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EXPRESSION BOX, TWO-CISTRON PLASMID VECTOR, PHARMACEUTICAL
AND THEIR USE IN ANGIOGENIC GENE THERAPY

FIELD OF THE INVENTION

The present invention relates to an expression box, two-cistron plasmid vector,
pharmaceutical composition and their application in angiogenic gene therapy.
BACKGROUND OF THE INVENTION

The therapeutic application of angiogenic growth factors was described for the first time
by Folkman et al. (Folkman, N Engl J Med, 285:1182-1186 (1971)). Later studies have
confirmed the utility of recombinant angiogenic growth factors, such as the fibroblast
growth factor family (FGF) (Yanagisawa-Miwa, et al., Science, 257:1401-1403 (1992) i
Baffour, et al., ] Vasc Surg, 16:181-91 (1992)), endohelial cell growth factor (ECGF)(Pu,
et al., J Surg Res, 54:575-83 (1993)), as well as the vascular endothelial growth factor
(VEGF) in the stimulation of development and maturation of new blood vessels in an
animal model of ischemia, particularly in cardiac muscle (Takeshita, et al., Circulation,
90:228-234 (1994) and Takeshita, et al., J Clin Invest, 93:662-70 (1994)). In the mentioned
studies, recombinant proteins were applied intramuscularly. The significant limitation of
this type of therapy are the difficulties in maintaining the correct concentration of growth
factors at the treatment site.

An alternative method for recombinant protein treatment is the application of gene therapy,
which consists of the insertion of DNA coding the factors in question into the affected site.
Many attempts have been made to utilise sequences coding angiogenic growth factors in
therapy.

Patent application WO 97/14307 pertains to a method of treatment of ischemia in a
mammal, which consists of injecting into the said tissue of an effective quantity of nucleic
acid capable of the expression of the angiogenic protein. The method of the present
invention may be applied in the treatment of any ischemic tissue, that is a tissue defficient
in blood supply as a result of ischemia. Examples of these tissue are muscles (including
cardiac muscle), the brain, kidneys and lungs. A plasmid has been described containing the

¢DNA of human VEGF-165 under control of the CMV promoter. On page 9, paragraph 3,
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it has been stated that “a beneficial angiogenic protein contains a secretory
signal sequence which facilitates the secretion of the protein. Also of benefit are
angiogenic proteins possessing native signal sequences, i.e. VEGF. Angiogenic proteins
without a native signal sequence, i.e. bFGF, may be modified using known methods, so
that they may possess such a sequence (...)” The problem posed in this way does not take
into account the possibility of replacing the native secretory sequence of VEGF-165 with
another known sequence, i.e. in order to improve secretion, and suggests that the most
appropriate sequences are those natively appearing in the sequence of a given protein.
Animal tests were described (rabbits and calves), which presented qualitative and
quantitative evidence of the attainment of the desirable physiological effect. There are no
data reporting human therapy.

Patent application WO 97/12519 pertains to a method of the re-endothelisation damaged
blood vessels with gene therapy. A plasmid containing the cDNA of human VEGF-165
under the control of the CMV promoter was applied. The expression box came from
phVEGF-165 described in WO 97/14307 (above). The description also contains the same
statements regarding the secretory sequence.

Animal tests were described (rabbits and calves), which presented qualitative and
quantitative evidence of the attainment of the desirable physiological effect. There are no
data reporting human therapy.

Patent application WO 00/24412 pertains to products and methods of prevention of the
constriction or re-constriction of vessels using the VEGF-C and/or VEGF-D genes and
proteins.

On page 7 of the description (lines 8-19) the authors demonstrated possible changes to the
VEGF-C sequence used, and at the same time they underlined the importance of the
secretory sequence in the proper secretion of the planned proteins. They suggested the
application of a secretory sequence from VEGF-C along with the described derivatives of
this protein. It was also suggested to change the native secretory sequence for another
secretory sequence.

Patent application WO 01/34208 pertains to the treatment of patients with circulatory

illness, including heart disease and peripheral circulatory system disorders. The methods
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under the invention include the in vivo administration of genes coding angiogenic
peptides or proteins into heart muscle or peripheral tissue affected with poor blood flow,
through the introduction of a vector containing a gene into blood vessels supplying the
heart or into the ischemic tissue. Example 7 reveals the results of an experiment whose aim
was to increase the level of the angiogenic protein FGF-2 possessing no native expression
sequence. The desired effect (an increase in the stimulation of angiogenesis) was achieved
by concatenating the secretory sequence of FGF-4. It was suggested that the sequence
added should stem from a protein expressed in cardiac muscle cells. It was also suggested
that it may also be beneficial to utilise the FGF-4 and VEGF-145 genes in parallel, which
according to the authors may lead to a synergistic effect. No evidence was given, however,
to support this conjecture. Only animal tests were described. There are no data describing
the therapy in humans.

THE GOAL OF THE INVENTION

In the light of the current. state of knowledge there still remains a need for therapeutic
agents which could be used in gene therapy of circulatory illness in humans. Problems
which need to be solved involve the efficacy of the administered medicines, for example
through increasing the level of secretion of the expressed angiogenic factors. Other
problems in need of solution are the quality and durability of the induced vessels, which
should reach full maturity in order to improve the therapeutic effect. It would also be
beneficial to limit the potential toxicity of injection mixtures containing the therapeutic
DNA, as well as to lower their cost.

The problems indicated were solved in the present invention.

SUMMARY OF THE INVENTION

The present invention provides an expression box consisting of a CMV promoter, and the
polyadenylation signal sequence SV40, connected operationally with a gene complex
comprised of:

a) a sequence coding a hybrid secretory protein derived from immunoglobulin connected to
a VEGF 165 sequence lacking a native secretory sequence,

b) a sequence coding a hybrid secretory protein derived from immunoglobulin connected

to a bFGF,
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c) an IRES sequence located in between the mentioned sequences coding for hybrid
proteins.

