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(57) ABSTRACT 
Antisense-oligonucleotides or effective derivatives thereof 
hybridizing With an area of a gene coding for transforming 
groWth factor-[3 (TGF-[3) comprising the following nucleic 
acid sequences identi?ed in the sequence listing under SEQ 
ID NO. 1-56 and 137 or comprising the folloWing nucleic 
acid sequences identi?ed in the sequence listing under SEQ 
ID NO. 57 to 136 each of the nucleic acids having a DNA 
or RNA-type structure. 
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ANTISENSE-OLIGONUCLEOTIDES FOR THE 
TREATMENT OF IMMUNO-SUPPRESSIVE 
EFFECTS OF TRANSFORMING GROWTH 

FACTOR-BETA (TGF-BETA) 

[0001] The present invention is related to antisense-oligo 
nucleotides or effective derivatives thereof hybridizing With 
an area of a gene coding for transforming groWth factor-[3 
(TGF-[3), oligonucleotides as nonsense control nucleotides, 
a pharmaceutical composition comprising at least one anti 
sense-oligonucleotide or effective derivatives thereof 
hybridizing With an area of a gene coding for TGF-[3 as Well 
as a use of antisense-oligonucleotides for the manufacturing 
of a pharmaceutical composition for the treatment of tumors 
and/or the treatment of the immunosuppressive effect of 
TGF-[3. 
[0002] The transforming groWth factor-[3 (TGF-[3) is a 
factor Which is, for example, secreted by human glioma 
cells. Human gliomas such as glioblastoma are human 
tumors for Which at present no satisfactory therapy exists. 
The TGF-[3 supports in an autocrine manner the groWing of 
the respective tumor cells. The factor shoWs immunosup 
pressive effects and reduces (the proliferation of such cyto 
toxic T-lymphocytes Which otherWise Would be able to 
destroy the glioma cells. 

[0003] The supression of immune responsiveness has been 
Well documented in patients With malignant gliomas. These 
patients express a variety of immunological de?ciencies 
including cutaneous energy, depressed antibody production, 
diminished numbers of circulating T-cells (Brooks, W. H., 
Netsky, M. G., HorWitZ, D. A., Normansell, D. E. Cell 
mediated immunity in patients With primary brain tumors, J. 
Exp. Med., 136: 1931-1947, 1972 and RosZman, T., Elliott, 
L., Brooks, W Modulation of T-cell function by gliomas, 
Immunol. Today 12: 370-374, 1991). More recent studies 
indicate that these impairments may result from malfunc 
tions in physiological pathWays required for normal T-cell 
activation and from quantitative and qualitative defects in 
T-cell subsets. 

[0004] In Proceedings of the 82nd Annual meeting of the 
American Association for Cancer Research, Houston Tex., 
USA, May 15-18, 1991, Proc AM ASSOC CANCER RES 
ANNU MEET 32 (O), 1991,, 427 is disclosed that factor 
[3-antisense-oligonucleotides inhibit a human melanoma cell 
line under serum-enriched and stimulate under serum-free 
culture conditions. The results established indicate different 
roles of cellular TGF-[31 in the groWth regulation of HTZ 
19-cells depending on the amount of serum present in the 
culture medium. In addition this may indicate the biological 
potential and possible draW-backs of exogenously adminis 
tered TGF-[3-antisense. 

[0005] J. EXP. MED. 174 (4), 1991, 925-930, HatZ?eld J. 
et al, “Release of early human hematopoietic progenitors 
from quiescence by antisense transforming groWth factor 
[3-1 or Rb oligonucleotides” discloses release of early human 
hematopietic progenitors from quiescence by antisense 
transforming groWth factor [31 or Rb oligonucleotides. Rb 
antisense TGF-[3 negatively regulates the cycling status of 
early hematopoietic progenitors through interaction With the 
Rb gene product. 

[0006] Proceedings of the National Academy of Sciences 
of USA, V0. 88, February 1991, Washington US, pages 
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1516-1520, Potts, J. et al., “Epithelial-mesenchymal trans 
formation of embryonic cardiac antisense oligodeoxynucle 
otide to transforming groWth factor beta 3"’ discloses that 
epithelial-mesenchymal transformation of embryonic car 
diac endothelial cells is inhibited by a modi?ed antisense 
oligodeoxy-nucleotide to transforming groWth factor [33. 
The transformation depends on the activity of a transforming 
groWth factor [3 (TGF-[3) molecule produced by the heart. 
Modi?ed antisense oligodeoxynucleotides generated to non 
conserved regions of TGF-[31, -2, -3 and -4 Were prepared in 
order to examine the possible roles of these members in this 
transformation. As a result it has been shoWn that a speci?c 
member of the TGF-[3 family (TGF-[33) is essential for the 
epithelial-mesenchymal transformation. 

[0007] WO-A 92/17206 discloses a composition for use in 
the treatment of Wounds to inhibit scar tissue formation 
during healing comprising an effective activity-inhibitor 
amount of a groWth factor neutralising agent or agents 
speci?c against only ?brotic groWth factors together With a 
pharmaceutically acceptable carrier. The method of prepa 
ration of said composition and method of administering the 
composition to a host suffering from tissue Wounding is also 
disclosed. 

[0008] WO-A 90/09180 discloses methods useful in 
autologous bone marroW transplantation and cancer therapy. 
Bone marroW cells from a patient having cancer are treated 
With selected antisense oligonucleotides in order to deplete 
the bone marroW of malignant cells prior to infusion back 
into the bone marroW donor. 

