTATGGACGGATGGTGACAGGGAuucn
CTGTRAATATTTATTAACTTGTTGACGTAACTACCCTTCCTTCCGETTCATCTCCGGTCACGATTICA
AGGGTAACTTAGTTATGTGAGTTTGACTTAAATTACGAATAGACTCGTGGCTATAGTGGAGGATICT
GTTACGGATAATTCTTCAGATAAACGGGGAGGACCATACACCTCGTTCTCTTCCCTTGAAATGTLTT
ACGAAGACCTAATAATATTCCGAGTAGAAGTACCACGGGARAGGAGATTCTTGGTCTCAATCCTCTC
ACCTCCATCTCAATATCTTGTTAAATGACCTTTTTTTTACCCTACCAATGAAGATTGTATCGTCTTC
GGTTCATTCCTCCTCTGTTCTCTATGTCTCTCTTTCAAGATCGTTCTGAGACCACGATACARATGCC
GAAARTCAGTAGCATTTGTAGTTGACGTCCTGGGAGATGAATCCCTACGAAGTGTTTGACCATCAGA
TTCTTTTCCTTCTTCTCTCTCCCTCCCCTTTTTACTCTCTACTCTCCTCTCCCTTTTACCTGTTGTC
CTTCTTACCTTGRACTGTTTTGTAAATCATTTCCACACCGACTGTGTGCCAGCGTCAGTATTTCTCG
TTAGCTCGAGACGCGATTCGGTGAGATGTGTAACTTCGTGTTAGCCACGTTAACTCARTCAAGACGS
TCTCGACCTACCTCGACCTGTGGARAGAGACGAGARAGTGGGCETAGACGACCTAGACGGTTCTCGAC
GGGACTCTAGTTCTGTGECTCGTCGTGGTTACTCTTTCACTTAATCTATTAAATATGTCGACACTGAR
GTCGGATTAGACGATTCTTTGRAGGACCCCCGGCACTATTTTACGTGTAAGACTAAGGTATTTGETC
TGGACTCGGTACTCTACAAGGTAAAAATTATCCTGGAGTACCTTCGACTAGGGACCTCGATTGAGAT
CCATGCGTCCCGARATATAGTAGTTACTGTTGATTGCGCTTTTGGGAGTCATTCCAGAGGGTTGACTG
TCCCTTTCACCAAGGATAAAGAATTACTTCGAGGTACAGGTGGTCAATCAAGTTACGTGTAAGACTT
CTTCATTTAAGTAAGTCTCATGAGGCAGGTCAACARAGTTACCCGATAAGGGTATTTTCAATAGTTAA
TATGGTACCTCAACTATGTGAACCTGTGGGTCTAAATCGACCCTTTACGACACCACTAGAACAGTAT
ATCTTATACTCAAAGTAAAATTTGTITACAAATGTGTTTAGTTACGAAGAGTGTTTAGTCGTTGTCT
CAGGGTTTCTGACACACCGAACCGGTGCCAGAGTATCGGATAACTACTATCGTCCCTTCTTTTTAGA
TGAATACTAGGGGCCTCAAAGRACGACAGACAAGTGTGTAGGACCAATAARGGGTTARAAATARAAGGA
AGACRACTTTACCGGTCTTAACATAGACGATGTATGATATTAATCATTCCTGGATATATGCACGACC
TTCAATGTCTTTCATTGTCGTACGTAGAGTCTGGTTATCARAACGGAGGGTACAGAAAGAAACATAAG
ATTACAGTGTGGGGAAGAGTCACTTTAATCTAAATTTTGTAAAGCTTTCTACTTTTTCTTTATTATC
TGGGAAACGATAGTCGTAGTCACTGCAACCCATARGAGTAARACGGAAGACACAGAGTAATTGTATC
ACGTGTAATGTAAAATTAACTGTAAATTTTAGAGGGGCTGTTTCTCTCATGTTTAAGTRAAGGTATGTT
TCATCTACTCACCCAATAACTATACACACGTGACCCACTCGCTARACAAACGGATCTACTTACCAGS
TAGTCAATAAGTCCTTGAGTCCTACCGGTTTATCGTGTAGTTCCCTGTTCTCGGAGTTTACTGAGGA
GATCCGAGTARACTGCAGTTTTAAGTGAAGTCTCTCGACTTCATCAAAAAGTGCGGACTGACTCTAA
CTTCCCACATAAAGGTTTGATGGGAAAGGTAAGGGTTTGTCTTTCCGTGTTCTCATTTATTTTTCAA
AGGCCCGGAGACTCCAGAGTGGGGCCATAGTCGCACTCCTCGTCTACTCGTCTCACCCGCTCACTTT
AGTAAACTTGTTTITGGGGTAATAAATGTCTACTCTTTAAATATAACAGTCGCATTATAGACGTTCCG
ATTTGTCGGACCTCTGATATATTTTCGTGTCGTGGGACCACGTCTTCCCGTCTCGAACCCGCGTCTT

CTGTGAGTTTCRAGGGTTTCCTC
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Figure 16:
GTCGACE R are I AR CGCCATCAAGCAGGTCTCTTCCAAGGGCCTTTGCCTCAGGTGGEGE

TCAGGATTCCAGGGTGGCTGGACCCCAGGCCCCAGCTCTGCAGCAGGGAGGACCTGGCTGGGCTCGT
GRAGCATGTGGGGCETGAGCCCAGGGGCCCCAAGCGCAGGGCACCTGGECCTTCAGCCTGCCTCAGCCCT
GCCTGTCTCCCAGATCACTGTCCTTCTGCCATGGCCCTGTGGATGCGCCTCCTGCCCCTGITGECEC
TGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAACCAACACCTGTGCGGCTCACACCT
GGTGGAAGCTCTCTACCTAGTGTGCGEGGAACGAGGCTTICTTCTACACACCCAAGACCCGCCGGGAG
GCAGAGGACCTGCAGGGTGAGCCAACTGCCCATTGCTGCLCCCTGGCCGCCCCCAGCCACCCCCTGET
CCTGGCGCTCCCACCCAGCATGGGCAGAAGGGGGCAGGAGGCTGCCACCCAGCAGGEGGGETCAGGTGC
ACTTTTTTAAARAAGAAGTTCTCTTGGTCACGTCCTARAAGTGACCAGCTCCCTGTGGCCCAGTCAGA
ATCTCAGCCTGAGGACGGTGTTGGCTTCGGCAGCCCCGAGATACATCAGAGGGTGGGCACGCTCCTC
CCTCCACTCGCCCCTCAAACAAATGCCCCGCAGCCCATTTCTCCACCCTCATTTGATGACCGCAGAT
TCAAGTGTTTTGTTAAGTAAAGTCCTGGGTGACCTGGGGTCACAGGGTGCCCCACGCTGCCTGCCTC
TGGGCGARCACCCCATCACGCCCGGAGGAGGGCETGGCTGCCTGCCTGAGTGGGCCAGACCCCTGTC
GCCAGGCCTCACGGCAGCTCCATAGTCAGGAGAT GGGGARGATGCTEGGGACAGGCCCTGGGGAGAR
GTACTGGGATCACCTGTTCAGGCTCCCACTGTGACGCTGCCCCEGEECGGGEGAAGGAGGTGGGACA
TGTGGGCGTTGGGGCCTGTAGGTCCACACCCAGTGTGGGTGACCCTCCCTCTAACCTGGGTCCAGCC
CGGCTGGAGATGGGTGGGAGTGCGACCTAGGGCTGGCGGGCAGGCGGGCACTETGTCTCCCTGACTG
TGTCCTCCTGTGTCCCTCTGCCTCGCCGCTETTCCGGAACCTGCTCTGCGCGGCACGTCCTGGCAGT
GGGGCAGGTCGGAGCTGGGCGGGEGECCCTGGTGCAGGCAGCCTGCAGCCCTTGGCCLCTGGAGGGGTCC
CTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGCTCCCTCTACCAGCTGGAGAACT
ACTGCAACTAGACGCAGCCCGCAGGCAGCCCCACACCCGCCGCCTCCTGCACCGAGAGAGATGGAAT
ARAGCCCTTGAACCAGCCCTGCTGTGCCGTCTGTGTGTCTTGGEGGGCCCTGGGCCAAGCCCCACTTC
CCGGCACTGTTGTGAGCCCCTCCCAGCTCTCTCCACGCTCTCTGGGTGCCCACAGGTGCCAACGLCG
GCCAGGCCCAGCATGCAGTGGCTCTCCCCARAAGCGGCCATGCCTGTCGGCTGCLCTGCTGCCCCCACC
CTGTGGCTCAGGGTCCAGTATEGGAGCTGCGGGGGETCTCTGCGAGGGGCCAGGGGTGGTGGGGCCACTG
AGAAGTGACTTCTTGTTCAGTAGCTCTIGGACTCTTGCCAGTCCCCAGAGACCTTGTTCAGGAAAGGGA
ATGAGAACATTCCAGCAATTTTCCCCCCACCTAGCCCTCCCAGGTTCTATTTTTAGAGTTATTT
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Figure 17:

CAGAAGTAGTGAGGAGG TTT 2T TEGAGGCCTAGGCTTTTGCARAARGCTCCCCGCAGCTTGTATAT
CCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCA
CGCAGGTTCTCCGGCCECTTGOETGGAGAGGCTATTCGGCTATGACTGGGCACARCAGRCAATCGGC
TGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCSGETTCTTTTTGTCRAAGACLCGACC
TGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGLGT
TCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCEGGAAGGGACTGGCTGCTATTGGGCGAAGTG
CCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGARAGTATCCATCATGGCTGATGCAA
TGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGA
GCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGRAGAGCATCAGGGG
CTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGA
CCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTG
TCGCCGGCTGGETGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAG
CTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCA
TCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGETTCGARATGACCGACCAA
GCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGRRAGGTTGGGCTTCG
GAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGC
CCACCCCAACTTCTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCApA

AATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGT TTGTY




US 2014/0112895 Al

GLP-1 PROMOTER MEDIATED INSULIN
EXPRESSION FOR THE TREATMENT OF
DIABETES

FIELD OF THE INVENTION

[0001] Insulin gene therapy is one of many envisioned
alternative treatments of diabetes. Diabetes gene therapy
would be possible if insulin could be produced in a regulated
and specifically in a sensitive manner dependent on the blood
glucose level. Therefore, the present invention relates to a
method for the isolation of GLP-1 expressing cells (L cells),
to nucleic acids sequence construction or vectors useful for
isolating GLP-1 expressing cell and to the GLP-1 expressing
cells isolated therewith. Furthermore, the invention relates to
a method of nucleic acids sequence construction or vectors
under the control of the GLP-1 promoter expressing insulin in
a recombinant GLP-1 expressing cell line. The cells of the
present invention are particular useful for the treatment of
diabetes and may be used in a gene therapy approach to treat
diabetes and other disorders related to the nutrient metabo-
lism.

