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Figure 15
: MCF10a
Lead Concentration average % Inhib. 1 st dev repeats
HR3 10 uM 12% 8% 8
HR4 |10 uM -5% 8% 8
MDA-MB-231
Lead Concentration average % Inhib 1 stdev repeats
HR23 1 uM ' 18% 4% 4
HR23 2.5uM 19% 4% 4
HR23 5 uM 32% 2% 4
HR23 10 uM 98% 1% 4
HR23 10uM 74% 4% 4
HR23 20 uM 78% 1% 4
T47D
Lead Concentration average % Inhib 1 stdev repeats
HR2 10 uM 92% 1% 5
HR2 10 uM 86% 3% 4
HR2 10 uM 58% 2% 4
HR2 20 uM 88% 4% 4
HR3 10 uM : 89% 5% 4
HR3 10 uM 45% 5% 4
HR3 20 uM 97% 2% 4
HR5 10 uM -15% 18% 5
HR6 10 uM 66% 28% 5
HR11 10 uM 48%  T% 5
HR23 1 uM 0% 3% 4
.|HR23 iuM 26% 15% 4
HR23 2.5uM 37%. 6% 4
HR23 3uM 22% 9% 4
HR23 5uM 75% 2% 4
HR23 10 uM 96% 2% 2
HR23 10 uM 92% 1% 4
HR23 10 uM 99% 1% 4
HR23 10 uM 68% 2% 4
HR23 20 uM 94% 3% 4
HR23 20 uM 69% 2% 4
HR23* 10 uM 89% 1% 4
HR23* 20 uM 91% 0% 4
BT-474
Lead Concentration average % Inhib 1 st dev repeats
HR2 10 uM 84% 2% 5

HRS 10 uM 37% 13% 5
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Figure 16
Lead Concentration average % Inhib 1 stdev repeats
RZ1X 5uM:2159-5 80% 4% 4
RZ1X 5 uM:2159-6 76% 4% 4
RZ1X 5 uM:2159-5 49% 7% 4
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RZ1X 10 uM 96% 2% 7
RZ1X 10 uM:2159-1 97% 1% 4
RZ1X 10 uM:2159-1 86% 2% 4
RZ1X 20 uM 88% N/A
RZ1X 20 uM:2159-5 7% 3% 4
RZ1X 20 uM:2159-6 . 98% 1% 4
RZ1X 20 uM:2159-5 95% 1% 4
RZ1X 20 uM:2159-6 97% 1% 4
rz1 20uM < 67% N/A
rz4x ] 20 uM -3% N/A
rhix 20 uM 0% N/A
rzmx / rmx 20 uM -2% NIA
rz6x 10 uM 91% 2% 4
RZ9X 10 uM 88% 4% 4
RZ10X 10 uM 58% 3% 4
RZ1**X 10 uM 20% 6% 4
Lead Concentration average % Inhib 1 stdev repeats
RZ1X 10 uM 78% 1% 8
RZ1X ' 10 uM:1979-1 91% 5% 4
RZ1X 10 uM:1979-1 97% 2% 3
RZ1X 10 uM:2159-6 92% 3% 4
RZ1X 20 uM:2159-1 82% 5% 4
RZ1X 20 uM:2159-6 93% 1% 4
RZ1X 20 uM:2159-1 99% 0% 4
RZ1X 20 uM:2159-6 99% 0% 4
rz6x 10 uM 80% 3% 4
rz6x 20 uM 2% 22% 4
RZ9X 10 uM 86% 1% 4
RZ9X 10 uM 98% 1% 4
RZ9X 20 uM 93% 2% 4
RZ10X 10 uM 44% 32% 4
RZ10X 20 uM 83% 2% 4
RZ1**X 10 uM 23% 14% 4
RZ1**X ' 20 uM 60% 11% 4
Lead Concentration average % Inhib 1 st dev repeats

RZ1X j10 uMm -1% 9% 8
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RZ1X |10 uMm 12% 6% 8
Lead Concentration average % Inhib 1 st dev repeats

RZ1X 1 uM 0.40% 2% 4
RZ1X 3 uM 2.70% 2% 4
RZ1X 10 uM 95% 3% 8
RZ1X 10 uM:1979-1 97% 1% 3
RZ1X 10 uUM:1979-1 90% 3% 4
RZ1X 10 uM:1979-1 65% 3% 4
RZ1X 110 uM:2159-6 99% 0% 4
RZ1X 20 uM:1979-1 90% 7% 3
RZ1X 20 uM: 197941 97% 1% 4
RZ1X ] 20 uM:2159-6 99% 0% 4
ARZ1X 10 uM . 9% 4% 4
G5RZ1X 10 uM 52% - 6% 4
G21RZ1X 10 uM ) 14% 5% 4
RZ1*X 10 uM 1% 1.2% 4
RZ1*X 20 uM 4% 2.9% 4
RZA**X . |10 uM 35% 10% 4
RZ4**X ) 10 uM 65% 33% 3
RZ1**X ~_|20uMm 89% 5% - 3
RZ1-X 10 uM 70% 6.2% 4
RZ1-X 20 uM 99%  0.2% 4
RZ1uX 10 uM 1% 6.8% 4
RZ1uX 20 uM -1% 3.4% 4
rzx 10 uM 7% 2% 8
rzmx / rmx 10 uM 29% 9% 8
erzlx |10 uM 87% 1% 8
srzlx 10 uM 65% 5% 8
drzlx 10 uM -5% 12% 8
rz2x ' 10 uM 77% 2% 8
rz2x 10 uM 79% 1% 8
rz3x 10 uM 3% 6% 8
rz3x 10uM . 11% 6% 8
rzdx 10 uM 43% 4% 4
rz4x 10 uM 21% 8.6% 4
rz4x 20 uM 99% 0.1% 4
rz5x 10uM | 55% 4% 8
rz5x 10uM 32% 3% 8
rzlx 10 uM 65% 8% 4
rzix 20 uM 47% 25% 8
rz6x 1uM 2% 1% 8
rz6x 2.5 uM 12% 11% 8
rz6x 5uM 35% 10% 8
rzbx 5uM 42% 11% 8
rzbx 10 uM 81% 3% 8
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rz6x 10 uM -97% 2% 3
rz6x 10 uM 94% 4% 4
rzéx 20 uM 97% 3% 3
rz6x . |36 uM 114% 8% 8
RZ6RX 10 uM 2% 3.3% 4
RZ6RX 20 uM 82% 1.6% 4
RZ6LX 10 uM -5% 4.4% 4
RZ6LX 20 uM 99% 0.1% 4
RZ6UX 10 uM -1% 5.9% 4
RZ6UX 20 uM 99% 0.2% 4
rz7x 10 uM 16% 23% 8
rz7x 10 uM 22% 2% 4
rz7x . 10 uM 0% 52% 4
rz7x 20 uM 31% 1.5% 4
rz7x 20 uM 51% 12.7% 4
rz7x 40 uM 99% 0.1% 4
rzéx ) 10 uM 5% 8% 8
rz8x 10 uM -3% 6.8% 4
rz8x 10 uM 15% 7.2% 4
rz8x 20 uM 98% 0.5% 4
rz8x : 20 uM 97% 0.6% 4
RZ9X 10 uM 98% 0% 8
RZ9X 10 uM 99% - 0% 4
RZ9X 10 uM 95% 0% 3
RZ9X 20 uM 93% 0% 3
RZ10X 10 uM - 86% 14% 8
RZ10X 10 uM 96% 1% 3
RZ10X 10 uM 80% 7% 4
RZ10X 20 uM 94% 3% 3
RZ11X 10 uM 5% 5.0% 4
RZ11X 20 uM 99% 0.3% 4
Lead Concentration average % Inhib 1 stdev repeats

