19 DANMARK (10 DK/EP 1649017 T4
(12 Qverseettelse af eendret
europaeisk patentskrift
Patent-og
Varamaerkestyrelsen
(51) Int.Cl.: C 12N 15/11 (2006.01) A 61 K 38/00 (2006.01)
(45) Overseettelsen bekendtgjort den: 2014-12-01
(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om opretholdelse af patentet i aendret form: 2014-08-27
(86) Europaeisk ansagning nr.: 04743564.9
(86) Europeeisk indleveringsdag: 2004-07-23
(87) Den europaeiske ansggnings publiceringsdag: 2006-04-26
(86) International ansagning nr.: GB2004003235
(87) Internationalt publikationsnr.: WO2005012524
(30) Prioritet: 2003-07-25 GB 0317466
(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GR HU IE IT LI LU MC NL PL PT RO
SE S| SK TR
(73) Patenthaver: THE UNIVERSITY OF SHEFFIELD, Western Bank, Sheffield, South Yorkshire S10 2TN,
Storbritannien
(72) Opfinder: HELLEDAY, Thomas, Erik Dahlbergsgatan 38, S-115 32 Stockholm, Sverige
(74) Fuldmaegtig i Danmark: Awapatent A/S, Rigensgade 11, 1316 Kebenhavn K, Danmark
(54) Benaevnelse: Anvendelse af RNA i inhiberende PARP aktivitet til fremstillingen af et leegemiddel til
behandlingen af cancer
(56) Fremdragne publikationer:

WO-A-02/12239

WO-A-95/24379

MASSUDA EDMOND ET AL: "GPl 6150, a PARP inhibitor, down-regulates metastasis associated S100A4 (Mts1)
and suppresses invasion of breast cancer cells in vitro.” PROCEEDINGS OF THE AMERICAN ASSOCIATION
FOR CANCER RESEARCH ANNUAL MEETING, vol. 44, July 2003 (2003-07), pages 867-868, XP001181719 &
94TH ANNUAL MEETING OF THE AMERICAN ASSOCIATION FOR CANCER RESEARCH; WASHINGTON, DC,
USA; JULY 11-14, 2003 ISSN: 0197-016X

WELTIN D ET AL: "EFFECT OF 6(5H)-PHENANTHRIDINONE, AN INHIBITOR OF POLY(ADP-RIBOS)
POLYMERASE, ON CULTURED TUMOR CELLS" ONCOLOGY RESEARCH, PERGAMON PRESS, NEW YORK,
NY, US, vol. 6, no. 9, 1994, pages 399-403, XP008003298 ISSN: 0965-0407

SCHULTZ NIKLAS ET AL: "Poly(ADP-ribose) polymerase (PARP-1) has a controlling role in homologous
recombination.” NUCLEIC ACIDS RESEARCH, vol. 31, no. 17, 1 September 2003 (2003-09-01), pages 4959-4964,
XP002305998 ISSN: 0305-1048

LARMINAT FLORENCE ET AL: "Deficiency in BRCA2 leads to increase in hon-conservative homologous
recombination” ONCOGENE, vol. 21, no. 33, 1 August 2002 (2002-08-01), pages 5188-5192, XP002305999 ISSN:
0950-9232

SHALL SYDNEY ET AL: "Poly (ADP-ribose) polymerase-1: What have we learned from the deficient mouse

Fortsattes ...



DK/EP 1649017 T4

model?" MUTATION RESEARCH, vol. 460, no. 1, 30 June 2000 (2000-06-30), pages 1-15, XP002306000 ISSN:
0027-5107

DATABASE EMBL 23 March 2001 (2001-03-23), STRAUSBERG, R.: XP002306001 retrieved from EBI Database
accession no. BG483078

ELBASHIR SAYDA M ET AL: "Duplexes of 21-nucleotide RNAs mediate RNA interference in cultured
mammalian cells” NATURE, MACMILLAN JOURNALS LTD. LONDON, GB, vol. 411, no. 6836, 24 May 2001 (2001 -
05-24), pages 494-498, XP002206451 ISSN: 0028-0836



10

15

20

25

30

35

40

45

50

55

DK/EP 1649017 T4

EP 1 649 017 B2
Description

[0001] This invention relates to the use of an agent that inhibits the activity of an enzyme which mediates the repair
of DNA strand breaks in the treatment of certain forms of cancer in particular breast cancer.

[0002] Homologous recombination (HR) has been shown to play an important role in repair of damage occurring at
DNA replication forks in mammalian cells (2). Thus, cells deficient in HR show retarded growth and exhibit higher level
of genetic instability. Itis believed that geneticinstability due to loss of HR repairin human cancers significantly contributes
to the development of cancer in these cells (1).

[0003] Post transcriptional modification of nuclear proteins by poly(ADP-ribosyl)ation (PARP) in response to DNA
strand breaks plays an important role in DNA repair, regulation of apoptosis, and maintenance of genomic stability.
f0004] Poly(ADP-ribose) Polymerase (PARP-1) is an abundant nuclear protein in mammalian cells that catalyses the
formation of poly(ADP-ribose) (PAR) polymers using NAD* as substrate. Upon DNA damage, PARP-1 binds rapidly to
a DNA strand break (single strand or double strand) and catalyses the addition of negatively charged PAR chains to
itself (automodification) and other proteins (see [3, 4] for reviews). The binding of PARP-1 to DNA strand breaks is
believed to protect DNA lesions from further processing until PARP-1 is dissociated from the break by the accumulated
negative charge resulting from PAR polymers (5,6).

[0005] Aithough PARP-1 has beenimplicated in several nuclear processes, such as modulation of chromatin structure,
DNA replication, DNA repair and transcription, PARP-1 knockout mice develop normally (7). Cells isolated from these
mice exhibit a hyper recombination phenotype and genetic instability in the form of increased levels of SCE, micronuclei
and tetraploidy (8-10). Genetic instability may also occur in these PARP-1 knockout mice through telomere shortening,
increased frequency of chromosome fusion and aneuploidy (11), although all of these results could not be repeated in
another set of PARP-1 knock-out mice (12). In the former mice knockout, PARP-1 null mutation rescue impaired V(D)J
recombination in SCID mice (13). These results support the view suggested by Lindahl and coworkers that PARP-1 has
a protective role against recombination (5). They proposed that binding of PARP-1 to DNA strand breaks prevents the
recombination machinery from recognizing and processing DNA lesions or, alternatively, that the negative charges
accumulated following poly ADP-ribosylation repe! adjacent recombinogenic DNA sequences. Only the latter model is
consistent with inhibition of PARP-1 itself and expression of a dominant negative mutant PARP-1, inducing SCE, gene
amplification and homologous recombination (HR [14-18]).

[0006] Studies based on treating cells with PARP inhibitors or cells derived from PARP-1 or PARP-2 knockout mice
indicate that the suppression of PARP-1 activity increases cell susceptibility to DNA damaging agents and inhibits strand
break rejoining (3, 4, 8-11, 19, 20, 47).

[0007] Inhibitors of PARP-1 activity have been used in combination with traditional anticancer agents such as radio .
therapy and chemotherapy (21). The inhibitors were used in combination with methylating agents, topoisomerase poisons
and ionising radiations and were found to enhance the effectiveness of these forms of treatment. Such treatments,
however, are known to cause damage and death to non cancerous or "healthy" cells and are associated with unpleasant
side effects.

[0008] There is therefore a need for a treatment for cancer that is both effective and selective in the killing of cancer
cells and which does not need to be administered in combination with radio or chemotherapy treatments.

[0009] The present inventors have surprisingly found that cells deficient in homologous recombination (HR) are hy-
persensitive to PARP inhibitors as compared to wild type cells. This is surprising since PARP-1 knockout mice live
normally thereby indicating that PARP-1 is not essential for life. Thus, it could not be expected that cells would be
sensitive to PARP inhibition.

[0010] According to a first aspect of the invention there is provided the use of a PARP-1 inhibitor in the manufacture
of a medicament for the treatment of cancer cells defective in homologous recombination in a human as set outin claim 1.
[0011] Preferably the medicament is a pharmaceutical composition consisting of the PARP inhibitor in combination
with a phamaceutically acceptable carrier or diluent.

[0012] The specific sensitivity of HR defective tumours to PARP-1 inhibition means that normally dividing cells in the
patient will be unaffected by the treatment. Treatment of HR defective cancer cells using a PARP inhibitor also has the
advantage that it does not need to be administered as a combination therapy along with conventional radio or chemo-
therapy treatments thereby avoiding the side effects associated with these conventional forms of treatment.

[0013] A genetic defectin a gene which mediates homologous recombination may be due to a mutation in, the absence
of, or defective expression of, a gene encoding a protein involved in HR.

[0014] A PARP inhibitor may be used in the manufacture of a medicament for inducing apoptosis in HR defective cells.
[0015] A method of inducing apoptosis in HR defective cells in a mammal may comprise administering to the mammal
a therapeutically effective amount of a PARP inhibitor.

[0016] By causing apoptosis in HR defective cells it should be possible to reduce or halt the growth of a tumour in the
mammal.

[0017] Preferably, the HR defective cells are cancer cells.
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[0018] Cancer cells defective in HR may partially or totally deficient in HR. Preferably the cancer cells are totally
deficient in HR.

[0019] The term "cancer" or "tumour” includes lung, colon, pancreatic, gastric, ovarian, cervical, breast or prostate
cancer. The cancer may also include skin, renal, liver, bladder or cerebral cancer. The cancer is in a human.

[0020] The cancer to be treated may be an inherited form of cancer wherein the patient to be treated has a familial
predisposition to the cancer. Preferably, the cancer to be treated is gene-linked hereditary cancer. In a preferred em-
bodiment of the invention the cancer is gene-linked hereditary breast cancer.

[0021] In a preferred aspect, the PARP inhibitor is useful in the treatment of cancer cells defective in the expression
of a gene involved in HR. Genes with suggested function in HR include XRCC1, ADPRT (PARP-1), ADPRTL2 (PARP-
2), CTPS, RPA, RPA1, RPA2, RPA3, XPD, ERCC1, XPF, MMS19, RAD51, RAD51B, RAD51C, RAD51D, DMC1,
XRCC2, XRCC3, BRCA1, BRCA2, RAD52, RAD54, RAD50, MRE11, NBS1, WRN, BLM, Ku70, Ku80, ATM, ATR, chk1,
chk2, FANCA, FANCB, FANCC, FANCD1, FANCD2, FANCE, FANCF, FANCG, RAD1, RAD9, FEN-1, Mus81. Eme1,
DDS1, BARD (see (2, 3, 5, 22-28) for reviews).

