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Title: DNA Expression Construct 

Description 

5 FIELD OF THE INVENTION 

[0001] The invention relates to a minimalistic gene expression construct, its transfer into 

cells and its use for gene expression for molecular-medical applications. 

10 BACKGROUND OF THE INVENTION 

[0002] Gene expression constructs that can be transferred into a cell of interest are 

frequently being used for DNA vaccination, tumour therapy and -prevention. Vector 

constructs for these purposes have to assure successful transfection and a maximum of safety 

15 for the patient. So-called plasmid-based constructs of a circular closed DNA double strand 

that are physically or chemically transfected into cells are relatively safe. However, depending 

on the cell type of interest, transfection efficiency is usually not satisfactory. Therefore, 

plasmids are not applicable for clinical protocols. In addition, they include usually several 

prokaryotic proteins (e.g., antibiotic resistance genes) that are being co-transferred into the 

20 cell. Prokaryotic promoters are not absolutely silent in eukaryotic cells which may result in 

unwanted immune effects. The host's immune system may also eliminate the transfected 

cells. Furthermore, unmethylated CG motifs in plasmid vectors can be immunostimulatory 

and account for at least some of the immunotoxicity observed in gene therapy protocols. 

25 [0003] Replication-defective retroviral or adenoviral vectors are often being employed in 

clinical protocols due to their much higher transfection efficiency compared to plasmids. 

However, they harbour the substantial risk of recombination with wild-type viruses or 

activation of oncogenes. In addition, the necessity to use high viral titres may cause 

inflammation. 

30 

[0004] Therefore, the development of improved gene expression constructs is essential to 

overcome the unwanted side effects of plasmids and viral vectors. The EP 0 941 318 discloses 
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a small, linear, covalently closed, dumbbell-shaped new vector type for minimalistic, 

immunologically defined gene expression (MIDGE). MIDGE is a minimal-size gene transfer 

unit; it only contains the minimum of sequences necessary: the expression cassette, including 

promoter, gene, and RNA-stabilizing sequence, flanked by two short hairpin oligonucleotide 

5 sequences. In addition, the design of MIDGE provides means for the effective transport into a 

cell of interest. 

[0005] MIDGE molecules are much smaller than the conventionally used plasmids or viral 

vectors and are therefore easier to transfer into cells and allow high expression rates. They 

10 include short hairpins at both ends to protect the expression cassette against degradation by 

nucleases. 

BRIEF SUMMARY OF THE INVENTION 

15 [0006] With regard to the state of the art it is an objective of the present invention to provide 

an effective DNA construct for gene expression in a eukaryotic cell, which is protected 

against degradation by nucleases. 

[0007] According to the disclosure a DNA construct for gene expression is provided, 

20 wherein the construct is a linear and open-chained DNA double strand comprising a promoter 

sequence, a coding sequence and a termination signal, wherein the construct comprises at 

least one L-DNA nucleotide. A linear partly double-stranded dumbbell-shaped DNA 

construct comprising at least one L-DNA nucleotide is also within the scope of the present 

disclosure. 

25 

[0008] A DNA construct is further provided, wherein at least one L-DNA nucleotide is 

located at the 5'- and/or the 3'-end. A single stranded loop can be located at the 5'- and/or the 

3'-end, also in combination with at least one L-DNA nucleotide, which is located within the 

last 2-5 nucleotides of the 5'- and/or the 3'-end. 

30 

[0009] A construct according to the disclosure may comprise a partially or completely 

double-stranded DNA chain. It is additionally intended that at least one L- or D-DNA 

nucleotide is modified with a functional group selected from the group comprising carboxyl, 

amine, amide, aldimine, ketal, acetal, ester, ether, disulfide, thiol and aldehyde groups. 
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[0010] The nucleotide can be linked to a compound selected from the group comprising 

peptides, proteins, carbohydrates, lipids, vesicles, antibodies, synthetic molecules, polymers, 

micro projectiles, metal particles, nanoparticles, or a solid phase. 