RZ1X [10 um 22% 1% 8
Lead Concentration average % Inhib 1 st dev repeats

RZ1X 1 uM post 8 hrs 3.28% 16% 4
RZ1X 1 uM post 16 hrs 1.96% 5% 4
RZ1X 1 uM post 24 hrs -0.81% 14% 4
RZ1X 1 uM post 32 hrs 5.20% 6% 4
RZ1X 1 uM post 40 hrs 5.51% 6% 4
RZ1X 1 uM post 48 hrs 6.49% 6% 4
RZ1X 3 uM post 8 hrs 9.84% 16% 4
RZ1X 3 uM post 16 hrs 6.86% 12% 4
RZ1X 3 uM post 24 hrs 5.65% 14% 4
RZ1X 3 uM post 32 hrs 5.20% 7% 4
RZ1X 3 uM post 40 hrs 6.99% 9% 4
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RZ1X 3 uM post 48 hrs 11.36% 3% 4
RZ1X 5 uM day 1 53% N/A 1
RZ1X 10 uM post 8 hrs 29.51% 3% 4
RZ1X 10 uM post 16 hr 35.29% 10% 4
RZ1X 10 uM post 24 hr 28.23% 14% 4
RZ1X 10 uM post 32 hr 38.15% 6% 4
RZ1X 10 uM post 40 hr - 56.99% 5% 4
RZ1X 10 uM post 48 hr 62.01% 4% 4
[Rz1*X 10 uM -8% N/A

rzbx 10 uM 79% N/A

{RZ9X 10 uM : 90% N/A

Lead Concentration average % Inhib 1 st dev repeats
erzlx 10 uM 83% 1% 8
Lead Concentration average % Inhib 1 st dev repeats
RZ1X 10 uM: 1979-1 95% 4% 4
RZ1X 20 uM: 1979-1 98% 1% 4
RZ1**X 10 uM 15% 13% 4
RZ1**X 20 uM 37% 5% 4
RZ9X 10 uM 97% 1% 4
RZ9X . 20 uM 98% 1% 4
Lead Concentration average % Inhib 1 st dev repeats
RZ1X 10 uM:1979-1 7% 4% 4
IRZ1**X 10 uM 2% 2% 4
rz6x 10 uM 56% 4% 4
rz6x 10 uM 91% 1% 4
RZ9X 10 uM 62% 4% 4
RZ10X 10 uM 21% 2% 4
Lead Concentration average % Inhib 1 st dev repeats
Lead Concentration average % Inhib 1 stdev repeats
RZ1X at 10 uM 10 uM 3.70% 7% 8
RZ1X 10 uM:2159-5 14% 7% 4
RZ1X 20 uM:2159-5 36% 24% 4
RZ1X 10 uM:2159-5, 2: 13.00% 47% 4
RZ1X 10 uM:2159-5, 9t 36.00% 24% 4
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Lead Concentration average % Inhib 1 st dev repeats

RZ1X 1 uM 7% 2% 4
RZ1X - 3uM 23% 4% 4
RZ1X 10 uM 66% 4% 4
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Figure 17
MCF7
Lead Concentration average % Inhib 1 stdev repeats
cm1 10 uM 21% 15% 7
cm1 10 uM 38% 12% 8
cm2 10 uM 75% 17% 7
cm2 10 uM ‘ 54% 4% 8
cm3 10 uM 86% 3% 7
cm3 . 10 uM ' 71% 2% 8
cm3 10 uM _ 70% 2% 4
cmé 1uM 6% 5% 4
cmé 3uM -9% 4% 4
cmé 6 uM . 7% 17% 4
cm4 10 uM 87% 6% 7
cm4 10 uM . , 71% 2% 8
cmd - 10 uM : 84% 2% 4
cmé 10 uM 24% 9% 4
- em4 20 uM- 45% 5% 4
cm$ 10 uM 27% 9% 4
cmb 20 uM - 57% 6% 4
cm6 10 uM 88% 2% 4
cmb6 20 uM 93% 1% 4
cm7 10 uM 88% 4% 4
cm?7 20 uM 93% 0% 4
, MCF10a
Lead Concentration average % Inhib 1 stdev repeats
cm1 10 uM : 13% 16% 8
cm2 10 uM 69% 2% 8
cm3 10 uM 58% 5% 8
cm3 10 uM 73% 1% 8
cmé 10 uM 56% 4% 8
cm4 10 uM 74% 1% 8
MCF10cala
Lead Concentration average % Inhib 1 stdev repeats
cm3 10 uM 55% 6% 4
cm3 20 uM 75% 9% 4
cmé 10 uM 83% 4% 4
cm4 10 uM 93% 4% 4
cm4 20 uM 89% 3% 4
MDA-MB-231
Lead Concentration average % Inhib 1stdev repeats
cmi 10 uM -8% 10% 8
cm3 10 uM 17% 7% 4
cm3 20 uM 95% 1% 4
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mac3G 5 uM 5% 4.9%

4
mac3G 10 uM 26% 4.5% 4
mac3G 20 uM ) 99% 0.1% 4
cmé 1 uM#3 6% 2% 4
cmé 3 uM#3 : 9% 4% 4
cmé 10 uM 33% 6% 4
cmé 10 uM#3 62% 6% 4
cmd 10 uM 12% 6.2% 4
cmd 20 uM#3 78% 3% 4
cm4 20 uM 64% 3.9% 4
cm5 10 uM 9% 9.0% 4
cm5 20 uM 80% 2.3% 4
cmé 10 uM 19% 2.6% 4
cmé6 20 uM 100% 0.0% 4
cm7 10 uM 84% 9.2% 4
cm7 20 uM 100% 0.1% 4

MDA-MB 435 erb
Lead Concentration average % Inhib 1 stdev repeats
cm3 [Toum 11% 4% 8
FSCCL

Lead ~ Concentration average % Inhib 1 stdev repeats
-em3 no concentration 66% N/A 1
cmd no concentration 71% N/A 1
MAC-M4 1 uM post 8 hrs -8% 10% 4
MAC-M4 1 uM post 16 hrs 22% 16% 4
MAC-M4 1 uM post 24 hrs 17% 16% 4
MAC-M4 1 uM post 32 hrs 19% 9% 4
MAC-M4 1 uM post 48 hrs 24% 13% 4
MAC-M4 3 uM post 8 hrs -15% 16% 4
MAC-M4 3 uM post 16 hrs 29% 8% 4
MAC-M4 3 uM post 24 hrs 50% 8% 4
MAC-M4 3 uM post 32 hrs 49% 2% 4

- MAC-M4 3 uM post 48 hrs 51% 8% 4
MAC-M4 10 uM post 8 hrs 8% 32% 4
MAC-M4 10 uM post 16 hr 94% 5% 4
MAC-M4 10 uM post 24 hr 100% 0% 4
MAC-M4 10 uM post 32 hr 100% 0% 4
MAC-M4 10 uM post 48 hr 100% 0% 4

T47D
Lead Concentration average % Inhib 1 stdev repeats
cm3 no concentration ) 42% 5% 4
cm4 no concentration 61% 5% 4
Myc-mt-1

Lead Concentration average % Inhib 1 stdev repeats
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mac3G 5 uM 18% 7.6%
mac3G 10 uM 42% 15.6%
mac3G 20uM - ' 80% 1.2%
cm4 : 1 uM#3 14.7% 6%
cmé 13 uM#3 22.3% 5%
cm4 10 uM#3 54.6% 2%
cmd 20 uM#3 88.4% 1%
cm7 20 uM 86% 1.2%




Patent Application Publication Jun. 22,2006 Sheet 42 of 75 US 2006/0135455 A1

Figure 18
Lead Concentration average % Inhib 1 stdev repeats
tgal 10 uM -3% 5% 8
tga2 10 uM 1% 2% 8
tgad 10 uM 63% 8% 8
tga3 10 uM 94% 1% 2
tgad 10 uM -9% 9% 8
tgad 10 uM -3% 1% 4
tgab 10 UM 2% 3% 8
‘Itgas 10.uM 69% 8.7% 4
tgab 20 uM 100% 0.1% 4
tgaé 10 uM -5% 2% 8
tga7 10 uM 7% 2% 8
tga8 1uM 7% 17% 8
tga8 1 uM 13% 10% 8
tga8 2.5uM 0% 14% 8
tga8 5uM 12% 10% 8
tga8 5uM 79% 14% 8
tga8 10 uM 89% 5% 8
tga8 10 uM 88% 1% 3
tga8 -~ |10uM 78% 6.1% 4
tga8 20 uM 94% 3% 3
tga8 20 uM 100% 0.1% 4
tga9 10 uM 67% 3% 8
tga10 1 uM 20% 3% 4
tga10 2.5uM 27% 3% 4
tga10 5uM 36% 2% 4
tga10 10 uM 84% . 2% 8
tga10 10 uM 95% 2% 3
tga10 10 uM 61% 2% 4
tga10 20 uM 96% 2% 3
tga10 20uM 79% 2% 4
tgal1 1 uM -1% 10% 8
tgait 1uM -3% 17% 8
tgatt 1 uM -19% 7% 8
tga11 2uM -12% 13% 8
tgatl1 2.5uM -3% 15% 8
tgalt 5uM 4% 10% 8
tgatl1 S uM 50% 23% 8
tga1i 5uM -29% 20% 8
tgai1 10 uM 86% 3% 8
tga1 10 uM 93% 6% 3
tgai1 10 uM 98% 1% 4
tgait 20 uM 97% 2% 3
tga11 20 uM 99% 0.4% 4
tga12 10 uM 59% 2% 8
tgai2 10 uM 99% 1% 2
tgai3 10 uM 71% 17% 8
tgai3 10 uM 99% 1% 3
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Lead Concentration average % Inhib 1 stdev repeats