BACKGROUND OF THE INVENTION

[0002] Diabetes is in the top 10, and perhaps the top 5, of
the most significant diseases in the developed world. For at
least 20 years, diabetes rates in North America have been
increasing substantially. In 2005 there were about 20.8 mil-
lion people with diabetes in the United States alone. Accord-
ing to the American Diabetes Association, there are about 6.2
million people undiagnosed and about 41 million people that
would be considered prediabetic (American Diabetes Asso-
ciation., 2006). As in Malaysia, prevalence of known diabet-
ics accounted for 1.2 million from the population (Malaysian
Diabetes Association., 2007).

[0003] Achieving normal or near-normal circulating glu-
cose levels is the primary goal of diabetes therapy. For those
with Type 1 diabetes (in most cases) and some Type 2 diabetes
(in their progressing stage) who can no longer make insulin,
insulin replacement therapy is essential for treatment. The
current standard of diabetes care for Type 1 diabetics includes
orally delivered drugs and subcutaneous insulin injections
(Tanya et al., 2001; Fowler, 2008). Insulin was initially pre-
pared by isolation from animal pancreatic tissue, but it was
not effective solution because of immunogenicity of animal
insulin. Now insulin is prepared through recombinant DNA
techniques using microorganisms. Use of recombinant insu-
lin has decreased the immunogenicity of animal insulin, but
factors such as multiple daily subcutaneous injections espe-
cially in precise and fixed quantities, frequent glucose moni-
toring and dietary restrictions care tiresome causes a heavy
burden on diabetic patients (many of whom are very young)
and their families.

[0004] Ideal glucose levels are rarely attainable in patients
requiring insulin injections and this could lead to complica-
tions and other disorders as side effects for instance renal
failure, diabetic ulcers and adult blindness (Peeples et al.,
2007) not to mention short term acute complication such as
hypoglycemia, Diabetic ketoacidosis and Hyperosmolar non
ketotic coma. Long-term and short term complications of
diabetes can be prevented if glucose can be maintained at
normal level at all time. According to the Juvenile Diabetes
Foundation however; every patient spends about $500,000 on
diabetes management and treatment of diabetes-related com-
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plications during their life. Thus, diabetes mellitus is an
important public health issue in terms of disease incidence,
morbidity and mortality, as well as financial impact (public
and personal) (Tanya et al 2001; Johnson et al., 2008).
[0005] For quite sometimes, pancreas transplants studies
have been aimed to cure insulin-dependent diabetes mellitus
(IDDM). Therefore, islet replacement strategies have become
increasingly attractive options for patients at risk for severe
diabetic complications. A major limitations of this approach
however are the small number of organs available for trans-
plantation or islet isolation, the relative scarcity of organs
donors and the risks of major surgery (which is even higher in
diabetic patients), graft rejection and (if successful) subse-
quent requirement for immunosuppressive therapy (Hal-
vorsen et al., 2001). Thus, an important next step in develop-
ing curative treatments for diabetes will be the generation of
asource of glucose-responsive and insulin-secreting cells that
can be used for beta cell replacement.

[0006] Gene therapy has been highlighted as the most
promising technology of the 21st century. Previous attempts
by researchers worldwide for insulin gene therapy have
largely concentrated on the manipulation of liver cells (Ruian
et al., 2003). Genetic engineering of ectopic insulin produc-
tion and secretion in antilogous non beta-cells is tested in
different tissues including liver, muscle, pituitary-hepatopoi-
etic, stem cells, fibroblasts and exocrine glands of gas-
trointestinal tract (Halvorsen et al. 2001. Creusot et al. 2004).
[0007] Another approachin gene therapy was to express the
insulin gene from a glucose-responsive promoter (Mitanchez
et al., 1997). In previous study, insulin expression was con-
sidered by proopiomelanocontin (POMC) promoter into
murine intermediate pituitary lobe cells (Lipes et al., 1996)
and by SV40 early promoter into AtT20 cell line (derived
from the mouse anterior pituitary) (Moore et al., 1983). The
result from these studies showed that pituitary cells efficiently
secrete fully processed, mature insulin via a regulated secre-
tory pathway, similar to islet § cells. However, insulin secre-
tion was not glucose-regulated. Transfection of the GLUT-2
glucose transporter gene into insulin expressing AtT20 cells
did result in glucose-stimulated insulin secretion, but maxi-
mal insulin secretion occurred at subphysiological glucose
concentrations, again incurring risk ofhypoglycemia (Davies
etal, 1998).

[0008] A more advanced strategy is to start with cells that
already have a regulated secretory pathway amenable to insu-
lin storage and secretion. Incretin hormones for instance Glu-
cose-dependent insulinotropic peptide (GIP) and glucagons-
like peptide-1 (GLP-1) which was produced by the
enteroendocrine (EE) cells play important roles in regulating
and integrating many aspects of gastrointestinal and animal
physiology (Sjolund et al 1983). Since GIP is secreted by gut
K-Cells with a temporal pattern and in response to similar
nutrients as insulin secretion by islet -cells, it has been
proposed that engineering gut K-Cells to produce insulin is a
potential gene therapy to treat diabetes. To begin to test this
hypothesis, GIP-producing cell lines were established and
engineered. This cell line expressed the human insulin gene
that linked to the downstream of the GIP promoter (GIP/Ins
cells). Like K Cells in vivo, GIP/Ins cells expressed both
insulin and GIP in response to the GIP secretagogues argin-
ine, bombesin, and protein hydrolysates (Cheung et al., 2000;
Ramshur et al., 2002).

[0009] Glucagon-like peptides-1 (GLP-1) is a product of
gut L-cells located in the distal small intestine and released in
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the circulation in response to the nutrient ingestion and plays
multiple roles in metabolic homeostasis following nutrient
absorption (Baggio et al., 20001. Glucose, protein hydroly-
sates, specific amino acids, and fat are the major nutrients that
stimulate GLP-1 release. In addition, it has reported that
murine L cells (GLUTag) that were transfected by recombi-
nant insulin gene, efficiently expressed insulin protein (Bara
et al. 2008). Therefore. L cells same as K cells are sensitive
towards glucose level in intestine and are able to process
proinsulin to mature insulin.

[0010] Diabetes mellitus is a syndrome characterized by
abnormally high blood glucose (hyperglycemia) and a disor-
dered metabolism. Additional symptoms of diabetes mellitus
include excessive thirst, glycosuria, polyuria, lipidemia and
hunger (Watkins et al., 2003). The two principal forms of
diabetes mellitus are known as types 1 and 2; Insulin-depen-
dent diabetes mellitus, IDDM (more commonly referred to as
type 1 diabetes) is the result of autoimmune destruction of the
p-cells of pancreas. Non-insulin-dependent diabetes melli-
tus, NIDDM (more commonly referred to as type 2 diabetes)
can result from genetic defects that cause both insulin resis-
tance and insulin deficiency (Crofford et al., 1995). So basi-
cally, disorder in the insulin function is the main cause of
Diabetes Mellitus.

[0011] In mammals, insulin is synthesized in the pancreas
within the beta cells (p-cells) of the islets of Langerhans.
Insulin is a hormone that causing liver cells to uptake glucose
and store it in the form of glycogen. In addition, adipose
tissues and skeletal muscle are stimulated by insulin to utilize
blood glucose and storage of triglyceride in adipose tissue.
Moreover, insulin regulates the synthesis of many genes that
affect on metabolic pathway. Therefore the major metabolic
derangements which result from insulin deficiency in IDDM
are impaired glucose, lipid and protein metabolism (Crofford
etal., 1995; Dodson et al., 1998).

[0012] The major goal of therapeutic intervention in type 1
diabetes is to reduce circulating glucose levels, which can be
accomplished through several approaches, aimed at diabetes
treatment. Thus, the survival and quality of life of patients
with type 1 diabetes is completely dependent on the fluctua-
tions of their blood glucose levels (Peek et al., 2007).