5 

[0011] It is intended that a construct according to the present disclosure comprises a 

promoter, which is selected from the group comprising promoter sequences, which are 

operable in a human beings, animals or eukaryotic cells. The construct may encode proteins, 

peptides, antibodies, hormones, cytokines or other biologically active substances, such as 

10 inhibitory, regulatory, or stimulatory RNAs or immunomodulators. 

[0012] A further object of the present disclosure is the use of the above-described DNA 

construct for stable or transient transfection of human, animal or eukaryotic cells as well as 

for gene therapy or DNA vaccination. The term "gene therapy" includes in vivo or ex vivo, as 

15 well as autologous or allogeneic approaches. 

A further object of the present disclosure is the use of the above-described DNA construct for 

prophylactic or therapeutic vaccination against infectious diseases or parasites. 

20 [0013] The DNA construct according to the present disclosure can be used for the treatment 

of cancer or autoimmune diseases, optionally in conjunction with the use of a non-coding 

immunomodulatory DNA construct. 

[0014] It is a further object of the present invention to provide a pharmaceutical composition 

25 comprising a DNA construct as disclosed above. Such a pharmaceutical may further comprise 

a chemotherapeutic. Alternatively, it may contain an additional antigen of bacterial, fungal, 

parasitic, or viral origin. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

[0015] Within the meaning of the present disclosure a linear open-chained DNA sequence is 

designated as DNA construct. Said DNA sequence can be single-stranded or partially or 

completely double-stranded. The term DNA construct, DNA molecule, and expression 

construct are used synonymously and do not indicate a limitation of the length of the 
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corresponding DNA sequence. The monomeric components of DNA constructs are 

nucleotides. 

[0016] A DNA construct can be manufactured synthetically or be partially or completely of 

5 biological origin, wherein a biological origin includes genetically based methods of 

manufacture of DNA sequences. 

[0017] L-DNA or nucleotides in L-conformation refer to nucleotides which comprise L-

deoxyribose as the sugar residue instead of the naturally occurring D-deoxyribose. L-

10 deoxyribose is the enantiomer (mirror-image) of D-deoxyribose. DNA constructs partially or 

completely consisting of nucleotides in L-conformation can be partially or completely single-

or double-stranded; however, nucleotides in L-conformation cannot hybridize to nucleotides 

in D-conformation (Hauser et al., Nucleic Acid Res. 2006 34: 5101-11). L-DNA is equally 

soluble and selective as D-DNA. Yet, L-DNA is resistant towards enzymatic degradation by 

15 naturally occurring enzymes, especially exonucleases, so L-DNA is protected against 

biological degradation (Urata et al., Nucleic Acids Res. 1992 20: 3325-32). Therefore, L-

DNA is very widely applicable. 

[0018] A "stem" according to the present disclosure shall be understood as a DNA double 

20 strand formed by base pairing either within the same DNA molecule (which is then partially 

self-complementary) or within different DNA molecules (which are partially or completely 

complementary). Intramolecular base-pairing designates base-pairing within the same DNA 

molecule and base-pairing between different DNA molecules is termed as intermolecular 

base-pairing. 

25 

[0019] A "loop" within the meaning of the present disclosure shall be understood as an 

unpaired, single-stranded region either within or at the end of a stem structure. A "hairpin" is 

a distinct combination of a stem and a loop, which occurs when two self-complementary 

regions of the same oligonucleotide hybridize to form a stem with an unpaired loop at one 

30 end. 

[0020] A dumbbell-shape describes a linear DNA construct with hairpins at both ends 

flanking a stem region. Thus, a "linear DNA construct" within the context of the present 

disclosure describes either a linear open-chained DNA construct comprising single or double-
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stranded DNA or a linear dumbbell-shaped DNA construct comprising single stranded loops 

at both ends of a double stranded DNA stem. 

[0021] The term "DNA end" whether meaning a 5'- or 3'end of a DNA single strand refers 

5 not only to the terminal nucleotide, but comprises the terminal three nucleotides or even the 

last five nucleotides with regard to the respective DNA end. A modification of a DNA end 

relates to at least one of the respective nucleotides. 