Possibly, the sequence coding the hybrid protein mentioned in (a) is the coding sequence
shown in fig. 5 or sequence presented as SEQ ID No.:1, and the sequence coding the
hybrid protein mentioned in (b) is the sequence shown in fig. 2 or sequence presented as
SEQ ID No.:3, and if the IRES sequence mentioned in (¢) is the sequence presented in fig.
4 or sequence presented as SEQ ID No.:6. Preferably, the expression box according to the
invention contains at least the nucleotides from 695 to 2538 of sequence presented as SEQ
ID No.:5.

A further aspect of the invention is a two-cistron plasmid vector, characterised by the fact
that it contains an expression box according to the invention. Here, possibly this plasmid
vector is pVIF.

Another aspect of the invention is the application of the expression box according to the
invention for the production of an expression vector for the gene therapy of circulatory
deficiency in humans. In particular, the topic of the invention is the application of the pVIF
plasmid in the production of a treatment for circulatory deficiency in humans.

The next aspect of the invention is a pharmaceutical composition for the treatment of
circulatory deficiency in humans which contains an active ingredient and a
pharmaceutically acceptable diluent, characterised by the fact that as the active ingredient
it contains a two-cistron plasmid vector containing an expression box according to the
invention. Here, the active ingredient is the pVIF plasmid.

Another aspect of the invention is also a method for the treatment or prevention of
ischemic disorders or diseases of the human being comprising administering to a human in
need thereof a medicament selected among expression box or pharmaceutical composition
or vector according to invention, as defined above. Such medication can be administered
either in or nearby to site of the ischemic tissue. Here, ischemic tissue is an ischemic
myocardium.

Another aspect of the invention is also a method for revascularizing ischemic tissue or
improving the vascular flow of ischemic tissue comprising administering a medicament

selected from among an expression box or pharmaceutical composition or vector according
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to invention, as defined above, either in or near to the site of the ischemic tissue. Here,
ischemic tissue is an ischemic myocardium.

Medications in accordance with the invention may be administered intramuscularly or
intravenously. For example, in the case of cardiac muscle ischemia intramuscular
administration is possible, as is administration into the correct area of the cardiac
capillaries.

THE VIRTUES OF THE INVENTION

The present invention unexpectedly facilitates a significant increase in the effectiveness of
angiogenic gene therapy. Unexpectedly, using cross-species secretory sequences, an
increase in the level of secretion of angiogenic factors was achieved. Unexpectedly, the
presented vector induces the production of more mature and stabilised blood vessels i
vivo, in comparison to a vector coding a single factor, i.e. only VEGF, and when applied in
gene therapy (trials on patients) it causes more effective and faster improvements in the
clinical state of the patient. An injection of a two-cistron vector entails a lesser introduction
of foreign DNA as well as endotoxins, which may be contaminating the DNA preparation,
than in the case of the administration of two single-gene vectors. By the same token one
nullifies the danger of toxicity induced by the medication or other serious complications
(fevers, shock and unconsciousness). Not meaningless are also the lower material costs
needed for the production of one two-cistron vector. It is evident that the cost of isolation,
purification, and endotoxin level testing is smaller than that of two single-gene vectors.
Thanks to this the process of production of means may be more efficient with the same
expenditure. This increases the availability of the medication.

The following examples will illustrate the invention further. These examples are, however,
in no way intended to limit the scope of the present invention as obvious modifications will
be apparent, and still other modifications and substitutions will be apparent to anyone
skilled in the art.

The recombinant DNA methods employed in practising the present invention are standard
procedures, well known to those skilled in the art, and described in detail, for example, in
“Molecular Cloning” (Sambrook et al. 1989) and in “A Practical Guide to Molecular
Cloning” (Perbal, 1984).
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic of the expression box of the pVIF vector. The following
acronyms were used: CMV- Cytomegaly virus promoter, ATG - start codon, TGA - stop
codon, Igk - mouse immunoglobulin signal sequence, VEGF — gene coding for the
vascular endothelial growth factor, bFGF - gene coding the basic fibroblast growth factor,
IRES - internal ribosome entry site.

Figure 2 shows the sequence of the ATG-Igk-bFGF cloned into a pSEC/VEGF/IRES
vector (Notl-ATG-Igk-bFGF-Xhol). The primers used are underlined, the restriction sites
used are shaded.

Figure 3 shows the bFGF sequence cloned into a pSEC (EcoRI-bFGF-Xhol) vector. The
primers used are underlined.

Figure 4 shows the IRES sequence cloned into a pSEC/VEGF (EcoRI-IRES-Notl) vector.
RBS-1 and RBS-2 primers are underlined, restriction sites used (EcoRI, Not I) are shaded.

Figure 5 shows the sequence ATG-Igk-VEGF cloned into a pSEC/VEGF vector. Start and
stop codons are in bold, fragments coding restriction sites are shaded.

For a better understanding of the essence of the invention, it is illustrated below through
examples.

Example 1. The pVIF plasmid.

The pVIF construct is a plasmid expression vector coding angiogen-type factors. The
cloned-in box contains two cistrons. It contains a gene coding VEGF165 (PubMed
X62568), the IRES sequence (based on a template cloned onto a pIRES-EGFP vector,
Clontech, cat. #6064-1) as well as a sequence coding bFGF (Pubmed E02544). The IRES
sequence stems from the encephalomyocarditis virus (ECMV) and ensures the translation
of both cloned genes from one two-cistron mRNA. Both the VEGF and the FGF sequences
are preceded by signal sequences in the box, which facilitate the secretion of the
synthesized VEGF and FGF proteins. Figure 1 shows a schematic of the expression box in
the pVIF vector. ‘

Example 2. Obtaining the pVIF vector.

Cloning was carried out using sticky ends to the ATG triplet in accordance with the

reading frame. Amersham reagents were used, and the vector was amplified in E.coli
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bacteria, of the DH5a strain. The isolation was carried out using the EndoFree Plasmid
Mega Kit from Qiagen.

To obtain the pVIF vector, two supplementary vectors were used, pPSEC/VEGF as well as
an empty pSEC vector. The pSEC/VEGF vector was cloned earlier according to the
description contained in Polish patent application P.339326, and it is a plasmid expressioﬁ
vector coding the VEGF 165 isoform. It contains a signal sequence facilitating the secretion
of the VEGF protein outside of the cell. The procedure was composed of three steps: (a)
subcloning of the IRES sequence from the pMIG/IRES vector to a pSEC/VEGF vector, (b)
cloning of the bFGF sequence onto a pSEC vector, (c¢) subcloning of the ATG - Igk - bEGF
box from the pSEC/bFGF vector to the pSEC/VEGF/IRES vector.

