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Figure i5: 

TGATCAESSE3AAAATTAAAATTAGAATATGTATGGACGGATGGTGACAGGGAGGGA 
GTGTAATATTTATTAACTTCTTGACGTAACTACCCTTCCTTCCGGTTCATCCCGGTCACGATTCA 
AGGGTAACTTAGTTATGTGAGTTTGACTTAAATTACGAATAGACTCGTGGGTATAGTGGAGGATTGT 
GTTACGGATAATTCTTCAGATAAACGGGGAGGACCATACACCTCGTTCTCTTCCCTTGAAATGTCTT 
ACGAAGACCTAATAATATTCCGAGTAGAA GTACCACGGGAAAGGAGATTCTTGGTCT CAATCCTCTC 
ACCTCCATCT CAATATCTTGTTAAATGACCTTTTTTTTACCCTACCAATGAAGATT GTATCGTCTTC 
GGTTCATTCCTCCTCTGTTCTCTATGTCTCTCTTTCAAGATCGTTCTGAGACCACGATACAAATGCC 
GAAAATCAGTAGCATTTGTAGTTGACGTCCTGGGAGATGAATCCCTACGAA GTGTTTGACCATCAGA 
TT CITTTCCTTCTTCTCTCTCCCTCCCCITT ACTCTCTACTCTCCTCTCCCTTTTACCTGTTGTC 
CTTCTTACCTTGAACTGTTTT GTAAATCATTTCCACACCGACTGTGTGCCAGCGTCAGTATTTCTCG 
TTAGCTCGAGACGCGATTCGGTGAGATGTGTAACTTCGTGTTAGCCACGTAACT CAATCAAGACGG 
TCTCGACCTACCTCGACCTGTGGAAAGAGACGAGAAAGTGGGGTAGACGACCTAGACGGTTCTCGAC 
GGGACTCTAGTTCTGTGGTCGTCGGGTT ACT. CTTTCACTTAATCTATTAAATATGTCGACACTGAA 
GTCGGATTAGACGATTCTTTGAAGGACCCCCGGCACTATTTTACGTGTAAGACTAAGGTATTGGTC 
TGGACTCGGTACT CACAAGGTAAAAATTATCCTGGAGTACCTTCGACTAGGGACCTCGATTGAGAT 
CCATGGTCCCGAAATATAG TAGTTACTGTTGATTGCGCTTTTGGGAGTCATTCCAGAGGGTTGACTG 
TCCCTTTCACCAAGGATAAAGAATTACTTCGAGGTACAGGTGGTCAATCAAGTTACGTGTAAG ACTT 
CTTCATTTAAGTAAGTCTCATGAGGAGGTCAACAAAGTTACCCGATAAGGGTATTTTCAATAGTTAA 
TATGGTACCT CAACTATGTGAACCTGTGGGTCTAAATCGACCCTTTACGACACCACTAGAACAGTAT 
ATCTTATACT CAAAGTAAAATTTGTTTACAAATGTGTTTAGTTACGAAGAGTGTTTAGTCGTTGTCT 
CAGGGTTTCTGACACACCGAACCGGTGCCAGAGTATCGGATAACTACTATCGTCCCTTCTTTTTAGA 
TGAATACTAGGGGCCT CAAAGAACGACAGACAAGTGTGTAGGACCAATAAAGGGTTAAAATAAAGGA 
AGACAACTTTACCGGTCTTAACATAGACGATGTATGATATTAATCATTCCTGGATATATGCAC GACC 
TTCAATGTCTTTCATTGTCGTACGTAGAGTCTGGTTATCAAACGGAGGGTACAGAAAGAAACATAAG 
ATTACA GTGTGGGGAAGAGTCACTTTAATCTAAATTTTGTAAAGCTTTCTACTTTTTCTTTATTATC 
TGGGAAACGATAGTCG TAGTCACTGCAACCCATAAGAGTAAAACGGAAGACACAGAGTAATTGTATC 
ACGTGTAATGTAAAATTAACGTAAATTTTAGAGGGGGTTTCTCCATGTTTAAGTAAGGTATGT 
CATCTACT CACCCAAAACTA ACACACGTGACCCACTCGCTAAACAAACGGATCTACTTACCAGG 
TAGTCAATAAGTCCTTGAGTCCTACCGGTTTATCGTGTAGTTCCCTGTTCTGGGAGTTTACTGAGGA 
GATCCGAGTAAA CTCCAGTTTTAAGTGAAGTCTCTCGACTTCATCAAAAAGTGCGGACTGACTCTAA 
CTTCCCACATAAAGGTTTGATGGGAAAGGTAAGGGTTTGTCTTTCCGTGTTCTCATTTATTTTTCAA 
AGGCCCGGAGACTCCAGAGTGGGGCCATAGTCGCACTCCTCGTCTACTCGTCT CACCCGCT CACTT 
AGTAAACTTGTTTTGGGGTAATAAATGTCTACTCTTTAAATATAACAGTCGCATTATAGACGTTCCG 
ATTTGTCGGACCTCTGATATATTTTCGTGTCGTGGGACCACGTCTCCCGTCTCGAACCCGCGTCTT 
GTGTGAGTTTCAAGGGTTTCCTC TTCGAA   
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GLP-1 PROMOTER MEDIATED INSULIN 
EXPRESSION FOR THE TREATMENT OF 