[0009] It is an object of the present invention to provide a 
method for the treatment of cancer cells Which are correlated 
With an immunosuppression. Another object of the present 
invention is to provide an effective agent Which inhibits the 
groWth of tumor cells Which are related to an immunosup 
pression. 

[0010] According to the invention antisense-oligonucle 
otides or effective derivatives thereof Which hybridiZes With 
an area of gene region coding for transforming groWth 
factor-[3 (TGF-[3) comprising the folloWing nucleic acid 
sequences identi?ed in the sequence listing under SEQ ID 
NO. 1-56 and 137 or comprising the folloWing nucleic acid 
sequences identi?ed in the sequence listing under SEQ ID 
NO. 57 to 136 each of the nucleic acids having a DNA- or 
RNA-type structure are able to solve the problems addressed 
above. Preferably, the antisense-oligonucleotides hybridiZe 
With an area of a gene region coding for groWth 
factor-[31, -[32 and/or [33. The antisense-oligonucleotide is 
either able to hybridiZe With areas of a gene region coding 
for TGF-[3 and/or areas of a gene region coding and non 
coding for TGF-[3. For example, some nucleotides of the 
antisense-oligonucleotide sequence hybridiZing With an area 
of a gene region coding for transforming groWth factor-[3 is 
hybridiZing With an area Which does not code for the 
transforming groWth factor Whereas, the other part of the 
respective sequence does hybridiZe With a gene region 
coding for TGF-[3. Of course, it is also in the scope of the 
present invention that the antisense-oligonucleotide hybrid 
iZes With an area of a gene region just coding for groWth 
factor-[3. It is also understood by the skilled person that 
fragments having subsequences of the antisense-oligonucle 
otide Works according to the invention so long as production 
of TGF-[3 is reduced or inhibited. 
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[0011] In a preferred embodiment of the present invention 
the antisense-oligonucleotide or effective derivative thereof 
is a phosphorothioate-oligodeoXynucleotide. 

[0012] According to the invention the antisense-oligo 
nucleotides are obtainable by solid phase synthesis using 
phosphite triester chemistry by growing the nucleotide chain 
in 3'-5' direction in that the respective nucleotide is coupled 
to the ?rst nucleotide Which is covalently attached to the 
solid phase comprising the steps of 

[0013] cleaving 5'DMT protecting group of the pre 
vious nucleotide, 

[0014] adding the respective nucleotide for chain 
propagation, 

[0015] modifying the phosphite group subsequently 
cap unreacted 5'-hydroXyl groups and 

[0016] cleaving the oligonucleotide from the solid 
support, 

[0017] folloWed by Working up the synthesis product. 

[0018] The chemical structures of oligodeoXy-ribonucle 
otides are given in FIG. 1 as Well as the respective structures 
of antisense oligo-ribonucleotides are given in FIG. 2. The 
oligonucleotide chain is to be understood as a detail out of 
a longer nucleotide chain. 

[0019] In FIG. 1 lit. B means an organic base such as 
adenine (A), guanin (G), cytosin (C) and thymin (T) Which 
are coupled via N9(A,G) or N1(D,T) to the desoXyribose. 
The sequence of the bases is the reverse complement of the 
genetic target sequence (mRNA-sequence). The modi?ca 
tions used are 

[0020] 1. OligodeoXy-ribonucleotides Where all R1 are 
substituted by 

11 R1=O 
12 R1: 

[0021] 2. OligodeoXy-ribonucleotides Where R1 is varied 
at the internucleotide phosphates Within one oligonucleotide 

R13 R13 R13 R13 R13 R13 R13 

[0022] Where B=deoXy-ribonucleotide dA, dC, dG or 
dT depending on gene sequence 

[0023] p=internucleotide phosphate 

[0024] n=an oligodeoXy-ribonucleotide stretch of 
length 6-20 bases 

2.1 R13 = s; 

2.2 R13 = CH3; 
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[0025] 3. OligodeoXy-ribonucleotides Where R1 is alter 
nated at the internucleotide phosphates Within one oligo 
nucleotide 

[0026] Where B=deoXy-ribonucleotide dA, dC, dG or 
dT depending on gene sequence 

[0027] p=internucleotide phosphate 

[0028] n=an oligodeoXy-ribodincleotide stretch of 
length 4-12 dinucleotides 

[0029] 4. Any of the compounds 1.1-1.5; 2.1-2.4; 3.1-3.3 
coupled at R2 With the folloWing compounds Which are 
covalently coupled to increase cellular uptake 

4.1 cholesterol 
4.2 poly(L)lysine 
4.3 transferrin 

[0030] 5. Any of the compounds 1.1-1.5; 2.1-2.4; 3.1-3.3 
coupled at R3 With the folloWing compounds Which are 
covalently coupled to increase cellular uptake 

5.1 cholesterol 
5.2 poly(L)lysine 
5 .3 transferrin 

[0031] In the case of the RNA-oligonucleotides (FIG. 2) 
are the basis (adenin (A), guanin (G), cytosin (C), uracil 
coupled via N9 (A,G) or N1 (C,U) to the ribose. The 
sequence of the basis is the reverse complement of the 
genetic target sequence (mRNA-sequence) . The modi?ca 
tions in the oligonucleotide sequence used are as folloWs 

[0032] 6. Oligo-ribonucleotides Where all R1 are substi 
tuted by 
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-continued 

6.4 R1 = cH3 10.1 cholesterol 
6.5 R1 = OEt 10.2 poly(L)lysine 

10.3 transferrin 

[0033] 7. Oligo-ribonucleotides Where R1 is varied at the 
internucleotide phosphates Within one oligonucleotide 