tga5 20 uM 92% 1% 4
tgab 40 uM 99% 0% 4
tga8 10 uM 17% 2% 4
tga8 20 uM 93% 1% 4
tga8 40 uM 99% 0% 4
tga10 1 uM 6% 9% 4
tga10 2.5uM 16% 6% 4
tga10 5 uM 53% 2% 4
tga10 10 uM 95%- 2% 4
tga10 10 uM 76% 2% 4
tga10 20 uM 76% 2% 4
tga10 40 uM 84% 1% 4
tga11 2 uM 26% 7% 4
tgat1 6 uM 24% 1% 4
tga11 10 uM 79% 9% 4
tgat1 20 uM 61% 16% 4
tga11 20 uM 53% 7% 4
tgatt 40 uM 93% 1% 4
Lead Concentration average % Inhib 1 stdev repeats

tgat10 10 uM 73% 11% 8
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Figure 19

The effect of kr5 on proliferation of BxPC3 cells
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Figure 20

The effect of BL-8 on proliferation of FSCCL cells
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Figure 21
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Figure 22
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The effect of RZ9X on proliferation of M14 cells
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Figure 23
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Figure 24

The effect of tga10 on proliferation of T47D cells
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Figure 25

KR1 102-124

5’ -CCXGGAGXGGGACXGGACXGXGG-3' (SEQ ID NO:707)
ACCXGGAGXGGGACXGGACXGXGG (SEQ ID NO:708)
GACCXGGAGXGGGACXGGACXGXGG (SEQ ID NO:709)
TGACCXGGAGXGGGACXGGACXGXGG (SEQ ID NO:710)
CTGACCXGGAGXGGGACXGGACXGXGG (SEQ ID NO:711)
TCTGACCXGGAGXGGGACXGGACXGXGG (SEQ ID NO:712)
CCXGGAGXGGGACXGGACXGXGGC (SEQ ID NO:713)
CCXGGAGXGGGACXGGACXGXGGCG (SEQ ID NO:714)
CCXGGAGXGGGACXGGACXGXGGCGG (SEQ ID NO:715)
CCXGGAGXGGGACXGGACXGXGGCGGG (SEQ ID NO:716)
CCXGGAGXGGGACXGGACXGXGGCGGGC (SEQ ID NO:717)
ACCXGGAGXGGGACXGGACXGXGGC (SEQ ID NO:718)
GACCXGGAGXGGGACXGGACXGXGGCG (SEQ ID NO:719)
TGACCXGGAGXGGGACXGGACXGXGGCGG (SEQ ID NO:720)
CTGACCXGGAGXGGGACXGGACXGXGGCGGG (SEQ ID NO:721)
TCTGACCXGGAGXGGGACXGGACXGXGGCGGGC (SEQ ID NO:722)
TGACCXGGAGXGGGACXGGACXG (SEQ ID NO:723)
TTCTGACCXGGAGXGGGACXGGA (SEQ ID NO:724)
CAATTCTGACCXGGAGXGGGACX (SEQ ID NO:725)
CGCCAATTCTGACCXGGAGXGGG (SEQ ID NO:726)
AGCCGCCAATTCTGACCXGGAGX (SEQ ID NO:727)
GGAGXGGGACXGGACXGXGGCGG (SEQ ID NO:728)
GXGGGACXGGACXGXGGCGGGCT (SEQ ID NO:729)
GGACXGGACXGXGGCGGGCTGTG (SEQ ID NO:730)
CXGGACXGXGGCGGGCTGTGCGG (SEQ ID NO:731)
GACXGXGGCGGGCTGTGCGGATG (SEQ ID NO:732)
XGGAGXGGGACXGGACXGXGG (SEQ ID NO:733)
GAGXGGGACXGGACXGXGG (SEQ ID NO:734)
GXGGGACXGGACXGXGG (SEQ ID NO:735)
GGGACXGGACXGXGG (SEQ ID NO:736)
CCXGGAGXGGGACXGGACXGX (SEQ ID NO:737)
CCXGGAGXGGGACXGGACX (SEQ ID NO:738)
CCXGGAGXGGGACXGGA (SEQ ID NO:739)
CCXGGAGXGGGACXG (SEQ ID NO:740)
CCXGGAGXCGGACXGGACXGXGG (SEQ ID NO:741)
CCXGGAGXGGGACXGGACXAXGG (SEQ ID NO:742)
CCXTGAGXGGGACXGGACXGXGG (SEQ ID NO:743)

KR2 168-191

5 ' -GCXGGACCCAXGXGGXGGCCXGCC-3"' (SEQ ID NO:744)
TGCXGGACCCRXGXGGXGGCCXGCC (SEQ ID NO:745)
CTGCXGGACCCAXGXGGXGGCCXGCC (SEQ ID NO:746)
ACTGCXGGACCCAXGXGGXGGCCXGCC (SEQ ID NO:747)
GACTGCXGGACCCAXGXGGXGGCCXGCC (SEQ ID NO:748)
GGACTGCXGGACCCAXGXGGXGGCCXGCC (SEQ ID NO:749)
GCXGGACCCAXGXGGXGGCCXGCCC (SEQ ID NO:750)
GCXGGACCCAXGXGGXGGCCXGCCCC (SEQ ID NO:751)
GCXGGACCCAXGXGGXGGCCXGCCCCC (SEQ ID NO:752)
GCXGGACCCAXGXGGXGGCCXGCCCCCT (SEQ ID NO:753)
GCXGGACCCAXGXGGXGGCCXGCCCCCTG (SEQ ID NO:754)
TGCXGGACCCAXGXGGXGGCCXGCCC (SEQ ID NO:755)
CTGCXGGACCCAXGXGGXGGCCXGLCCCC (SEQ ID NO:756)
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ACTGCXGGACCCAXGXGGXGGCCXGLCCCC (SEQ ID NO:757)
GACTGCXGGACCCAXGXGGXGGCCXGCCCCCT ,(SEQ ID NO:758)
GGACTGCXGGACCCAXGXGGXGGCCXGCCCCCTG (SEQ ID NO:759)
ACTGCXGGACCCAXGXGGXGGCCX (SEQ ID NO:760)
GGGACTGCXGGACCCAXGXGGXGG (SEQ ID NO:761)
GGAGGGACTGCXGGACCCAXGXGG (SEQ ID NO:762)
GGAGGAGGGACTGCXGGACCCAXG (SEQ ID NO:763)
GCGGGAGGAGGGACTGCXGGACCC (SEQ ID NO:764)
GGACCCAXGXGGXGGCCXGCCCCC (SEQ ID NO:765)
CCCAXGXGGXGGCCXGCCCCCTGC (SEQ ID NO:766)
AXGXGGXGGCCXGCCCCCTGCCTA (SEQ 1D NO:767)
XGGXGGCCXGCCCCCTGCCTAGCC (SEQ ID NO:768)
XGGCCXGCCCCCTGCCTAGCCGCA (SEQ ID NO:769)
XGGACCCAXGXGGXGGCCXGCC (SEQ ID NO:770)
GACCCAXGXGGXGGCCXGCC (SEQ ID NO:771)
CCCAXGXGGXGGCCXGCC (SEQ ID NO:772)
CAXGXGGXGGCCXGCC (SEQ ID NO:773)
AXGXGGXGGCCXGCC (SEQ ID NO:774)
GCXGGACCCRXGXGGXGGCCXG (SEQ ID NO:775)
GCXGGACCCAXGXGGXGGCC (SEQ ID NO:776)
GCXGGACCCAXGXGGXGG (SEQ ID NO:777)
GCXGGACCCAXGXGGX (SEQ ID NO:778)
GCXGGACCCAXGXGG (SEQ ID NO:779)
GCXGGGCCCAXGXGGXGGCCXGCC (SEQ ID NO:780)
GCXGGACCCAXGXTGXGGCCXGCC (SEQ ID NO:781)
GCXGGACCCAXGXGGXGGTCXGCC (SEQ ID N0O:782)