[0022] A gene involved in HR may be a tumour suppressor gene. The invention thus provides for the treatment of
cancer cells defective in the expression of a tumour suppressor gene. Preferably, the tumour suppressor gene is BRCA1
or BRCA2.

[0023] Breastcanceris the most common cancer disease among women in the Westem world today. Certain families
have strong predisposition for breast cancer, which is often owing to an inherited mutation in one allele of either BRCA1
or BRCA2. However, these patients still maintain one functional allele. Thus, these patients develop normally and have
no phenotypic consequence from this mutation. However, in one cell, the functional allele might be lost, making this cell
cancerous and at the same time deficient in homologous recombination (HR). This step is critical for the onset of a
tumour (1).

[0024] The present inventors have surprisingly found that BRCA2 deficient cells are 100 times more sensitive to the
cytotoxicity of the PARP inhibitor, NU1025, than wild type cells.

[0025] Thus A PARP inhibitor may be used in the manufacture of a medicament for the treatment of cancer cells
defective in HR, e.g due to the loss of BRCA1 and/or BRCA2 expression.

[0026] The cancer celis to be treated may be partially or totally deficient in BRCA1 or BRCA2 expression. BRCA1 and
BRCA2 mutations can be identified using multiplex PCR techniques, array techniques (29, 30) or using other screens
known to the skilled person.

[0027] PARRP inhibitors useful in the present invention may be inhibitors of PARP-1, (see 31 for a review).

[0028] PARP inhibitors useful in the present invention include benzimidazole-carboxamides, quinazolin-4-[3H]-ones
and isoquinoline derivatives (e.g.2-(4-hydroxyphenyl)benzimidazole-4-carboxamide (NU1085), 8-hydroxy-2-methyl-
quinazolin-4-[3H]Jone (NU1025); 6(5H)phenanthridinone; 3 aminobenzamide; benzimidazole-4-carboxamides (BZ1-6)
and tricyclic lactam indoles (T11-5) [32]. Further inhibitors of PARP may be identified either by design [33] or the novel
FlashPlate assay [34].

[0029] The PARP inhibitor formulated as a pharmaceutical composition may be administered in any effective, con-
venient manner effective for targeting cancer cells including, for instance, administration by oral, intravenous, intramus-
cular, intradermal, intranasal, topical routes among others. Carriers or diluents useful in the pharmaceutical composition
may include, but are not limited to saline, buffered saline, dextrose, water, glycerol, ethanol and combinations thereof.
[0030] In therapy or as a prophylactic, the active agent may be administered to an individual as an injectable compo-
sition, for example as a sterile aqueous dispersion. The inhibitor may be administered directly to a tumour or may be
targeted to the tumour via systemic administration.

[0031] A therapeutically effective amount of the inhibitor is typically one which is sufficient to achieve the desired effect
and may vary according to the nature and severity of the disease condition, and the potency of the inhibitor. 1t will be
appreciated that different concentrations may be employed for prophylaxis than for treatment of an active disease.
[0032] For administration to mammals, and particularly humans, it is expected that the daily dosage level of the active
agent will be up to 100mg/kg, for example from 0.01mg/kg to 50 mg/kg body weight, typically up to 0.1, 0.5, 1.0, 2.0 5.0,
10, 15, 20 or 30mg/kg body weight. Ultimately, however, the amount of inhibitor administered and the frequency of
administration will be at the discretion of a physician.

[0033] A therapeutic advantage of using PARP inhibitors to treat cancer cells is that only very low doses are needed
to have a therapeutic effect in treating cancer thereby reducing systemic build up of the inhibitors and any associated
toxic effects.

[0034] A preferred aspect of the invention provides an agent which is an inhibitory RNA (RNAi) molecule.

[0035] Atechnique tospecifically ablate gene function is through the introduction of double stranded RNA, also referred
to as inhibitory RNA (RNAI), into a cell which results in the destruction of MRNA complementary to the sequence included
in the RNAi molecule. The RNAi molecule comprises two complementary strands of RNA (a sense strand and an
antisense strand) annealed to each other to form a double stranded RNA molecule. The RNAiI molecule is typically
derived from exonic or coding sequence of the gene which is to be ablated.
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[0036] Preferably said RNAi molecule is derived from the nucleic acid molecule comprising a nucleic acid sequence
selected from the group consisting of:

a) a nucleic acid sequence as represented by the sequence in Figure 9, or fragment thereof;

b) anucleic acid sequence which hybridises to the nucleic acid sequences of Figure 9, and encodes a gene for PARP;
¢) a nucleic acid sequence which comprise sequences which are degenerate as a result of the genetic code to the
nucleic acid sequences defined in (a) and (b).

[0037] Recent studies suggest that RNAi molecules ranging from 100-1000bp derived from coding sequence are
effective inhibitors of gene expression. Surprisingly, only a few molecules of RNAI are required to block gene expression
which implies the mechanism is catalytic. The site of action appears to be nuclear as little if any RNAI is detectable in
the cytoplasm of cells indicating that RNAI exerts its effect during mRNA synthesis or processing.

[0038] More preferably said RNAi molecule according has a length of between 10 nucleotide bases (nb) -1000nb.
Even more preferably said RNAi molecule has a length of 10nb; 20nb; 30nb; 40nb; 50nb; 60nb; 70nb; 80nb; 90nb; or
100bp. Even more preferably still said RNAi molecule is 21nub in length.

[0039] Even more preferably still the RNAi molecule comprises the nucleic acid sequence aaa agc cau ggu gga gua
uga (PARP-1)

[0040] The RNAi molecule may comprise modified nucleotide bases.

[0041] Preferred features of each aspect of the invention are as for each of the other aspects mutatis mutandis.
[0042] The presentinvention will now be described by way of example only with reference to the accompanying figures,
wherein:

Figure 1 is a graph demonstrating that HR deficient cells are hypersensitive to the toxic effect caused by inhibition
of PARP-1. Colony outgrowth of the Chinese hamster celt lines AAB (wild-type), irs1SF (deficient in HR[4]), CXR3
(irs1SF complemented with XRCC3 [2]), V79 (wild-type), irs1 (deficient in HR[5]) or irs1X2.2 (irs1 complimented
with XRCC2 [1]) upon exposure to 3-AB (A}, 1SQ (B) or NU1025 (C). The means (symbols) and standard deviation
(bars) of at least three experiments are shown. Colony outgrowth assay was used;

Figure 2 is a graph showing cell survival in the presence of PARP inhibitor NU1025 in wt V79 cells, BRCA2 deficient
VC-8 cells and VC-8 cells complimented with functionai BRCA2 gene (VC-8#13, VC-8+B2). Colony outgrowth assay
was used;

Figure 3 is a histogram showing the percentage of the cells in apoptosis following a 72 hour incubation with NU1025;

Figure 4. (a) Western blot analysis of protein lysates isolated from MCF-7 (p53%t) or MDA-MB-231 (p53™u) breast
cancer cells following 48 hours transfection with siRNA. (b) Colony outgrowth of siRNA-treated MCF-7 cells or (c)
MDA-MB-231 cells following exposure to the PARP inhibitor NU1025. The means (symbols) and standard deviation
(bars) of at least three experiments are shown.

Figure 5. BRCA2 deficient cells fail to repair a recombination lesion formed at replication forks by inhibitors of PARP.
(a) Visualization of double strand breaks (DSBs) in BRCA2 proficient or deficient cells following a 24-hour treatment
with NU1025 (0.1 mM) by pulse-field gel electrophoresis. Hydroxyurea 2 mM was used as a positive control. (b)
Visualisation of yH2Ax foci in untreated V-C8+B2 and V-C8 cells. Number of cells containing yH2Ax foci (c) or RAD51
foci (d) visualised in V-C8+B2 and V-C8 cells following a 24-hour treatment with NU1025 (10 pM). The means
(symbols) and standard errors (bars) of three to nine experiments are shown. (e) A suggested model for cell death
induced in BRCAZ2 deficient cells.

Figure 6. PARP-1 and not PARP-2 is important in preventing formation of a recombinogenic lesion, causing death
in absence of BRCA2. (a) RT-PCR on RNA isolated from SW480SN.3 cells treated with BRCA2, PARP-1 and PARP-
2 siRNA in combinations as shown for 48 hours. (b) Clonogenic survival following 48-hours depletion of BRCA2,
PARP-1 and PARP-2. The means (symbols) and standard deviation (bars) of at least three experiments are shown.
Two and three stars designate statistical significance in t-test p<0.01 and p<0.001, respectively. (c) Western blot
for PARP-1 in SW480SN.3 cells treated with different siRNA.

Figure 7. (a) Visualisation of PAR polymers in untreated and (b) thymidine treated V79 cells (5 mM for 24 hours).
(c) Percentage cells containing >10 sites of PARP activity following treatment with hydroxyurea (0.2 mM) and
thymidine (5 mM). At least 300 nuclei were counted for each treatment and experiment. (d) Survival of V-C8+B2
cells following co-treatment with hydroxyurea or () thymidine and NU1025 (10 wM). (f) The activity of PARP was
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measured by the level of free NAD(P)H 11, following treatment with MMS, hydroxyurea (0.5 mM) or thymidine (10
mM). The means (symbol) and standard deviation (error bars) from at least three experiments are depicted.

Figure 8. (a) Visualisation of PAR polymers in untreated V-C8 and (b) V-C8+B2 cells. (c) Quantification of percentage
cells containing >10 sites of PARP activity in untreated V-C8 and V-C8+B2 cells. (d) Level of NAD(P)H measured
in untreated V-C8 and V-C8+B2 cells. Three stars designate p<0.001 in t-test. (e) Visualization of RAD51 and sites
of PARP activity in V79 cells following a 24-hour thymidine treatment (5 mM). (f) A model for the role of PARP and
HR at stalled replication forks.

Figure 9 is the human cDNA sequence of PARP-1;

Figure 10 is the human cDNA sequence of PARP-2;

Figure 11 is the human cDNA sequnce of PARP-3;

Figure 12 is the human gDNA sequnce of Tankyrase 1;

Figure 13 is the human mRNA sequnce of Tankyrase 2;

Figure 14 is the human mRNA sequnce of VPARP.