R13 R13 R13 Rlb R13 R13 R13 

[0034] Where B=ribonucleotide dA, dC, dG or dT 
depending on gene sequence 

[0035] p=internucleotide phosphate 

[0036] n=an oligo-ribonucleotide stretch of length 

[0037] 8. Oligo-ribonucleotides Where R1 is alternated at 
the internucleotide phosphates Within one oligonucleotide 

R18 Rlb Rla Rlb 

[0038] Where B=ribonucleotide dA, dC, dG or dT 
depending on gene sequence 

[0039] p=internucleotide phosphate 

[0040] n=an oligo-ribodinucleotide stretch of length 
4-12 dinucleotides 

[0041] 9. Any of the compounds 6.1-6.5; 7.1-7.4; 8.1-8.3 
coupled at R2 With the folloWing compounds Which are 
covalently coupled to increase cellular uptake 

9.1 cholesterol 
9.2 poly(L)lysine 
9.3 transferrin 

[0042] 10. Any of the compounds 6.1-6.5; 7.1-7.4; 8.1-8.3 
coupled at R3 the folloWing compounds are covalently 
coupled to increase cellular uptake 

[0043] 11. Any of the compounds 6.1-6.5; 7.1-7.4; 8.1-8.3; 
9.1-9.3; 10.1-10.3 Where all R4 are substituted by 

11.1 R4= o 
11.2 R4= F 
11.3 R4= cH3 

[0044] Modi?cations of the antisense-oligonucleotides are 
advantageous since they are not as fast destroyed by endo 
geneous factors When applied as this is valid for naturally 
occurring nucleotide sequences. HoWever, it is understood 
by the skilled person that also naturally occurring nucle 
otides having the disclosed sequence can be used according 
to the invention. In a very preferred embodiment the modi 
?cation is a phosphorothioat modi?cation. 

[0045] The synthesis of the oligodeoXy-nucleotide of the 
invention is described as an eXample in a greater detail as 
folloWs. 

[0046] OligodeoXy-nucleotides Were synthesiZed by step 
Wise 5‘ addition of protected nucleosides using phosphite 
triester chemistry. The nucleotide A Was introduced as 
5‘-dimethoXy-trityl-deoXyadenosine(N4-benZoyl)-N,N‘-di 
isopropyl-2-cyano-ethyl phosphoramidite (0.1 M); C Was 
introduced by a 5‘-dimethoXytrityl-deoXycytidine(N4-ben 
Zoyl)-N,N‘-diisopropyl-2-cyanoethyl phosphoramidite; G 
Was introduced as 5‘-dimethoXy-trityl-deoXyguanosine(N8 
isobutyryl)-N,N‘-diisopropyl-2-cyanoethyl phosphoramidite 
and the T Was introduced as 5‘-dimethodytrityl-deoXythy 
midine-N,N‘-diisopropyl-2-cyanoethyl phosphoramidite. 
The nucleosides Were preferably applied in 0.1 M concen 
tration dissolved in acetonitrile. 

[0047] Synthesis Was performed on controlled pore glass 
particles of approximately 150 pm diameter (pore diameter 
500 to Which the most 3‘ nucleoside is covalently 
attached via a long-chain alkylamin linker (average loading 
30 pmol/g solid support). 

[0048] The solid support Was loaded into a cylindrical 
synthesis column, capped on both ends With ?lters Which 
permit adequate How of reagents but hold back the solid 
synthesis support. Reagents Were delivered and WithdraWn 
from the synthesis column using positive pressure of inert 
gas. The nucleotides Were added to the groWing oligonucle 
otide chain in 3'->5 direction. Each nucleotide Was coupled 
using one round of the folloWing synthesis cycle: 

[0049] cleave 5‘DMT (dimethoXytrityl) protecting group 
of the previous nucleotide With 3-chloroacetic acid in di 
chloromethane folloWed by Washing the column With anhy 
drous acetonitrile. Then simultaneously one of the bases in 
form of their protected derivative depending on the sequence 
Was added plus tetraZole in acetonitrile. After reaction the 
reaction mixture has been WithdraWn and the phosphite Was 
oXidiZed With a mixture of sulfur (S8) in carbon disul?d/ 
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pyridine/triethylamine. After the oxidation reaction the mix 
ture Was WithdraWn and the column Was Washed With 
acetonitrile. The unreacted 5‘-hydroxyl groups Were capped 
With simultaneous addition of 1-methylimidaZole and acetic 
anhydryide/lutidine/tetrahydrofuran. Thereafter, the synthe 
sis column Was Washed With acetonitrile and the next cycle 
Was started. 

[0050] The Work up procedure and puri?cation of the 
synthesis products occured as folloWs. 

[0051] After the addition of the last nucleotide the deoxy 
nucleotides Were cleaved from the solid support by incuba 
tion in ammonia solution. Exoxyclic base protecting groups 
Were removed by further incubation in ammonia. Then the 
ammonia Was evaporated under vacuum. Full-length syn 
thesis products still bearing the S‘DMT protecting group 
Were separated from shorter failure contaminants using 
reverse phase high performance liquid chromatography on 
silica C18 stationary phase. Eluents from the product peak 
Were collected, dried under vacuum and the 5‘-DMT pro 
tecting group cleaved by incubation in acetic acid Which Was 
evaporated thereafter under vacuum. The synthesis products 
Were solubiliZed in the deioniZed Water and extracted three 
times With diethylether. Then the products Were dried in 
vacuo. Another HPLC-AX chromatography Was performed 
and the eluents from the product peak Were dialysed against 
excess of Trisbuffer as Well as a second dialysis against 
deioniZed Water. The ?nal products Were lyophiliZed and 
stored dry. 