[0013] Insulin gene therapy is one of alternative treatment
of'type 1 diabetes (IDDM). Engineering non-pancreatic cells
to produce insulin in response to a glucose load can be a
successful approach in the treatment of diabetes (IDDM). But
previous attempts on the manipulation of different cells have
failed, because those cells do not have the ability to store
hormones (Ruian et al., 2003, Halvorsen et al., 2001). Fur-
thermore, studies have shown that expression of insulin gene
with other promoters displayed transcriptional repression
whereby they are not able to quench insulin production or
secretion rapidly enough, again increasing the risk of
hypoglycemia (Mitanchez et al., 1997). To achieve the right
approach of treatment, it needs special promoter that can
direct the expression of insulin in temporary manner and also
be sensitive to glucose level.

[0014] Enteroendocrine (EE) cells are a complex popula-
tion of diffusely distributed hormone producing intestinal
epithelial cells. These hormones play important roles in regu-
lating and integrating many aspects of gastrointestinal and
animal physiology (Mutoh et al., 2000). There are more than
30 peptides currently identified as being expressed within the
digestive tract. Although EE cells represent less than 1% of
the intestinal epithelial cells, they represent the largest endo-
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crine organ in the body. The regulatory peptides synthesized
by the gut include hormones, peptide neurotransmitters and
growth factors (Schonhoff et al., 2004).

[0015] Glucose-dependent insulinotropic peptide (GIP)
and glucagon-like peptide-1 (GLP-1) are two of many EE
cell-derived hormones that constitute the class of molecules
referred to as the incretins. Incretins are molecules associated
with food intake-stimulation of insulin secretion from the
pancreas. GIP and GLP-1 have significant effects on insulin
secretion and glucose regulation (Deacon et al., 2005).
[0016] GLP-1 is derived from the product of the glucagon
gene. This gene encodes a preprotein that is differentially
cleaved dependent upon the tissue in which it is synthesized.
In the gut, prohormone convertase enzyme leads to release of
GLP-1. Upon nutrient ingestion, GLP-1 is secreted from
intestinal enteroendocrine L-cells that are found predomi-
nantly in the ileum, colon, duodenum and jejunum. The pri-
mary physiological responses to GLP-1 are inhibition of glu-
cagon secretion and inhibition of gastric acid secretion and
gastric emptying. The latter effect will lead to increased sati-
ety with reduced food intake along with a reduced desire to
ingest food. The action of GLP-1 at the level of insulin and
glucagon secretion results in significant reduction in circulat-
ing levels of glucose following nutrient intake. Other major
responses to the actions of GLP-1 include pancreatic (3-cell
proliferation and expansion concommitant with a reduction
of p-cell apoptosis (death) (Fehmann et al., 1995; Deacon et
al., 2005).

[0017] GLP-1 hormones respond to changes in the concen-
trations of lumenal nutrients but are refractive to changes in
the levels of nutrients in the blood (Fehmann et al. 1995).
GLP-1 secretion is under nutritional, hormonal and neuronal
control. It is released into the circulation immediately after
ingestion of a meal. GLP-1 potentiates insulin secretion fol-
lowing binding to receptors on islet p-cells (Hansotia et al.,
2005). Therefore these hormones express insulin similar to
the normal physiological induction as the insulin produced by
the healthy pancreas.

[0018] In view of the major drawbacks of the background
art as cited above it was an object of the present invention to
provide novel means for the treatment of diseases related to
irregular glucose or insulin levels, in particular for the treat-
ment of diabetes I or II, obesity or other disorders related to
nutrient metabolism in a subject requiring such a treatment. In
this regard the present invention intends in a first aspect to
solve the problem of providing novel GLP-1 expressing cells
from a heterogeneous population of cells (STC-1). In a sec-
ond aspect, the invention intends to provide novel construct to
express insulin endogenously (preferably in gut cell) mim-
icking the normal physiological induction of insulin secretion
for gene therapy use that may constitute a new therapeutic
route for tackling diseases such as diabetes.

SUMMARY OF THE INVENTION

[0019] The above problem is solved in a first aspect by a
method for the isolation of GLP-1 expressing cells, compris-
ing the steps of

a. providing a nucleic acid construct comprising the GLP-1
promoter sequence operable linked to an antibiotic resistance
marker gene,

b. introducing said nucleic acid construct into a population of
cells suspected to contain GLP-1 expressing cells,

c. culturing the cells of b. in the presence of the antibiotic
corresponding to the antibiotic resistance marker gene,
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d. selecting a cell clone which shows resistance to the antibi-
otic, and

e. optionally, confirming the expression of GLP-1 in the
selected cell clone.

[0020] Inthis study, the GLP-1 promoter was used to deter-
mine its efficacy in governing the expression of insulin in vivo
and in vitro in a recombinant cell line model. In addition pure
L cells were extracted from a heterogeneous population of
STC-1 cells to provide means for an insulin gene therapy in
the gut cells. Since GLP-1 is secreted from L-cells in a tem-
poral pattern similar to insulin and also responds to nutrients
comparable to insulin secretion by islet f§-cells, it is proposed
that engineering gut L. Cells to produce insulin is a potential
new route for gene therapy to treat diabetes. The present
invention introduces a plasmid vector capable of expressing
the insulin gene under the control of the GLP-1 promoter.
This construct can be useful for the treatment of diabetes and
other hyperglycemic disorders. The invention also provides
an L cell line that is useful for studying intestinal cells physi-
ology and activities.

[0021] The term “operable linked” describes in the context
of the present disclosure that nucleic acid sequences which
are intended to be “operable linked” are connected such that
the functional features of their sequence perform their bio-
logical function when introduced into a cell. For the present
case a promoter sequence is “operable linked” to a nucleic
acid sequence, for example a gene sequence or in particular an
open reading frame (ORF), when the promoter is sufficient to
induces the expression of said gene sequence. This is the case
if the promoter sequence is placed upstream of the five prime
region of the gene that is intended to be expressed under the
control of said promoter. The person of skill in the relevant art
is well acquainted with the requirements of the expression of
a gene and therefore can easily combine a promoter sequence
with a target sequence in order to allow the targets sequence
expression under the control of said promoter.

[0022] The expression vector containing a recombinant
gene for a polypeptide constructs or a fusion protein con-
struct, for example of insulin, allows the expression of the
recombinant gene in gut cells. Such an expression vector
incorporates the recombinant gene, preferably insulin (FIG.
15), and vector features such as the appropriate regulatory
DNA sequences for transcription and translation, for pheno-
typing and to allow a temporal or other control of the expres-
sion. Further features may relate to RNA binding and post-
expression manipulation of the expressed product.

[0023] Forthe present invention, the most important expect
is the GLP1 promoter being used as a regulatory sequence
that governs the expression of the recombinant gene—pref-
erably human insulin in temporary manner.

[0024] The expression vector generally will include struc-
tural features such as a promoter (of GLP-1), an operator, a
regulatory sequence and a transcription termination signal.
The expression vector can be synthesized from any base
vector that is compatible with the host cell or higher organism
and will provide the foregoing features. The regulatory
sequences of the expression vector will be specifically com-
patible or adapted in some fashion to be compatible with the
eukaryotic host cells. Post-expression regulatory sequences,
which cause secretion of the polypeptide construct, can be
included in the eukaryotic expression vector. It is especially
preferred that the expression vector exhibit a stimulatory

Apr. 24,2014

effect upon the host cell such that the polypeptide construct is
overproduced relative to the usual biosynthetic expression of
the host.

[0025] In one embodiment of the herein described inven-
tion the GLP-1 expressing cells are L. cells, in particular
intestinal L cells. Further encompassed are preferred embodi-
ments, wherein a population of cells suspected to contain
GLP-1 expressing cells is derived from the mammalian intes-
tine, preferably from an endocrine tumor of the intestine,
most preferably the population is a heterogeneous population
of STC-1 cells.

[0026] Another embodiment relates to a method according
to the invention, wherein the antibiotic is selected from the
group comprising zeocin or geneticin (neomycin). A variety
of other selectable markers can be incorporated into the target
cells of the invention. For example, a selectable marker which
confers a selectable phenotype such as drug resistance, nutri-
tional auxotrophy, resistance to a cytotoxic agent or expres-
sion of a surface protein, can be used. Selectable marker
genes which can be used include neo, gpt, dhft, ada, pac, hyg
and hisD. The selectable phenotype conferred makes it pos-
sible to identify and isolate recipient target cells.

[0027] Further preferred is in another embodiment a
method according to the invention, wherein the GLP-1 pro-
moter is the rat GLP-1 promoter, preferably the promoter
comprises the sequence according to FIG. 15.

[0028] Inasecond aspect the problem of the present inven-
tion is solved by a population of cells isolated by a method
according to the herein above described inventive method.

[0029] In a third aspect the problem is solved by a nucleic
acid comprising the sequence of the GLP-1 promoter oper-
able linked to an antibiotic resistance marker gene, in particu-
lar zeocin or geneticin (neomycin). The person of skill in the
relevant art is aware of further resistance marker genes which
may be used in the context of the present invention. Therefore
other antibiotics known in the art are encompassed by the
present invention as well.

[0030] A next embodiment of the above third aspect of the
invention relates to a nucleic acid comprising the sequence of
the GLP-1 promoter operable linked to the insulin gene, in
particular mammalian insulin, for example the human insulin
gene according to the sequence of FIG. 16.

[0031] Yet another embodiment relates to a nucleic acid
according to the invention, wherein the GLP-1 promoter is a
sequence derived from a mammalian GL.P-1 gene, such as a
mouse, rat or human GLP-1 gene, for example a GLP-1
promoter comprising the sequence according to FIG. 15.

[0032] One embodiment is directed to a nucleic acid
according to the invention, which is further comprising an
antibiotic resistance marker gene.