[0022] A "solid phase" to which the nucleotides are covalently or non-covalently attached 

10 refers to, but is not restricted to, a column, a matrix, beads, glass including modified or 

functionalized glass, silica or silica-based materials including silicon and modified silicon, 

plastics (comprising polypropylene, polyethylene, polystyrene and copolymers of styrene and 

other materials, acrylics, polybutylene, polyurethanes etc.), nylon or nitrocellulose, resins, 

polysaccharides, carbon as well as inorganic glasses and plastics. Thus, microtiter plates are 

15 also within the scope of a solid phase according to the present disclosure. 

[0023] Immunomodulation according to the present disclosure refers to immunostimulation 

and immunosuppression. Immunostimulation means preferentially that effector cells of the 

immune system are stimulated in order to proliferate, migrate, differentiate or become active 

20 in any other form. B cell proliferation for instance can be induced without co-stimulatory 

signals by immunostimulatory DNA molecules, which normally require a co-stimulatory 

signal from helper T cells. 

[0024] Immunosuppression on the other hand shall be understood as reducing the activation 

25 or efficacy of the immune system. Immunosuppression is generally deliberately induced to 

prevent for instance the rejection of a transplanted organ, to treat graft-versus-host disease 

after a bone marrow transplant, or for the treatment of autoimmune diseases such as, for 

example, rheumatoid arthritis or Crohn's disease. 

30 [0025] In this context, immunomodulation may also refer to the influence of the nature or 

the character of an immune reaction, either by affecting an immune reaction which is still 

developing or maturing or by modulating the character of an established immune reaction. 
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[0026] The term „vaccination" used in this disclosure refers to the administration of 

antigenic material (a vaccine) to produce immunity to a disease. Vaccines can prevent or 

ameliorate the effects of infection by many pathogens such as viruses, fungi, protozoan 

parasites, bacteria but also of allergic diseases and asthma, as well as of tumors. Vaccines 

5 typically contain one or more adjuvants, e.g. immuno stimulatory nucleic acids, used to boost 

the immune response. Vaccination is generally considered to be the most effective and cost-

effective method of preventing infectious and other diseases. 

[0027] The material administered can, for example, be living but weakened forms of 

10 pathogens (such as fungi, bacteria or viruses), killed or inactivated forms of these pathogens, 

purified material such as proteins, nucleic acids encoding antigens, or cells such as tumor 

cells or dendritic cells. In particular, DNA vaccination has recently been developed. DNA 

vaccination works by insertion (and expression, triggering immune system recognition) of 

DNA encoding antigens into human or animal cells. Some cells of the immune system that 

15 recognize the proteins expressed will mount an attack against these proteins and against cells 

expressing them. One advantage of DNA vaccines is that they are very easy to produce and 

store. In addition, DNA vaccines have a number of advantages over conventional vaccines, 

including the ability to induce a wider range of immune response types. 

20 [0028] Vaccination can be used as a prophylactic approach, leading to immunity against the 

antigen in the vaccinated, healthy individual upon exposure to the antigen. Alternatively, a 

therapeutic vaccination can cause an improved response of the immune system of the 

vaccinated, diseased individual, by guiding the immune system of the individual towards the 

antigens. Both prophylactic and therapeutic vaccination can be applied to humans as well as 

25 animals. 

[0029] The term „gene therapy" used in this disclosure refers to the transient or permanent 

genetic modification (e.g. insertion, alteration, or removal of genes) of an individual's cells 

and/or biological tissues in order to treat diseases, such as tumors or autoimmune diseases. 

30 The most common form of gene therapy involves the insertion of functional genes into an 

unspecified genomic location in order to replace a mutated gene, but other forms involve 

directly correcting the mutation or modifying a normal gene that enables a viral infection or 

even transferring a gene or a gene fragment into a cell for its transcription. 
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[0030] "Autologous gene therapy" refers to using tissues or cells of the selfsame individual. 