[0052] The antisense-oligonucleotides of the invention 
can be used as pharmaceutical composition or medicament. 
This medicament can be used for treating tumors in Which 
the expression of TGF-[3 is of relevance for pathogenicity by 
inhibiting the tranforming groWth factor-[3 and thereby 
reducing an immunosuppression and/or inhibiting patho 
logical angiogenesis The reduction of immunosuppression 
caused by the administration of an effective dose of an 
antisense TGF-[3-oligonucleotides may be accompanied by 
an augmentated proliferation of cycto-toxic lymphocytes in 
comparison With the status before administration of the 
medicament. Thereupon, the lymphocytes are starting their 
cytotoxic activity decreasing the numbers of tumor cells. 

[0053] The medicament of the present invention is further 
useful for the treatment of endogeneous hyperexpression of 
TGF-B, for treatment of rest tumors, for treatment of neu 
ro?broma, malignant glioma including glioblastoma and for 
the treatment and prophylaxis of skin carcinogenesis as Well 
as treatment of esophageal and gastric carcinomas. 

[0054] The effect of TGF-[32-speci?c antisense-oligo 
nucleotides on human T cell proliferation and cytotoxicity 
upon stimulation With autologous cultured glioma cells Was 
investigated. It Was demonstrated that TGF-[32-derived 
phosphorothioat-derivatives S-ODN’s may speci?cally 
inhibit protein expression of TGF-[3 in glioma cells. In 
addition, TGF-[32-speci?c S-ODN’s revers—to a signi?cant 
amount—immunosuppressive effects of TGF-[3 upon T-cell 
proliferation and cytotoxicity. 

[0055] It has been shoWn that T-cell response in human 
brain tumor patients is clearly reduced and that tumor 
in?ltrating lymphocytes have only marginal impact upon 
tumor progression of individual patients (Palma, L., Di 
LorenZo, N., Guidett, B. Lymphocytes in?ltrates in primary 
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glioblastomas and recidivous gliomas, J. Neurosurg., 49: 
854-861, 1978 and Ridley, A., Cavanagh, J. B. Lymphocytes 
in?ltration in gliomas, Evidence of possible host resistance. 
Brain, 4: 117-124, 1971). Isolated tumor in?ltrating lym 
phocytes from brain tumors are functionally incompetent, 
these immunosuppressive effects have been attributed to 
TGF-[32 in vitro and in vivo (Bodmer, S., Stromer, K., Frei, 
K., Siepl, Ch., de Tribolet, N., Heid, I. , Fontana, A. , 
Immunosuppression and transforming groWth factor-[32 in 
glioblastoma, J. Immunol., 143: 3222-3229, 1989; Could 
Well, W. T., Dore-Duffy, P., ApuZZo, M. L. J., Antel, J. P. 
Malignant glioma modulation of immune function, relative 
contribution of different soluble factors, J. Neuroimmunol., 
33: 89-96, 1991; Kuppner, M. C., Hamou, M. F., SaWamura, 
Y., Bodner, S., de Tribolet, N., Inhibition of lymphocyte 
function by glioblastoma derived transforming groWth fac 
tor [32, J. Neurosurg., 71: 211-217, 1989; MaxWell, M., 
Galanopoulos, T., Neville-Golden, J., Antoniades, H. N., 
Effect of the expression of transforming groWth factor-[32 in 
primary human glioblastomas on immunsuppression and 
loss of immune surveillance, J. Neurosurg., 76: 799-804, 
1992; Palladino, M. A., Morris, R. E., Fletscher Starnes, H., 
Levinson, A. D., The transforming groWth factor betas, A 
neW family of immunoregulatory molecules, Ann. NY. 
Acad. Sci., 59: 181 to 187, 1990; RosZman, T., Elliott, L., 
Brooks, W., Modulation of T-cell function by gliomas, 
Immunol Today 12: 370-374, 1991). 

[0056] FIG. 3: IGF-[3 Western blot analysis of serum free 
glioma culture cell lysates. Lanes 2 (HTZ-153), 3 (HTZ 
209), and 4 (HTZ-243) indicate blots of respective cell 
lysates With TGF-[32 speci?c antibody. Lane 1 represents a 
TGF-[3 positive control employing 50 ng pure TGF-[32. 
TGF-[32-antisense treated cells are displayed in lanes A. 
Untreated control cells are depicted in lanes B. Cells Were 
treated With antisense oligonucleotides for 48 hrs (1 pM ?nal 
concentration). 
[0057] FIG. 4: IGF-[31-mRNA expression in glioma cells. 
Each lane contained 20 pg of cytoplasmatic RNA from 
tumors A (HTZ-153), B (HTZ-209), C (HTZ-243) that 
hybridiZed to a 32P-labeled TGF-[31 oligonucleotide probe. 
To verify equal amounts of RNA, the blot Was stained With 
methylene blue prior to hybridiZation (lanes A‘, B‘, C‘). 

[0058] FIG. 5: TGF-[32-mRNA expression in glioma cells. 
Each lane contained 20 pg of cytoplasmatic RNA from 
tumors A (HTZ-153), B (HTZ-209), C (HTZ-243) that 
hybridiZed to a 32P-labeled TGF-[32 oligonucleotide probe. 
To verify equal amounts of RNA, the blot Was stained With 
methylene blue prior to hybridiZation (A‘, B‘, C‘). 