[0033] Ina fourth aspect the problem of the present inven-
tion is solved by an expression vector comprising the nucleic
acid of the invention. Such an expression vector is preferably
a mammalian expression vector, more preferably a human
expression vector.

[0034] In a fifth aspect the inventive solution of the posed
problem relates to a cell transformed with the nucleic acid
according to the described invention or an expression vector
as described herein above. According to the invention, the cell
is a mammalian cell, preferably a mouse, rat or human cell,
for example the cell is derived from the gut and is preferably
an intestine L cell.
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[0035] A sixth aspect solves the above problem by a
method for the expression of insulin in a cell, comprising the
steps of

a. providing a nucleic acid construct comprising the sequence
of'the GLP-1 promoter operable linked to the sequence of the
insulin gene,

b. introducing said nucleic acid construct into a target cell.
[0036] By the above method insulin, preferably human
insulin, is expressed under the control of the GLP-1 promoter.
Full length Insulin is preferred for the purpose of the inven-
tion. Therefore, by the above method, target cells can produce
insulin, or functional equivalents thereof, upon the natural
stimuli of the GLP-1 system.

[0037] In a further embodiment the method for the expres-
sion ofinsulin in a cell according to the invention is preferred,
wherein the target cell is a GLP-1 expressing cell, preferably
a cell derived from the intestine, more preferably an intestine
L cell, most preferably said target cell is a cell isolated by a
method according to the above described embodiments of the
invention.

[0038] Cells to be transfected in order to produce insulin
can be obtained from gut cells. For example, primary and
secondary cells which can be transfected by the present
method. In particular preferred for the invention are L cells of
the gut.

[0039] Encompassed by the embodiments of the present
invention are further the above disclosed methods which are
preferably in-vitro or ex-vivo methods. In one embodiment
the cells of the invention are not human embryonic stem cells.
[0040] In aseventh aspect the invention relates to a method
of producing an insulin expressing cell, wherein the method
comprises the steps of method for the expression of insulin in
a cell as described herein above, and a cell produced there-
with.

[0041] In an eighth aspect the invention relates to a method
oftreatment of a subject suffering from a disease related to the
blood insulin level or blood glucose level, the method com-
prising administering to a patient a therapeutically effective
amount of a nucleic acid or an expression vector or a cell
according to the embodiments of the herein described inven-
tion.

[0042] In another embodiment the treatment according to
the invention is directed to a disease related to the blood
insulin level or blood glucose level, such as classical hyper-
glycemia, wherein the disease is selected from the group
consisting of diabetes I, diabetes I, and/or obesity.

[0043] A variety of modes of administration are effective in
systemic treatment, such as injection, including intravenous,
intramuscular, subcutaneous, and intraperitoneal injection;
transmembrane or transdermal administration, using suitable
suppositories or sprays; and, if properly formulated, oral
administration. Suitable excipients for injection include vari-
ous physiological buffers, such as Hank’s solution and Ring-
er’s solution; suitable transmembrane or transdermal formu-
lations contain penetrants such as bile salts or fusidates; and
typical oral formulations contain protective agents which
inhibit the digestion of the active ingredient. Also available
are various slow-release formulations involving macromo-
lecular matrices such as pyrrolidones and methylcellulose.
Alternate drug delivery systems include nanoliposomes, chi-
tosan and other nanocarriers

[0044] The herein described embodiments of the invention
are in particular useful for a gene therapy for the treatment of
diabetes. The inventive methods, nucleic acids, vectors and
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cells may be used in order to provide a patient with cells
expressing insulin under the control of the GLP-1 promoter.
[0045] While the present invention has been described with
specificity in accordance with certain of'its preferred embodi-
ments, the following examples serve only to illustrate the
invention and are not intended to limit the invention within the
principles and scope of the broadest interpretations and
equivalent configurations thereof.

DESCRIPTION OF THE DRAWINGS

[0046] This invention will be described and understood
when read with reference to the accompanying drawings, in
which:

[0047] FIG. 1: shows the Glu.BS plasmid map and the
restriction sites position.

[0048] FIG. 2: shows the pJET1.2 cloning vector map and
the multiple cloning sites

[0049] FIG. 3: shows the Ins/pJET and the GLP-1pro/pJET
plasmid map and the position of restriction sites

[0050] FIG. 4: shows the features of pPBudCFE4.1 vector and
the restriction sites position

[0051] FIG. 5: shows the features of pBud (promoter EF
less) vector and the restriction sites position

[0052] FIG. 6: shows Ins/pbud (A) and GLP-1/Ins/pbud (B)
plasmid map and the position of restriction sites

[0053] FIG. 7: shows the positions of primers used for
sequencing of GL.P-1/Ins/pbud plasmid

[0054] FIG. 8: shows Neo/pJET (A) and Neo/pBlu (B)
plasmid map and the position of restriction sites

[0055] FIG. 9: shows pBluescript I SK (+) cloning vector
map and the multiple cloning sites sequences

[0056] FIG. 10: shows GLP-1-Ex/pJET (A) and GLP-1/
Neo/pBlu plasmid map and the position of restriction sites
[0057] FIG. 11: shows the positions of primers used for
sequencing of GL.P-1/Neo/pbud plasmid

[0058] FIG. 12: shows the result of RT-PCR for confirma-
tion of extracted L cell line. 5 L cell clones that were trans-
fected by GLP-1/Neo/pBlu plasmid were considered for RT-
PCR analysis. Lines 2-6 are the results of RT-PCR by p-actin
primers and lines 8-11 are the results of RT-PCR by GLP-1
primers. The first line is 100 bp DNA ladder.

[0059] FIG. 13: shows the result of immunohistochemistry
analysis. The arrows indicate the L. cells that express human
insulin. The left-up picture is the cells that were observed by
DAPI filter (that indicate nucleus of the cells and right-up
picture is the same position with FITC filter. The down picture
is the combine of two previous pictures (DAPI and FITC
filter).

[0060] FIG. 14: shows the result of immunohistochemistry
analysis. The arrows indicate the L. cells that express human
insulin. The left-up picture is the cells that were observed by
DAPI filter (that indicate nucleus of the cells and right-up
picture is the same position with FITC filter. The down picture
is the combine of two previous pictures (DAPI and FITC
filter).

[0061] FIG. 15: shows the Sequence of Rat GLP-1 Pro-
moter from gene bank (refINW__047655.1; SEQ ID No: 1).
The primers forward and reverse that were used for PCR
amplification are highlight.

[0062] FIG.16: shows the Sequence of Human Insulin gene
from gene bank (refING_007114.1; SEQ ID No: 2). The
primers forward and reverse that were used for PCR amplifi-
cation are highlight
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[0063] FIG. 17: shows the sequence of Neomycin resistant
Gene from pcDNA3 vector (SEQ ID No: 3.) The primers
forward and reverse that were used for PCR amplification are
highlight

DETAILED DESCRIPTION OF THE INVENTION

GLP-1 Promoter

[0064] The GLP-1 promoter (glucagon) was obtained from
the rat genomic sub clone Glu.BS plasmid containing the
glucagon promoter (-2300 bp), the first exon and 100 bp of
first intron of the rat glucagon gene in the pBS-SK+ (pBlu-
script phagemid vector) (FIG. 1). The Glu.BS plasmid was
used as a source for the GLP-1 promoter sequence (Gosmain
etal., 2007).

[0065] Previous studies demonstrated that ~2300 bp frag-
ment of rat proglucagon sequence is essential for the expres-
sion of GLP-1 gene in intestinal L cell (Jin et al., 1995). The
sequence of rat glucagon was checked on gene bank
(refINW__047655.1) (Appendix 1). A fragment of rat proglu-
cagon gene (pro Glu) was amplified from Glu.BS plasmid by
PCR. Table 1 shows the sequences of primers and the position
ofrestriction sites. Spe I (-2214) and Hind II1 (+77) sites were
included on the upstream and downstream primers, respec-
tively to facilitate subsequent cloning.

TABLE 1

Sequences and the position of restriction site
of GLP-1 primers

Primers
ProM-F 5' AT GAG AAA GCT TGT AGA CAG GTG GAG 3!
Hind III
ProM-R 5' AC AAC ACT AGT GCT TCC AGT CAA ACC 3!
Spe I

The Insulin Gene

[0066] Thehuman insulin gene was obtained from a human
genomic DNA. The genomic DNA was extracted from human
blood by manual method. The sequence of human insulin was
checked on gene bank (refING_007114.1) (Appendix 2).
Based on previous studies, about 1800 bp of insulin gene
constitutes of introns, exons and other fragments that are
needed for insulin expression.

[0067] The fragment of human insulin gene was amplified
by PCR from human genomic DNA. The sequences of prim-
ers and the position of restriction site are showed in the table
2. The Sal I (+18) and BamH I (+1844) restriction sites were
designed upstream and downstream of primers to facilitate
subsequent cloning.

TABLE 2

Sequence of forward and reverse primers to
amplify insulin gene
Primers

InsCo-F 5' AA GTT GTC GAC AGG CTG CAT CAG AAG 3!
Sal I

InsCo-R 5' A TAG GAT CCA CAG GGA CTC CAT CAG 3!
Bam H I
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Purification of PCR Products

[0068] Following amplification, PCR products (GLP-1
promoter and insulin gene) were purified from agarose gel to
omit undesired bands, primer dimmers and leftover of PCR
mixture by DNA Gel Extraction kit.