Materials and Methods

Cytotoxicity of PARP inhibitors to HR-defective cells: XRCC2, XRCC3 or BRCA2

Cell culture

[0043] Theirs1, irs1X2.1 and V79-4 cell lines were a donation from John Thacker [40] and the AA8, irs1SF and CXR3
cell lines were provided by Larry Thompson [41].

[0044] The VC-8, VC-8+B2, VC-8#13 were a gift from Malgorzata Zdzienicka [42]. All cell lines in this study were
grown in Dulbecco’s modified Eagle’s Medium (DMEM) with 10% Foetal bovine serum and penicillin (100 U/ml) and
streptomycin sulphate (100 pg/mL) at 37°C under an atmosphere containing 5% CO,.

Toxicity assay - colony outgrowth assay

[0045] 500 cells suspended in medium were plated onto a Petri dish 4 hours prior to the addition of 3-AB, 1SQ or
NU1025. 1SQ and NU 1025 were dissolved in DMSO to a final concentration of 0.2% in treatment medium. 7 - 12 days
later, when colonies could be observed, these colonies were fixed and stained with methylene blue in methano! (4 g/l).

Colonies consisting of more than 50 ceils were subsequently counted.

Apoptosis experiments

[0046] 0.25x 108 cells were plated onto Petri dishes and grown for 4 hours before treatment with NU1025. After 72
hours, celis were trypsinized and resuspended with medium containing any floating cells from that sample. The cells
were pelleted by centrifugation and resuspended for apoptosis analysis with FTTC-conjugated annexin-V and propidium
iodine (Pl) (ApoTarget, Biosource International) according to manufacturer's protocol. Samples were analysed by flow
cytometry (Becton-Dickenson FACSort , 488 nm laser), and percentage of apoptotic cells was determined by the fraction
of live cells (Pl-negative) bound with FITC-conjugated annexin-V.

Immunofluorescence

[0047] Celis were plated onto coverslips 4 h prior to 24-h treatments as indicated. Following treatments the medium
was removed and coverslips rinsed once in PBS at 37°C and fixed as described elsewhere [2]. The primary antibodies
and dilutions used in this study were; rabbit palyclonal anti PAR (Trevigen; 1:500), goat polyclonal anti Rad51 (C-20,
Santa Cruz; 1:200) and rabbit polyclonal anti Rad51 (H-92, Santa Cruz; 1:1000). The secondary antibodies were Cy-3-
conjugated goat anti-rabbit IgG antibody (Zymed; 1:500), Alexa 555 goat anti-rabbit F(ab'), IgG antibody (Molecular
Probes; 1:500), Alexa 546 donkey anti-goat IgG antibody (Molecular Probes; 1:500) and Alexa 488 donkey anti-rabbit
IgG antibody (Molecular Probes; 1:500). Antibodies were diluted in PBS containing 3% bovine serum albumin. DNA was
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stained with 1 ng/ml To Pro (Molecular Probes). Images were obtained with a Zeiss LSM 510 inverted confocal microscope
using planapochromat 63X/NA 1.4 oil immersion objective and excitation wavelengths 488, 546 and 630 nm. Through
focus maximum projection images were acquired from optical sections 0.50 pum apart and with a section thickness of
1.0 pm. Images were processed using Adobe PhotoShop (Abacus Inc). At least 300 nuclei were counted on each slide
and those containing more than 10 RAD51 foci or sites of PARP activity were classified as positive.

PARP activity assays

[0048] Awater-soluble tetrazolium salt (5mM WST-8) was used to monitor the amount of NAD(P)H through its reduction
to a yellow coloured formazan dye[43]. 5000 cells were plated in at least triplicate into wells of a 96 well plate and cultured
in 100p!I normal growth media for4 h at 37°C. CK8 buffer (Dojindo Molecular Technology, Gaithersburg, USA), containing
WST-8, was then added either with or without treatment with DNA damaging agents at concentrations indicated. Re-
duction of WST-8 in the presence of NAD(P)H was determined by measuring visible absorbance (OD,54) every 30 min.
A medium blank was also prepared containing just media and CK8 buffer. Changes in NAD(P)H levels were calculated
by comparing the absorbance of wells containing cells treated with DNA damaging agents and those treated with DMSO
alone. Alternately relative levels of NAD(P)H in different cells lines were calculated after 4 h incubation in CK8 buffer.
[0049] The ability of NU1025 to inhibit PARP-1 activity was also assayed in permeabilised cells using a modification
of the method of Halldorsson et al [44], and described in detail elsewhere [45]. Briefly: 300 pl of NU1025-teated (15 min)
permeabilised cells were incubated at 26°C with oligonucleotide (final conc. 2.5 wg/ml), 75 uM NAD + [32 P] NAD
(Amersham Pharmacia, Amersham, UK) in a total volume of 400 pl. The reaction was terminated after 5 min by adding
ice cold 10%TCA 10%Na Ppi for 60 min prior to filtering through a Whatman GF/C filter (LabSales, Maidstone, UK),
rinsed 6x with 1% TCA 1% NaPPi, left to dry and incorporated radioactivity was measured to determine PARP-1 activity.
Data are expressed as pmol NAD incorporated/108 cells by reference to [32P] NAD standards.

Pulse-field gel electrophoresis

[0050] 1.5x08 cells were plated onto 100 mm dishes and allowed 4 h for attachment. Exposure to drug was for 18 h
after which cells were trypsinsied and 106 cells melted into each 1% agarose insert. These inserts were incubated as
described elsewhere (8) and separated by pulse-field gel electrophoresis for 24 h (BioRad; 120° angle, 60 to 240 s
switch time, 4 V/cm). The gel was subsequently stained with ethidium bromide for analysis.

siRNA treatment

[0051] Predesigned BRCA2 SMARTpool and scrambled siRNAs were purchased (Dharmacon, Lafayette, CO). 10000
cells seeded onto 6 well plates and left over night before transfected with 100nM siRNA using Oligofectamine Reagent
(Invitrogen) according to manufacturers instructions. Cells were then cultured in normal growth media for 48 h prior to
trypsinisation and replating for toxicity assays. Suppression of BRCA2 was confirmed by Western blotting (as described
previously [46]) of protein extracts treated with siRNA with an antibody against BRCA2 (Oncogene, Nottingham, UK).
EXAMPLES

Homologous recombination deficient cells are hypersensitive to PARP-1 inhibition

[0052] To investigate the involvement of HR in cellular responses to inhibition of PARP-1, the effects of PARP-1
inhibitors on the survival of HR repair deficient cell lines were studied. It was found that cells deficientin HR (i.e., irs1SF
which is defective in XRCC3 or irs1 which is defective in XRCC2 [see Table 1] were very sensitive to the toxic effect of
3-aminobenzamide (3-AB) and to two more potent inhibitors of PARP-1: 1,5-dihydroxyisoquinoline (ISQ; [37]) or 8-
hydroxy-2-methylquinazolinone (NU1025 [38, 39]) (Figure 1). The sensitivity in irs1SF cells to 3-AB, 1SQ or NU1025
was corrected by the introduction of a cosmid containing a functional XRCC3 gene (CXR3). Similarly, the sensitivity in
irs1 cells to 3-AB, ISQ or NU1025 was corrected by the introduction of a cosmid containing a functional XRCC2 gene
(irs1X2.2).

BRCAZ2 deficient cells are hypersensitive to PARP-1 inhibition

{0053] The survival of BRCA2 deficient cells (VC8) and wild type cells (V792Z) in the presence of inhibitors of PARP-
1 was investigated. It was found that VC8 cells are very sensitive to the toxic effect of NU1025 (Figure 2). The sensitivity
in VCB8 cells was corrected by the introduction of a functional BRCA2 gene either on chromosome 13 (VC8#13) or on
an overexpression vector (VC8+B2). This result demonstrates that the sensitivity to PARP-1 inhibitors is a direct con-
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sequence of loss of the BRCAZ2 function.

[0054] To investigate if inhibition of PARP-1 triggers apoptosis in BRCA2 deficient cells, the level of apoptosis 72
hours following exposure to NU1025 was investigated. It was found that NU1025 triggered apoptosis only in VC8 cells,
showing that loss of PARP-1 activity in BRCA2 deficient cells triggers this means of death (Figure 3).

BRCAZ2 deficient breast cancer cells are hypersensitive to PARP-1 inhibition

[0055] |t was examined whether the MCF7 (wild-type p53) and MDA-MB-231 (mutated p53) breast cancer cell lines
displayed a similar sensitivity to NU1025 upon depletion of BRCAZ2. It was found that PARP inhibitors profoundly reduced
the survival of MCF7 and MDA-MB-231 cells only when BRCA2 was depleted with a mixure of BRCA2 siRNA (Figure
4). This shows that BRCA2 depleted breast cancer cells are sensitive to PARP inhibitors regardless of p53 status.

BRCAZ2 deficient cells die from PARP-1 inhibition in absence of DNA double-strand breaks (DSBs) but in presence of
yH2Ax

[0056] HR is known to be involved in the repair of DSBs and other lesions that occur during DNA replication [2]. To
determine whether the sensitivity of BRCA2 deficient cells is the result of an inability to repair DSBs following NU1025
treatment, the accumulation of DSBs in V79 and V-C8 cells was measured following treatments with highly toxic levels
of NU1025. It was found that no DSBs were detectable by pulsed field gel electrophoretic analysis of DNA obtained from
the treated cells (Figure 5A), suggesting that low levels of DSBs or other recombinogenic substrates accumulated
following PARP inhibition in HR deficient cells, which trigger yH2Ax Figure 5B). The reason why BRCA2 deficient cells
die following induction of these recombinogenic lesions is likely to be due to an inability to repair such lesions. To test
this, the ability of BRCAZ2 deficient V-C8 cells and BRCA2 complimented cells to form RAD51 foci in response to NU1025
was determined. It was found that RAD51 foci were indeed induced in V-C8+B2 cells following treatment with NU1025
(statistically significant in ¢-test p<0.05; Figure 5D). This indicates that the recombinogenic lesions trigger HR repair in
these cells allowing them to survive. In contrast, the BRCA2 deficient V-C8 cells were unable to form RAD51 foci in
response to NU1025 treatment (Figure 5D) indicating no HR, which would leave the recombinogenic lesions unrepaired
and thus cause cell death.