[0059] FIG. 6: TGF-[32-mRNA expression in glioma cells 
after TGF-BZ-S-ODN treatment. Cytoplasmatic RNA of 
untreaated glioma cells A (HTZ-153) , B (HTZ-209) and C 
(HTZ-243) or glioma cells A‘, B‘ and C‘ treated for 48 hours 
With 1 pM (f.c.) TGF-[32-speci?c S-ODN’s under serum 
enriched culture conditions, Was isolated and processed for 
Northern blot analysis. Each lane contained 20 pg of cyto 
plasmatic RNA hybridiZed to a 32 P-labeled TGF-[32 oligo 
nucleotide probe. 

[0060] FIG. 7: Effect of TGF-[32-speci?c S-ODN’s and 
TGF-[3 neutraliZing antibody on cytotoxicity of PBMC’s 
against autologous cultured glioma cells (target/effector 
1:10). After 6 days culture of PBMC’s With IL-lO. and 11-2 
the cells Were collected, Washed, irradiated (30 Gy) and 
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added in target/effector ratios of 1:10, 1:5, 1:1 to autologous 
glioma cells. Glioma targets Were pretreated With either 
TGF-[3 speci?c S-ODN’s or TGF-[3 antibody. Cytotoxicity 
Was assessed employing a modi?ed microcytotoxicity assay. 
Data are means of triplicate samples, error bars represents 
SE. Data points re?ect individual controls, Where tumor 
targets Were treated With medium alone (control). TGF-[3 
antibody (100 pig/ml) , or S-ODN’s (1 pM resp. 5 pM) as 
references for cytotoxicity effects. Thereby, effects upon 
target cells of antibody or S-ODN’s alone could be 
excluded. 

[0061] FIG. 8: Dose-dependent effects of TGF-[32-speci?c 
and nonsense S-ODN’s on proliferation of lymphocytes, 
glioma cells and lymphocytes cocultured With autologous 
glioma cells (MLTC). A: HTZ-153, B: (HTZ-209, C: HTZ 
243. PBMC‘x Were preactivated for 6 days With IL-lO. and 
IL-2 and incubated for additional 6 days With autologous 
irradiated (60 Gy) and TGF-[32-(No.6) and nonsense (no. 5) 
S-ODSN-treated glioma cells (MLTC). Simultaneously, part 
of preactivated PBMC’s (lymphocytes) and glioma cells 
(tumor) Were incubated With TGF-[32 speci?c (Ly: No. 2, Tu: 
No. 4) and nonsense) S-ODN’s (Ly: No. 1, Tu: No. 3) for 3 
days, to evaluate putative direct effects of S-ODN’s upon 
effector- or target cells alone. Proliferation of lymphocytes 
and glioma cells Was assessed employing a 3H Tdr incor 
poration assay. Data are means of triplicate samples, error 
bars represent SE. 

[0062] The invention is further explained by the following 
non-limiting examples. 

EXAMPLE 1 

[0063] Characterization of tumor cells (autologous target 
cells) Tumor cells of 3 patients With high grade malignant 
gliomas (HTZ-153 and HTZ 209, glioblastomas, HTZ-243, 
malignant astrocytoma, Gr.III-WHO) and their resp. autolo 
gous lymphocytes Were studied. Standard tumor cell cul 
tures Were established in Dulbecco’s Minimal Essential 
Medium containing 20% fetal calf serum (FCS, Seromed, 
Berlin, Germany), 1 pM L-glutamine, MEM vitamin solu 
tion and nonessential amino acids (GIBCO, Paisley, Scot 
land, U. (Bogdahn, U., Fleischer, B., Rupniak, H. T. R., 
Ali-Osman, F. T-cell mediated cytotoxicity in human glioma 
Biology of Brain Tumor, Martinus Nijhoff Publishers, Bos 
ton, 70: 501-507, 1986). Other target cells included K562 
(an NK-sensitive erythromyeloid leukemic cell line, Ameri 
can Type Culture Collection, Rockville, Md., USA) . Tumor 
cell cultures Were characteriZed by immunocytochemistry 
employing the PAP-method (Bourne, J. A., Handbook of 
immunoperoxidase staining methods, DAKO Corporation, 
Carpinteria Calif., USA, 1983) in Labtek tissue culture 
slides (Miles Laboratories Inc., Naperville, 111., USA) With 
the folloWing mono- or polyclonal antibodies to: GFAP, 
Cytokeratin, Neuro?lament, Desmin, Vimentin, NSE, HLA, 
DrO, W6/32 (Class IAntigen), [32-Microglobulin, Fibronec 
tin, Laminin, Ki 67 (Dakopatts, Glostrup, Denmark) and 
anti-TGF-[3 (R & D Systems, Inc., Minneapolis, Minn., 
USA). TGF-[3 speci?c immunocytochemistry Was per 
formed after 48 hours incubation of glioma culture slides 
With 1 pM ?nal concentration (f.c.) TGF-[32-speci?c 
S-ODN’s and 1 pM (f.c.) nonsense S-ODN’s treated con 
trols. 
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EXAMPLE 2 