The isolated cells or tissues will be modified by gene therapy and reintroduced into the donor. 

In contrast, "allogenic gene therapy" refers to using cells for gene therapy from an individual 

other than the acceptor individual. After genetic modification, the allogenic cells are 

5 introduced into the acceptor. 

[0031] The term "ex-vivo gene therapy" refers to a therapy approach in which cells from an 

individual, e.g. hematopoietic stem cells or hematopoietic progenitor cells, are genetically 

modified ex vivo and subsequently introduced to the individual to be treated. The term 

10 vivo gene therapy" refers to a therapy approach in which cells from an individual, e.g. 

hematopoietic stem cells or hematopoietic progenitor cells, are genetically modified in vivo, 

using viral vectors or other expression constructs for example. 

[0032] Gene therapy may also be classified into "germ line gene therapy" and "somatic gene 

15 therapy". In case of "germ line gene therapy", germ cells, i.e., sperm or ova, are genetically 

modified. The genetic changes are ordinarily integrated into their genomes. Therefore, the 

change due to therapy would be heritable and would be passed on to later generations. This 

approach is useful for treatment of genetic disorders and hereditary diseases. In case of 

"somatic gene therapy", the therapeutic genes are transferred into the somatic cells of an 

20 individual. Any modifications and effects will be restricted to the individual only, and will not 

be inherited by the individual's offspring or later generations. 

[0033] The term "cancer" comprises cancerous diseases or a tumor being treated or 

prevented that is selected from the group comprising mammary carcinomas, melanoma, skin 

25 neoplasms, gastrointestinal tumors, including colon carcinomas, stomach carcinomas, 

pancreas carcinomas, colon cancer, small intestine cancer, ovarial carcinomas, cervical 

carcinomas, lung cancer, prostate cancer, kidney cell carcinomas and/or liver metastases. 

[0034] Autoimmune diseases according to the present disclosure comprise rheumatoid 

30 arthritis, Crohn's disease, systemic lupus (SLE), autoimmune thyroiditis, Hashimoto's 

thyroiditis, multiple sclerosis, Graves' disease, myasthenia gravis, celiac disease and 

Addison's disease. 

[0035] Infectious diseases according to the present invention comprise infections by 

35 bacteria, viruses, fungi, or eukaryotic parasites, such as HIV, Hepatitis, flu, leishmaniosis, 
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bacterial pneumonia, tuberculosis, measles, pertussis, tetanus, meningitis, syphilis, malaria 

and cholera, as well as animal-specific diseases such as Feline Immunodeficience Virus 

infections (FIV), Feline Leukemia Virus infections (FeLV), Bovine Herpes Virus infections 

(BHV), and Bovine viral Diarrhea. 

5 

[0036] A L-DNA-comprising desoxyribonucleic acid construct comprising a minimal gene 

expression unit results in a gene expression construct, which will not be degraded by 

nucleases. Experimental data demonstrate that such protected gene expression constructs are 

suitable for effective gene transfer and expression in a cell of interest. 

10 

[0037] The gene expression rates that can be achieved by transfection of constructs 

according to the present disclosure are higher than rates that can be achieved by the covalently 

closed molecules as disclosed in EP 0941318 (the MIDGE vector). The MIDGE vector has 

been shown to achieve higher transfection efficiencies as well as better expression rates than 

15 comparable plasmid vectors (Schakowski et.al., in vivo, 21:17-24,2007). By avoiding the 

single-stranded loops of EP 0941318 the molecule of the instant invention is further reduced 

in size which facilitates gene transfer. Due to the L-DNA modifications, stability is given. In 

fact, the use of DNA-degrading enzymes for the removal of unmodified DNA during the 

production process underscores this stability. It has to be noted that it is also within the scope 

20 of the present disclosure to provide a L-DNA comprising DNA construct with at least one 

hairpin arranged at one end of the double strand. 