Ligation with pJET1.2 Cloning Vector

[0069] Pure PCR products (GLP-1 promoter and Insulin
gene) were sub-cloned into the pJET1.2 cloning vector. The
pJET1.2 cloning vector is an advanced positive selective sys-
tem for the highest efficiency cloning of PCR products. Addi-
tionally, this system increases the effectiveness of restriction
enzyme activity by creating enough space to be placed on the
restriction sites. Moreover, sequencing of PCR products are
more convenient in the plasmid form. This vector contains a
lethal gene, which is disrupted by ligation of a DNA insert
into the cloning site. As a result, only cells with recombinant
plasmids are able to propagate (FIG. 2). The recombinant
plasmids are named GLP-1pro/pJET (GLP-1 promoter inside
the pJET1.2 cloning vector) and Ins/pJET (Insulin gene
inside the pJET1.2 cloning vector) (FIG. 3).

Transformation into TOP-10

[0070] The ligation products (GLP-1pro/pJET and Ins/
pJET) were transformed into the bacteria competent cells by
head shock method to amplify plasmids construct (FIG. 3).
The E. coli strain TOP-10 was employed as bacterial host for
propagation of plasmid in whole project. Competent bacterial
cells were prepared by treating the cell with a divalent cation
like calcium chloride. The pJET1.2 cloning vector includes
Ampicillin selectable marker (antibiotic resistance markers)
that allows only cells that receive recombinant vector, grow in
the selective medium. Nevertheless, these selection steps did
not absolutely guarantee that the DNA insert was present in
the cells. Further investigations of the resulting colonies were
performed to confirm that cloning was successful. These were
accomplished by means of restriction mapping analysis and
DNA sequencing.

Plasmid Extraction

[0071] Some single colonies randomly chose and were cul-
tured on the selective medium to grow overnight. Recombi-
nant plasmids were isolated from the bacterial by plasmid
miniprep kit for further analysis. The size of GLP-1pro/pJET
is about 5265 bp and Ins/pJET is about 4800 bp (FIG. 3).

Restriction Mapping Analysis

[0072] Ins/pJET plasmid were digested by Sal I and BamH
I restriction enzymes and GLP-1 pro/pJET plasmid were cut
by Spe I and Hind III restriction enzymes to examine the
correctness of the plasmid structure. Consequence of Ins/
pJET plasmid digestion with Sal I and BamH I, were two
fragments, insulin gene with the size of 1826 bp (insert) and
linear pJET1.2 cloning vector with the size 0 2974 bp (vec-
tor). In addition, consequence of GLP-1 pro/pJET plasmid
digestion with Spe [ and Hind I1I were two fragments, GLP-1
promoter with the size of 2291 bp (insert) and linear pJET1.2
cloning vector with the size of 2974 bp (vector). Only the
colonies that produce these fragments during digestion analy-
sis were selected for next experiments.

Sequencing

[0073] Random colony samples which have gone through
extraction of Ins/pJET and GLP-1 pro/pJET plasmid were
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sent for sequencing analysis to confirm the correctness of
nucleotides sequence of insulin gene and GLP-1 promoter.
The results of sequencing were compared with sequence of
rat GLP-1 promoter and human insulin gene in gene bank
database (refINW__047655.1 and refING_007114.1) (Ap-
pendix 1, 2).

Construct GLP-1/Ins/pbud Plasmid

[0074] To construct GLP-1/Ins/pbud plasmid, the
pBudCE4.1 was employed as cloning vector. The pBudCE4.1
vector was designed for simultaneous expression of two
genes in mammalian cell line. The vector contains the two
promoters (CMV and EF-la promoter) and two multiple
cloning sites that allow independent expression of two recom-
binant proteins. The pBudCE4.1 includes Zeocin resistant
gene for selection in E. coli as well as serves to create stable
mammalian cell line. Most E. coli strains are suitable for the
growth of this vector including TOP-10 and DH5a (FIG. 4).
[0075] It should be noted that, CMV promoter and EF-1a
promoter was eliminated in the new construct development,
because the aim of the project is to study of GLP-1 promoter
ability to express insulin gene, so to avoid complication and
confusion with the GLP-1 promoter, promoters of the vector
were deleted. Therefore, EF-1a promoter was omitted com-
pletely and CMV promoter was replaced with GLP-1 pro-
moter.

[0076] In order to omit EF-1a promoter, the pBudCE4.1
vector was digested with Nhe I and Not I restriction enzymes.
Next, pBud vector band was purified from agarose gel to omit
undesired bands (EF-1a promoter) as well as any leftover
mixture of digestion by DNA Gel Extraction kit. The pBud
vector (“pBud pro EF less”) which now has lost its EF-1a
promoter has two different sticky ends that are not able to
match with each other because it was digested by two differ-
ent restriction enzymes. In order to construct the circle vector,
the “pBud pro EF less” fragment was treated by Klenow
Fragment enzyme to make blunt ends. The blunt ends facili-
tate subsequence ligation in order to recircle the vector (FIG.
5).

[0077] The treated fragment was ligated by T4 DNA ligase
enzyme to attach the two blunt ends with each other and make
circle “pBud pro EF less” vector (FIG. 5). This new vector
was employed in producing GLP-1/Ins/pbud plasmid.

Construct GLP-1/Ins/pbud Plasmid

[0078] The insulin gene and GLP-1 promoter were inserted
into the “pBud pro EF less” vector in two steps. At first, the
Ins/pJET plasmid (containing Human Insulin gene) and
“pBud pro EF less” vector were digested by suitable restric-
tion enzymes (Sal I and BamH ) to create insulin gene (in-
sert) and linear pBud vector with same sticky ends. These
digested fragments were purified from gel electrophoresis by
Gel DNA Recovery Kit to omit undesired fragments. Insert
(insulin) and vector (pBud pro EF less) were ligated to con-
struct Ins/pbud plasmid include insulin gene in the Sal I and
BamH Isite (FIG. 6A). The ligation product was transformed
into the E. coli strain TOP-10 as host bacterial for propagation
of plasmid.

[0079] Single colonies obtained from Ins/pbud plasmid
transformation process were extracted to check the correct-
ness of plasmid content. In this order, some single colonies
were randomly selected to extract their plasmid. The plas-
mids were digested by Sal I and BamH I restriction enzymes.
The plasmids that contain insulin gene had two fragments on
the gel that were the same size in compare with the insert
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(insulin gene 1826 bp) and vector (pBud pro EF less vector
3400 bp).

[0080] In the second step, GLP-1 promoter was inserted to
the Ins/pbud plasmid in such a manner that it was placed
upstream of the insulin gene (FIG. 6B). In this case, the
GLP-1pro/pJET plasmid (containing rat GLP-1 promoter,
FIG. 3) and Ins/pbud were digested with Spe I and Hind III
restriction enzymes to generate GLP-1 promoter fragment (as
insert) and linear Ins/pbud fragment (as vector) with sticky
ends. These digested fragments were purified from gel elec-
trophoresis by Gel DNA Recovery Kit to omit undesired
fragments. Insert (GLP-1 promoter) and vector (Ins/pbud
plasmid) were ligated to construct GLP-1/Ins/pbud plasmid
include GLP-1 promoter in the Spe I and Hind I sites and
insulin gene in the Sal I and BamH I sites (FIG. 6B). The
ligation product was transformed into the £. coli strain TOP-
10 as host bacteria for propagation of plasmid.

[0081] The accomplishment of GLP-1/Ins/pbud plasmid
transformation was examined by analyzing several single
colonies. In this order, some colonies randomly were selected
to extract their plasmid. The plasmids were digested by Spe |
and Hind III restriction enzymes. The correct plasmids have
two fragments on the gel that were the same size in compare
with the insert (GLP-1 promoter 2291 bp) and vector (Ins/
pbud plasmid 4790 bp).

[0082] One sample from extraction of GLP-1/Ins/pbud
plasmid was sent for sequencing analysis to confirm the cor-
rectness of nucleotides sequence of insulin gene and GLP-1
promoter. The positions of primers that used for sequencing
of GLP-1/Ins/pbud are showed in FIG. 7 and the sequences of
primers are listed in table 3. The results of sequencing were
compared with sequence of rat GLP-1 promoter and human
insulin gene in gene bank database (refINW__047655.1 and
refING_007114.1) (Appendix 1, 2).

TABLE 3

The sequence of primers that used for sequencing
of GLP-1/Ins/pbud plasmid
Primers for sequencing of GLP-1/Ins/pbud

ProM-R 5' AC AAC ACT AGT GCT TCC AGT CAA ACC 3!
LP-V 5' G ACG TCA AAA TTC ACT TCA GAG AGC 3!
LPC-F 5' G CTA AAT CTG GGT GTC CAA GTG 3'
LPC-R 5' A AGC TCC ATG TCC ACC AGT TAG 3'

InsCo-R 5' A TAG GAT CCA CAG GGA CTC CAT CAG 3'
INC-F 5' CT CAC GGC AGC TCC ATA GTC 3!

INC-R 5' TGT TCC ACA ATG CCA CGC TTC 3!