[0064] CharacteriZation of Lymphocytes (Effector Cells) 
[0065] Peripheral blood mononuclear cells from all 
glioma patients Were isolated from hepariniZed venous 
blood at the day of surgery, employing Ficoll-Hypaque 
(Pharmacia, Uppsala, SWeden) gradient centrifugation and 
cryopreserved in liquid nitrogen under standard conditions 
(Bogdahn, U., Fleischer, B., Rupniak, H. T. R., Ali-Osman, 
F. T-cell mediated cytotoxicity in human glioma Biology of 
Brain Tumor, Martinus Nijhoff Publishers, Boston, 70: 501 
507, 1986). Lymphocytes Were cultured in RPMI 1640 
(Flow Laboratories Inc., Scotland, UK.) With 10% human 
pooled AB-serum (FloW Laboratories Inc. McLean, Va., 
USA) and 2 mM L-glutamine. Native and activated (see 
beloW) peripheral blood mononuclear cells Were character 
iZed by immunocytochemistry employing alkaline phos 
phatase and monoclonal anti-alkaline phosphatase com 
plexes (APAAP-method, Dakopatts GmbH, Hamburg, 
Germany) (Cordell, J. L., Falini, B., Erber, W. N., et al., 
ImmunoenZymatic labeling of monoclonal antibodies using 
immune complexes of alkaline phosphatase and monoclonal 
anti-alkaline phosphatase (APAAP complexes), J. His 
tochem. Cytochem., 32: 219-229, 1984) With monoclonal 
antibodies to the folloWing antigens: CD3, CD4, CD8, 
CD16, CD25, HLA DR (Becton Dickinson, Mountain VieW, 
Calif. USA). 

EXAMPLE 3 

[0066] LAK-cell Generation 

[0067] As the proliferative and cytotoxic response of 
peripheral blood mononuclear cells from glioma patients is 
suppressed, cells (2><106 cells/mi) Were preactivated in vitro 
for 6 days With interleukin-lot (10 U/ml). R & D Systems, 
Inc., Minneapolis, Minn., USA) and interleukin-2 (100 
U/ml), BIOTEST AG Frankfurt/M. Germany) in 48 ?at 
bottom tissue culture plates (2><106 cells/ml) (Costar, Cam 
bridge, Mass., USA). 

EXAMPLE 4 

[0068] Proliferation Assay 

[0069] In mixed lymphocyte-tumor cell cultures (MLTC) 
15><103 lethally irradiated (60 Gy, 64Co-source) tumor cells 
served as stimulators, and Were cocultivated With 25><103 
preactivated mononuclear cells (LAK-cells, see above) for 6 
days in 96-Well-?at bottom tissue culture plates (NUNC, 
Copenhagen, Denmark) . In MLTC-experiments, the same 
culture medium conditions Were employed as during preac 
tivation. In antisense experiments, TGF-[32-speci?c phos 
phorothioate oligodeoxynucleotides (S-ODN’s) and non 
sense oligodeoxynucleotides (see beloW) Were added to the 
cultures 12 hours before MLTC assay. Anti-TGF-[3neutral 
iZing antibodies (R & D Systems, Inc. Minneapolis, Minn., 
USA) Were added to the culture 2 hours before MLTC. 

EXAMPLE 5 

[0070] Cytotoxicity Assay 
[0071] Cytotoxicity experiments Were performed With a 
modi?ed microcytotoxicity assay (Bogdahn, U. , Fleischer, 
B., Rupniak, H. T. R., Ali Osman, F. T-cell mediated 
cytotoxicity in human glioma Biology of Brain Tumor, 
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Martinus Nijhoff Publishers, Boston, 70: 501-507, 1986). 
Brie?y, 1.5><103 target cells Were seeded into 96-Well ?at 
bottom tissue culture plates. TWelve hours after plating, 
TGF-[32-speci?c S-ODN’s and nonsense oligodeoxynucle 
otides (anti-sense-controls) Were added to the culture. Anti 
TGF-[3 neutralizing antibodies and normal rabbit serum 
(antibody-controls, R & D Systems, Inc. Minneapolis, 
Minn., USA) Were added to the culture 22 hours after 
plating. Various ratios (target/effector ratio of 1:1, 1:5, 1:10 
of preactivated effector cells (LAK-cells) Were irradiated (30 
Gy) , and added to respective targets 24 hours after plating 
for 3 days under standard culture conditions (RPMI 1640 
culture medium containing 10% pooled AB-serum and 2 pM 
L-Glutamine). No cytotokines Were added to the culture 
during cytotoxicity experiments. An incubation period of 3 
days Was selected, as statistical evaluation of data turned out 
to be optimal at this time point. Killing of target cells Was 
demonstrated by incorporation of Trypan blue dye (data not 
presented). Target cell proliferation in LAK-cell treated 
targets) Was assessed With a standard 3H-Thymidine incor 
poration assay (6-3H-Thymidine, 1 pCi/Well, spec. Activity 
27 Ci/mmol). Liquid scintillation counting of 3H-thymidine 
incorporation Was performed after 18 hours of incubation of 
cells. The speci?c cytotoxicity Was calculated as: 

(9P m(control)_ CP 111(1)!obe)/Cp1’n(common)X1 00% 

EXAMPLE 6 

[0072] Northern and Western Blot Analysis 

[0073] Cytoplasmatic RNA Was prepared by lysing glioma 
cells treated With 1 pM (f.c.) TGF-[32-speci?c S-ODN’s for 
48 hours and untreated controls in buffer containing 0.5% 
NP-40 (Sambrook, J ., Fritsch, E. F., Maniatis, T. Molecular 
cloning. A laboratory manual, 2nd Edition, Cold Spring 
Harbor Laboratory Press. 1989). For Northern hybridiZation 
aliquots of 20 pg denaturated RNA Were separated by 
electrophoresis on 1% agarose-formaldehyd gel. The quality 
and quantity of immobiliZed RNA Was veri?ed by methyl 
ene-blue staining of the Hybond-N membranes (Amersham/ 
Buchler, BraunschWeig, Germany) after transfer. Blots Were 
hybridiZed overnight With speci?c TGF-[31- or TGF-[32 
synthetic oligonucleotide probes (40-mer, Oncogen Science, 
Seattle, USA) , 5‘ labeled With (gamma-32P) -ATP employ 
ing T4 polynucleotide kinase (Pharmacia, Freiburg, Ger 
many) and exposed to X-ray ?lm. 