A. Subcloning of the IRES sequence from the pMIG/IRES vector to a pSEC/VEGF vector.
The IRES sequence was amplified using PCR from a template sequence cloned into a
pMIG wector. The PCR primers were designed to contain the restriction sites for EcoRI
and Notl:

RBS-1: 5' - AAGAATTCCAATTCCGCCCCTCTCCCT - 3'

RBS-2: 5' - AAGCGGCCGCTTGTGGCAAGCTTATCATC - 3'

The PCR product was purified using the Clean-Up kit (DNA-Gdansk), digested with
EcoRI and Notl for 1 h at a temp. of 37 °C and isolated from an agarose gel using a
QIAquick Gel Extraction Kit from Qiagen. The pSEC/VEGF vector was also digested with
EcoRI and Notl, separated electrophoretically and isolated from the gel. Ligation was
carried out over 16 h at 16 °C using T4 ligase (Amersham). Ligants were transformed into
E.coli bacteria, and a clone selection was made on agar dishes with ampicillin. Grown
clones were transferred to a liquid LB medium with amipicillin. They were incubated
overnight at 37°C. Plasmids were isolated from the clones, which were then restriction-
analysed. Thus the pSEC/VEGF/IRES vector was obtained.

B. Cloning of the bFGF sequence onto the pSEC vector

The sequence coding bFGF was amplified using a template of cDNA from cells of the
HUVEC line (human urolimbical vein endothelial cell). The PCR primers were designed to
contain the restriction sites for EcoRI and Xhol:

HbF-1: 5' - ATGAATTCGCCAGCATTGCCCGAGGAT - 3'
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HbF-2: 5'—= TTCTCGAGATTCAGCTCTTAGCAGACAT - 3'

The PCR product was purified using the Clean-Up kit (DNA-Gdansk), digested with
EcoRI and Xhol for 1 h at a temp. of 37 °C and isolated from an agarose gel using a
QIAquick Gel Extraction Kit from Qiagen. The pSEC vector was also digested with EcoRI
and Xhol, separated electrophoretically and isolated from the gel. Ligation was carried out
over 16 h at 16 °C using T4 ligase (Amersham). Ligants were transformed into E.coli
bacteria, and a clone selection was made on agar dishes with ampicillin. Grown clones
were transferred to a liquid LB medium with amipicillin. They were incubated overnight at
37°C. Plasmids were isolated from the clones, which were then restriction-analysed. Thus
the pSEC/FGF vector was obtained.

C. Subcloning of the ATG - Igk - bFGF box from the pSEC/bFGF vector onto the
pSEC/VEGF/IRES vector V

The ATG - Igk- FGF box was cloned from the pSEC/FGF vector onto the
pSEC/VEGF/IRES vector. This fragment was amplified using PCR. A new primer was
designed, which introduced a Notl restriction site, and the HbF-2 primer was also used.
The sequence of the sense primer was as follows:

Not _IgK: 5' - AAGCGGCCGCACCATGGAGACAGACACA - 3

From then, the procedure was carried out as before:: the PCR product was purified using
the Clean-Up kit (DNA-Gdarisk), digested with NotI and Xhol over 1 h at a temp. of 37 °C
and isolated from an agarose gel using the QIAquick Gel Extraction Kit from Qiagen. The
pSEC/VEGF/IRES vector was also digested with Notl and Xhol, separated
electrophoretically and isolated from the gel. Ligation was carried out over 16 h at 16 °C
using T4 ligase (Amersham). Ligants were transformed into E.coli bacteria, and a clone
selection was made on agar dishes with ampicillin. Grown clones were transferred to a
liquid LB medium with amipicillin. They were incubated overnight at 37°C. Plasmids were
isolated from the clones, which were then restriction-analysed. Thus the
pSEC/VEGEF/IRES/FGF (pVIF) vector was obtained.

The construct obtained underwent a detailed restriction analysis. Various combinations of

restrictases were used, as were several PCRs using various primers. The construct was also
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sequenced. All analyses confirmed the correct cloning. A vector with a two-cistron
VEGF/IRES/FGF expression box was obtained.

Example 3. In vitro assays

The constructed pVIF vector was inserted into tumour cells (LI line - murine sarcoma) and
non-tumour cells (HCV-29 line - human urinary bladder epithelium) each with a low
expression of VEGF and FGF growth factors. Using Western blotting, using specific
monoclonal anti-VEGF and anti-FGF antibodies, we analysed the presence of these
proteins in the medium surrounding the transfected cells. The analysis confirmed the
expression of genes borne by the pVIF vector in the transfected cells, and that the
synthesised VEGF and FGF proteins are secreted to the outside of the cell.

Example 4. In vivo studies

The studies were carried out in BALB/c strain mice (males). A skin angiogenesis test was
performed. The mice received the vector subcutaneously at a dose of 10 pg per site. After
3 and 13 days following the injection new blood vessels were counted. It was concluded
that the pVIF vector clearly induces the formation of blood vessels. The results were
compiled in table 1.

Tabela 1. Comparison of effects

In vivo angiogenesis (mice) — the number of new blood vessels following an
subcutaneous introduction of the vectors
pVIF pVEGF pFGF
3 days 21,33 +/-3,77 14,50 +/- 2,26 12,13 +/- 1,96
n=15 n=14 n=15
13 days 26,10 +/- 8,60 18,20 +/- 4,5 -
n=17 n=15

Example 5. Histochemical analysis

‘The mice used in the skin angiogenesis tests were used. Samples of subcutaneous tissue

with the new blood vessels were taken. The purpose was to evaluate and compare the
histological character of the blood vessels formed following the subcutaneous injection of

the pVIF and pSEC/VEGF vectors. The results obtained prove that the pVIF vector
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induces the formation of more mature and larger blood vessels than the pSEC/VEGF
vector.

Example 6. Application of the pVIF vector in order to achieve angiogenesis in the cardiac
muscle tissue of a patient with coronary disease.