Construct Plasmid for L Cell Selection

Neomycin Gene

[0083] Suitable selected marker for mammalian cell line is
needed to be expressed under GLP-1 promoter to extract L
cells from heterogeneous population of STC-1 cell line. In
this order, neomycin resistant gene causing resistance against
geneticin antibiotic in mammalian cell line was placed down-
stream of the GLP-1 promoter in the new constructs. After
transfection of the STC-1 cell line with plasmid containing
neomycin resistant GLP-1 promoter, the cells only could
determine GLP-1 promoter (L cell respectively) and express
neomycin resistant protein were able to survive under gene-
ticin antibiotic treatment condition.
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[0084] The neomycin resistant gene was amplified from
pcDNA3 plasmid by PCR with two specific primers that
include restriction enzyme sites (EcoR I and Xba I respec-
tively) to facilitate subsequent cloning (Table 4) (Appendix
3). The PCR product with 1202 bp fragment was purified
from agarose gel to omit undesired bands, primer dimmers
and leftover PCR mixture. Pure PCR product was sub-cloned
into the pJET1.2 cloning vector to construct Neo/pJET plas-
mid (FIG. 8A). The ligation product was transformed into the
E. coli strain TOP-10 competent cells to amplify new con-
struct.

TABLE 4
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of sequencing were compared with neomycin resistant gene
in gene bank database (ACCESSION EF550208).

PCR GLP-1 with New Primers

[0090] To construct the GLP-1/Neo/pblu plasmid, GLP-1
promoter was placed upstream of neomycin gene in the EcoR
I and Xho I restriction sites. In this order, GLP-1 was ampli-
fied with other primers include EcoR I and Xho I restriction
enzyme sites. Sequences of forward and reverse primers to
amplify GLP-1 promoter are showed in the table 5. Primers
include EcoR I and Xho I restriction enzyme sites.

TABLE 5

Sequence of forward and reverse primers to amplify
neomycin resistant gene
Primers

Sequence of forward and reverse primers to
amplify GLP-1 gene
Primers

NEc-F 5' GA ATT CCA GAA GTA GTG AGG AGG 3!
EcoR I

NXb-R 5' T CTA GAT ACA TTG ATG AGT TTG GAC 3'
Xba I

LP-F 5' G AAT TCG AGC TGA GAG GAG GTG TAG 3!
EcoRI

LP-R 5' C TCG AGA TAC CTG CCT ACC ACT GTC 3!
XhoI

[0085] The Neo/pJET plasmid was digested by EcoR I and
Xba I restriction enzymes. Consequence of Neo/pJET plas-
mid digestion was neomycin resistant gene with size of 1202
bp (insert) and pJET1.2 cloning vector with size of 2974 bp
(vector). For confirmation, one sample from extraction of
Neo/pJET plasmid was sent for sequencing analysis to check
the correctness of nucleotides sequence of neomycin resistant
gene. The result of sequencing was compared with sequence
of neomycin resistant gene in pcDNA3 plasmid sequence
(ACCESSION EF550208). The single colony that had correct
structure and sequence was selected for next experiment.
Insertion of Neomycin Gene into the pBluescript Plasmid:
[0086] The pBluescript Il phagemid (plasmid with a phage
origin) is cloning vector designed to simplify commonly used
cloning procedure. This vector has an extensive polylinker
with unique restriction enzymes to facilitate insertion of new
fragments (FIG. 8).

[0087] The neomycin resistant gene was inserted to the
pBluescript plasmid in such a manner that it was placed
between EcoR I and Xba I resistant sites (FIG. 8B). In this
case, Neo/pJET plasmid and pBluescript vectors were
digested with the same restriction enzymes, EcoR I and Xba
1, to generate linear neomycin resistant gene fragment (as
insert) and linear pBluescript vector with sticky ends. These
digested fragments were purified from gel electrophoresis by
Gel DNA Recovery Kit to omit undesired fragments. Insert
(neomyecin resistant gene) and vector (pBluescript plasmid)
were ligated to construct Neo/pblu plasmid include neomycin
resistant gene in the EcoR 1 and Xba I sites (FIG. 8B). The
ligation product was transformed into the E. coli strain TOP-
10 as host bacteria for propagation of plasmid.

[0088] The accomplishment of Neo/pblu plasmid transfor-
mation was again examined by analysing several single colo-
nies. In this order, some colonies randomly were selected to
extract plasmid. The plasmids were digested by EcoR I and
Xba I restriction enzymes. The correct plasmids had two
fragments on the gel that were the same size in compare with
the insert (Neomycin resistant gene 12002 bp) and vector
(pBluescript plasmid 3000 bp).

[0089] One sample from extraction of Neo/pblu plasmid
was sent for sequencing analysis to confirm the correctness of
nucleotides sequence of neomycin resistant gene. The results

[0091] The GLP-1 fragment was purified from the agarose
gel by the Gel DNA Recovery Kit, and then was sub-cloned
into the pJET1.2 cloning vector to construct GLP-1-Ex/pJET
plasmid (FIG. 10A).

Construct GLP-1/Neo/pblu Plasmid:

[0092] The GLP-1 promoter was inserted to the Neo/pblu
plasmid to produce GLP-1/Neo/pBlu plasmid. At first, the
GLP-1 EX/pJET plasmid (FIG. 10A) and Neo/pblu plasmid
(F1G. 8B) were digested by suitable restriction enzymes (Xho
Tand EcoR I) to create GLP-1 promoter fragment (insert) and
linear Neo/pBlu vector with same sticky ends. These digested
fragments were purified from gel electrophoresis by Gel
DNA Recovery Kit to omit undesired fragments.

[0093] Next, Insert (GLP-1 promoter) and vector (Neo/
pBlu plasmid) were ligated to construct GLP-1/Neo/pBlu
plasmid include GLP-1 promoter in the Xho I and Ecor I sites
and neomycin gene in the downstream of GLP-1 promoter in
the position of EcoR I and Xba I sites (FIG. 10B). The ligation
product was transformed into the E. coli strain TOP-10 as host
bacterial for propagation of plasmid. The correctness of plas-
mid structure was considered by restriction enzyme mapping
and sequencing. The positions of primers that used for
sequencing of GLP-1/Neo/pbud are showed in FIG. 11 and
the sequences of primers are listed in table 6 (Appendix 3).

TABLE 6

The sequence of primers that used for sequencing
of GLP-1/Neo/pbud plasmid
Primers for sequencing of GLP-1/Neo/pbud

ProM-R 5' AC AAC ACT AGT GCT TCC AGT CAA ACC 3!

LP-V 5' G ACG TCA AAA TTC ACT TCA GAG AGC 3'

LPC-F 5' G CTA AAT CTG GGT GTC CAA GTG 3!

LPC-R 5' A AGC TCC ATG TCC ACC AGT TAG 3!

NXb-R 5' T CTA GAT ACA TTG ATG AGT TTG GAC 3'




US 2014/0112895 Al

In Vitro Study

[0094] STC-1 cell line was derived from an endocrine
tumor of the intestine (Rindi et al., 1990). It has been dem-
onstrated that ~7% and 5% of this heterogeneous population
of cells produce immunoreactive glucose dependent insuli-
notropic polypeptide (GIP) and glucagon like polypeptide I
(GLP-1), respectively. In addition, there was no immunore-
activity detected for insulin antibodies in STC-1 cell line
(Rindi et al., 1990). Since, STC-1 cell line is suitable source
of LL cells; it was applied for in vitro studies.

[0095] The concentration of 5x104 cells/ml is proper for
primary culture. Based on previous studies, STC-1 cells were
grown in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum under an atmosphere 5%
CO2and 37°C. (Rindi et al., 1990). The media of culture was
changed in regular interval. Then, the cells were passaged in
the new flasks.

MTT Assay

[0096] For assessment of antibiotic cytotoXicity, a common
methodology is the MTT assay which has been widely used as
a colorimetric approach based on the activity of living cells.
MTT assay is a standard assay (an assay which measures
changes in color) for measuring cellular proliferation. Yellow
MTT  (3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazo-
lium bromide, a tetrazole) is reduced to purple formazan in
the mitochondria of living cells. The absorbance of this col-
ored solution can be quantified by measuring at a certain
wavelength (usually between 500 and 600 nm) by a spectro-
photometer.

[0097] The pBudCE4.1 and pBluescript plasmids were
employed for expression of insulin gene and neomycin gene,
include zeocin and geneticin (neomycin) resistant gene
respectively.

[0098] Therefore, the MTT assay was done for both anti-
biotics to determine the appropriate concentration of the anti-
biotic that kills the entire STC-1 cells lacking the antibiotic
resistant gene. In this case, STC-1 cells (without any antibi-
otic resistant gene) were treated with different concentration
of zeocin and geneticin antibiotic. The concentration of anti-
biotics in the culture media was in the range of 0 to 1 mg/ml
in 12 wells (Table 7).

TABLE 7
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assay result, the concentration of geneticin and zeocin anti-
biotic that are able to kill all the STC-1 cells (without antibi-
otic resistant gene) were 400 ug/ml and 500 ug/ml.

Transfection of pGLP-1/Neo/pBlu Plasmid

[0100] The L cell line was isolated from heterogeneous
population of STC-1 cell line by pGLP-1/Neo/pBlu plasmids.
This plasmid is able to express neomycin resistant gene under
control of GLP-1 promoter. So, recombinant constructed
plasmid (pGLP-1/Neo/pBlu plasmids) was transfected to the
STC-1 cell line by transfection reagent (Lipofectamine),
according to manufacturer’s protocol. Selection of stable
clones was performed by replacing medium the day after
transfection with complete medium, supplemented with
proper amount of G418 (Geneticin antibiotic) that measured
in MTT assay (400 ug/ml). Medium was changed every 2-3
days, until individual clones of transfected cell appeared.
Stable transfected cell clones were isolated for next step
analysis.

RT-PCR for Mouse GLP-1 Gene

[0101] Expression of mouse GLP-1 mRNA was detected
by reverse transcription reaction by PCR to confirm the suc-
cess of transformation work that has been carried outon the LL
cell line. GLP-1 protein is expressed cell specifically, so just
L cells are able to produce GLP-1 mRNA. In this case, the
result of RT-PCR approved the present of GLP-1 mRNA in
the mouse L cell line that was extracted from STC-1 cell line.