[0038] A DNA construct according to the present disclosure may be used for the artificial 

gene expression of the encoded gene in a cell of interest. In this regard, DNA vaccination, 

25 tumour therapy and -prevention require expression constructs which are safe and efficient to 

enable use in clinical protocols. Standard expression constructs are, for example, plasmid-

based vectors. However, these vectors have two disadvantages. First, their efficiency is rather 

low and second, plasmid-based vectors comprise several genes and genetic elements 

unnecessary for the expression of the desired polypeptide and thereby carry the danger of 

30 unpredictable immunological side effects. By longer and repeated application it is likely that 

the desired immune response is masked by these side effects due to severe complications that 

may arise. 
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[0039] Other expression constructs of the state of the art include replication-defective 

retroviral or adenoviral vectors. Although they are very efficient in that they can be employed 

for transducing even non-dividing cells of a wide variety of cell types, they harbour the risk of 

recombining with wild-type viruses and thereby creating new pathogenic viruses as well as 

5 activation of oncogenes. In addition, viral proteins are very likely to cause immunological 

side effects, especially at high titres. 

[0040] The minimal expression units of expression constructs according to the present 

disclosure may encode but are not limited to MHC-I or MHC-II presentable peptides, 

10 cytokines, or components of the regulation of the cell cycle, or regulatory RNA molecules and 

antisense RNA, ribozymes or mRNA-editing RNA molecules. In addition, the DNA 

constructs according to the disclosure allow their adsorption or covalent or ionic binding to 

e.g. peptides, proteins, carbohydrates, lipids, or glycopeptide ligands, as well as to micro 

projectiles which allow transferring the constructs into cells by ballistic transfer, especially 

15 into dermis, muscle tissue, pancreas, and the liver. 

BRIEF SUMMARY OF THE FIGURES 

[0041] The disclosure will be further illustrated by examples and figures without being 

20 limited to the disclosed embodiments. It shows: 

Fig. 1 Schematic illustration of a DNA construct according to the disclosure 

Fig. 2 Agarose gel electrophoresis of DNA constructs after enzymatic 

digestion 

25 Fig. 3 Transfection efficiency using electroporation of L-DNA construct 2L-

M 

Fig. 4 Transfection efficiency using lipofection of L-DNA construct 2L-M 

Fig. 5 Fluorescence intensity comparing L- and D-DNA expression constructs 

Fig. 6 Comparison of transfection efficiency using electroporation of L-DNA 

30 constructs DL-M and LD-M and the MIDGE vector 

Fig. 7 Immunisation of mice with MIDGE or L-MIDGE encoding small 

protein of Hepatitis B surface antigen 

DETAILED DESCRIPTION OF THE FIGURES 
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[0042] Figure 1 shows a schematic illustration of a DNA construct (2L-M) according to the 

present disclosure. As indicated in Table 1 the terminal oligonucleotides comprise nucleotides 

in L-conformation, which are indicated by the grey boxes in figure 1 at the end of the double 

5 stranded construct. Thus, the whole DNA construct is protected against degradation by 

exonucleases. The construct depicted in figure 1 does not have or need a hairpin loop at one 

or both ends in order to be protected against degradation. 

[0043] Figure 2 shows an agarose gel of DNA constructs being subjected to digestion by the 

10 T7-Polymerase from the T7 bacteriophage. 6 JJ g of each DNA construct were incubated with 

10 units of T7-Polymerase, with a total reaction volume of 20 |Lil. After 0, 1,5, 30, 60, and 

1500 minutes, an aliquot of 3|J1 of incubation mixtures was removed from the sample and 

diluted with 5|J1 of formamide-containing Sanger dye. All aliquots were loaded onto a 3% 

agarose gel, which was run at 100 Volt for 100 minutes. 