[0074] For Western blotting, TGF-[3-S-ODN treated (48 
hours, 1 pM f. c.) resp. untreated glioma cells Were groWn 
in medium containing 10% FCS Washed and further cultured 
in de?ned serum free medium for 24 hours. The cells Were 
lysed employing a lysis buffer containing NP-40. 30 pg of 
total cellular protein Were loaded onto each lane of a 12% 
polyacrylamide-SDS gel. Fractionated proteins Were then 
electroblotted to a nitrocellulose membrane for 20 minutes 

at 0.8 mA/cm2 as described (ToWbin, H., Staehelin, T., 
Gordon, J. Electrophoretic transfer of proteins from PAGE 
to nitrocellulose sheets: procedure and some applications, 
Proc. Natl. Acad. Sci., USA, 76: 4350-4354, 1979). Filters 
Were probed With a polyclonal antibody of TGF-[32 (R & D 
Systems Inc. Minneapolis, USA) 50 pg of TGF-[3 served as 
control. 
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EXAMPLE 7 

[0075] Phosphorothioate Modi?ed Antisense Oligodeocy 
nucleotides (S-ODN’s) 

[0076] TGF-[32-speci?c antisense oligodeoxynucleotides 
(antisense direction of TGF-[32 mRNA primer sequene oli 
gonucleotide seequence: CAGCACACAGTACT) and ran 
domiZed nonsense sequence With the same GC-content as 

the speci?c S-ODN’s (nonsense oligonucleotide sequence: 
GTCCCTATACGAAC) Were synthesiZed on an Applied 
Biosystems model 380 B DNA SynthesiZer (Schlingen 
siepen, K. -H., Brysch, W. Phosphorothioate oligomers. 
Inhibitors of oncogene expression in tumor cells and tools 
for gene function analysis in : Erikson, R., IZant., J. (Eds.) 
Gene regulation by antisense nucleic acids. Raven Press 
NeW York 1992). S-ODN’s Were removed from the solid 
support With 33% ammonnia. Oligonucleotides still bearing 
the 5‘ trityl protecting group Were puri?ed by reverse phase 
HPLC, With an Aquapore RP-300, C8-column( BroWnlee). 
Solvents: A—0.1 M TEAA pH 7, B-Acetonitrile. Gradient 
3—35% B over 30 Min. linear. Trityl bearing fraction of 
oligonucleotides, corresponding to the full-length product 
Were detritylated in 80% acetic acid/ETOH for 20 Min. 
extracted tWice With diethyl-ether, desalted on a Sephadex G 
25 (Pharmacia) column, ethanol precipitated (2x) and ?nally 
diluted in 0.1 M Tris/HCL pH 7.6. S-ODN’s Were judged 
from polyacrylamid-gel-electrophoresis to be more than 
85% full-length material. 

EXAMPLE 8 

[0077] Characterization of Tumor Cells 

[0078] All glioma cell cultures expressed GFAP, TGF-B, 
vimentin, and HLA-Class I antigens, as Well as [3-microglo 
bulin, ?bro-nectin, and KI 67, inconsistent expression Was 
found With desmin, HLA-Class II antigen (positive: HTZ 
209) and NSE (positive: HTZ-209, HTZ-243). No expres 
sion Was found for cytokeratin, laminin and neuro?laments, 
indicating the glial origin of these tumor cells. 

[0079] Western blot analysis of tumor cell lysates revealed 
that HTZ-153, HTZ-209 and HTZ-243 cells produced TGF 
[32 protein (FIG. 3). 
[0080] Northern blot analysis of cytoplasmatic RNA’s 
from all 3 tumros revealed message for TCF-[31 (2.3 kB) and 
TGF-[32 (4.1 kB) (FIGS. 5 and 5): message for TGF-[31 Was 
fairly Well represented in all three tumors (FIG. 4) , hoW 
ever, tumor HTZ-209 displayed a faint TGF-[32 signal com 
pared to the remaining tumors (FIG. 5). 

EXAMPLE 9 

[0081] Modulation of TGF-[3 Expression by Treatment of 
Glioma Cells With TGF-[32 Speci?c S-ODN’s 

[0082] The effects of TGF-[32-speci?c S-ODN-treatment 
upon TGF-[32 mRNA- and -protein expression in glioma 
cells Were analysed by Northern blotting. Western Blotting 
and immunocytochemistry. Northern blot analysis of glioma 
cells treated With TGF-[32-speci?c S-ODN’s (f.c. 1 pM for 
48 hours) yielded inconsistent results: HTZ-153 displayed 
an increase in TGF-[32-message, Whereas tumors HTZ-209 
and HTZ-243 shoWed no detectable message folloWing 
antisense oligodeoxynucleotides treatment (FIG. 6). West 
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ern blot analysis revealed a decreased TGF-[32-speci?c sig 
nal for all 3 tumors after S-ODN treatment (FIG. 3). 

[0083] Immunostaining of glioma cultures treated With 
TGF-[32-speci?c S-ODN’s (f.c. 1 pM for 48 hours) revealed 
a decrease of TGF-[3-dependant immunoreactivity compared 
to nonsense S-ODN-treated and untreated controls for all 3 
tumors. Controls With normal mouse serum and human 
AB-serum Were negative (slides not presented). 