KR4 532-558

5' -TTXGCXGCXGCCACTGCXGCXGCXGCT~3"' (SEQ ID NO:783)
CTTXGCXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:784)
CCTTXGCXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:785)
ACCTTXGCXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:786)
CACCTTXGCXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:787)
CCACCTTXGCXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:788)
TTXGCXGCXGCCACTGCXGCXGCXGCTG (SEQ ID NO:789)
TTXGCXGCXGCCACTGCXGCXGCXGCTGC (SEQ ID NO:730)
TTXGCXGCXGCCACTGCXGCXGCXGCTGCT (SEQ ID NO:791)
TTXGCXGCXGCCACTGCXGCXCGCXGCTGCTG (SEQ ID NO:792)
TTXGCXGCXGCCACTGCXGCXGCXGCTGCTGC (SEQ ID NO:793)
CTTXGCXGCXGCCACTGCXGCXGCXGCTG (SEQ ID NO:7394)
CCTTXGCXGCXGCCACTGCXGCXGCXGCTGC (SEQ ID NO:785)
ACCTTXGCXGCXGCCACTGCXGCXGCXGCTGCT (SEQ ID NO:796)
CACCTTXGCXGCXGCCACTGCXGCXGCXGCTGCTG (SEQ ID NO:797)
CCACCTTXGCXGCXGCCACTGCXGCXGCXGCTGCTGC (SEQ ID NO:798)
ACCTTXGCXGCXGCCACTGCXCGCXGCX (SEQ ID NO:799)
GCCACCTTXGCXGCXGCCACTGCXGCX (SEQ ID NO:800)
GCCGCCACCTTXGCXGCXGCCACTGCX (SEQ ID NO:801)
GCCGCCGCCACCTTXGCXGCXGCCACT (SEQ ID NO:802)
CGAGCCGCCGCCACCTTXGCXGCXGCC (SEQ ID NO:803)
GCXGCXGCCACTGCXGCXGCXGCTGCT (SEQ ID NO:804)
GCXGCCACTGCXGCXGCXGCTGCTGCC (SEQ ID NO:805)
GCCACTGCXGCXGCXGCTGCTGCCTCC (SEQ ID NO:806)
ACTGCXGCXGCXGCTGCTGCCTCCGCC (SEQ ID NO:807)
GCXGCXGCXGCTGCTGCCTCCGCCGCC (SEQ ID NO:808)
XGCXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:8089)
CXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:810)
GCXGCCACTGCXGCXGCXGCT (SEQ ID NO:811)
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XGCCACTGCXGCXGCXGCT (SEQ ID NO:812)
CCACTGCXGCXGCXGCT (SEQ ID NO:813),
ACTGCXGCXGCXGCT (SEQ ID NO:814)
TTXGCXGCXGCCACTGCXGCXGCXG (SEQ ID NO:815)
TTXGCXGCXGCCACTGCXGCXGC (SEQ ID NO:816)
TTXGCXGCXGCCACTGCXGCX (SEQ ID NO:817)
TTXGCXGCXGCCACTGCXG (SEQ ID NO:818)
TTXGCXGCXGCCACTGC (SEQ ID NO:819)
TTXGCXGCXGCCACT (SEQ ID NO:820)
TTXACXGCXGCCACTGCXGCXGCXGCT (SEQ ID NO:821)
TTXGCXGCXGCCACTCCXGCXGCXGCT (SEQ ID NO:822)
TTXGCXGCXGTCACTGCXGCXGCXGCT (SEQ ID NO:823)

KR7 40-67

US 2006/0135455 Al

5' -GCGGCCACGCCGCCCCGCTGACCGGTCT-3‘ (SEQ ID NO:824)

AGCGGCCACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:825)
GAGCGGCCACGCCGCCCCGCTCGACCGGTCT (SEQ ID NO:826)
CGAGCGGCCACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:827)

GCGAGCGGCCACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:828)
CGCGAGCGGCCACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:829)

GCGGCCACGCCGCCCCGCTGACCGGTCTC (SEQ ID NO:830)
GCGGCCACGCCGCCCCGCTGACCGGTCTCC (SEQ ID NO:831)
GCGGCCACGCCGCCCCGCTGACCGGTCTCCA (SEQ ID NO:832)

GCGGCCACGCCGCCCCGCTGACCGGTCTCCAC (SEQ ID NO:833)
GCGGCCACGCCGCCCCGCTGACCGGTCTCCACA (SEQ ID NO:834)

AGCGGCCACGCCGCCCCGCTGACCGGTCTC (SEQ ID NO:835)

GAGCGGCCACGCCGCCCCGCTGACCGGTCTCC (SEQ ID NO:836)
CGAGCGGCCACGCCGCCCCGCTGACCGGTCTCCA (SEQ ID NO:837)
GCGAGCGGCCACGCCGCCCCGCTGACCGGTCTCCAC (SEQ ID NO:838)
CGCGAGCGGCCACGCCGCCCCGCTGACCGGTCTCCACA (SEQ ID NO:839)

CGAGCGGCCACGCCGCCCCGCTGACCGG (SEQ ID NO:840)
CCGCGAGCGGCCACGCCGCCCCGCTGAC (SEQ ID NO:841)
ACGCCGCGAGCGGCCACGCCGCCCCGCT (SEQ ID NO:842)
GAGACGCCGCGAGCGGCCACGCCGCCCC (SEQ ID NO:843)
AGGGAGACGCCGCGAGCGGCCACGCCGC (SEQ ID NO:844)
GCCACGCCGCCCCGCTGACCGGTCTCCA (SEQ ID NO:845)
ACGCCGCCCCGCTGACCGGTCTCCACAG (SEQ ID NO:846)
CCGCCCCGCTGACCGGTCTCCACAGAGA (SEQ ID NO:847)
CCCCGCTGACCGGTCTCCACAGAGAAGC (SEQ ID NO:848)
CGCTGACCGGTCTCCACAGAGAAGCTGC (SEQ ID NO:849)
GGCCACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:850)
CCACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:851)
ACGCCGCCCCGCTGACCGGTCT (SEQ ID NO:852)
GCCGCCCCGCTGACCGGTCT (SEQ ID NO:853)
CGCCCCGCTGACCGGTCT (SEQ ID NO:854)
CCCCGCTGACCGGTCT (SEQ ID NO:855)
CCCGCTGACCGGTCT (SEQ ID NO:856)
GCGGCCACGCCGCCCCGCTGACCGGT (SEQ ID NO:857)
GCGGCCACGCCGCCCCGCTGACCG (SEQ ID NO:858)
GCGGCCACGCCGCCCCGCTGAC (SEQ ID NO:859)
GCGGCCACGCCGCCCCGCTG (SEQ ID NO:860)
GCGGCCACGCCGCCCCGC (SEQ ID NO:861)
GCGGCCACGCCGCCCC (SEQ ID NO:862)
GCGGCCACGCCGCCC (SEQ ID NO:863)
GCGGCCACGACGCCCCGCTGACCGGTCT (SEQ ID NO:864)
GCGGCCACGCCGCTCCGCTGACCGGTCT (SEQ ID NO:865)
GCGGCCACGCCGCCCCGCGGACCGGTCT (SEQ ID NO:866)
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Figure 26