The plasmid was used in a 52-year-old patient. The patient suffered from an unstable form
of coronary disease of the III/IV class according to the CCS, without a heart attack, with
arterial hypertension, hypercholesterolemia and atherosclerosis in his lower limbs.

During the pre-operation stress test he achieved a 5,5 METS result. The test was
interrupted due to intense changes in the ST region in the effluent vessels from the front-
side and lower walls. The test result was described as singularly positive.

In the echocardiographic analysis, the effluent fraction was 65% (%EF=65). Coronography
indicated multi-vessel coronary disease with a blocked circumflex artery (C), a blocked
right coronary artery (RCA), thus it was only possible to bridge the left anterior descending
artery (LAD).

During the operation, the left interior myocardial artery was grafted to the left anterior
descending artery (LIMA to LAD) on a beating heart, without diverting blood externally.
After performing the bridging to the coronary vessel, the bottom and side walls of the heart
were injected with the pVIF plasmid solution. The cardiac muscle tissue was transfected
directly, using an injection with a 0,33 mm needle.

No complications resulting from the gene transfection were noted, neither in the time
during the operation, nor during the post-operational period. the patient was in a stable
state throughout the time of the operation.

Presently, 3 months have passed since the operation, and the patient exhibits no athero-
cardiac illnesses, and has functional breathing and circulation. In a SPECT analysis 2
weeks following the operation, perfusion was noted which was related to the isertion of the
bridge to the LAD, and afterwards perfusion was noted in segments transfected with the
pVIF plasmid in an examination performed 1 month following the operation. The patient’s
state is improving continually. In further examinations, revascularizing ischemic
myocardial tissue was observed, which was exhibited by improvement of the vascular flow

of the ischemic myocardium.
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In summary, one may concluded that the application of the pVIF plasmid did not
increase the risk of the operation. The patient bore the operation very well. No post-
operational complications were observed. The patient does not report more coronary
problems. His life comfort level has increased, along with his stress tolerance, and his

requirement for nitrates has lessened.
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CLAIMNS
1. Expression box composed of a CMV promoter as well as an SV40 polyadenylation
signal operationally connected to a gene complex containing:
a) a sequence coding a hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the VEGF 45 sequence with a removed native secretory
sequence,
b) a sequence coding the hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the bFGF sequence,
¢) an IRES sequence located between the mentioned sequences coding hybrid proteins.
2. Expression box according to claim 1, characterised in that the sequence coding the
hybrid protein mentioned in (a) is the coding sequence presented in Figure 5 or sequence
presented as SEQ ID No.:1.
3. Expression box according to claim 1, characterised in that the sequence coding the
hybrid protein mentioned in (b) is the coding sequence presented in Figure 2 or sequence
presented as SEQ ID No.:3.
4. Expression box according to claim 1, characterised in that the IRES sequence
mentioned in (c) is the sequence presented in Figure 4 or sequence presented as SEQ ID
No.:6.
5. Expression box according to claim 1, characterised in that it contains at least the
nucleotides from 695 to 2538 of sequence presented as SEQ ID No.:5.
6. Two-cistron plasmid vector, characterised in that it contains an expression box
composed of a CMV promoter as well as an SV40 polyadenylation signal connected
operationally to a gene complex containing:
a) a sequence coding a hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the VEGF4s sequence with a removed native secretory
sequence,
b) a sequence coding the hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the bFGF sequence,

c) an IRES sequence located between the mentioned sequences coding hybrid proteins.
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7. Plasmid vector according to claim 6, characterised in that the sequence coding the
hybrid protein mentioned in (a) is the coding sequence presented in Figure 5 or sequence
presented as SEQ ID No.:1.
8. Plasmid vector according to claim 6, characterised in that the sequence coding the
hybrid protein mentioned in (b) is the coding sequence presented in Figure 2 or sequence
presented as SEQ ID No.:3.
9. Plasmid vector according to claim 6, characterised in that the IRES sequence
mentioned in (c) is the sequence presented in Figure 4 or sequence presented as SEQ ID
No.:6.
10.  Plasmid vector according to claim 6, characterised in that the sequence coding the
hybrid proteins contains at least the nucleotides from 695 to 2538 of sequence presented as
SEQ ID No.:5.
11. Plasmid vector according to claim 6, characterised in that it is a pVIF plasmid.
12.  The use of the expression box composed of the a CMV promoter as well as an
SV40 promoter connected operationally to a gene complex containing:
a) a sequence coding a hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the VEGF;gs sequence with a removed native secretory
sequence,
b) a sequence coding the hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the bFGF sequence,
¢) an IRES sequence located between the mentioned sequences coding hybrid proteins,
for the production of an expression vector for use in gene therapy of ischemic states in
humans.
13. Use according to claim 12, characterised in that the sequence coding the hybrid
protein mentioned in (a) ié the coding sequence presented in Figure 5 or sequence
presented as SEQ ID No.:1.
14.  Use according to claim 12, characterised in that the sequence coding the hybrid
protein mentioned in (b) is the coding sequence presented in Figure 2 or sequence

presented as SEQ ID No.:3.
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15. Use according to claim 12, characterised in that the IRES sequence mentioned in
(¢) is the sequence presented in Figure 4 or sequence presented as SEQ ID No.:6.

16.  Use according to claim 12, characterised in that the sequence coding the hybrid
proteins contains at least the nucleotides from 695 to 2538 of sequence presented as SEQ
ID No.:5.

17. Use of the pVIF plasmid to produce medication for the treatment of ischemic states
in humans.

18. A pharmaceutical composition for the treatment or prevention of ischemic disorders
or diseases of the human being comprising an active ingredient and a pharmaceutically
acceptable carrier or diluerit characterised in that as the active ingredient it contains a two-
cistron plasmid vector containing a CMV promoter as well as an SV40 promoter connected
operationally to a gene complex containing:

a) a sequence coding a hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the VEGFss sequence with a removed native secretory
sequence,

b) a sequence coding the hybrid protein containing a secretory sequence stemming from
immunoglobulin bound to the bFGF sequence,

¢) an IRES sequence located between the mentioned sequences coding hybrid proteins.