PARP-1 and not PARP-2 is important in preventing formation of a recombinogenic lesion

[0057] There are two major PARPs present in the nucleus in mammalian cells, PARP-1 and PARP-2 and all reported
PARP inhibitors inhibit both. In order to distinguish which PARP was responsible for the effect, we tested if the absence
of PARP-1 and/or PARP-2 results in accumulation of toxic lesions, by depleting these and BRCA2 with siRNA in human
cells (Figure 6a). We found that the clonogenic survival was significantly reduced when both PARP-1 and BRCA2 proteins
were co-depleted from human cells (Figure 6b). Depletion of PARP-2 with BRCA2 had no effect on the clonogenic
survival and depletion of PARP-2 in PARP-1 and BRCAZ2 depleted cells did not result in additional toxicity. These results
suggest that PARP-1 and not PARP-2 is responsible for reducing toxic recombinogenic lesions in human cells. The
cloning efficiency was only reduced to 60% of control in PARP-1 and BRCA2 co-depleted cells, while no HR deficient
cells survived treatments with PARP inhibitors. This is likely to do with incomplete depletion of the abundant PARP-1
protein by siRNA (Figure 6¢), which might be sufficient to maintain PARP-1 function in some of the cells.

PARP-1 is activated by replication inhibitors

[0058] HRis also involved in repair of lesions occurring at stalled replication forks, which may not involve detectable
DSBs [2]. To test if PARP has a role at replication forks, PARP activation in cells treated cells with agents (thymidine or
hydroxyurea) that retard or arrest the progression of DNA replication forks was examined. Thymidine depletes cells of
dCTP and slows replication forks without causing DSBs. Hydroxyurea depletes several dNTP and block the replication
fork, which is associated with the formation of DSBs at replication forks [2]. Both of these agents potently induce HR [2].
V79 hamster cells treated for 24 hours with thymidine or hydroxyurea were stained for PAR polymers. This revealed a
substantial increase in the number of cells containing sites of PARP activity (Figure 7C). This result suggests a function
for PARP at stalled replication forks. It was also shown that inhibition of PARP with NU1025 enhances the sensitivity to
thymidine or hydroxyurea in V-C8+B2 cells (Figure 7D,E). This result suggests that PARP activity is important in repair
of stalled replication forks or alternatively that it prevents the induction of death in cells with stalled replication forks.

[0059] PARRP is rapidly activated at DNA single-strand breaks (SSB) and attracts DNA repair enzymes [3-6]. Methyl-
methane sulphonate (MMS) causes alkylation of DNA, which is repaired by base excision repair. PARP is rapidly activated
by the SSB-intermediate formed during this repair, which depletes the NAD(P)H levels (Figure 7F). We found that the
activation of PARP and reduction of NAD(P)H levels is much slower following thymidine or hydroxyurea treatments. This
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slow PARP activation can be explained by the indirect action of thymidine and hydroxyurea and the time required to
accumulate stalled replication forks as cells enter the S phase of the cell cycle.

PARP-1 and HR have separate roles at stalled_replication forks

[0060] The number sites of PARP activity in untreated BRCA2 deficient V-C8 cells was determined. It was found that
more V-C8 cells contain sites of PARP activity compared to V-C8+B2 cells (Figure 8A,B,C). Also, the V-C8 cells have
lowerfree NAD(P)H levels thanthe corrected cells (Figure BD), as alikelyresult ofthe increased PARP activity. Importantly
these sites of PARP activity do not overlap with RAD51 foci (Figure 8E).

10 [0061] Theresults herein suggestthat PARP and HR have separate roles in the protection or rescue of stalled replication
forks (Figure 8F). A loss of PARP activity can be compensated by increased HR while a loss of HR can be compensated
by increased PARP activity. However, loss of both these pathways leads to accumulation of stalled replication forks and
to death, as in the case of PARP inhibited BRCA2 deficient cells.

[0062] As shown in the model outlined in Figure 8F PARP and HR have complementary roles at stalled replication

15 forks. (i) Replication forks may stall when encountering a roadblock on the DNA template. In addition, they may also
stall temporarily, due to lack of dNTPs or other replication co-factors. (ii) PARP binds stalled replication forks or other
replication-associated damage, triggering PAR polymerization. Resulting negatively charged PAR polymers may protect
stalled replication forks, by repelling proteins that normally would process replication forks (e.g., resolvases), until the
replication fork can be restored spontaneously when dNTPs or other co-factors become available. Alternatively, PAR

20 polymers or PARP may attract proteins to resolve the replication block by other means. (iii) In absence of PARP activity,
HR may be used as an alternative pathway to repair stalled replication forks. This compensatory model explains the
increased level of HR and RAD51 foci found in PARP deficient cells 3-5 and higher PARP activity found in HR deficient
cells (i.e. V-C8). Spontaneous replication blocks/lesions are only lethal in the absence of both PARP and HR.

[0063] Table 1. Genotype and origin of cell lines used in this study.

25
Cell line Genotype Defect Origin Reference
AA8 wi wt CHO [41]
is1SF XRCC3 XRCC3-, deficientinHR ~ AA8 [41]

30 CXR3 XRCC3-+ hXRCC3 Wt irs1SF [41]
V79-4 Wt Wt V79 [40]
irs1 XRCC2 XRCCZ, deficientinHR V794  [40]
irs1X2.2  XRCCZ + hXRCC2 Wt irs1 [40]
V79-Z we Wt : V79 [42]

3 vCs BRCAZ BRCA2-, deficientinHR V792  [42]
VC8#13  BRCAZ +hBRCA2 Wt vCs [42]
VC8+B2 BRCA2 +hBRCA2 Wt vCs [42]
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PATENTIKRAYV

1. Anvendelse af en poly-(ADP-ribose)-polymerase-1-(PARP-1)-inhibitor i fremstillin-
gen af et laagemiddel til behandling af cancerceller defekte i homolog rekombination (HR)
hos et menneske;

hvor cancercellerne har en defekt i et gen valgt blandt gruppen bestdende af XRCC1,
CTPS, RPA, RPA1, RPA2, RPA3, XPD, ERCC1, XPF, MMS19, RAD51, RAD51B, RAD51C,
RADS51D, DMC1, XRCC2, XRCC3, BRCA1, BRCA2, RAD52, RADS4, RAD50, MRE11, NBS1,
WRN, BLM, Ku70, Ku80, ATM, ATR, chk1, chk2, FANCA, FANCB, FANCC, FANCD1, FANCD2,
FANCE, FANCF, FANCG, RAD1, RAD9, FEN-1, Mus81, Emel, DDS1 og BARD.

2. Anvendelse ifglge krav 1, hvor PARP-1 inhibitoren er et RNAi-molekyle specifik
mod et PARP-gen.

3. Anvendelse ifglge krav 2, hvor RNAi molekylet er afledt fra et nukleinsyre-
molekyle omfattende en nukleinsyresekvens valgt fra gruppen bestiende af:

a) en nukleinsyresekvens som repraesenteret ved sekvensen ifglge figur 9, eller et
fragment deraf;

b) en nukleinsyresekvens, som hybridiserer til nukleinsyresekevensen ifglge figur 9
og koder for et gen af PARP; eller

¢) en nukleinsyresekvens, som omfatter sekvenser, der er degeneret som et resultat
af de genetiske koder af nukleinsyresekvenserne defineret i (a) og (b).

4. Anvendelse ifglge krav 2 eller krav 3, hvor RNAi-molekylet omfatter nukleinsyre-
sekvenserne aaa agc cau ggu gga gua uga.

5. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor cancercellerne
defekte i HR delvis mangler HR.

6. Anvendelse ifglge et hvilket som helst af krav 1 til 4, hvor cancercellerne defekte i
HR fuldstaendig mangler HR.

7. Anvendelse ifglge et hvilket som helst af de foreg8ende krav, hvor defekten er en
mutation i genet.

8. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor defekten er
fraveer af genet.

9. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor defekten er i
ekspressionen af genet.

10. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor cancerceller-
ne, der skal behandles er valgt fra gruppen bestdende af lunge-, colon-, pancreatiske, ga-
striske, ovarie-, cervicale-, bryst- og prostata-cancerceller.

11. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor cancerceller-
ne, der skal behandles er gen-bundne arvelige cancerceller.

12. Anvendelse ifglge krav 11, hvor cancercellerne, der skal behandles, er brystcan-
cerceller.

13. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor cancerceller-
ne, der skal behandles, er defekte i BRCA1-ekspression.
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14. Anvendelse ifglge et hvilket som helst af de foregdende krav, hvor cancerceller-
ne, der skal behandles, er defekte i BRCA2-ekspression.

15. Anvendelse ifglge krav 13 eller 14, hvor cancercellerne delvis mangler BRCA1-
og/eller BRCA2-ekspression.

16. Anvendelse ifglge krav 13 eller 14, hvor cancercellerne fuldsteendig mangler
BRCA1 og/eller BRCA2-ekspression.

17. Poly-(ADP-ribose)-polymerase-1-(PARP-1)-inhibitor til anvendelse i behandling af
cancerceller defekte i homolog rekombination (HR) hos et menneske;

hvor cancercellerne har en defekt i et gen valgt fra gruppen bestdende af XRCC1,
CTPS, RPA, RPA1, RPA2, RPA3, XPD, ERCC1, XPF, MMS19, RAD51, RAD51B, RAD51C,
RAD51D, DMC1, XRCC2, XRCC3, BRCA1l, BRCA2, RAD52, RAD54, RAD50, MRE11, NBS1,
WRN, BLM, Ku70, Ku80, ATM, ATR, chkl, chk2, FANCA, FANCB, FANCC, FANCD1, FANCD?2,
FANCE, FANCF, FANCG, RAD1, RAD9, FEN-1, Mus81, Emel, DDS1 og BARD.

18. PARP-1 inhibitor til anvendelse ifglge krav 17, hvor cancercellerne defekte i HR
delvist mangler HR.

19. PARP-1 inhibitor til anvendelse ifglge krav 17, hvor cancercellerne defekte i HR
fuldstaendig mangler HR.

20. PARP-1 inhibitor til anvendelse ifglge et hvilket som helst af krav 17 til 19, hvor
cancercellerne, der skal behandles er valgt fra gruppen bestdende af lunge-, colon-, pan-
creatiske, gastriske, ovarie-, cervicale-, bryst- og prostata-cancerceller.

21. PARP-1-inhibitor til anvendelse ifglge et hvilket som helst af krav 17 til 20, hvor
cancercellerne, der skal behandles, er gen-bundne arvelige cancerceller.