BL2 483-506%~

5'- CAXGC AXGXG CATCC CXGCC XGTG -3' (SEQ ID NO:163)
ACAXGC AXGXG CATCC CXGCC XGTG (SEQ ID NO:164)
CACRXGC AXGXG CATCC CXGCC XGTG (SEQ ID NO:165)
ACACAXGC AXGXG CATCC CXGCC XGTG (SEQ ID NO:166)
TACACAXGC AXGXG CATCC CXGCC XGTG (SEQ ID NO:167)
CTACACRXGC AXGXG CATCC CXGCC XGTG (SEQ ID NO:168)
CRXGC AXGXG CATCC CXGCC XGTGT (SEQ ID NO:169)
CAXGC AXGXG CATCC CXGCC XGTGTC (SEQ ID NO:170)
CAXGC AXGXG CATCC CXGCC XGTGTCC (SEQ ID NO:171)
CAXGC AXGXG CATCC CXGCC XGTGTCCA (SEQ ID NO:172)
CAXGC AXGXG CATCC CXGCC XGTGTCCAC (SEQ ID NO:173)
ACAXGC AXGXG CATCC CXGCC XGTGT (SEQ ID NO:174)
CACAXGC AXGXG CATCC CXGCC XGTGTC (SEQ ID NO:175)
ACACRXGC AXGXG CATCC CXGCC XGTGTCC (SEQ ID NO:176)
TACACRXGC AXGXG CATCC CXGCC XGTGTCCA (SEQ ID NO:177)
CTACACAXGC AXGXG CATCC CXGCC XGTGTCCAC (SEQ ID NO:178)
ACACRXGCAXGXGCATCCCXGCCX (SEQ ID NO:179)
ACTACACAXGCAXGXGCATCCCXG (SEQ ID NO:180)
CGCACTACACAXGCAXGXGCATCC (SEQ ID NO:181)
CCGCGCACTACACAXGCAXGXGCA (SEQ ID NO:182})
TGTCCGCGCACTACACAXGCAXGX (SEQ ID NO:183)
GCRXGXGCATCCCXGCCXGTGTCC (SEQ ID NO:184)
XGXGCATCCCXGCCXGTGTCCACC (SEQ ID NO:185)
GCATCCCXGCCXGTGTCCACCTGA (SEQ ID NO:186)
TCCCXGCCXGTGTCCACCTGAACA (SEQ ID NO:187)
CXGCCXGTGTCCACCTGARACACCT (SEQ ID NO:188)
XGCAXGXGCATCCCXGCCXGTG (SEQ ID NO:189)
CAXGXGCATCCCXGCCXGTG (SEQ ID NO:190)
XGXGCATCCCXGCCXGTG (SEQ ID NO:191)
XGCATCCCXGCCXGTG (SEQ ID NO:192)

GCATCCCXGCCXGTG (SEQ ID NO:193)
CAXGCAXGXGCATCCCXGCCXG (SEQ ID NO:194)
CAXGCAXGXGCATCCCXGCC (SEQ ID NO:195)
CAXGCAXGXGCATCCCXG (SEQ ID NO:196)
CAXGCAXGXGCATCCC (SEQ ID NO:197)

CAXGCAXGXGCATCC (SEQ ID NO:198)
CAXGCAXGXGTATCCCXGCCXGTG (SEQ ID NO:199)
CAXGCGXGXGCATCCCXGCCXGTG (SEQ ID N0O:200)
CAXGCAXGXGCATCCCXGACXGTG (SEQ ID NO:201)

BL6 1102-1127

5'-CCXGC CXGCT CXGCT GXGCC XGXGG G-3’ (SEQ ID NO:202}
ACCXGC CXGCT CXGCT GXGCC XGXGG G (SEQ ID NO:203)
CACCXGC CXGCT CXGCT GXGCC XGXGG G {SEQ ID NO:204)
CCACCXGC CXGCT CXGCT GXGCC XGXGG G (SEQ ID NO:205)
GCCACCXGC CXGCT CXGCT GXGCC XGXGG G (SEQ ID NO:206)
GGCCACCXGC CXGCT CXGCT GXGCC .-XGXGG G (SEQ ID NO:207)
CCXGC CXGCT CXGCT GXGCC XGXGG GG (SEQ ID NO:208)
CCXGC CXGCT CXGCT GXGCC XGXGG GGC (SEQ ID NO:209)
CCXGC CXGCT CXGCT GXGCC XGXGG GGCC (SEQ ID NO:210)
CCXGC CXGCT CXGCT GXGCC XGXGG GGCCC (SEQ ID NO:211)
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CCXGC CXGCT CXGCT GXGCC XGXGG GGCCCE (SEQ ID NO:212)
ACCXGC CXGCT CXGCT GXGCC XGXGG GG (SEQ ID NO:213)
CACCXGC CXGCT CXGCT GXGCC XGXGG GGC (SEQ ID NO:214)
CCACCXGC CXGCT CXGCT GXGCC XGXGG GGCC {SEQ ID NO:215)
GCCACCXGC CXGCT CXGCT GXGCC XGXGG GGCCC (SEQ ID NO:216)
GGCCACCXGC CXGCT CXGCT GXGCC XGXGG GECCCG (SEQ ID NO:217)
CCACCXGCCXGCTCXGCTGXGCCXGX (SEQ ID NO:218) .
CGGCCACCXGCCXGCTCXGCTGXGCC (SEQ ID NO:219)
GGCCGGCCACCXGCCXGCTCXGCTGX (SEQ ID NO:220)
CCGGGCCGGCCACCXGCCXGCTCXGC (SEQ ID NO:221)
CCTCCGGGCCGGECCACCXGCCXGCTC (SEQ ID NO:222)
GCCXGCTCXGCTEXGCCXGXGGEECC (SEQ ID NO:223)
XGCTCXGCTGXGCCXGXGEGECCCEE (SEQ ID NO:224)
TCXGCTGXGCCXGXGGGEECCCEGCCA (SEQ ID NO:225)
GCTGXGCCXGXGGGGCCCGGCCAGTG (SEQ ID NO:226)
GXGCCXGXGGGGCCCGGECCAGTGGGT (SEQ ID NO:227)
XGCCXGCTCXGCTGXGCCXGXGGG (SEQ ID NO:228)
CCXGCTCXGCTGXGCCXGXGGG (SEQ ID NO:229)
XGCTCXGCTGXGCCXGXGGE (SEQ ID NO:230)
CTCXGCTGXGCCXGXGEG (SEQ ID NO:231)

CXGCTGXGCCXGXEGG (SEQ ID NO:232)

XGCTGXGCCXGXGGE (SEQ ID NO:233) -
CCXGCCXGCTCXGCTGXGCCXGXG (SEQ ID NO:234)
CCXGCCXGCTCXEGCTGXGCCXG (SEQ ID NO:235)
CCXGCCXGCTCXGCTGXGCC (SEQ ID NO:236)
CCXGCCXGCTCXGCTEGXG (SEQ ID NO:237)

CCXGCCXGCTCXGCTG (SEQ ID NO:238)

CCXGCCXGCTCXGCT (SEQ ID NO:239) ‘
CCXGCCXGCCCXGCTGXGCCXGXGGG. (SEQ ID NO:240)
CCXGTCXGCTCXGCTGXGCCXGXEGG (SEQ ID NO:241)
CCXGCCXGCTCXGCTGXGECXGXGGGE (SEQ ID NO:242)

BL7 1150-1170

5'- GGXGX GXGGG GCXGG GCXGG G -3'(SEQ ID NO:243)
TGGXGX GXGGG GCXGG GCXGG G (SEQ ID NO:244)
ATGGXGX GXGGG GCXGG GCXGG G (SEQ ID NO:245)
CATGGXGX GXGGG GCXGG GCXGG G (SEQ ID NO:246)
ACATGGXGX GXGGG GCXGG GCXGG G (SEQ ID NO:247)
CACATGGXGX GXGGG GCXGG GCXGG G (SEQ ID NO:248)
GGXGX GXGGG GCXGG GCXGG GG (SEQ ID NO:249)
GGXGX GXGGG GCXGG GCXGG GGA (SEQ ID NO:250)
GGXGX GXGGG GCXGG GCXGG GGAG (SEQ ID NO:251)
GGXGX GXGGG GCXGG GCXGG GCGAGG (SEQ ID NO:252)
GGXGX GXGGG GCXGG GCXGG GGAGGG (SEQ ID NO:253)
TGGXGX GXGGGE GCXGG GCXGGE GG (SEQ ID NO:254)
ATGGXGX GXGGG GCXGG GCXGG GGA (SEQ ID NO:255)
CATGGXGX GXGGG GCXGG GCXGG GGAG (SEQ ID NO:256)
ACATGGXGX GXGGG GCXGG GCXGG GGAGG (SEQ ID NO:257)
CACATGGXGX GXGGG GCXGG GCXGG GGAGGG (SEQ ID NO:258)
CATGGXGXGXGGGGCXGGGCX (SEQ ID NO:259)
GCACATGGXGXGXGGGGCKXGG (SEQ ID NO:260)
GGGGCACATGGXGXGXGGGGC (SEQ ID NO:261)
CCGGGGGCACATGGXGXGXGG (SEQ ID NO:262)
GGCCCGGGGGCACATGGXGXG (SEQ ID NO:263)
GXGXGGGGCXGGGCXGGGGAG (SEQ ID NO:264)
XGGGGCXGGGCXGGGGAGGGC (SEQ ID NO:265)
GGCXGGGCXGGGGAGGGCGCC (SEQ ID NO:266)