15 

[0044] Lane 1 shows the MIDGE vector according to EP 0 941 318. Lane 2 shows the 

unprotected expression cassette used for the manufacture of the MIDGE vector according to 

EP 0 941 318. Lane 3 shows the DNA construct according to the present invention, with both 

ends protected by L-DNA (referred to subsequently as "2L-M"). Lanes 4 and 5 show the 

20 alternative DNA constructs according to the present invention, with one end protected by L-

DNA, and the other by a hairpin. The DNA construct in Lane 4 contains the L-DNA-

protected end on the 5' end of the promoter and a hairpin on the 3' end, while the construct of 

Lane 5 is protected by L-DNA on the 3' end from the promoter, and a hairpin on its 5' end, 

respectively. These constructs are referred to as "DL-M" and "LD-M" (see Examples section 

25 for details). 

[0045] Figure 3 shows the transfection efficacy using electroporation of the 2L-M L-DNA 

comprising expression construct according to the present disclosure (2L-M) in comparison to 

a MIDGE as disclosed in EP 0 941 318 (M), both encoding eGFP. The experimental results 

30 using salmon sperm as negative control are shown on the right side. The left black bar 

represents the number of living cells, the grey middle bar indicates the number of transfected 

cells and the white right bar shows the number of dead cells. The black line indicates the total 

number of cells after electroporation. 
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[0046] The transfection efficiency of the new 2L-M L-DNA comprising construct is about 

one third higher than using the dumbbell-shaped MIDGE construct. As mentioned above, the 

MIDGE vector has been shown to possess a higher transfection efficacy than comparable 

plasmid constructs (Schakowski et.al., in vivo, 21:17-24,2007). 

5 

[0047] The results do not only demonstrate that the expression construct according the 

present disclosure is suitable for gene expression, but also show surprisingly that the construct 

has an unexpected higher efficiency in comparison to other expression constructs. The 

disclosed expression construct is obviously stable enough to cause a considerable amount of 

10 gene expression and on the other hand the uptake or transfer of the construct into cells seems 

to work quite well, both when using electroporation, as well as using lipofection. 

[0048] In order to check whether the results shown in Figure 3 are related to electroporation, 

equimolar amounts of MIDGE as disclosed in EP 0 941 318 and L-DNA comprising DNA 

15 constructs 2L-M were transferred into cells by lipofection (Figure 4). Salmon sperm was used 

as negative control. Each white bar shows the number of living cells, the grey bar the number 

of transfected cells, and the black bar indicates the number of dead cells. 

[0049] Using 1.5 JJ g DNA for lipofection results in a higher number of transfected cells for 

20 the 2L-M L-DNA construct according to the present disclosure. Although the number of 

transfected cells using 0.5 JJ g DNA is lower when using the L-DNA construct, the intensity of 

fluorescence was higher with the L-DNA construct. 

[0050] Figure 5 shows the relation between amount (mass) of DNA used for transfection 

25 and the mean fluorescence intensity evoked in individual cells. The solid line represents a 2L-

M construct according to the invention and the dotted line shows the results using a MIDGE 

as disclosed in EP 0 941 318. 

[0051] In order to receive an equal light intensity about 30% more DNA (mass) of a 

30 dumbbell-shaped DNA construct has to be applied, compared to the 2L-M construct 

disclosed. Consequently, the efficiency of the DNA construct according to the present 

disclosure is surprisingly higher than using a dumbbell-shaped construct. 



WO 2012/085282 PCT/EP2011/073984 

[0052] Figure 6 compares the fluorescence obtained from CHO-K1 cells which were 

modified with eGFP via electroporation using the MIDGE vector and the constructs LD-M, 

and DL-M, as well as salmon sperm as control. Surprisingly, at all concentrations used, the 

DL-M and LD-M constructs both caused a higher fluorescence signal from the cells, as 

5 compared to the MIDGE vector. Thus, the L-DNA constructs containing one L-DNA-

modified end and one D-DNA hairpin surprisingly showed an increased transfection 

efficiency as compared to the MIDGE vector. Clearly, these constructs are taken up quite well 

by the cells and allow for a stable and efficient expression, resulting in an improved 

performance by the vectors. 