22. PARP-1 inhibitor til anvendelse ifglge krav 21, hvor cancercellerne, der skal be-
handles, er brystcancerceller.

23. PARP-1 inhibitor til anvendelse ifglge et hvilket som helst af krav 17 til 22, hvor
cancercellerne, der skal behandles, er defekte i BRCA1- eller BRCA2-ekspression.
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FIGURE 9

1 cgcecgeeca geceeggggs cagggaaage ctaaattacg gaattaccge gageaaggag
61 cgcggaatcg gggagegtee ggagetaget ggatcctcta ggeaggatgg tgatgggaat
121 ctitgcaaat tgtatcttct gtttgaaagt gaagtactta cctcagcage agaagaaaaa
181 gctacaaact gacattaagg aaaatpgegg aaagtitice ttttcgttaa atcctcagtg
241 cacacatata atctlagata atgctgatgt tctgagtcag taccaactga attctatcca
301 aaagaaccac gttcatattg caaacccaga ttttatatgg aaatctatca gagaaaagag
361 actcttggat gtaaagaatt atgatcctta taagcccctg gacatcacac cacctectga
421 tcagaaggceg ageagttctg aagtgaaaac agaaggtceta tgcceggaca gtgecacaga
481 ggaggaagac actgtggaac tcactgagtt tggtatgeag aatgttgaaa ttcctcatet
541 tcctcaagat tttgaagttg caaaatataa caccttggag aaagtgggaa tggaggeagg
601 ccaggaaget gtggtgetag ageticagtg ttcgegggac tccagggact gtectttect
661 gatatcctca cacttcctee tggatgatgg catggagact agaagacagt ttgetataaa
721 gaaaacclct gaagatgcaa gtgaatactt tgaaaattac attgaagaac tgaagaaaca
781 aggatttcta ctaagagaac atttcacacc tgaagcaace caattageat ctgaacaatt
841 gcaagcattg cttttggagg aagtcatgaa ttcaagceact ctgagecaag aggtgagega
901 trtagtagag atgatttggg cagaggccct gggccacctg gaacacatge ttctcaagec
961 agtgaacagg attagcctca acgatgtgag caaggeagag gggatictce ttctagtaaa
1021 ggcagcactg aaaaatggag aaacagcaga gcaattgcaa aagatgatga cagagtttta
1081 cagactgata cctcacaaag gecacaatgcc caaagaagtg aacctgggac tattggctaa
1141 gaaagcagac ctctgecage taataagaga catggttaat gtctgtgaaa ctaatttgtc
1201 caaacccaac ccaccatcce tggecaaata ccgagetttg aggtgeaaaa ttgageatgt
1261 tgaacagaat actgaagaat ttctcagggt tagaaaagag gttttgeaga atcatcacag
1321 taagagccca gtggatgtct tgcagatatt tagagttpgc agagtgaatg aaaccacaga
1381 gtitttgage aaacttggta atgtgaggee cttgttgcat ggttctectg tacaaaacat
1441 cgtgggaatc ttgtgtcgag gettgetttt acccaaagta gtggaagatc gtggtgtgea
1501 aagaacagac gtcggaaacc ttggaagtgg gatttatttc agtgattcge tcagtacaag
1561 tatcaagtac tcacacccgg gagagacaga tggeaccaga. ctectgcetcea ttigtgacgt
1621 agccctcgga aagtgtatgg acttacatga gaaggacttt tccttaactg aageaccacc
1681 aggctacgac agtgtgcatg gagtttcaca aacagectct gtcaccacag actttgagga
1741 tgatgaattt gttgtctata aaaccaatca ggttaaaatg aaatatatta ttaaattitc
1801 catgcctgga gatcagataa aggactttca tcctagtgat catactgaat tagaggaata
1861 cagacctgag ttttcaaatt tricaaaggt tgaagattac cagttaccag atgccaaaac
1921 ttccagcage accaaggecg gectccagga tgettetggg aactiggtte ctetggagga
1981 tgtccacatc aaagggagaa tcatagacac tgtageccag gteattgttt ttcagacata
2041 cacaaataaa agtcacgtgc ccattgaggce aaaatatate tttcctttgg atgacaagge
2101 cgetgtgtgt ggcttcgaag ccttcatcaa tgggaageac atagtiggag agattaaaga
2161 gaaggaagaa geccageaag agtacctaga ageegtgace cagggecatg gegettacet
2221 gatgagtcag gatgctccgg acgttittac tgtaagtgtt ggaaacttac cccctaagge
2281 taaggttctt ataaaaatta cctacatcac agaactcage atcetgggea ctgttggtgt
2341 ctttttcatg cccgecaccg tagecacccetg geaacaggac aaggcetitga atgaaaacct
2401 tcaggataca gtagagaapa tttgtataaa agaaatagga acaaagcaaa gettctettt
2461 gactatgtct attgagatge cgtacgtgat tgaattcatt ticagtgata ctcatgaact
2521 gaaacaaaag cgcacagact gcaaagcetgt cattagecacc atggaaggcea getecttaga
2581 cagcagtgga ttttctctee acatcggttt gtetgetgee tatctcecaa gaatgtgept
2641 tgaaaaacat ccagaaaaag aaagcgagge ttgcatgett gtotttcaac ccgatctega
2701 tgtcgaccte cctgacctag ccaatgagag cgaagtgatt atttgtettg actgetecag
2761 ttccatggag getgtgacat tettgcaage caaggaaatc geetigeatg cgetgteett



DK/EP 1649017 T4

2821 ggtggstgag aagcagaaag taaatattat ccagticgge acaggttaca aggagctatt
2881 ttcgtatcct aagcatatca caagcaatac CECEECagea gagttcatcea tgtetgecac
2941 acctaccatg gggaacacag acttctggaa aacactccga tatcttagct tattgtaccc
3001 tgctcgaggg tcacggaaca tectcetggt gtetgatlpgg cacctecagg atgagagect
3061 gacattacag ctcgtgaaga ggagccgece geacaccagg ttattcgect geggtategg
3121 ttctacagcea aatcgtcacg tcttaaggat ttigtcecag tgtggtgecg gagtatttga -
3181 atattrtaat gcaaaatcca agcatagttg gagaaaacag atagaagacc aaatgaccag
3241 gctatgttct ccgagttgee actetgtete cgtcaaatgg cageaactca atccagatge
3301 geccgaggec ctgecaggece cageccaggt gecatecttg titcgeaatg atcgactect
3361 tgtctatgga ttcattccte actgeacaca ggeaactctg tgtgeactaa ttcaagagaa
3421 agaattttgt acaatggtgt cgactactga gettcagaag acaactggaa ctatgatcca
3481 caagctggea geeecgagetc taatcagaga ttatgaagat ggcattette acgaaaatga
3541 aaccagtcat gagatgaaaa aacaaacctt gaaatctctg attattaaac tcagtaaaga
3601 aaactctcte ataacacaat ttacaagctt tgtggcagtt gagaaaaggg atgagaatga
3661 gtcacctttt cctgatattc caaaagtttc tgaacttatt gccaaagaag atgtagactt
3721 cctgecctac atgagetgge aggeggaacc cCaagaagee gtecaggaace agtetetttt
3781 agcatcctct gagtggecag aattacgttt atccaaacga aaacatagga aaattccatt
3841 ttccaaaaga aaaatggaat tatctcagcc agaagtttct gaagattttg aagaggatge
3901 cttaggtgta ctaccagctt tcacatcaaa ttitggaacgt ggacgtgtgg aaaagctatt
3961 ggatttaagt tggacagagt catgtaaacc aacagcaact gaaccactat ttaagaaagt
4021 cagtccatgg gaaacatcta cttctagett ttttcetatt ttggetcegg cegttggtte

4081 ctatcttacc ccgactaccc gegetcacag tectgettce ttgtettitg ccteatateg
4141 tcaggtagct agtttcggtt cagetgetce tcccagacag titgatgeat ctcaattcag
4201 ccaaggcecct gtgeotggea cttgtgetga ctggatecca cagteggegt cttgteccac
4261 aggacctcce cagaacccac cttctgeacc ctattgtgge attgtttttt cagggagcete
4321 attaagctct gcacagtetg ctccactgea acatectgga ggetttacta ccaggecttc
4381 tgetggeace ttccctgage tggattctee ccagetteat ttctetette ctacagacee
4441 tgatcccatc agaggttttg ggtcttatca tccctctget tactcteett ttcattttca

4501 accttccgea gectetttga ctgecaacct taggetgeca atggectotg ctttacctga
4561 ggctctttge agtcagtcce ggactaccee agtagatcte tgtettctag aagaatcagt
4621 aggcagtctc gaaggaagtc gatgtcetgt ctitgcttit caaagttctg acacagaaag
4681 tgatgagcta tcagaagtac ttcaagacag ctgctittta caaataaaat gtgatacaaa
4741 agatgacagt atcccgtgcet ttctggaagt aaaagaagag gatgaaatag tgtgcacaca
4801 acactggcag gatgctgtge cttggacaga actcctcagt ctacagacag aggatggett
4861 ctggaaactt acaccagaac tgggacttat attaaatctt aatacaaatg gtttgcacag
4921 ctttcttaaa caaaaaggca ttcaatctct aggtgtaaaa ggaagagaat gtctectgga
4981 cctaattgee acaatgetgg tactacagtt tattcgeace aggttggaaa aagagggaat
5041 agtgttcaaa tcactgatga aaatggatga cccttctatt tccaggaata ttccetggge
5101 tutgaggea ataaagcaag caagtgaatg ggtaagaaga actgaaggac agtacccate
5161 tatctgecca cggettgaac tggggaacga ctgggactct geccaccaage agigetggg
5221 actccagece ataagceactg tgtcccctcet tcatagagte ctecattaca gtcaaggeta
5281 agtcaaatga aactgaattt taaacttttt gcatgettct atgtagaaaa taatcaaatg
5341 ataatagata cttataatga aacttcatta aggtttcatt cagtgtagca attactgtct

5401 ttaaaaatta agtggaagaa gaattacttt aatcaactaa caagcaataa taaaatgaaa
5461 cttaaaat
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Figure 10