19. A pharmaceutical composition according to claim 18, characterised in that the
sequence coding the hybrid protein mentioned in (a) is the coding sequence presented in
Figure 5 or sequence presented as SEQ ID No.:1.

20. A pharmaceutical composition according to claim 18, characterised in that the
sequence coding the hybrid protein mentioned in (b) is the coding sequence presented in
Figure 2 or sequence presented as SEQ ID No.:3.

21. A pharmaceutical composition according to claim 18, characterised in that he IRES
sequence mentioned in (c) is the sequence presented in Figure 4 or sequence presented as
SEQ ID No.:6.

22. A pharmaceutical composition according to claim 18, characterised in that the
sequence coding the hybrid proteins contains at least the nucleotides from 695 to 2538 of .

sequence presented as SEQ ID No.:5.
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23. A pharmaceutical composition according to claim 18, characterised in that the
active ingredient is the pVIF plasmid.

24. A method for the treatment or prevention of ischemic disorders or diseases of the
human being comprising administering to a human in need thereof an expression box
according to claim 1 to 5.

25. A method of claim 24 wherein an expression box is administered either in or near
to site of the ischemic tissue.

26. A method of claim 24 wherein ischemic tissue is a ischemic myocardium.

27. A method for the treatment or prevention of ischemic disorders or diseases of the
human being comprising administering to a human in need thereof a vector according to
claim 6 to 11.

28. A method of claim 27 wherein a vector is administered either in or nearby to site of
the ischemic tissue.

29. A method of claim 27 wherein ischemic tissue is a ischemic myocardium.

30. A method for the treatment or prevention of ischemic disorders or diseases of the
human being comprising administering to a human in need thereof a pharmaceutical
composition according to claim 18 to 23.

31. A method of claim 30 wherein a pharmaceutical composition is administered either
in or nearby to site of the ischemic tissue.

32. A method of claim 30 wherein ischemic tissue is a ischemic myocardium.

33. A method for revascularizing ischemic tissue or improving the vascular flow of
ischemic tissue comprising administering a expression box according to claim 1to 5 or a
vector according to claim 6 to 11 or a pharmaceutical composition according to claim 18 to
23 either in or nearby to site of the ischemic tissue.

¢

34. A method of claim 33 wherein ischemic tissue is a ischemic myocardium.
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TTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGC
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GTGAATGCAGACCAAAGAAAGATAGAGCAAGACAAGAAAATCCCTCTGGGCCT
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<110> ZAKEREADY FARMACEUTYCZNE POLPHARMA S.A.

<120>

EXPRESSION BOX,

6/14

SEQUENCE

LISTING

THEIR USE IN ANGIOGENIC GENE THERAPY

<130> PZ/028/RW/PCT

<150> P 355255

<151> 2002-

<160> 6

08-05

<170> PatentIn version 3.1

<210> 1

<211> 618

<212> DNA

<213> Artificial

<220>
<221> CbS
<222> (1)..

(618)