10 

[0053] To test the efficacy of the disclosed expression constructs in an animal model, a 

DNA sequence coding for the small protein of Hepatitis B surface antigen (HBsAg) was used. 

A linear representation showing significant differences between groups of mice immunised 

with MIDGE and L-MIDGE (in case of IgG2a, p=0.033) is depicted in Figure 7. Using L-

15 MIDGE as expression construct resulted in higher IgG antibody concentrations than the use 

of MIDGE. 

[0054] The present disclosure provides a linear construct for gene expression, which is 

protected against degradation by nucleases and suitable for efficient gene expression after 

20 transfection into cells. It was possible to demonstrate that the gene products resulting from the 

transfection of expression constructs according to the disclosure are inducing specific 

antibodies. Thus, it has been proven that the disclosed expression constructs are suitable for 

the efficient gene expression in eukaryotic cells. 

25 EXAMPLES 

Manufacture of DNA constructs 

[0055] The manufacture of the DNA constructs according to the disclosure resembles that of 

EP 0 941 318. However, the hairpin oligonucleotides are replaced by so-called "L-adapters", 

30 as summarized in Table l.Both adapters were composed of the individual chimeric DNA 

molecules SEQ ID No. 1 and SEQ ID No. 2 (L-adapter 1) or SEQ ID No. 3 and SEQ ID No. 4 

(L-adapter 2), respectively (Table 1). The adapters were generated by hybridization of 

equimolar concentrations of the single-stranded DNA molecules according to table 1 at 0.28 

mg/ml for 40 min at gradually decreasing temperatures from 90°C to 25°C in 40 mM Tris-
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HC1, 10 mM MgC12, 10 mM DTT, 0.5 mM ATP (pH 7.8 at 25°C). After ligation of both 

adapters to the expression cassette as synthesized in EP 0 941 318 the subsequent removal of 

linear D-DNA by T7 polymerase and the final HPLC purification of the product was 

conducted. This construct is referred to as "2L-M". 

5 

[0056] Alternatively, one of the L-adapters was replaced by the corresponding hairpin, as 

used in the MIDGE vector described in EP 0 941 318. This resulted in DNA constructs with 

an L-DNA protection at one side of the promoter, and a hairpin on the other side. These 

constructs are referred to as "DL-M" (L-adapter 1 and hairpin) and "LD-M" (L-adapter 2 and 

10 hairpin), respectively. 

[0057] Table 1: DNA molecules used for production of the DNA constructs. All nucleotides 

are in D-conformation except for the designated nucleotides. 

SEQ ID Name Sequence (5'-3') Nucleotides in L-

conformation 

SEQ ID No. 1 CKm364 AGGGGTCCAGTTTTTT 14, 15 

SEQ ID No. 2 CKm365 AAAAACT GGAC 1,2 

SEQ ID No. 3 CKm362 TTTTTCTAAGCTT 1,2 

SEQ ID No. 4 CKm363 GGGAAAGCTT AGAAAAAT 16, 17 

L-adapter 1 SEQ ID No. 1 / SEQ ID No. 2 see above 

L-adapter 2 SEQ ID No. 3 / SEQ ID No. 4 see above 

15 Transfection 

[0058] In order to transfer the DNA constructs into the cells, different transfection methods 

can be employed, for example lipofection or electroporation. Lipofection was carried out as 
4 2 follows: 6 x 10 CHO-Kl cells were seeded on 3.8 cm tissue culture matrix and transfected 

24 h later with the indicated amounts of eGFP-expressing DNA by mixing 1:4 with Fugene 

20 HD (Roche) and processed as advised by the manufacturer. One day after transfection, cells 

were harvested by trypsinization and analyzed for fluorescence by flow cytometry (10.000 

events counted). 

25 

Electroporation 

[0059] Electroporation was carried out as follows: 2 x 106 CHO-Kl cells were resuspended 

in 500 |jl growth medium, mixed with the indicated amounts of eGFP-expressing DNA plus 
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11 |jg salmon sperm and pulsed with 270 V at 1650 |JF. Subsequently, cells were seeded on 

9.5 cm tissue culture matrix and cultivated. One day after transfection, cells were harvested 

by trypsinization and analyzed for fluorescence by flow cytometry (10,000 events counted). 