US 2006/0135455 Al
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XBGGCXGGGGAGGGCGCCTCC (SEQ ID NO:267)
GCXGGGGAGGGCGCCTCCGGG (SEQ ID NO:268)
XGXGXGGGBGCXGEGCXGGE (SEQ ID NO:269)
XGXGGGGCXGGGCXGGE (SEQ ID NO:270)
XGGGGCXGEGCXGGG (SEQ ID NO:271)
GGXGXGXGGGGCXGGGCXG (SEQ ID NO:272)
GGXGXGXGGGGCXGGGC (SEQ ID NO:273)
GGXGXGXGGGGCXGG (SEQ ID NO:274)
GGXGXAXGGGGCXGGGCXGGG (SEQ 1D NO:275)
GGXGXGXGGGGCXGGTCXGGG (SEQ ID NO:276)
GGXGXGXCGGGCXGGGCXGGE (SEQ ID NO:277)

BL8 1148-1174

US 2006/0135455 Al

5’ -ACATGGXGXGXGGGGCXGGGCXGGGGA-3' (SEQ ID NO:278)

CACATGGXGXGXGGGGCXGGGCXGGGGA (SEQ ID NO:279)
GCACATGGXGXGXGGGGCXGGGCXGGGGA (SEQ ID NO:280)

GGCACATGGXGXGXGEGGCXGGGCXGGGCA (SEQ ID NO:281)
GGGCACATGGXGXGXGEGGCXGGGCXGGGGA (SEQ ID NO:282)
GGGGCACATGGXGXGXGGGECXGGGCXGEGGGA (SEQ ID NO:283)

ACATGGXGXGXGGGGCXBGGCXGGGGAG (SEQ ID NO:284)
ACATGGXGXGXGGGGCXGGECXGGGGAGE (SEQ ID NO:285)

ACATGGXGXGXGGGGCXGGGCXGGGGAGGG (SEQ ID NO:286)
ACATGGXGXGXGGGGCXGGGCXGOGGGAGGGC (SEQ ID NO:287)
ACATGGXGXCGXGGGGCXGGGCXGGGGAGGGCG (SEQ ID NO:288)

CACATGGXGXGXGGGGCXGGGCXGGGGAG (SEQ ID NO:289)

GCACATGGXGXGXGGCGCXGEGCXGGGGAGG (SEQ ID NO:290)
GGCACATGGXGXGXGGGGCXGGGCXGGGGAGGG (SEQ ID NO:291)
GGGCACATGGXGXGXGGGGCXGGGCXGGGRAGGGC (SEQ ID NO:292)
GGGGCACATGGXGXGXGGGGCXGGGCXGEGEGAGGGCE (SEQ ID NO:293)

GGCACATGGXGXGXGGGGCXGGGCXGG (SEQ ID NO:294)
GGGGGCACATGCEXGXGXGGGGCXGGGC (SEQ ID NO:295)
GCCGGGGGCACATGGXGXGXGGGGCXG (SEQ ID NO:296)
CCCGCCGGGGGECACATGGXGXGXGGGG (SEQ ID NO:297)
CGTCCCGCCGGGGGCACATGGXGXGXG (SEQ ID NO:298)
TGGXGXGXGGGGCXGGGCXGGGGAGGG (SEQ ID NO:299)
XGXGXGGGGCXGGGCXGGGGAGGGCGC (SEQ ID NO:300)
GXGGEGGCXGGEGCXGGGGAGGGCGCCTC (SEQ ID NO:301)
GGGCXGGGCXGGGCAGGGCGCCTCCGG (SEQ ID NO:302)
CXGGGCXGGBGAGGGCGCCTCCGGGCC (SEQ ID NO:303)
ATGGXGXGXGGGGCXGGGCXGGGGA (SEQ ID NO:304)
GGXGXGXGGGGCXGGGCXGGGGA (SEQ ID NO:305)
XGXGXGGGGCXGGGCXGGGGA (SEQ ID NO:306)
XGXGGGGCXGGGCXGGGGA (SEQ ID NO:307)
XGGGGCXGGGCXGGCGGA (SEQ ID NO:308)
GGGCXGGGCXGGGGA (SEQ ID NO:3909)
ACATGGXGXGXGGGGCXGGGCXGGGE (SEQ ID NO:310)
ACATGGXGXGXGGGGCXGGGCXG (SEQ ID NO:311)
ACATGGXGXGXGGGGCXGGGC (SEQ ID NO:312)
ACATGGXGXGXGGGGCXGG (SEQ ID NO:313)
ACATGGXGXGXGGGGCX (SEQ ID NO:314)
ACATGGXGXGXGGGG (SEQ ID NO:315)
ACATGGXTXGXGGGGCXAGGGCXGGGGA (SEQ ID NO:316)
ACATGGXGXGXCGGGGCXGGCCXGGGGA (SEQ ID NO:317)
ACATGGXGXAXGGGGCXGGGCXGGGGA (SEQ ID NO:318)
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Figure 27

HR2 298-322

5’ -TGGGTGXGTCCCTCCTAGXGCXGGG-3' (SEQ ID NO:441)
CTGGGTGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:442)
CCTGGGTGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:443)

GCCTGGGTGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:444)
GGCCTGGGTGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:445)
AGGCCTGGGTGXGTCCCTCCTAGXGCXGGG {SEQ ID NO:446)
TGGGTGXGTCCCTCCTAGXGCXGGGA (SEQ ID NO:447)
TGGGTGXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:448)
TGGGTGXGTCCCTCCTAGXGCXGGGAAG (SEQ ID NO:4439)
"TGGGTGXGTCCCTCCTAGXGCXGGGAAGC (SEQ ID NO:450)
TGGGTGXGTCCCTCCTAGXGCXGGGAAGCT (SEQ ID NO:451)
CTGGGTGXGTCCCTCCTAGXGCXGGGA (SEQ ID NO:452)
CCTGGGTGXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:453)
GCCTGGGTGXGTCCCTCCTAGXGCXGGGAAG (SEQ ID NG:454)
GGCCTGGGTGXGTCCCTCCTAGXGCXGGGAAGC (SEQ ID NO:455)
AGGCCTGGEGTGXGTCCCTCCTAGXGCXGGGAAGCT (SEQ ID NO:456)
GCCTGGGTGXGTCCCTCCTAGXGCX (SEQ ID NO:457)
CAGGCCTGGGTGXGTCCCTCCTAGX (SEQ ID NO:458)
GCGCAGGCCTGGGTGXGTCCCTCCT (SEQ ID NO:459)
TTCGCGCAGGCCTGGGTCXGTCCCT (SEQ ID NO:460)
CTCTTCGCGCAGGCCTGGGTGXGTC (SEQ ID NO:461)
GTGXGTCCCTCCTAGXGCXGGGAAG (SEQ ID NO:462)
XGTCCCTCCTAGXGCXGGGAAGCTG (SEQ ID NC:463)
CCCTCCTAGXGCXGGCGAAGCTGGET (SEQ ID NO:464)
TCCTAGXGCXGGGAAGCTGGGTTGC (SEQ ID NO:465)
TAGXGCXGGGAAGCTGGGTTGCCTG (SEQ ID NO:466)
GGTGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:467)
TGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:468)
XGTCCCTCCTAGXGCXGGG (SEQ ID NO:469)

- TCCCTCCTAGXGCXGGG (SEQ ID NO:470)
CCTCCTAGXGCXGGG (SEQ 1D NO:472)
TGGGTGXGTCCCTCCTAGXGCXG (SEQ ID NO:473)
TGGGTGXGTCCCTCCTAGXGC (SEQ ID NO:474)
TGGGTGXGTCCCTCCTAGX (SEQ ID NO:475)
TGGGTGXGTCCCTCCTA (SEQ ID NO:476)
TGGGTGXGTCCCTCC (SEQ ID NO:477)
TGGGTGXATCCCTCCTAGXGCXGGG .(SEQ ID NO:478)
TGTGTGXGTCCCTCCTAGXGCXGGG (SEQ ID NO:479)
TGGGTGXGTCCCTCCTACXGCXGGG (SEQ ID NO:480)