<223> ATG-Igk-VEGF

<400> 1
atg gag aca
Met Glu Thr
1

ggt tcc act
Gly Ser Thr

aag ctt ggt

gac aca ctc ctg
Asp Thr Leu Leu
5

ggt gac gcg gcc
Gly Asp Ala Ala
20

acc gag ctc gga

cta
Leu

cag
Gln

tecc

tgg
Trp

ccg
Pro
25

gca

gta
val
10

gcc
Ala

ccce

ctg
Leu

agg
Arg

atg

TWO-CISTRON PLASMID VECTOCR,

ctg ctc
Leu Leu

cgc gcg
Arg Ala

gca gaa

tgg
Trp

cge
Arg
30

gga

PCT/PL2003/000076

gtt
Val
15

cgt
Arg

gga

cca
Pro

acg
Thr

999

PHARMACEUTICAL AND

48

96

144
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Lys Leu Gly Thr

cag
Gln

tac
Tyr
65

gat
Asp

tgc
Cys

gag
Glu

cag
Gln

aga
Arg
145

tca
Ser

tgt
Cys

tta
Leu

aat
Asn
50

tge
Cys

gag
Glu

999
Gly

tcc
Ser

cac
His
130
cca

Pro

gag
Glu

tcc
Ser

aac
Asn

35

cat
His

cat
His

atc
Ile

ggc
Gly

aac
Asn
115

ata
Ile

aag
Lys

cgg
Arg

tgc
Cys

gaa
Glu
195

cac
His

cca
Pro

gag
Glu

tgce
Cys
100

att
Ile

gga
Gly

aaa
Lys

aga
Arg

aaa
Lys
180

cgt
Arg

Glu Leu Gly Ser Ala Pro Met Ala Glu Gly Gly Gly

gaa
Glu

atc
Ile

tac
Tyr
85

tgc
Cys

acc
Thr

gag
Glu

gat
Asp

aag
Lys
165

aac
Asn

act
Thr

40

7/14

gtg gtg aag ttc

Val

gag
Glu
70

atc
Ile

aat
Asn

atg
Met

atg
Met

aga
Arg
150

cat

His

aca
Thr

tgc
Cys

Val
55

acc
Thr

ttc
Phe

gac
Asp

cag
Gln

agc
Ser
135

gca
Ala

ttg
Leu

gac
Asp

aga
Arg

Lys

ctg
Leu

aag
Lys

gag
Glu

att
Ile
120

ttc
Phe

aga
Arg

ttt
Phe

tcg
Ser

tgt
Cys
200

Phe

gtg
Val

cca
Pro

ggc
Gly
105

atg
Met

cta
Leu

caa
Gln

gta
Val

agt
Ser
185

gac
Asp

atg
Met

gac
Asp

tce
Ser
90

ctg
Leu

c¢gg
Arg

cag
Gln

gaa
Glu

caa
Gln
170

tgc
Cys

aag
Lys

gat
Asp

atc
Ile
75

tgt
Cys

gag
Glu

atc
Ile

cac
His

aat
Asn
155

gat
Asp

aag
Lys

ccg
Pro

gtc
Val
60

ttc
Phe

gtg
Val

tgt
Cys

aaa
Lys

aac
Asn
140

cce
Pro

ccg
Pro

gcg
Ala

agg
Arg

45

tat
Tyr

cag
Gln

cce
Pro

gtg
Val

cct
Pro
125

aaa
Lys

tgt
Cys

cag
Gln

agg
Arg

cgg
Arg
205

cag
Gln

gag
Glu

ttg
Leu

cce
Pro
110

cac

His

tgt
Cys

999
Gly

acg
Thr

cag
Gln
190

tga

PCT/PL2003/000076

cgc
Arg

tac
Tyr

atg
Met
95

act
Thr

caa
Gln

gaa
Glu

cct
Pro

tgt
Cys
175

ctt
Leu

agce
Ser

cct
Pro
80

cga
Arg

gag
Glu

ggc
Gly

tgc
Cys

tgc
Cys
160

aaa

Lys

gag
Glu

<210>

<211>

<212>

<213>

<400>

2
205
PRT

Artificial

2

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro

1

5 10 15

Gly Ser Thr Gly Asp Ala Ala Gln Pro Ala Arg Arg Ala Arg Arg Thr

192

240

288

336

384

432

480

528

576

618
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Lys

Gln

Tyr

65

Asp

Cys

Glu

Gln

Arg

145

Ser

Cys

Leu

Leu

Asn

50

Cys

Glu

Gly

His

His

Ile

Gly Gly

Ser

His

130

Pro

Glu

Ser

Asn

<210>

<211>

<212>

<213>

<220>

<221>

Asn
115

Ile

Lys

Arg

Cys

Glu

185

3
582

DNA

20

Thr

His

Pro

Glu

Cys

100

Ile

Gly

Lys

Arg

Lys

180

Arg

Glu

Glu

Ile

Tyr

85

Cys

Thr

Glu

Asp

Lys

165

Asn

Thr

Artificial

CDS

Leu
Val
Glu
70

Ile
Asn
Met
Met
Arg
150
His

Thr

Cys

Gly

Val

55

Thr

Phe

Asp

Gln

Ser

135

Ala

Leu

Asp

Arg

Ser

40

Lys

Leu

Lys

Glu

Ile

120

Phe

Arg

Phe

Ser

Cys
200

8/14

25 30

Ala

Phe

Val

Pro

Gly

105

Met

Leu

Gln

Val

Ser

185

Asp

Pro

Met

Asp

Ser

90

Leu

Arg

Gln

Glu

Gln

170

Cys

Lys

Met

Asp

Ile

75

Cys

Glu

Ile

His

Asn

155

Asp

Lys

Pro

Ala

Val

60

Phe

Val

Cys

Lys

Asn

140

Pro

Pro

Ala

Arg

Glu

45

Tyr

Gln

Pro

Val

Pro

125

Lys

Cys

Gln

Arg

Arg
205

Gly

Gln

Glu

Leu

Pro

110

His

Cys

Gly

Thr

Gln
190

PCT/PL2003/000076

Gly

Arg

Tyr

Met

95

Thr

Gln

Glu

Pro

Cys

175

Leu

Gly

Ser

Pro

80

Arg

Glu

Gly

Cys

Cys

160

Lys

Glu
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<222>
<223> ATG-Igk-bFGF

<400>
atg gag aca
Met Glu Thr

1

ggt
Gly

aag
Lys

gca
Ala

aag
Lys
65

atc
Ile

cac
His

aaa
Lys

tta
Leu

ttg
Leu
145

tgg
Trp

aca
Thr

agc
Ser

tcec
Ser

ctt
Leu

ttg
Leu
50

gac

Asp

cac
His

atc
Ile

gga
Gly

ctg
Leu
130

gaa
Glu

tat
Tyr

gga
Gly

tga

<210>

act
Thr

ggt
Gly
35

ccc
Pro

cce
Pro

cce
Pro

aag
Lys

gtg
Val
115

gct
Ala

tct
Ser

gtg
Val

cct
Pro

gac
Asp

ggt
Gly
20

acc
Thr

gag
Glu

aag
Lys

gac
Asp

cta
Leu
100

tgt
Cys

tct
Ser

aat
Asn

gca
Ala

gg9g9
Gly
180

(1)..(582)

aca
Thr

gac
Asp

gag
Glu

gat
Asp

cgg
Arg

ggc
Gly
85

caa
Gln

gct
Ala

aaa
Lys

aac
Asn

ctg
Leu
165

cag
Gln

cte
Leu

gcg
Ala

cte
Leu

ggc
Gly

ctg
Leu
70

cga
Arg

ctt
Leu

aac
Asn

tgt
Cys

tac
Tyr
150

aaa

Lys

aaa
Lys

ctg
Leu

gcc
Ala

gga
Gly

ggc
Gly
55

tac
Tyr

gtt
Val

caa
Gln

cgt
Arg

gtt
Val
135

aat

Asn

cga
Arg

gct
Ala

cta
Leu

cag
Gln

tcc
Ser
40

agce
Ser

tgc
Cys

gac
Asp

gca
Ala

tac
Tyr
120

acg
Thr

act
Thr

act
Thr

ata
Ile

tgg
Trp

ccg
Pro
25

act
Thr

ggc
Gly

aaa
Lys

999
Gly

gaa
Glu
105

ctg
Leu

gat
Asp

tac
Tyr

gg99
Gly

ctt
Leu
185

9/14

gta
val
10

gcc
Ala

cca
Pro

gcc
Ala

aac
Asn

gtc
Val
90

gag
Glu

gct
Ala

gag
Glu

cgg
Arg

cag
Gln
170

ttt
Phe

ctg
Leu

agg
Arg

gtg
Val

ttc
Phe

g9g9
Gly
75

cgg
Arg

aga
Arg

atg
Met

tgt
Cys

tca
Ser
155

tat
Tyr

ctt
Leu

ctg
Leu

cge
Arg

tgg
Trp

ccg
Pro
60

ggc
Gly

gag
Glu

gga
Gly

aag
Lys

ttc
Phe
140

agg
Arg

aaa
Lys

cca
Pro

ctc
Leu

gcg
Ala

tgg
Trp
45

ccce
Pro

ttc
Phe

aag
Lys

gtt
Val

gaa
Glu
125

ttt
Phe

aaa
Lys

ctt
Leu

atg
Met

tgg
Trp

cgc
Arg
30

aat
Asn

ggc
Gly

ttc
Phe

agc
Ser

gtg
Val
110

gat
Asp

ttt
Phe

tac
Tyr

gga
Gly

tct
Ser
190

PCT/PL2003/000076
gtt cca 48
Val Pro
15
cgt acg 96
Arg Thr
tcg cca 144
Ser Pro
cac ttc 192
His Phe
ctg cgc 240
Leu Arg