1 ctagaattca geggeegetg aattctagge ggcgCERCEE CBacggagca CCELCLLcse
61 cagggcgaga gcattaaatg aaagcaaaag agttaataat ggcaacacgg ctccagaaga
121 ctettcccct gecaagaaaa ctecgtagatg ccagagacag gagtcgaaaa agatgecetgt
181 ggctggagga aaagetaata aggacaggac agaagacaag caagatggta tgccaggaag
241 gtcatgggcc agcaaaaggg totctgaate tgtgaaggee ttgetgttaa agggcaaage
301 tcctgtggac ccagagtgta cagccaaggt ggggaaggct catgtgtatt gtgaaggaaa
361 tgatgtctat gatgtcatge taaatcagac caatctccag ttcaacaaca acaagtacta
421 tctgattcag ctattagaag atgatgccca gaggaacttc agtgtitgga tgagatggeg
481 ccgagttggp aaaatgggac agcacagcect ggtggettgt tcaggceaate tcaacaagge
541 caaggaaatc tttcagaaga aattccttga caaaacgaaa aacaattgge aagatcgaga
601 aaagtitgag aaggtgectg gaaaatatga tatgctacag atggactatg ccaccaatac
661 tcaggatgaa gaggaaacaa aaaaagagga atctcttaaa tctcccttga agecagagte
721 acagctagat cttcgggtac aggagttaat aaagttgatc tgtaatgttc aggccatgga
781 agaaatgatg atggaaatga agtataatac caagaaagcc ccacttggga agctgacagt
841 ggcacaaatc aaggcaggtt accagtctct taagaagatt gaggattgta ttegggetgg
901 ccagcatgga cgagctctca tggaageatg caatgaattc tacaccagga ttccgeatga
961 ctitggactc cgtactcctc cactaatccg gacacagaag gaactgtcag aaaaaataca
1021 attactagag getttgggag acattgaaat tgctattaag ctggtgaaaa cagagcetaca
1081 aagcccagaa cacccattgg accaacacta tagaaaccta cattgtgect tgegeeceet
1141 tgaccatgaa agttacgagt tcaaagtgat ttcccagtac ctacaateta cecatgetee
1201 cacacacage gactatacca tgaccttget ggatttgttt gaagtggaga aggatggtga
1261 gaaagaagcc ttcagagagg accttcataa caggatgett ctatggcatg gttccaggat
1321 gagtaactgg gtgggaatct tgagccatgg gettcgaatt geccacectg aagetcceat
1381 cacaggttac atgtttggga aaggaatcta ctitgetgac atgtcticca agagtgcecaa
1441 ttactgcttt gectetcgee taaagaatac aggactgetg cteftatcag aggtagcetet
1501 aggtcagtgt aatgaactac tagaggccaa tcctaaggee gaaggattge ttcaaggtaa
1561 acatagcacc aaggggctgg gcaagatggce tcccagttct geccactteg tcaccctgaa
1621 tgggagtaca gtgccattag gaccagcaag tgacacagga attctgaatc cagatggtta
1681 taccctcaac tacaatgaat atattgtata taaccccaac caggteegta tgeggtacct
1741 tttaaaggtt cagtttaatt tccttcaget gtggtgaatg ttgatcttaa ataaaccaga
1801 gatctgatct tcaagcaaga aaataageag tgttgtactt gtgaattttg tgatatttta
1861 tgtaataaaa actgtacagg tctaaaaaaa aaaaaaaaaa aaaaaaaaaa

/]
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Figure 11

1 tgggactggt cgectgacte ggectgeece agectetget tcaccccact ggtggecaaa
61 tagccgatgt ctaatcccce acacaagetc atcecccggee tetgggattg ttgggaattc
121 tctccctaat tcacgectga ggctcatgga gagttgetag acctgggact gecetgggag
181 gegeacacaa ccaggeeggg tggeagecag gacctcteee atgteectge tttettgge
241 catggctcca aagecgaage cetgggtaca gactgagpge cctgagaaga agaagggecsg
301 gecapgcagpa agggaggagg accccttceg ctecaceget gaggeectca aggecatace
361 cgcagapaag cgcataatce gegtggatce aacatgtcca ctcageagea acceegggac
421 ccaggtgtat gaggactaca actgcaccct gaaccagace aacatcgaga acaacaacaa
481 caagttctac atcatccage tgetccaaga cagcaaccge ttcttcacct getggaaceg
541 ctggggeegt gtggpagage teggecagte aaagatcaac cacttcacaa ggetagaaga
601 tgcaaagaag gactttgaga agaaatttcg ggaaaagace aagaacaact gggcagageg
661 ggaccacttt gtgtctcacc cgggeaagta cacacttatc gaagtacagg cagaggatga
721 gpcccaggaa getgtggtga aggtggacag aggeccagtg aggactgtga ctaagegggt
781 gcagecctge tecctggacc cagecacgea gaagcetcate actaacatct tcageaagga
841 gatgttcaag aacaccatgg ccctcatgga coetggatgtg aagaagatge cectgggaaa
901 getgageaag caacagattg cacggggttt cgaggecttg gaggegetgg aggaggccect
961 gaaaggcccc acggatggtg gecaaagect ggaggagetg tectcacact tttacacept
1021 catcccgeac aacttcggec acagecagec cccgeccate aattecectg agetictgea
1081 ggccaagaag gacatgctgce tggtgetgge ggacatcgag ctggeccagg cectgeagge
1141 agtctctgag caggagaaga cggtggagga ggtgecacac ceectggace gagactacca
1201 gettetcaag tgecagetge agetgetaga ctetggagea cetgagtaca aggtgataca
1261 gacctactta gaacagactg gcagcaacca caggtgeect acacttcaac acatctggaa
1321 agtaaaccaa gaaggggagg aagacagatt ccaggeccac tccaaactgg gtaatcggaa
1381 gctgctgtgg catggeacca acatggeegt ggtggecgece atccteacta gtgggeteeg
1441 catcatgcca cattetggtg ggegtgttgg caagggcate tactttgect cagagaacag
1501 caagtcagct ggatatgtta ttggcatgaa gtgtggggee caccatgteg getacatgtt
1561 cctgggtgag gtggccctgg gecagagagea ccatatcaac acggacaace ccagettgaa
1621 gagcccacct cetggeticg acagtgtcat tgeccgagge cacaccgage ctgatccgac
1681 ccaggacact gagttggagc tggatggeca geaagtggtg gtgecccagg gecagectgt
1741 gecctgecca gagttcagea getccacatt ctcccagage gagtacctea tetaccagga
1801 gagccagtgt cgectgeget acctgetgga ggtecaccte tgagtgeeeg ceetgtecce
1861 cggggtcctg caaggctgga ctgtgatctt caatcatcct geccatetet ggtaccecta
1921 tatcactcct ttttttcaag aatacaatac gttgttgtta actatagtca ccatgetgta
1981 caagatccct gaacttatge ctectaactg aaattttgta ttctttgaca catctgecca
2041 gtccctetee teccageeca tggtaaccag catttgactc tttacttgta taagggeage
2101 tittataggt tccacatgta agtgagatca tgcagtgttt gietttetgt gectggetta
2161 titcactcag cataatgtge accgggttca cccatgtitt cataaatgac aagatttcct
2221 cctttaaaaa 2322223223 2333223333 2232333323 3aa
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ccatcatcaa
tecccecacte
cctggecece
ggatcegecce
caccagcaca
tgccgeegag
tteteeececy
gagcccecgag
taggacaggg
tggggacgtg
gg9ccggcecgg
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gcttcataat
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agggaagatc
cactgatggg
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ggctttactg
tttacatcta
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tggacattat
tctectggcag
tctgetacee
ggatatggct
tttactacaa
aatcattaat
tctgcatcee
tgaaaaaaat
tgtcatggaa
gactgetteg
ttacggctct
tgaagcagtg
acaaggctec
ttcgtagata
gaaggaaatc
ctgatgttga
aactttgcag
tacactecge
accecttagag
aaatgtgaat
ctacaaccge
agacaagggt
tgagctttta
tctccatgaa
agcagatcca
agacacagat
gggctgectg
ccagggcaga
tgaatatctt
tccetcataat
cacgtgtgta
aggaaggacg
ccaggaagge
agatgccatg
tgcececeetg
caacctcact
cgccgceggga
atttctaaaa
actagatgetg
tgggcacege
caatccttat
agaagataaa
agatggtgse
tgtcaacaag
tcacaaccat

caacagctcee
ageeceeggee
teegectcee
gacaggecce
atctgtaccg
gtcgctecca
actectrect
gcggccggag
gtcccageag
tcccogggtaa
aagtcttete
ctacagatgg
gcctgertctt
aatgccaggg
gatgegtgca
aaatcagcecc
aaagacgaac
actccectaa
gcagcgggct
catgcaaaag
gaagtcacag
tttactccac
agccatggceg
ccaactcegg
gcagccagag
ttcaaacaac
aaacgtaaac
aaagatttca
gtecegcata
catagagccg
gaccecctcca
cagcagatte
acagcagcac
gtgatcattce
tatcecageat
ttatcgacte
ctctcaaaat
agcaggctac
gcatctaaag
tgtagagact
gtgtetgttyg
ggcetggege
gtaaggcatg
gcagcagcta
actaaaaaga
attcaggact
gcaagagtge
aattcaaccc
ctagagcatg
gcggcacctt
aatgcaacag
cagetqgtgeg
cagacgccte
cceccagagyg
atctcaccag
ggceectttag
acagaaagga
agccttggee
ttggctgata
cacaaattaa
tcgacteete
gaatatcaqt
aatgetggeg
aagttgaggg
cacaatgagce



3901
3961
4021
4081
4141
4201
4261
4321
4381
4441

gcatgttgtt
gacatgcata
aaagcaacca
ggtcatgcta
tectgecagte
gtagaccgag
catacccaga
caacagccge
aacctgggac
ctgacagect

tcatggttct
cataggagga
atatgtteat
tatatgtcac
tagcaccatg
cgtcaatggg
gtatcttatc
agagcagaag
tggactacag
agaaataagc

cctttcacta
atgtttgggg
ggaattggag
agacaaatge
aaaatggcce
ctggcatatg
acttaccaga
acctagtgaa
aggattgtte
tgtttgtcet

atgccattat
ccgggattea
gaggaacagg
tctectgtag
acgcgectee
ctgaatacgt
tcatgaagce
tgecetgetgg
ctaataacaa
ctataaagcea

DK/EP 1649017 T4

tcataaaggqg
tcttgetgaa
ctgcectaca
agtgaccccet
agggcaccac
catctacaga
agaagccect
tgaaggccag
catcaatatt
tecgctatage

tttgatgage
aactcctcaa
cacaaggaca
gggaaatcct
tcagtcattg
ggagaacagg
tcccagaceg
atcagatttc
ctagaagtcc
9
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Figure 13