HR3 310-334

5¢ -TTXGCXGCAGGCCTGGGTGXGTCCCT-3' (SEQ ID NO:481)
CTTXGCXGCAGGCCTCGATEXGTCCCT (SEQ ID NO:482)
TCTTXGCXGCAGGCCTGGGTGXGTCCCT (SEQ ID NO:483)
CTCTTXGCXGCAGGCCTGGGTGXGTCCCT (SEQ ID NO:484)
TCTCTTXGCXGCAGGCCTGGGTGXGTCCCT (SEQ ID NO:485)
CTCTCTTXGCXGCAGGCCTEGGTEXGTCCCT (SEQ ID NO:486)
TTXGCXGCAGGCCTGGGTGXGTCCCTC (SEQ ID NO:487)
TTXGCXGCAGGCCTGGETGXGTCCCTCC (SEQ ID NO:488)
TTXGCXGCAGGCCTGGETGXCGTCCCTCCT (SEQ ID NO:489)
TTXGCXGCAGGCCTGGATGXGTCCCTCCTA (SEQ ID NO:490)
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TTXGCXGCAGGCCTGGGTGXGTCCCTCCTAG (SEQ ID NO:491)
CTTXGCXGCAGGCCTGGGTGXGTCCCTC (SEQ ID NO:492)
TCTTXGCXGCAGGCCTGGGTGXGTCCCTCC (SEQ ID N0O:493)
CTCTTXGCXGCAGGCCTGGGTGXGTCCCTCCT (SEQ ID NO:494)
TCTCTTXGCXGCAGGCCTGGGTGXGTCCCTCCTA (SEQ ID NO:495)
CTCTCTTXGCXGCAGGCCTGOGTGXGTCCCTCCTAG (SEQ ID NO:496)
CTCTTXGCXGCAGGCCTGGGTGXGTC (SEQ ID NO:497)
CCTCTCTTXGCXGCAGGCCTGGGTGX (SEQ ID NO:498)
CTCCCTCTCTTXGCXGCAGGCCTGGGE (SEQ ID NO:499)
TTTCTCCCTCTCTTXGCXGCAGGCCT (SEQ ID NO:500)
CACTTTCTCCCTCTCTTXGCXGCAGG (SEQ ID NO:501)
GCXGCAGGCCTGGGTGXGTCCCTCCT (SEQ ID NO:502)
GCAGGCCTGGGTGXGTCCCTCCTAGC (SEQ ID NO:503)
GGCCTGGGTGXGTCCCTCCTAGCGCC (SEQ ID NO:504)
'CTGGGTGXGTCCCTCCTAGCGCCGGG (SEQ ID NO:505)
GGTGXGTCCCTCCTAGCGCCGGGAAG (SEQ ID NO:506)
XGCXGCAGGCCTGGGTGXGTCCCT (SEQ ID NO:507)

© CXGCAGGCCTGGGTGXGTCCCT (SEQ ID NO:508)
GCAGGCCTGGGTGXGTCCCT (SEQ ID NO:509)
AGGCCTGGGTGXGTCCCT (SEQ ID NO:510)
GCCTGGGTGXGTCCCT (SEQ ID NO:511)
CCTGGGTGXGTCCCT (SEQ ID NO:512)
TTXGCXGCAGGCCTGGGTGXGTCC (SEQ ID NO:513)
TTXGCXGCAGGCCTGGGTGXGT (SEQ ID NO:514)
TTXGCXGCAGGCCTGGGTCX (SEQ ID NO:515)
TTXGCXGCAGGCCTGGGT (SEQ ID NO:516)
TTXGCXGCAGGCCTGG (SEQ ID NO:517)
TTXGCXGCAGGCCTG (SEQ ID NO:518)
TTXACXGCAGGCCTGGGTGXGTCCCT (SEQ ID NO:519)
TTXGCXGCAGGCCTGTGTGXGTCCCT (SEQ ID NO:520)
TTXGCXGCAGGCCTGGGTGXGTACCT (SEQ ID NO:521)

HR6 204-227

5’ -TGCCCCCTCCCCXGGAGTCXGGGA-3" (SEQ ID NO:522)
CTGCCCCCTCCCCXGGAGTCXGGGA (SEQ ID NO:523)
TCTGCCCCCTCCCCXGGAGTCXGGGA (SEQ ID NO:524)
CTCTGCCCCCTCCCCXGGAGTCXGGGA (SEQ ID NO:525)
ACTCTGCCCCCTCCCCXGGAGTCXGGGA (SEQ ID NO:526)

- GACTCTGCCCCCTCCCCXGGAGTCXGGGA (SEQ ID NO:527)
TGCCCCCTCCCCXGGAGTCXGGCGAT (SEQ ID NO:528)
TGCCCCCTCCCCXGEGAGTCXGGGATA (SEQ ID NO:529)
TGCCCCCTCCCCXGGAGTCXGGGATAA (SEQ ID NO:530)
TGCCCCCTCCCCXGGAGTCXGGGATAAA (SEQ ID NO:531)
TGCCCCCTCCCCXGGAGTCXGGGATAAAT (SEQ ID NO:532)
CTGCCCCCTCCCCXGGAGTCXGGGAT (SEQ ID NO:533)
TCTGCCCCCTCCCCXGGAGTCXGGGATA (SEQ ID NO:534)
CTCTGCCCCCTCCCCXGGAGTCXGGGATAA (SEQ ID NO:535)
RACTCTGCCCCCTCCCCXGGAGTCXGGGATAAA (SEQ ID NO:536)
GACTCTGCCCCCTCCCCXGGAGTCXGGGATARAT (SEQ ID NO:537)
CTCTGCCCCCTCCCCXGGAGTCXG (SEQ ID NO:538)
TGACTCTGCCCCCTCCCCXGGAGT (SEQ ID NO:539)
TGGTGACTCTGCCCCCTCCCCXGG (SEQ ID NO:540)
GGCTGGTGACTCTGCCCCCTCCCC (SEQ ID NO:542)
AGAGGCTGGTGACTCTGCCCCCTC (SEQ ID NO:543)
CCCCTCCCCXGGAGTCXGGGATAAR (SEQ ID NO:544)
CTCCCCXGGAGTCXGGGATAAATT (SEQ ID NO:545)
CCCXGGAGTCXGGGATAAATTCCC (SEQ ID NO:546)
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XGGAGTCXGGGATARATTCCCTAG (SEQ ID NO:547)
AGTCXGGGATAAATTCCCTAGGCT (SEQ ID NO:548)
CCCCCTCCCCXGGAGTCXGGGA (SEQ ID NO:549)
CCCTCCCCXGGAGTCXGGGA (SEQ ID NO:550)
CTCCCCXGGAGTCXGGGA (SEQ ID NO:551)
CCCCXGGAGTCXGGGA (SEQ ID NO:552)
CCCXGGAGTCXGGGA (SEQ ID NO:553)
TGCCCCCTCCCCXGGAGTCXGG (SEQ ID NO:554)
TGCCCCCTCCCCXGGAGTCX (SEQ ID NO:555)
TGCCCCCTCCCCXGGAGT (SEQ ID NO:556)
TGCCCCCTCCCCXGGA (SEQ ID NO:557)
TGCCCCCTCCCCXGG (SEQ ID NO:558)
TGCCCCCTCTCCXGGAGTCXGGGA (SEQ ID NO:559)
TGCCCCCTCCCCXGGAGTAXGGGA (SEQ ID NO:560)
TGCCCGCTCCCCXGGAGTCXGGGA (SEQ ID NO:561)

HR11l 393-425

5’ -ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT~3' (SEQ ID NO:562)
GATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:563)
TGATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:564)
GTGATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:565)
TGTGATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:566)
CTGTGATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:567)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCTC (SEQ ID NO:568)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCTCC (SEQ ID NO:569)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCTCCA (SEQ ID NO:570)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCTCCAA (SEQ ID NO:571)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCTCCAAC (SEQ ID NO:572)
GATTGGGAGCARAGCGCGCTCCCAGCTCGCCCCCTC {SEQ ID NO:573)
TGATTGGGAGCAAGCGCECTCCCAGCTCGCCCCCTCC (SEQ ID NO:574)
GTGATTGGGAGCAAGCGCGCTCCCAGCTCGCCCCCTCCA (SEQ ID NO:575)
TGTGATTGGGAGCAAGCGCGCTCCCAGCTCGCCCCCTCCAA (SEQ ID NO:576)
CTGTGATTGGGAGCAAGCGCGCTCCCAGCTCGCCCCCTCCAAC (SEQ ID NO:577)
GTGATTGGGAGCAAGXGXGCTCCCAGCTXGCCC (SEQ ID NO:578)
CCTGTGATTGGGAGCAAGXGXGCTCCCAGCTXG (SEQ ID NO:579)
TCTCCTGTGATTGGGAGCAAGXGXGCTCCCAGC (SEQ ID NO:580)
CCTTCTCCTGTGATTGGGAGCAAGXGXGCTCCC (SEQ ID NO:581)
CCTCCTTCTCCTGTGATTGGGAGCAAGXGXGCT (SEQ ID NO:582)
GGGAGCAAGXGXGCTCCCAGCTXGCCCCCTCCA (SEQ ID NO:583)
AGCAAGXGXGCTCCCAGCTXGCCCCCTCCAACT (SEQ ID NO:584)