80
gac cct 288
Asp Pro
95
tct atce 336
Ser Ile
gga aga 384
Gly Arg
gaa cga 432
Glu Arg
acc agt 480
Thr Ser

160
tce aaa 528
Ser Lys
175
gct aag 576
Ala Lys

582
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<211> 193
<212> PRT

<213> Artificial

<400> 4

10

15

20

25

30

35

40

45

50

55

60

Met Glu Thr

1

Gly

Lys

Ala

Lys

65

Ile

His

Lys

Leu

Leu

145

Trp

Thr

Ser

Ser

Leu

Leu

50

Asp

His

Ile

Gly

Leu

130

Glu

Tyr

Gly

Thr

Gly

Pro

Pro

Pro

Lys

Val

115

Ala

Ser

Val

Pro

Asp

Gly

20

Thr

Glu

Lys

Asp

Leu

100

Cys

Ser

Asn

Ala

Gly
180

Thr

Asp

Glu

Asp

Arg

Gly

85

Gln

Ala

Lys

Asn

Leu

165

Gln

Leu
Ala
Leu
Gly
Leu
70

Arg
Leu
Asn
Cys
Tyr
150

Lys

Lys

Leu

Ala

Gly

Gly

55

Tyr

Val

Gln

Arg

Val

135

Asn

Arg

Ala

Leu

Gln

Ser

40

Ser

Cys

Asp

Ala

Tyr

120

Thr

Thr

Thr

Ile

Trp

Pro

25

Thr

Gly

Lys

Gly

Glu

105

Leu

Asp

Tyr

Gly

Leu
185

Val

10

Ala

Pro

Ala

Asn

Val

90

Glu

Ala

Glu

Arg

Gln

170

Phe

Leu

Arg

Val

Phe

Gly

75

Arg

Arg

Met

Cys

Ser

155

Tyr

Leu

Leu

Arg

Trp

Pro

60

Gly

Glu

Gly

Lys

Phe

140

Arg

Lys

Pro

Leu

Ala

Trp

45

Pro

Phe

Lys

Val

Glu

125

Phe

Lys

Leu

Met

Trp

Arg

30

Asn

Gly

Phe

Ser

Val

110

Asp

Phe

Tyx

Gly

Ser
190

Val

15

Arg

Ser

His

Leu

Asp

95

Ser

Glu

Thr

Ser

175

Ala

Pro

Thr

Pro

Phe

Arg

80

Pro

Ile

Arg

Arg

Ser

160

Lys

Lys
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<210>
<211>

<212>

<213>

<220>

<221>

<222>

<223>

<400>

11/14

5
2538

DNA

Artificial

gene
(695)..(2538)

casette

5

gatgtacggg
attacggggt
aatggcecege
ttcccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctct
ctcactatag
ggtactgctg
gcgecegtacg
gaatcatcac
cgagaccctg
cctgtgtgee
ccactgagga
acataggaga
gagcaagaca

aagatccgca

ccagatatac
cattagttca
ctggctgacc
aacgccaata
cttggcagta
taaatggcece
gtacatctac
tgggcgtgga
tgggagtttg
ccecattgacg
ctggctaact
ggagacccaa
ctctgggttc
aagcttggta
gaagtggtga
gtggacatct
cttgatgcga
gtccaacatt
gatgagcttec

agaaaatccc

gacgtgtaaa

gcgttgacat
tagcccatat
gccecaacgcece
gggactttcc
catcaagtgt
gcctggeatt
gtattagtca
tageggtttg
ttttggcacc
caaatgggceg
agagaaccca
gctggectage
caggttccac
ccgagetegg
agttcatgga
tccaggagta
tgeggggget
accatgcaga
ctacagcaca
tgtgggectt

tgttcctgca

tgattattga
atggagttcc
cccgeccatt
attgacgtca
atcatatgcce
atgcccagta
tcgectattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
caccatggag
tggtgacgeg
atccgcacce
tgtctatcag
ccctgatgag
gctgcaatga
ttatgecggat
acaaatgtga
gctcagagceg

aaaacacaga

ctagttatta
gcgttacata
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
acagacacac
gceccagecgg
atggcagaag
cgcagctact
atcgagtaca
cgagggccetg
caaacctcac
atgcagacca
gagaaagcat

ctcgagttge

PCT/PL2003/000076

atagtaatca
acttacggta
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctccacccca
aaatgtcgta
gtctatataa
attaatacga
tectgetatg
ccaggcgcegce
gaggagggca
gccatccaat
tcttcaagee
gagtgtgtgce
caaggccage
aagaaagata

ttgtttgtac

aaggcgaggce

60
120
180
240
300
36d
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200

1260
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agcttgagtt
aggaaggagc
cctaacgtta
ttttccacca
tgacgagcat
tcgtgaagga
tttgcaggcea
tataagatac
tggaaagagt
aggtacccca
agtcgaggtt
aaacacgatg
tgggtactgce
gcgegecgta
gcattgcecg
cggctgtact
ggggtccggg
gttgtgtcta
ttactggett
aactacaata
gggcagtata

atgtctgcta

<210> 6
<211> 2537
<212> DNA

<213>

<220>

<221> 1IRES

aaacgaacgt
ctccctcage
ctggcecgaag
tattgeegte
tcctaggggt
agcagttect
gcggaacccce
acctgcaaag
caaatggctce
ttgtatggga
aaaaaaacgt
ataagcttge
tgctetgggt
cgaagcttgg
aggatggcgg
gcaaaaacgg
agaagagcga
tcaaaggagt
ctaaatgtgt
cttaccggte
aacttggatc

agagctga

acttgcagat
gtttcgggaa
ccgcettggaa
tttggcaatg
ctttcececte
ctggaagctt
ccacctggeg
gcggcacaac
tcctcaageg
tctgatctgg
ctaggccccce
cacaagcggc
tccaggttece
taccgagctce
cagcggcgece
gggcttctte
ccectcacatce
gtgtgctaac
tacggatgag
aaggaaatac