DABETES 

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 S500,000 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 
a source 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 etal. 2004). 
0007 Another approachingenetherapy 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 B cells. However, insulin secre 
tion was not glucose-regulated. Transfection of the GLUT2 
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 of hypoglycemia (Davies 
et al., 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 etal 1983). Since GIP is secreted by gut 
K-Cells with a temporal pattern and in response to similar 
nutrients as insulin secretion by islet B-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 
B-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 (B-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 
et al., 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). 
00.15 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 B-cell 
proliferation and expansion concommitant with a reduction 
of B-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 B-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 Sucha 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. In this 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 B-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 agene 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 For the 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 cellor 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 
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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, dhfr, 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. In a second 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 GLP-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. In a 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 of insulin 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 a seventh 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 
of treatment 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 II, 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 pET1.2 cloning vector map and 
the multiple cloning sites 
0049 FIG. 3: shows the Ins/pET and the GLP-1 pro?pET 
plasmid map and the position of restriction sites 
0050 FIG. 4: shows the features of pBudCE4.1 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 GLP-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 II SK (+) cloning vector 
map and the multiple cloning sites sequences 
0056 FIG. 10: shows GLP-1-Ex/p)ET (A) and GLP-1/ 
Neo/p3lu plasmid map and the position of restriction sites 
0057 FIG. 11: shows the positions of primers used for 
sequencing of GLP-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/p3lu plasmid were considered for RT 
PCR analysis. Lines 2-6 are the results of RT-PCR by B-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 (reflNW 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 (reflNG 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 
et al., 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 
(reflNW 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 
of restriction sites. Spe I (-2214) and HindIII (+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 TOGT 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. The human 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 (reflNG 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 BamHI (+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 pET 1.2 Cloning Vector 
0069 Pure PCR products (GLP-1 promoter and Insulin 
gene) were sub-cloned into the pET 1.2 cloning vector. The 
pET 1.2 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-1 pro?pET (GLP-1 promoter inside 
the pET 1.2 cloning vector) and Ins/pET (Insulin gene 
inside the pET 1.2 cloning vector) (FIG. 3). 
Transformation into TOP-10 
(0070. The ligation products (GLP-1 pro?pET and Ins/ 
pET) 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 pET 1.2 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-1 pro?pET 
is about 5265bp and Ins/plET is about 4800 bp (FIG. 3). 

Restriction Mapping Analysis 
0072 Ins/pET plasmid were digested by Sal I and BamH 

I restriction enzymes and GLP-1 pro?pET plasmid were cut 
by Spe I and Hind III restriction enzymes to examine the 
correctness of the plasmid structure. Consequence of Ins/ 
pET plasmid digestion with Sal I and BamH I, were two 
fragments, insulin gene with the size of 1826 bp (insert) and 
linear plET1.2 cloning vector with the size of 2974 bp (vec 
tor). In addition, consequence of GLP-1 pro?pET plasmid 
digestion with Spe I and HindIII were two fragments, GLP-1 
promoter with the size of 2291 bp (insert) and linear pET1.2 
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/pET and GLP-1 pro?pET 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 (reflNW 047655.1 and reflNG 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-1C. 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 DH5C. (FIG. 4). 
0075. It should be noted that, CMV promoter and EF-1C. 
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-1C. promoter was omitted com 
pletely and CMV promoter was replaced with GLP-1 pro 
moter. 