[0102] Total RNA was extracted by using RNA Extraction
Kit, according to manufacturer’s protocol. Then, extracted
RNA was digested with DNase I (free RNase). RT-PCR was
carried out with total RNA according to proposed step in
RT-PCR kit. The PCR reaction was carried out in a 30 ul final
volume containing primers for control mRNA (mouse f-ac-
tin) and mouse GLP-1 mRNA. Primers were designed to
amplify nucleotides 204-762 of coding sequence for mouse
[-actin and 265-515 of the coding sequence for mouse glu-
cagon (GLP-1) mRNA. Theses primers bind within two dif-
ferent exons, therefore, products generated from mRNA and

Concentration of zeocin and ampicilin antibiotic in the culture media

Con. Ant
ug/ml

0 50 100 200 300 400 500 600 700 800 900 1000
DMEM 180 1795 179 178 177 176 175 174 173 172 171 170
Serum 20 20 200 20 20 20 20 20 20 20 20 20
Anti 0o 05 1 2 3 4 5 6 7 8 9 10
Total 2000 200 200 200 200 200 200 200 200 200 200 200
[0099] Optical density of solutions was read at 560 nm on genomic DNA can be easily distinguished. The upstream and

an ELISA plate reader. The absorbance of colored solution is
directly proportional to the number of cells. Based on MTT

downstream primers are used to amplify f-actin and GLP-1
mRNA are listed in table 8 and 9 respectively.
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TABLE 8

Sequence of forward and reverse primers
for P-actin RT-PCR

Primers
Ac-rt-F 5' GTG TGA TGG TGG GAA TGG GTC 3!
Ac-rt-R 5' AG GAA GAG GAT GCG GCA GTG 3!
TABLE 9

Sequence of forward and reverse primers
for P-actin RT-PCR

Primers
LP-rt-F 5' GGC ACA TTC ACC AGC GAC TAC 3!
LP-rt-R 5' CA ATG GCG ACT TCT TCT GGG 3!

[0103] The result of RT-PCR was analyzed on the electro-
phoresis gel in comparison to DNA ladder to check the cor-
rectness of products sizes. The products of f-actin and GLP-1
RT-PCR were 558 bp and 250 bp respectively (FIG. 12).
Transfection of pGLP-1/Ins/pBud Plasmid

[0104] To study the insulin expression in the L cell line, the
GLP-1/Ins/pBud plasmid was transfected to the extracted L
cell line according, to manufacturer’s protocol. Selection of
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stable clones was performed by replacing medium the day
after transfection with complete medium, supplemented with
proper amount of zeocine antibiotic that has been measured
and identified in the MTT assay (500 ug/ml). Medium was
changed every 2-3 days, until individual clones of the trans-
fected cells appeared. Stable transfected cell clones were
isolated for the next step analysis.

Immunocytochemistry

[0105] The expression of the insulin protein into the L cell
line was evaluated by immunocytochemistry test. In this
method, mouse monoclonal antibody against human insulin
as primary antibody and goat polyclonal antibody against
mouse IgG conjugated with fluorescein isothiocyanate
(FITC) as secondary antibody were used. The L cells were
grown on 6 well tissue culture plates, containing sterilize
glass coverslip before the day of transfection. After 48 h,
transfected cells were fixed with 4% Paraformaldehayde.
Then, the cells were incubated in 0.1% triton X-100 for per-
meabilization and then in 3% BSA (bovine serum albumin)
for blocking. The slide was then overlaid with primary mono-
clonal antibody diluted at ratio 1:100 for overnight. Next, the
slide was incubated with secondary antibody conjugated with
FITC, diluted at 1:100 in TTBS, at RT for 2 h. Following that,
the slide was incubated with DAPI nucleic acid stain to dye
the nucleus of cells. Finally the slides were analyzed by an
inverted phase contrast microscope with fluorescence light.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 2321

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 1

tgatcacgaa ggtcagtttg gaaaattaaa attagaatat gtatggacgg atggtgacag 60
ggagggagtyg taatatttat taacttgttg acgtaactac ccttccttec ggttcatcte 120
cggtcacgat ttcaagggta acttagttat gtgagtttga cttaaattac gaatagactc 180
gtgggtatag tggaggattg tgttacggat aattcttcag ataaacgggyg aggaccatac 240
acctegttet cttcccttga aatgtcttac gaagacctaa taatattccg agtagaagta 300
ccacgggaaa ggagattctt ggtctcaatce ctcetcaccte catctcaata tettgttaaa 360
tgaccttttt tttaccctac caatgaagat tgtatcgtct tcggttcatt cctectetgt 420
tctetatgte tetctttcaa gatcgttcetg agaccacgat acaaatgccg aaaatcagta 480
gcatttgtag ttgacgtcct gggagatgaa tccctacgaa gtgtttgacce atcagattcet 540
tttecettett ctcetcecteect cececttttta ctetctacte tectetceect tttacctgtt 600
gteettetta ccttgaactyg ttttgtaaat catttccaca ccgactgtgt geccagegtcea 660
gtatttcteyg ttagetcgag acgcgatteg gtgagatgtg taacttegtyg ttagecacgt 720
taactcaatc aagacggtct cgacctacct cgacctgtgg aaagagacga gaaagtgggg 780
tagacgacct agacggttct cgacgggact ctagttcetgt ggtegtegtg gttactettt 840

cacttaatct attaaatatg tcgacactga agtcggatta gacgattctt tgaaggacce 900
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-continued

ccggeactat tttacgtgta agactaaggt atttggtcetyg gactecggtac tctacaaggt 960
aaaaattatc ctggagtacc ttcgactagg gacctcgatt gagatccatg gtcccgaaat 1020
atagtagtta ctgttgattg cgcttttggg agtcattcca gagggttgac tgtcccttte 1080
accaaggata aagaattact tcgaggtaca ggtggtcaat caagttacgt gtaagacttc 1140
ttcatttaag taagtctcat gaggaggtca acaaagttac ccgataaggg tattttcaat 1200
agttaatatg gtacctcaac tatgtgaacc tgtgggtcta aatcgaccct ttacgacacc 1260
actagaacag tatatcttat actcaaagta aaatttgttt acaaatgtgt ttagttacga 1320
agagtgttta gtcgttgtct cagggtttct gacacaccga accggtgcca gagtatcgga 1380
taactactat cgtcccttet ttttagatga atactagggg cctcaaagaa cgacagacaa 1440
gtgtgtagga ccaataaagg gttaaaataa aggaagacaa ctttaccggt cttaacatag 1500
acgatgtatg atattaatca ttcctggata tatgcacgac cttcaatgtce tttcattgtce 1560
gtacgtagag tctggttatc aaacggaggg tacagaaaga aacataagat tacagtgtgg 1620
ggaagagtca ctttaatcta aattttgtaa agctttctac tttttcecttta ttatctggga 1680
aacgatagtc gtagtcactg caacccataa gagtaaaacg gaagacacag agtaattgta 1740
tcacgtgtaa tgtaaaatta actgtaaatt ttagaggggt gtttctctca tgtttaagta 1800
aggtatgttt catctactca cccaataact atacacacgt gacccactcg ctaaacaaac 1860
ggatctactt accaggtagt caataagtcc ttgagtccta ccggtttatc gtgtagttcece 1920
ctgttctggg agtttactga ggagatccga gtaaactgca gttttaagtg aagtctctceg 1980
acttcatcaa aaagtgcgga ctgactctaa cttcccacat aaaggtttga tgggaaaggt 2040
aagggtttgt ctttccgtgt tetcatttat ttttcaaagg cccggagact ccagagtggg 2100
gccatagteg cactcectegt ctactcecgtcet cacccgctca ctttagtaaa cttgttttgg 2160
ggtaataaat gtctactctt taaatataac agtcgcatta tagacgttcc gatttgtegg 2220
acctctgata tattttcgtg tegtgggacce acgtcttecce gtctcgaacce cgecgtcettgt 2280
gtgagtttca agggtttcct cgaggtggac agatgttcga a 2321
<210> SEQ ID NO 2