1 cgegeegect cgetagecga aacctgecea geeggtgeee ggecactgeg cacgegegag
61 acgacgtcac gtgegetcce ggggetpgac ggagetgeca ggaggeEgcct tgecagette
121 cgeegeegeg tegtttcagg acceggacgg cggattegeg ctgeetecge Cgecgeggss
181 cagceggpeg gcagggagcee cagegagggg CECECatages cgeggecatg ggactgegee
24] ggatccpggtg acagcaggga gecaagegge cecgggecctg agegegtett ctccgegrgs
301 cctegeecte ctgetcgegs ggeeggggct cotgeteegg ttgetggege tgttgetgge
361 tgtggeggeg gecaggatcea tgtegggteg cogetgepee gECSEEEeag cggeetgege
421 gagcgeegeg gecgaggeeg tggagecgge cgeccgagag ctgttcgagg cgtgecgeaa
481 cggggacgtg gaacgagtca agaggetggt gacgectgag aaggtgaaca gecgegacac
541 ggcgggeagg aaatccacce cgetgeactt cgecgeaggt tttgggegga aagacgtagt
601 tgaatatttg cttcagaatg gtgcaaatgt ccaagcacgt gatgatgggg gccttattce
661 tcttcataat geatgetctt ttggtcatge tgaagtagte aatctccttt tgegacatgg
721 tgcagacccc aatgetcgag ataattggaa ttatactect ctecatgaag ctgcaattaa
781 aggaaagatt gatgtttgea ttgtgetgtt acageatgga getgagecaa ccatccgaaa
841 tacagatgga aggacagcat tgpatttage agatccatct gccaaageag tgettactgg
901 tgaatataag aaagatgaac tcttagaaag tgccaggagt ggcaatgaag aaaaaatgat
961 ggctctacte acaccattaa atgtcaactg ccacgcaagt gatggeagaa agtcaactce
1021 attacatttg gcagcaggat ataacagagt aaagattgta cagctgttac tgcaacatgg
1081 agctgatgte catgctaaag ataaaggtga tctggtacca ttacacaatg cetgttctta
1141 tggtcattat ‘gaagtaactg aactittggt caagcatggt gectgtgtaa atgcaatgga
1201 cttgtggcaa ttcactecte ttcatgagge agettctaag aacagggttg aagtatgtte
1261 tcttctctta agttatggtg cagacccaac actgctcaat tgtcacaata aaagtgetat
1321 agacttgget cccacaccac agttaaaaga aagattagca tatgaattta aaggecactc
1381 gttgetgecaa getgeacgag aagetgatgt tactcgaate aaaaaacatc tetctetgga
1441 aatggtgaat ttcaagcatc ctcaaacaca tgaaacagea ttgeattgtg ctgetgeate
1501 tecatatccc aaaagaaagc aaatatgtga actgttgeta agaaaaggag caaacatcaa
1561 tgaaaagact aaagaattct tgactcctct geacgtggea tetgagaaag ctcataatga
1621 tgttgttgaa gtagtgetga aacatgaage aaaggttaat getctggata atcttggtca
1681 gacttctcta cacagagctg catattgtgg tcatctacaa acctgecgec tactcetgag
1741 ctatgggtgt gatcctaaca ttatatccct tcagggettt actgetttac agatgggaaa
1801 tgaaaatgta cagcaactce tccaagaggg tatctcatta ggtaattcag aggcagacag
1861 acaattgctg gaagctgcaa aggetggaga tgtcgaaact gtaaaaaaac tgtgtactgt
1921 tcagagtgtc aactgcagag acattgaagg gegteagtct acaccactte attttgcage
1981 tgggtataac agagtgtceg tggtggaata tctgetacag catggagetg atgtgeatge
2041 taaagataaa ggaggccttg taccittgca caatgeatgt tettatggac attatgaagt
2101 tgcagaactt ctigttaaac atggagcagt agttaatgta getgatttat ggaaatftac
2161 acctttacat gaagcagcag caaaaggaaa atatgaaatt tgcaaacttc tgctccagea
2221 tggtgcagac cctacaaaaa aaaacaggga tggaaatact cctttggate ttgttaaaga
2281 tggagataca gatattcaag atctgcttag gggagatgea getttgetag atgetgecaa
2341 gaagggttgt ttagccagag 1gaagaagtt gicttctoct gataatgtaa attgecgega
2401 tacccaaggc agacattcaa cacctttaca tttagcagct ggttataata atttagaagt
2461 tgcagagtat ttgttacaac acggagetga tgtgaatgec caagacaaag gaggacttat
2521 tectttacat aatgcageat cttacgggea tgtagatgta gecagetcetac taataaagta
2581 taatgcatpt gtcaatgcca cggacaaatg ggetttcaca cctttgecacg aageagecca
2641 aaagpgacga acacagcltt gtgcttigtt gctageccat ggagetgace cgactcttaa
2701 daatcaggaa ggacaaacac ctttagattt agtttcagca gatgatgtca gegetetict
2761 gacagcagce atgeccceat ctgetctgee ctettgttac aagectcaag tgetcaatgg
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2821 tgtgagaage ccaggageca ctgeagatge telctettea gatecateta geecatcaag
2881 cctttctgea gecageagte ttgacaactt atctgggagt ttttcagaac tgtetteagt
2941 agttagttca agtggaacag agggtgettc cagittggag aaaaaggagg ttccaggagt
3001 agattttagc ataactcaat tcgtaagpgaa tcttggactt gagcacctaa tggatatatt
3061 tgagagagaa cagatcactt tggatgtatt agttgagatg gggcacaagg agetgaagga
3121 gattggaatc aatgcttatg gacataggca caaactaatt aaaggagtcg agagacttat
3181 ctccggacaa caaggtctta acccatattt aactttgaac acctetggta gtggaacaat
3241 tcttatapgat cigtcteetg atgataaaga gtttcagtct giggaggaag agatgcaaag
3301 tacagttcga gagcacagag atggaggica tgcaggtgga atcttcaaca gatacaatat
3361 tctcaagatt cagaaggtit gtaacaagaa actatgggaa agatacactc accggagaaa
342] agaagtttct gaagaaaacc acaaccatge caatgaacga atgetatttc atgggtetee
3481 ttttgtgaat geaattatcc acaaaggcett tgatgaaagg catgegtaca taggtggtat
3541 gtrtggaget gecatttatt ttgetgaaaa ctettccaaa ageaatcaat atgtatatgg
3601 aattggagga ggtactgggt gtccagttca caaagacaga tcttgttaca tttgecacag
3661 gcagctgctc tittgcecggg taaccttggg aaagtctttc ctgeagttca glgeaatgaa
3721 aatggcacat tctectccag gteatcacte agtcactggt aggeccagtg taaatggect
3781 agcattagct gaatatgtta tttacagagg agaacaggct tatcctgagt atttaattac
3841 ttaccagatt atgaggcctg aaggtatggt cgatggataa atagttattt taagaaacta
3901 attccactga acctaaaatc atcaaagcag cagtggectc tacgttttac teetttgetg
3961 aaaaaaaatc atcttgccea caggeetgtg gcaaaaggat aaaaatgtga acgaagttta
4021 acattctgac ttgataaagc tttaataatg tacagtgttt tctaaatatt tcctgttttt

4081 tcagcacttt aacagatgcc attccaggtt aaactgggit gtctgtacta aattataaac
4141 agagttaact tgaacctttt atatgttatg cattgatict aacaaactgt aatgccctea
4201 acagaactaa ttttactaat acaatactgt gtictttaaa acacagcatt tacactgaat
4261 acaatttcat ttgtaaaact gtaaataaga gettitgtac tagcccagta tttatttaca
4321 ugetitgta atataaatct gttttagaac tgeageggtt tacaaaattt titcatatgt

4381 attgttcatc tatacttcat cttacatcgt catgattgag tgatctttac atttgattec

4441 agaggctatg ttcagttgtt agttgggaaa gattgagtta tcagatttaa tttgccgatg
4501 ggagccttta tetgtcatta gaaatetttc tcatttaaga acttatgaat atgetgaaga
4561 ttaattigt gatacctttg tatgtatgag acacattcca aagagcetcta actatgatag
4621 gtcctgatta ctaaagaagc ttctitactg gectcaattt ctagetitca tgttggaaaa
4681 ttttctgcag tectictgty aaaattagag caaagtgcte ctgtttttta gagaaactaa
4741 atcttgetgt tgaacaatta tigtgttctt ttcatggaac ataagtagga tgttaacatt

4801 tccagggteg gaagggtaat cctaaatcat ttcccaatet attctaatta ccttaaatet
4861 aaagggpgaaa aaaaaaatca caaacaggac tgggtapttt tttatcctaa gtatattttt
4921 tectgttctt tttacttggt tttattgotg tatttatage caatctatac atcatgggta

4981 aacttaaccc agaactataa aatgtagttg tttcagtcce cttcaggect cctgaatggg
5041 caagtgcagt gaaacaggtg cttcctgete ctgggttttc tctccatgat gttatgecca
5101 attggaaata tgctgtcagt ttgtgcacca tatggtgacc acgeclgtge tcagtttgge
5161 agctatagaa ggaaatgetg tcccataaaa tgecatcect attictaata taacactett
5221 ttccaggaag catgcttaag catcttgtta cagagacata catccattat ggcttggcaa
5281 tctettttat ttgttgacte tageteectt caaagtcgag gaaagatett tactcactta
534] atgapggacat tccccatcac tgtetgtace agticacctt tattrtacgt tttattcagt
5401 ctgtaaatta actggcectt tgcagtaact tgtacataaa gtgctagaaa atcatgttce
5461 ttgtcetgag taagapttaa tcagagtaag tgcatttctg gagttgtite tgtgatgtaa
5521 attatgatca ttatttaaga agtcaaatce tgatcttgaa gtgcttttta tacagctete

5581 taataattac aaatatccga aagtcatttc ttggaacaca agtggagtat gecaaatttt
5641 atatgaattt tticagattat ctaagcttcc aggtittata attagaagat aatgagagaa
5701 ttaatggggt ttatatttac attatctctc aactatgtag cccatattac tcaccctatg