0076. In order to omit EF-1C 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-1C. 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-1C. 
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 “plBud 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 T4DNA ligase 
enzyme to attach the two bluntends 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 “plBud pro EF less' vector in two steps. At first, the 
InspET plasmid (containing Human Insulin gene) and 
“pBud pro EF less' vector were digested by suitable restric 
tion enzymes (Sal I and BamHI) 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 
BamHI site (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 BamHI 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-1 pro?pET plasmid (containing rat GLP-1 promoter, 
FIG. 3) and Ins/pbud were digested with Spe I and HindIII 
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 III sites and 
insulin gene in the Sal I and BamH I sites (FIG. 6B). The 
ligation product was transformed into the E. coli strain TOP 
10 as host bacteria for propagation of plasmid. 
I0081. 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 I 
and HindIII 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). 
I0082 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 (ref NW 047655.1 and 
reflNG 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-W 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 s' A AGC TCC ATG TCC ACC AGT TAG 3 '' 

InsCo-R 5. A TAG GAT CCA CAG GGA CTC CAT CAG 3." 

INC-F s' CT CAC GGC AGC. TCC ATA GTC 3' 

INC-R s' 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 mammaliancell 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 (EcoRI 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 plT1.2 cloning vector to construct Neo/pET 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 

Sequence of forward and reverse primers to amplify 
neomycin resistant gene 

Primers 

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

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

I0085. The Neo?pJET plasmid was digested by EcoRI and 
Xba I restriction enzymes. Consequence of Neo/pET plas 
mid digestion was neomycin resistant gene with size of 1202 
bp (insert) and pET1.2 cloning vector with size of 2974 bp 
(vector). For confirmation, one sample from extraction of 
Neo/pET 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: 
I0086. The pBluescript II 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 EcoRI and Xba I resistant sites (FIG. 8B). In this 
case, Neo?pET plasmid and pBluescript vectors were 
digested with the same restriction enzymes, EcoRI and Xba 
I, to generate linear neomycin resistant gene fragment (as 
insert) and linear pHluescript vector with sticky ends. These 
digested fragments were purified from gel electrophoresis by 
Gel DNA Recovery Kit to omit undesired fragments. Insert 
(neomycin resistant gene) and vector (pBluescript plasmid) 
were ligated to construct Neo/pblu plasmid include neomycin 
resistant gene in the EcoRI 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 EcoRI 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 
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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 XhoI restriction sites. In this order, GLP-1 was ampli 
fied with other primers include EcoRI and XhoI restriction 
enzyme sites. Sequences of forward and reverse primers to 
amplify GLP-1 promoter are showed in the table 5. Primers 
include EcoRI and XhoI restriction enzyme sites. 

TABLE 5 

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

Primers 

LP-F 5 G AAT TCG AGC TGA, GAG GAG GTG TAG 3." 
EcoRI 

LP-R s' C TCG. AGA TAC CTG CCT ACC ACT GTC 3' 
XhoI 

0091. The GLP-1 fragment was purified from the agarose 
gel by the Gel DNA Recovery Kit, and then was sub-cloned 
into the pET1.2 cloning vector to construct GLP-1-Ex/pET 
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 
(FIG.8B) were digested by suitable restriction enzymes (Xho 
I and EcoRI) 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 XhoI and Ecor I sites 
and neomycin gene in the downstream of GLP-1 promoter in 
the position of EcoRI and Xba I sites (FIG.10B). The ligation 
product was transformed into the E. coli strainTOP-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-W 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 s' A AGC TCC ATG TCC ACC AGT TAG 3." 

NX-R s' T. CTA GAT ACA TTG ATG AGT TTG GAC 3' 
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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 L 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% 
CO2 and 37°C. (Rindiet 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-yl)-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 pCLP-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 out on the L 
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 B-ac 
tin) and mouse GLP-1 mRNA. Primers were designed to 
amplify nucleotides 204-762 of coding sequence for mouse 
B-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 amplicilin antibiotic in the culture media 

Con. Ant 

ugml 

O SO 100 200 300 400 SOO 600 700 

DMEM 180 179.5 179 178 177 176 175 174 173 

Serum 20 20 2O 20 20 20 20 20 20 

Anti O O.S 1 2 3 4 5 6 7 

Total 2OO 200 200 200 200 200 200 200 200 

0099 Optical density of solutions was read at 560 nm on 
an ELISA plate reader. The absorbance of colored solution is 
directly proportional to the number of cells. Based on MTT 