<211> LENGTH: 1828

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gtegacagge tgcatcagaa gaggccatca agcaggtctg ttecaaggge ctttgcegtca 60

ggtgggctca ggattccagg gtggcetggac cccaggecce agetctgeayg cagggaggac 120

gtggctggge tcegtgaagca tgtgggggty agceccagggg ceccaaggca gggcacctgg 180

ccttecagect gectcagece tgectgtete ccagatcact gteettetge catggecctg 240
tggatgcgee tectgeccct getggegetyg ctggecctet ggggacctga cccagecgcea 300
gectttgtga accaacacct gtgeggetca cacctggtgg aagctctceta cctagtgtge 360
ggggaacgag gcttcttcta cacacccaag acccgecggg aggcagagga cctgecagggt 420
gagccaactyg cccattgetg ceccctggeeg cccccageca cecectgete ctggegetec 480
cacccagcat gggcagaagg gggcaggagg ctgccaccca geagggggte aggtgcactt 540
ttttaaaaag aagttctctt ggtcacgtee taaaagtgac cagetccetyg tggcccagte 600

agaatctcag cctgaggacg gtgttggett cggcagecee gagatacate agagggtggg 660
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-continued
cacgctcecte cctccacteg cccctcaaac aaatgccceg cagcccattt ctccaccctce 720
atttgatgac cgcagattca agtgttttgt taagtaaagt cctgggtgac ctggggtcac 780
agggtgcccc acgctgcectg cctetgggeg aacaccccat cacgcccgga ggagggegtg 840
gctgectgee tgagtgggce agacccctgt cgecaggect cacggcaget ccatagtcag 900

gagatgggga agatgctggg gacaggccct ggggagaagt actgggatca cctgttcagg 960
cteccactgt gacgetgece cggggegggyg gaaggaggtyg ggacatgtgg gegttgggge 1020
ctgtaggtcce acacccagtg tgggtgacce tcecctctaac ctgggtccag cccggctgga 1080
gatgggtggg agtgcgacct agggctggcg ggcaggcggg cactgtgtct ccctgactgt 1140
gtcectectgt gtecectetge ctegecgetg ttceccggaace tgctcectgege ggcacgtect 1200
ggcagtggygyg caggtggage tgggeggggg ccectggtgea ggcagectge ageccttgge 1260
cctggagggg tccctgcaga agegtggcat tgtggaacaa tgctgtacca gcatctgcetce 1320
cctectaccag ctggagaact actgcaacta gacgcagcecece gcaggcagece ccacacccge 1380
cgectectge accgagagag atggaataaa gcccttgaac cagccctget gtgecegtetg 1440
tgtgtecttgg gggcecctggyg ccaagcccca ctteccggca ctgttgtgag ceccteccag 1500
ctctetecac getcetetggg tgcccacagg tgccaacgcce ggccaggccece agcatgcagt 1560
ggctctceceee aaagcggcca tgcctgtegg ctgcctgcetg cecccaccecct gtggctcagyg 1620
gtccagtatg ggagctgcgg gggtctetga ggggccaggyg gtggtggggce cactgagaag 1680
tgacttcecttg ttcagtagcet ctggactctt ggagtcccca gagaccttgt tcaggaaagg 1740
gaatgagaac attccagcaa ttttcccccecce acctagcecect cccaggttcet atttttagag 1800
ttatttctga tggagtccct gtggatcce 1828
<210> SEQ ID NO 3

<211> LENGTH: 1196

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Neomycin resistance from pCDNA3

<400> SEQUENCE: 3

cagaagtagt gaggaggctt ttttggagge ctaggetttt gcaaaaaget ccegggaget 60
tgtatatcca tttteggate tgatcaagag acaggatgag gategttteg catgattgaa 120
caagatggat tgcacgcagg ttcteceggee gettgggtgg agaggetatt cggcetatgac 180
tgggcacaac agacaatcgg ctgctctgat geegecgtgt tecggetgte agegcagggg 240
cgecceggtte tttttgtcaa gaccgacctyg tceggtgece tgaatgaact gcaggacgag 300
gecagegegge tatcegtgget ggccacgacyg ggcegttectt gegecagetgt getegacgtt 360

gtcactgaag cgggaaggga ctggctgcta ttgggcgaag tgccggggca ggatctectg 420

tcatctcace ttgctectge cgagaaagta tccatcatgg ctgatgcaat geggeggetg 480
catacgcttyg atccggetac ctgeccatte gaccaccaag cgaaacatcg catcgagega 540
gcacgtacte ggatggaagc cggtcttgte gatcaggatg atctggacga agagcatcag 600
gggctegege cagecgaact gttegecagyg ctcaaggege gcatgeccga cggegaggat 660
ctegtegtga cccatggega tgectgettyg ccgaatatca tggtggaaaa tggecgettt 720

tctggattca tcgactgtgg ceggetgggt gtggeggace getatcagga catagegttg 780
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-continued
gctaccegtg atattgctga agagcttgge ggcegaatggg ctgaccgett cctegtgett 840
tacggtatcg ccgctcccga ttecgcagege atcgecttet atcgecttet tgacgagttce 900
ttctgagegg gactctgggg ttcgaaatga ccgaccaage gacgcccaac ctgccatcac 960

gagatttcga ttccaccgce gcecttctatg aaaggttggg cttcggaatc gtttteeggg 1020
acgccggetg gatgatccte cagcecgegggg atctcatget ggagttctte geccacccca 1080
acttgtttat tgcagcttat aatggttaca aataaagcaa tagcatcaca aatttcacaa 1140

ataaagcatt tttttcactg cattctagtt gtggtttgtc caaactcatc aatgta 1196

<210> SEQ ID NO 4

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 4

atgagaaagc ttgtagacag gtggag 26

<210> SEQ ID NO 5

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 5

acaacactag tgcttccagt caaacc 26

<210> SEQ ID NO 6

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

aagttgtcga caggctgcat cagaag 26

<210> SEQ ID NO 7

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

ataggatcca cagggactcc atcag 25

<210> SEQ ID NO 8

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer used for sequencing of GLP-1/Ins/pbud
plasmid

<400> SEQUENCE: 8

gacgtcaaaa ttcacttcag agagc 25

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer used for sequencing of GLP-1/Ins/pbud
plasmid

<400> SEQUENCE: 9
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-continued

gctaaatctg ggtgtccaag tg 22

<210> SEQ ID NO 10

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer used for sequencing of GLP-1/Ins/pbud
plasmid

<400> SEQUENCE: 10

aagctccatg tccaccagtt ag 22

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer used for sequencing of GLP-1/Ins/pbud
plasmid

<400> SEQUENCE: 11

ctcacggcag ctccatagte 20

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer used for sequencing of GLP-1/Ins/pbud
plasmid

<400> SEQUENCE: 12

tgttccacaa tgccacgctt ¢ 21

<210> SEQ ID NO 13

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: forward primer to amplify neomycin resistant
gene

<400> SEQUENCE: 13

gaattccaga agtagtgagg agg 23

<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer to amplify neomycin resistant
gene

<400> SEQUENCE: 14

tctagataca ttgatgagtt tggac 25
<210> SEQ ID NO 15

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 15

gaattcgagce tgagaggagg tgtag 25
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-continued

<210> SEQ ID NO 16

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 16

ctcgagatac ctgectacca ctgte

<210> SEQ ID NO 17

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer for beta-actin RT-PCR

<400> SEQUENCE: 17

gtgtgatggt gggaatgggt ¢

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer for beta-actin RT-PCR

<400> SEQUENCE: 18

aggaagagga tgcggcagtg

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer for beta-actin RT-PCR

<400> SEQUENCE: 19

ggcacattca ccagcgacta ¢

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer for beta-actin RT-PCR

<400> SEQUENCE: 20

caatggcgac ttcttetggg

25

21

20

21

20

1. A method for the isolation of GLP-1 expressing cells,

comprising the steps of:

a. providing a nucleic acid construct comprising the GLP-1
promoter sequence operably linked to an antibiotic
resistance marker gene,

b. introducing said nucleic acid construct into a population
of cells suspected to contain GLP-1 expressing cells,

c. culturing the cells of b. in the presence of an antibiotic
corresponding to the antibiotic resistance marker gene,

d. selecting a cell clone that shows resistance to the anti-
biotic, and

e. optionally, confirming the expression of GLP-1 in the
selected cell clone.

2. The method according to claim 1, wherein the GLP-1
expressing cells are L cells.

3. The method according to claim 1, wherein the popula-
tion of cells suspected to contain GLP-1 expressing cells is a
population of cells derived from an intestinal endocrine
tumor.

4. The method according to claim 1, wherein the antibiotic
is selected from the group consisting of zeocin or geneticin
(neomycin).

5. The method according to claim 1, wherein the GLP-1
promoter is a rat GLP-1 promoter.

6. A nucleic acid comprising the sequence of the GLP-1
promoter, wherein said GLP-1 promoter is operable linked to



US 2014/0112895 Al

an antibiotic resistance marker gene, and/or said GLP-1 pro-
moter is operably linked to an insulin gene.

7. A population of cells isolated by a method according to
claim 1, wherein the population of cells expresses GLP-1.

8. (canceled)

9. A nucleic acid according to claim 6, wherein the GLP-1
promoter is a sequence derived from a mammalian GLP-1
gene.

10. (canceled)

11. An expression vector comprising the nucleic acid
according to claim 6.

12. An expression vector according to claim 11, wherein
the expression vector is a mammalian expression vector.

13. A cell transformed with the nucleic acid according to
claim 6.

14. The cell according to claim 13, wherein the cell is a
mammalian cell.

15. The cell according to claim 13, wherein the cell isan L.
cell.

16. A method for the expression of insulin in a cell, com-
prising the steps of:

a. providing a nucleic acid construct comprising a
sequence of a GLP-1 promoter operably linked to a
sequence of an insulin gene, and

b. introducing said nucleic acid construct into a target cell.
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17. The method of claim 16, wherein the target cell is a
GLP-1 expressing cell derived from the intestine.

18. The method of claim 16, wherein the cell is a mamma-
lian cell.

19. The method of claim 16, wherein the GLP-1 promoter
comprises SEQ ID NO:1 and the insulin gene is a human
insulin gene.

20. (canceled)

21. A method of producing an insulin expressing cell,
wherein the method comprises the steps of a method accord-
ing to claim 16.

22. (canceled)

23. A method of treatment of a subject suffering from a
disease related to a disordered blood insulin level, comprising
administering to the subject a therapeutically effective
amount of a nucleic acid according to claim 6, or a cell
comprising said nucleic acid.

24. A method of treatment according to claim 23, wherein
the disease related to the disordered blood insulin level is
selected from the group consisting of diabetes I, diabetes 11
and disorders related to nutrient metabolism.

25-26. (canceled)