5 Immunisation of Mice 

[0060] The HBsAg coding sequence was placed under control of the strong viral PCMV 

promoter. L-MIDGE vectors encoding HBsAg were produced using the ODNs CKm362-365 

(comp. table 1), MIDGE vectors encoding HBsAg were produced according to EP 0 941 318. 

Balb/c mice (6 animals per group) were immunised intradermally with 10 JJ g/25 jul L-

10 MIDGE-HBsAg vectors (8.14 pmol) or 10 |jg/25 |jl MIDGE-HBsAg vectors (8.179 pmol) 

twice 3 weeks apart. Two weeks after the second immunisation, serum was obtained and 

analysed via ELISA for HBsAg-specific IgGl and IgG2a antibodies using HBsAg-coated 

ELISA plates (Dade Behring; Enzygnost Anti-HBs II; cat. no. OQNE17 or OQNE11), Rat-

anti-mouse IgGl and IgG2a (BD; cat. nos. 559626 and 553391) as secondary antibodies, 

15 Mouse-anti-HBsAg IgG2a (Affinity BioReagents, cat. no. MA1-19264) as standard and 

Mouse-anti-HBsAg IgGl (Affinity BioReagents, cat. no. MA1-19263) as standard. 
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Claims 

1. A DNA construct for gene expression, wherein the construct is a linear and open-

chained DNA double strand comprising a promoter sequence, a coding sequence and a 

termination signal, wherein the construct comprises at least one L-DNA nucleotide. 

2. A construct according to claim 1, wherein at least one L-DNA nucleotide is comprised 

within the last five nucleotides of a 5'- and/or the 3'-end. 

3. A construct according to claim 1 or 2, wherein at least one end of the DNA construct 

comprises a single stranded loop. 

4. A construct according to any of the preceding claims, wherein said construct is 

partially or completely double-stranded. 

5. A construct according to any of the preceding claims, wherein at least one L- or D-

DNA nucleotide is modified with a functional group selected from the group 

comprising carboxyl, amine, amide, aldimine, ketal, acetal, ester, ether, disulfide, thiol 

and aldehyde groups. 

6. A construct according to claim 5, wherein a modified nucleotide is linked to a 

compound selected from the group comprising peptides, proteins, carbohydrates, 

antibodies, synthetic molecules, polymers, micro projectiles, metal particles, 

nanoparticles, lipids, or a solid phase. 

7. A construct according to any of the preceding claims, wherein the promoter is selected 

from the group comprising promoter sequences, which are operable in a human being, 

animals or eukaryotic cells. 
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8. A construct according to at least one of the preceding claims, wherein said construct 

encodes proteins, peptides, antibodies, hormones, cytokines or other biologically 

active substances. 

5 9. A construct according to claim 8, wherein biologically active substances are 

immunomodulator s. 

10. A pharmaceutical composition comprising a DNA construct according to any of the 

claims 1 to 9. 

10 

11. A pharmaceutical composition according to claim 14 comprising additionally a 

chemo therapeutic. 

12. The use of a DNA construct according to any of the claims 1 to 9 or a pharmaceutical 

15 composition according to claims 10 or 11 for stable or transient transfection of a 

human, animal or eukaryotic cell. 

13. The use of a DNA construct according to any of the claims 1 to 9 or a pharmaceutical 

composition according to claims 10 or 11 for ex-vivo gene therapy or DNA 

20 vaccination. 

14. The use of a DNA construct according to any of the claims 1 to 9 or a pharmaceutical 

composition according to claims 10 or 11 for the treatment of cancer or autoimmune 

diseases. 

25 

15. The use of a DNA construct according to any of the claims 1 to 9 or a pharmaceutical 

composition according to claims 10 or 11 in combination with a non-coding 

immunomodulatory DNA construct. 
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