EXAMPLE 10 

[0084] Characterization of Lymphocytes 

[0085] Autologous effector lymphocytes employed in the 
following experiments on tumor dependant lymphocyte pro 
liferation and glioma cytotoxicity Were characteriZed by 
conventional lymphocyte differentiation antigens. Data of 
characteriZation experiments are displayed in table 1, cell 
populations re?ect the phenotype of lymphocyte subsets of 
native (Day 0) and activated (Day 6) effector cells, 
employed in proliferation and cytotoxicity experiments. The 
percentage of CD3+ cells increased during culture time, up 
to 85%. The same Was true for CD4+ (up to 80%). CD8+ (up 
to 18), CD25+ (up to 60%)-cells, the fraction of CD16+ cells 
increased to a maximum of 50% (HTZ-243) during the ?rst 
6 days of culture. 

EXAMPLE 11 

[0086] Cytotoxicity Experiments 
[0087] Native PBMC’s of tumor-patients investigated in 
our study expressed loW cytotoxic activity to autologous 
targets, (beloW 20% at target/effector ration 1:10. Prelimi 
nary experiments disclosed that preactivation of autologous 
effector PBMC’s Was most effective, When cells Were incu 
bated With 10 U/ML IL-lO. adn 100 U/ml IL-2 for 6 days. 
These LAK-cells Were employed in all further cytotoxicity/ 
proliferation experiments. 
[0088] At a target/effector ration of 1/10, LAK cells 
achieved a cytotoxic activity of up to 25% in the autologous 

Feb. 27, 2003 

target systems (FIG. 7). Preincubation of tumor cells With 
neutraliZing TGF-S antibodies (f.c. 100 pig/ml) resulted in a 
cytotoxicity of 30% -50% (5-30% increase above the 
untreated controls) (FIG. 7). When tumor cells Were pre 
incubated With TGF-[32-speci?c antisense S-ODN’s cytotox 
icity increase in a dose dependent fashion to a maximum of 
79% (5 pM S-ODN’s, 25-60% increase above untreated 
controls) and 67% (1 pM S-ODNs, 15-45% increase above 
untreated autologous lymphocytes. All three effector cell 
populations expressed high NK-activity as detected by cyto 
toxicity assay against K 562 cell line, ranging from 60% to 
75%. 

EXAMPLE 12 

[0089] Proliferation Experiments 

[0090] Lymphocyte proliferation upon stimulation With 
autologous tumor cells (MLTC) treated With TGF-[32-spe 
ci?c S-ODNs Was increased in tumors HTZ-153 (FIG. 8a) 
and HTZ-209 (FIG. 8b), hoWever, no effect Was observed in 
HTZ-243 cells (FIG. 8c) Nonsense S-ODN’s at a ?nal 
concentration (f.c.) of 1 pM did not alter lymphocyte pro 
liferation (FIG. 8). Effects of TGF-[32-speci?c S-ODN’s 
Were observed in a doese dependant fashion from 0.1 pM up 
to 1 pM, higher concentrations (5 pM) displayed non 
speci?c toxicity toWards PBMC’s and tumor cells (FIG. 8): 
the proliferation of PBMC’s in S-ODN treated MLTC’s and 
tumor cells (FIG. 8): the proliferation of PBMC’s in S-ODN 
treated MLTC’s Was persistently loWer for oligonucleotide 
concentrations above 1 pM. High concentrations of neutral 
iZing TGF-[3 antibody (100 pig/ml) did not enhance lympho 
cyte proliferation. TGF-[32-speci?c antisense S-ODN’s had 
an inhibitory effect upon proliferation of either cultured 
lymphocyte populations (marginal effect) or autologous 
target cells (FIG. 8) achieving a maximum of 75% at a 
S-ODN’s concentration of 5 pM (f.c.). Less profound inhibi 
tory effects Were observed With randomiZed control non 
sense S-ODN’s (average 20%, up to 40% at 5 pM f.c.). 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 137 

(2) INFORMATION FOR SEQ ID NO:1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1 : 

TGCAGGTGGA TAGT 
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-continued 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

CATGTCGATA GTCTTGCA l8 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

GTCGATAGTC TTGC l4 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

CCATGTCGAT AGTC l4 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

CTCCATGTCG ATAG l4 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 
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-continued 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

CTTGGACAGG ATCT l4 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

TGCTGTTGTA CAGG l4 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

GTGCTGTTGT ACAG l4 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

TTGGCGTAGT AGTC l4 

(2) INFORMATION FOR SEQ ID NO: 10 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:lO : 

TCCACCATTA GCAC l4 
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-continued 

(2) INFORMATION FOR SEQ ID NO: 11 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll : 

GATTTCGTTG TGGG l4 

(2) INFORMATION FOR SEQ ID NO: 12 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l2 : 

GTCATAGATT TCGTTGTG l8 

(2) INFORMATION FOR SEQ ID NO: 13 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l3 : 

TGTACTCTGC TTGAAC l6 

(2) INFORMATION FOR SEQ ID NO: 14 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l4 : 

GTGTACTCTG CTTG l4 

(2) INFORMATION FOR SEQ ID NO: 15 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 
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-continued 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l5 : 

TGCTGTGTGT ACTC l4 

(2) INFORMATION FOR SEQ ID NO: 16 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l6 : 

CTGATGTGTT GAAGAACA l8 

(2) INFORMATION FOR SEQ ID NO: 17 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l7 : 

CTCTGATGTG TTGAAG l6 

(2) INFORMATION FOR SEQ ID NO: 18 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l8 : 

GCTCTGATGT GTTG l4 

(2) INFORMATION FOR SEQ ID NO: 19 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l9 : 

GAGCTCTGAT GTGT l4 
























