Ccaaaacagga

Encephalomyocarditis virus

12/14

gtgacaagcc
tteccaattec
taaggccggt
tgagggcecg
tcgeccaaagg
cttgaagaca
acaggtgcct
cccagtgcececa
tattcaacaa
ggccteggtyg
cgaaccacgg
cgcaccatgg
actggtgacg
ggatccactc
ttececegeceg
ctgcgeatce
aagctacaac
cgttacctgg
tgtttetttt
accagttggt

cctgggcaga

gaggcggtga
gcecectcetece
gtgegtttgt
gaaacctggce
aatgcaaggt
aacaacgtct
ctgcggccaa
cgttgtgagt
ggggctgaag
cacatgcttt
ggacgtggtt
agacagacac
cggcccagcec
cagtgtggtg
gccacttcaa
accccgacgg
ttcaagcaga
ctatgaagga
ttgaacgatt
atgtggcact

aagctatact

PCT/PL2003/000076

gccgggceagg

ctccecececece
ctatatgtga
cctgtcttet
ctgttgaatg
gtagcgacce
aagccacgtg
tggatagttg
gatgcccaga
acatgtgttt
ttecctttgaa
actcctgcta
ggccaggcege
gaattcgcca
ggaccccaag
ccgagttgac
agagagagga
agatggaaga
ggaatctaat
gaaacgaact

ttttcttecea

1320

1380

1440

1500

1560

1620

1680

1740
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<222>
<223>

<400> 6
gatgtacggg

attacggggt
aatggccege
ttcccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctct
ctcactatag
ggtactgctg
gcgecegtacg
gaatcatcac
cgagaccctg
cctgtgtgee
ccactgagga
acataggaga
gagcaagaca
aagatccgcea
agcttgagtt
aggaaggagc
cctaacgtta
ttttccacca
tgacgagcat
tcgtgaagga

tttgcaggca

(1).

. (2537)

ccagatatac
cattagttca
ctggctgacc
aacgccaata
cttggcagta
taaatggcce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ctctgggtte
aagcttggta
gaagtggtga
gtggacatct
cttgatgcga
gtccaacatt
gatgagcttc
agaaaatccc
gacgtgtaaa
aaacgaacgt
ctcccteage
ctggccgaag
tattgccgtce
tcctaggggt
agcagttcct

gcggaaccce

gcgttgacat
tagcccatat
gcccaacgce

gggactttcc

catcaagtgt

gcctggeatt
gtattagtca
tagcggtttg
ttttggcacc
caaatggécg
agagaaccca
gctggetage
caggttccac
ccgagetegg
agttcatgga
tccaggagta
tgecgggggcet
accatgcaga
ctacagcaca
tgtgggcctt
tgttcctgea
acttgcagat
gtttcgggaa
ccgecttggaa
tttggcaatg
ctttecececte
ctggaagctt

ccacctggeg

13/14

tgattattga
atggagttcc
ccecgececcatt
attgacgtca
atcatatgcc
atgcccagta
tcgctattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
caccatggag
tggtgacgcg
atccgcaccce
tgtctatcag
ccctgatgag
gctgcaatga
ttatgcggat
acaaatgtga
gctcagagceg
aaaacacaga
gtgacaagcc
ttccaattcece
taaggccggt
tgagggcccg
tcgccaaagg
cttgaagaca

acaggtgcct

ctagttatta
gcgttacata
gacgtcaata
atgggtggac
aagtacgccce
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
acagacacac
gcccagecgg
atggcagaag
cgcagctact
atcgagtaca
cgagggccetg
caaacctcac
atgcagacca
gagaaagcat
ctcgagttgce
gaggcggtga
gccectcetee
gtgcgtttgt
gaaacctgge
aatgcaaggt
aacaacgtct

ctgcggecaa

PCT/PL2003/000076

atagtaatca
acttacggta
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctccaccceca
aaatgtcgta
gtctatataa
attaatacga
tcetgetatg
ccaggcgege
gaggagggea
gccatccaat
tcttcaagec
gagtgtgtgc
caaggccagc
aagaaagata
ttgtttgtac
aaggcgaggc
gccgggcagg
ctecececeece
ctatatgtga
cctgtcttct
ctgttgaatg
gtagcgacce

aagccacgtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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tataagatac
tggaaagagt
aggtacccca
agtcgaggtt
aaacacgatg
tgggtactge
gcgegecgta
gcattgcecceg
ggctgtactg
gggtccggga
ttgtgtctat
tactggctte
actacaatac
ggcagtataa

tgtctgctaa

acctgcaaag
caaatggcte
ttgtatggga
aaaaaaacgt
ataagcttge
tgctctgggt
cgaagettgg
aggatggcgg
Caaaaacggg
gaagagcgac
caaaggagtg
taaatgtgtt
ttaccggtca

acttggatcc

gagctga

gcggeacaac
tccteaageg
tctgatctgg
ctaggcceccee
cacaagcggce
tccaggttce
taccgagcte
cagcggegcet
ggcttcttec
cctcacatca
tgtgctaacc
acggatgagt
aggaaataca

aaaacaggac

14/14

cccagtgeca
tattcaacaa
ggccteggtyg
cgaaccacgg
cgcaccatgg
actggtgacg
ggatccactc
tcecegecegg
tgcgcatcca
agctacaact
gttacctgge
gtttettttt
ccagttggta

ctgggcagaa

cgttgtgagt
ggggctgaag
cacatgcttt
ggacgtggtt
agacagacac
cggccecagece
cagtgtggtg
ccacttcaag
cceccgacgge
tcaagcagaa
tatgaaggaa
tgaacgattg
tgtggcactg

agctatactt

PCT/PL2003/000076

tggatagttg
gatgcccaga
acatgtgttt
ttcetttgaa
actcctgcta
ggccaggcgce
gaattcgcca
gaccccaagc
cgagttgacg
gagagaggag
gatggaagat
gaatctaata
aaacgaactg

tttcttecaa

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520

2537
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