5761 agtgaatctg gaattgcttt tcatgtgaaa tcattgtggt ctatgagttt acaatactge
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5821 aaactgtgtt attttatcta aaccattgct taatgagtgt gtttttccat gaatgaatat
5881 accgtggttc atatgtiage atggcagcat tttcagatag ctitttgttt gttgggaagt
5941 tgggetittg ggggeagges gagtattagt acgttgeatg gaatagecta ctttataatg
6001 atgggaatgc tttttctttt gttttgegat ttttttittt gaagtgaaat ttaacttttt

6061 gtgccagtag tactattata cccatcttca gtgtcttact tgtactgtat caaattecat
6121 accctcattt aattcttaat aaaactgttc acttgtaaaa aaaaaaaaaa 3aaaaaaaaa
6181 aaaaaaaaa
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Figure 14

1 cgeecgecca geceeggggg cagggaaage ctaaattacg gaattaccge gageaaggag
61 cgeggaateg gggagegtee ggagcetaget ggatectcta ggcaggatgg tgatgggaat
121 ctttgcaaat tgtatcttct gtitgaaagt gaagtactta cctcagcage agaagaaaaa
181 gctacaaact gacattaagg aaaatggcgg aaagtittce ttttcgttaa atecteagtg
241 cacacatata atcttagata atgctgatgt tctgagtcag taccaactga attctatcca
301 aaagaaccac gttcatattg caaacccaga ttttatatgg aaatctatca gagaaaagag
361 actcttggat gtaaagaatt atgatcctta taagcccetg gacatcacac cacctectga
421 tcagaaggcg agcagtictg aagtgaaaac agaaggtcta tgcccggaca gtgecacaga
481 pgaggaagac actgtggaac tcactgagtt tggtatgcag aatgttgaaa ttcctcatct
541 tcctcaagat titgaagitg caaaatataa caccttggag aaagtgggaa tgeagggagg
601 ccaggaagct gtggtggtagg agettcagtg ttegegggac tccagggact gtectttect
661 gatatcctea cacttcctee tggatgatgg catggagact agaagacagt ttgetataaa
721 gaaaacctct gaagatgcaa gtgaatactt tgaaaattac attgaagaac tgaagaaaca
781 aggatttcta ctaagagaac atttcacacc tgaagcaacc caattagcat ctgaacaatt
841 gcaagcattg ctttiggagp aagtcatgaa ttcaagcact ctgagccaag aggtgagega
901 tttagtagag atgatttggg cagaggcecct gggeeacetg gaacacatge ttctcaagee
961 agtgaacagg attagcctca acgatgtgag caaggeagag gggattetee ttctagtaaa

1021 ggcagcactg aaaaatggag aaacagcaga geaattgeaa aagatgatga cagagittta
1081 cagactgata cctcacaaag gcacaatgcc Caaagaagtg aacctgggac tattggcetaa
1141 gaaagcagac ctetgecage taataagaga catggttaat gictgtgaaa ctaatitgte
1201 caaacccaac ccaccatcce tggecaaata ccgagettty aggtgcaaaa ttgageatgt
1261 tgaacagaat actgaagaat tictcagggt tagaaaagag gttitgcaga atcatcacag
1321 taagagccca gtggatgtct tgcagatatt tagagttgge agagtgaatg aaaccacaga
1381 gtttttgage aaacttggta atgtgaggcec cttgttgeat ggtictectg tacaaaacat
1441 cgtgggaatc ttgtgtcgag gattgctttt acccaaagta gtggaagate gtggtetgea
1501 aagaacagac gtcggaaace tiggaagtgg gatttattic agtgattcge tcagtacaag
1561 tatcaagtac tcacacccgg gagagacaga tggeaccaga ctectgetea tttgtgacgt
1621 agccctepga aagtgtatgg acttacatga gaaggacttt cccttaactg aagcaccace
1681 aggctacgac agtgtgeatg gagtttcaca aacagectct gtcaccacag actttgagga
1741 tgatgaattt gttgtctata aaaccaatca ggttaaaatg aaatatatta ttaaattttc

1801 catgcctgga gatcagataa aggactttca tcctagtgat catactgaat tagaggaata
1861 cagacctgag ttttcaaatt tttcaaaggt tgaagattac cagttaccag atgccaaaac
1921 ttccagcage accaaggecg gectccagga tgectetggp aacttggttc ctetggagga
1981 tgtccacatc aaagggagaa tcatagacac tgtageccag gteattgttt ttcagacata
2041 cacaaataaa agtcacgtge ccattgaggce aaaatatate titcetttgg atgacaagge
2101 cgetgtgtgt ggettcgaag ccttcatcaa tgggaageac atagttggag agattaaaga
2161 gaaggaagaa gcccagcaag agtacctaga agecgtgace cagggcecatg gegettacct
2221 gatgagtcag gatgctcegg acgtttttac tgtaagtgtt ggaaacttac cccctaagge
2281 taaggttctt ataaaaatta cctacatcac agaactcage atcctgggea ctgttggtgt
2341 cttttecatg cccgecaceg tageaccctg gecaacaggac aaggetttga atgaaaacct
2401 tcaggataca gtagagaaga tttgtataaa agaaatagga acaaagcaaa gettctcttt
2461 gactatgtct attgagatge cgtatgtgat tgaattcatt ticagtgata cacatgaact

2521 gaaacaaaag cgcacagact gcaaagctgt cattagcace atggaaggea getecttaga
2581 cagcagtgga ttitctctce acatcggttt gtetgetgee tatctcccaa gaatgtgggt
2641 tgaaaaacat ccagaaaaag aaagcgagge ttgeatgctt gtetttcaac cegatctcga
2701 tgtcgaccte cctgacctag ccagtgagag cgaagtgatt attigtcttg actgetccag
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2761 ttccatggag gptgtgacat tettgcaage caageaaatc accttgealg cgetgtectt
2821 ggtgegtgag aagcagaaag taaalattat ccagttcgge acaggttaca aggagetatt
2881 ttcgtatcet aageatatca caagcaatac cacggeagea gagttcatca tgtctgecac
2941 acctaccatg gggaacacag acttctggaa aacactccga tatcttaget tattgtacce
3001 tgctcgaggg tcacggaaca tectcetggt gtetgatggs cacctecagg atgagagect
3061 gacattacag ctcgtgaaga ggagccgece geacaccagg ttattcgect gegptatege
3121 uctacagea aatcgtcacg tottaaggat tttgtcccag tgtggtgecg gagtatttga
3181 atattttaat gcaaaatcca agcatagttg gagaaaacag atagaagacc aaatgaccag
3241 gctatgttct ccgagttgee actctgtcte cgtcaaatgg cageaactca atccagatge
3301 geccgaggee ctgeaggece cageccaggt gecalccttg tttcgeaatg atcgactect
3361 tgtctatgga tteattccte actgeacaca agcaactctg tgtgeactaa ttcaagagaa
3421 agaattttgt acaatggtgt cgactactga gettcagaag acaactggaa ctatgatcca
3481 caagclggcea gecegagcte taalcagaga ttatgaagat ggcattcttc acgaaaatga
3541 aaccagtcat gagatgaaaa aacaaaccltt gaaatctctg attattaaac tcagtaaaga
3601 aaactctctc ataacacaat ttacaagctt tgtggeagtt gagaaaaggg atgagaatga
3661 gtcgcctttt cetgatattc caaaagtttc tgaacttatt gccaaagaag atgtagactt
3721 cctgecctac atgagetgge agggggagec ccaagaagee gtcaggaace agtetetttt
3781 agcatcctct gagtggecag aattacgtit atccaaacga aaacatagga aaattccatt
3841 ttccaaaaga aaaatggaat tatctcagcc agaagtttct gaagattttg aagaggatgg
3901 cttaggtgta ctaccagctt tcacatcaaa titggaacgt ggaggtgteg aaaagotatt
3961 ggatttaagt tggacagagt catgtaaacc aacagcaact gaaccactat ttaagaaagt
4021 cagtccatgg gaaacatcta cttctagett ttttcctatt ttggetccgg cegttggtic
4081 ctatcttacc ccgactaccc gegetcacag tectgettce tigtettttg ceteatateg
4141 tcaggtagct agtttcggtt cagetgetee tcccagacag tttgatgeat ctcaattcag
4201 ccaaggccct gtgectggea cttgtgetga ctggatceea cagteggegt cttgteccac
4261 aggacctcce cagaacccac cttctgeace ctattgtgge attgtetttt cagggagete
4321 attaagctct gcacagtetg ctecactgea acatcctgga ggctttacta ccaggectte
4381 tgetggeacc ttecctgage tggattctce ceagetteat ttetetettc ctacagacee
4441 tgatcccate agaggtttig ggtcttatca tecctctget tactetectt ttcattttca

4501 accttccgea gectetttga ctgecaacct taggetgeca atggectctg ctttacctga
4561 ggctetttge agtcagicce ggactaccee agtagatcte tgtettctag aagaatcagt
4621 aggcagtctc gaaggaagtc gatgtcctgt ctttgetttt caaagttctg acacagaaag
4681 tgatgagcta tcagaagtac ttcaagacag ctgcttttta caaataaagt gtgatacaaa
4741 agatgacagt atcccgtgct ttctggaatt aaaagaagag gatgaaatag tgtgcacaca
4801 acactggcag gatgctgtge cttggacaga actcctcagt ctacagacag aggatggctt
4861 ctggaaactt acaccagaac tgggacttat attaaatctt aatacaaatg gtttgcacag
4921 ctttcttaaa caaaaaggca ttcaatctct aggtgtaaaa ggaagagaat gtctectgga
4981 cctaattgee acaatgetgg tactacagtt tattcgeacc aggttggaaa aagagggaat
5041 agtgttcaaa tcactgatga aaatggatga cccttctatt tccaggaata ttccetggge

- 5101 ttttgaggca ataaagcaag caagtgaatg ggtaagaaga actgaaggac agtacccate
5161 tatctgecca cggettgaac tgggpaacga ctgggactct gecaccaage agttgetggg
5221 actccagece ataagcactg tgtcccctcet tcatagagte ctecattaca gtcaaggeta
5281 agtcaaatga aactgaattt taaacitttt gcatgctict atgtagaaaa taatcaaatg
5341 ataatagata attataatga aacttcatta aggtttcatt cagtgtagea attactgtct

5401 ttaaaaatta agtggaagaa gaattacttt aatcaactaa caagcaataa taaaatgaaa
5461 cttaaaataa aaaaaaaaaa 22aaaaaaaa
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