800 

172 

2O 

900 1000 

171 170 

2O 2O 

9 10 

2OO 200 

genomic DNA can be easily distinguished. The upstream and 
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 B-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 B-actin RT-PCR 

Primers 

LP-rt-F 5 GGC ACA TTC ACC AGC GAC TAC 3 

LP-rt-R s' 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 B-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/p3ud plasmid was transfected to the extracted L 
cell line according, to manufacturer's protocol. Selection of 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 2O 

<21 Os SEQ ID NO 1 
&211s LENGTH: 2321 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs SEQUENCE: 1 
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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. 

tgat cacga a ggtcagtttg gaaaattaaa attagaatat gtatggacgg atggtgacag 60 

ggagggagtg taatattitat taacttgttg acgtaactac cct tcc titcc ggttcatcto 12O 

cggtcacgat ttcaagggta acttagttat gtgagtttga cittaaattac gaatagactic 18O 

gtgggtatag togaggattg tdttacggat aatt Ctt cag at aaacgggg aggaccatac 24 O 

acct cqttct ct tcc cttga aatgtc.ttac gaag accitaa taat attccg agtagaagta 3 OO 

ccacgggaaa ggagatt citt gg.tct caatic ct ct cacct c catctoaata tottgttaaa 360 

tgacctttitt tttaccctac caatgaagat tdtatcqtct tcggitt catt cotcct ctdt 42O 

tot citatgtc. tct ctittcaa gatcgttctg agaccacgat acaaatgc.cg aaaatcagta 48O 

gcatttgtag ttgacgt.cct gggagatgaa toccitacgala gtgtttgacc at Cagatt ct 54 O 

ttt cottctt ct citctocct cocctttitta ct citctactic toctotccct tttacctgtt 6 OO 

gtcct tctta ccttgaact g ttttgtaaat catttccaca cc.gactgttgt gccagogt ca 660 

gtatttcticg ttagctic gag acgcgatt.cg gtgagatgtg taactt.cgtg ttagcc acgt. 72O 

taact caatc. aalgacggtct caccitacct cacctgtgg aaagagacga gaaagtgggg 78O 

tagacgacct agacggttct cacgggact ct agttctgt gg.tc.gtcgtg gttact ctitt 84 O 

cacttaatct attaaatatgtcgacactga agtcggatta gacgattctt tdaagg accc 9 OO 
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13 

- Continued 

gctaaatctg ggtgtcCaag td 22 

<210s, SEQ ID NO 10 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

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

<4 OOs, SEQUENCE: 10 

aagctic catgtccaccagtt ag 22 

<210s, SEQ ID NO 11 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

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

<4 OOs, SEQUENCE: 11 

citcacggcag ctic catagt c 2O 

<210s, SEQ ID NO 12 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

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

<4 OOs, SEQUENCE: 12 

tgttccacaa togccacgctt c 21 

<210s, SEQ ID NO 13 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

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

<4 OOs, SEQUENCE: 13 

gaattic Caga agtagtgagg agg 23 

<210s, SEQ ID NO 14 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

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

<4 OOs, SEQUENCE: 14 

tctagataca ttgatgagtt tac 25 

<210s, SEQ ID NO 15 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 15 

gaatticgagc tigagaggagg tdtag 25 

Apr. 24, 2014 
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- Continued 

<210s, SEQ ID NO 16 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 16 

citcgagatac ctdcctacca citgtc 

SEO ID NO 17 
LENGTH: 21 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

<4 OOs, SEQUENCE: 17 

gtgttgatggt giggaatgggt C 

SEQ ID NO 18 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

<4 OOs, SEQUENCE: 18 

aggaagagga tgcggcagtg 

SEQ ID NO 19 
LENGTH: 21 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

<4 OOs, SEQUENCE: 19 

ggcacattca cca.gcgacta c 

SEQ ID NO 2 O 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

<4 OOs, SEQUENCE: 2O 

Caatggcgac ttcttctggg 

OTHER INFORMATION: primer for beta-actin RT-PCR 

OTHER INFORMATION: primer for beta-actin RT-PCR 

OTHER INFORMATION: primer for beta-actin RT-PCR 

OTHER INFORMATION: primer for beta-actin RT-PCR 

25 

21 

21 

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, 
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 
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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 is an 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. 

Apr. 24, 2014 

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 II 
and disorders related to nutrient metabolism. 

25-26. (canceled) 