" AAGXGXGCTCCCAGCTXGCCCCCTCCAACTGCA (SEQ ID NO:585)
XGXGCTCCCAGCTXGCCCCCTCCRACTGCATTC (SEQ ID NO:586)
GCTCCCAGCTXGCCCCCTCCAACTGCATTCCAA (SEQ ID NO:587)
TGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:588)
GGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:589)
AGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:590)
CAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:591)
AGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:592)
XGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:593)
XGCTCCCAGCTXGCCCCCT (SEQ ID NO:594)

CTCCCAGCTXGCCCCCT (SEQ ID NO:595)
CCCAGCTXGCCCCCT (SEQ ID NO:596)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCCCC (SEQ ID NO:59%7)
ATTGGGAGCAAGXGXGCTCCCAGCTXGCC (SEQ ID NO:598)
ATTGGGAGCAAGXGXGCTCCCAGCTXG (SEQ ID NO:599)
ATTGGGAGCAAGXGXGCTCCCAGCT (SEQ ID NC:600)
ATTGGGAGCAAGXGXGCTCCCAG (SEQ ID NO:601}
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ATTGGGAGCAAGXGXGCTCCC (SEQ ID NO:602)
ATTGGGAGCAAGXGXGCTC (SEQ ID NO:603)
ATTGGGAGCAAGXGXGC (SEQ ID NO:604}
ATTGGGAGCAAGXGX (SEQ ID NO:605)
GTTGGGAGCAAGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:606)
ATTGGGAGCAAGXGXGCTCCCTGCTXGCCCCCT (SEQ ID NO:607)
ATTGGGAGCACGXGXGCTCCCAGCTXGCCCCCT (SEQ ID NO:608)

HR23 299-333

5' - TXGXGCAGECCTGEGTEXGTCCCTCCTAGXGCXGG-3’ (SEQ ID NO:609)
TTXGXGCAGGCCTGGGTEGXGTCCCTCCTAGXGCXGG (SEQ ID NO:610)
CTTXGXGCAGGCCTEGGTEXGTCCCTCCTAGXGCXGG (SEQ ID NO:611)
TCTTXGXGCAGGCCTGGGTGXGTCCCTCCTAGXGCXGG (SEQ ID NO:612)
CTCTTXGXGCAGGCCTGGEGTCGXGTCCCTCCTAGXGCXGG (SEQ ID NO:613)
TCTCTTXGXGCAGGCCTGGGTEXGTCCCTCCTAGKXGCXGG (SEQ ID NO:614)
TXGXGCAGGCCTGGGTGXGTCCCTCCTAGXGCXGGE (SEQ ID NO:615)
TXGXGCAGGCCTGGGTEXGTCCCTCCTAGXGCXGGGA (SEQ ID NO:616)
TXGXGCAGGCCTGCEGTEXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:617)
TXGXGCAGGCCTGEGTEXETCCOTCCTAGXGCXGGGAAG (SEQ ID NO:618)
TXGXGCAGGCCTGEGTGXGTCCCTCCTAGXGCXGGGAAGC (SEQ ID NO:619)
TTXGXGCAGGCCTGGGTGXETCCCTCCTAGXGCXGGE (SEQ ID NO:620)
CTTXGXGCAGGCCTGEGTGXGTCCCTCCTAGXGCXGGGA (SEQ ID NO:621)
TCTTXGXGCAGGCCTGGETGXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:622)
CTCTTXGXGCAGGCCTEGETCGXGTCCCTCCTAGXGCXGGGAAG (SEQ ID NO:623)
TCTCTTXGXGCAGGECCTGEGTEXGTCCCTCCTAGXGCXGGGARGC (SEQ ID NO:624)
TCTTXGXGCAGGCCTGEETCXETCCCTCCTAGXGC (SEQ ID NO:625)
CTCTCTTXGXGCAGGCCTGGGTGXGTCCCTCCTAG (SEQ ID NO:626)
TCCCTCTCTTXGXGCAGGCCTGGGTGXGTCCCTCC (SEQ ID NO:627)
TTCTCCCTCTCTTXGXGCAGGCCTGGGTCXGTCCC (SEQ ID NO:628)
ACTTTCTCCCTCTCTTXCXGCAGGCCTGEGTGXGT (SEQ ID NO:629)
XGCAGGCCTGGETEXGTCCCTCCTAGXGCXGGGAA (SKEQ ID NO:630)
AGGCCTGGGTGXGTCCCTCCTAGXGCXGGGAAGCT (SEQ ID NO:631)
CCTGGCTGXGTCCCTCCTACXGCXGGGAAGCTGGG (SEQ ID NO:632)
GGGTGXGTCCCTCCTAGXGCXGGGAAGCTGEETTG (SEQ ID NO:633)
TGXGTCCCTCCTAGXGCXGGGAAGCTGGGTTGCCT (SEQ ID NO:634)
GXGCAGGCCTGEGETGXGTCCCTCCTAGXGCXGG (SEQ ID NO:635)
GCAGGCCTGGGTGXGTCCCTCCTAGXGCXGG (SEQ ID NO:636)
AGGCCTGGGTCXGTCCCTCCTACGXGCXEG (SEQ ID NO:637)
GCCTGGGTGXGTCCCTCCTAGXGCXGGE (SEQ ID NO:638)
CTGGGTGXCGTCCCTCCTAGXGCXGE (SEQ ID NO:639)
GGGTGXGTCCCTCCTAGXGCXGG (SEQ ID NO:640)
GTGXGTCCCTCCTAGXGCXGG (SEQ ID NO:641)
GXGTCCCTCCTAGXGCXGE (SEQ ID NO:642)

GTCCCTCCTAGXGCXGG (SEQ ID NO:643)

CCCTCCTAGXGCXGG (SEQ ID NO:644)
TXGXGCAGGCCTGEGTCXGTCCCTCCTAGXGCX (SEQ ID NO:645)
TXGXGCAGGCCTGCEGTEXGTCCCTCCTAGXG (SEQ ID NO:646)
TXGXGCAGGCCTGGGTCGXGTCCCTCCTAG (SEQ ID NO:647)
TXGXGCAGGCCTEGETGXGTCCCTCCT (SEQ ID NO:648)
TXGXGCAGGCCTGEGTCXGTCCCTC (SEQ ID NO:649)
TXGXGCAGGCCTGEGTGXETCCC (SEQ ID NO:650)
TXGXGCAGGCCTGGGTCXGTC (SEQ ID NO:651)
TXGXGCAGGCCTGGGTGXG (SEQ ID NO:652)

TXGXGCAGGCCTGEGTG (SEQ ID NO:653)

TXGXGCAGGCCTGEG (SEQ ID NO:654)
TXGXACAGGCCTGEGTCXGTCCCTCCTAGXGCXGG (SEQ ID NO:655)
TXGXGCAGGCCTGEGTEXGCCCCTCCTAGXGCXGG (SEQ ID NO:656)
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TXGXGCAGGCCTGGGTGXGTCCCTCCGAGXGCXGG (SEQ ID NO:657)

HR23* 299-333

57 -TXGXGCAGGCCTEGGTXGTCCCTCCTAGXGCXGEG-3' (SEQ 1D NO:658)
TTXGXGCAGGCCTGGETXGTCCCTCCTAGXACXGE (SEQ ID NO:659)
CTTXGXGCAGGCCTGEGTXCGTCCCTCCTAGXGCXGG (SEQ ID NO:660)
TCTTXGXGCAGGCCTGGETXGTCCCTCCTAGXGCXGE (SEQ ID NO:661)
CTCTTXGXCCAGGCCTGGETXETCCCTCCTAGXGCXGE (SEQ ID NO:662)
TCTCTTXGXGCAGGCCTGGETXATCCCTCCTAGXGCXGE (SEQ ID NO:663)
TXGXGCAGGCCTECGCTXGTCCCTCCTAGXGCXGGE (SEQ ID NO:664)
TXGXGCAGGCCTGGGTXGCTCCCTCCTAGXGCXGGGA (SEQ ID NO:665)
TXGXGCAGGCCTGGGTXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:666)
TXGXGCAGGCCTCGGGTXGTCCCTCCTAGXGCXGGGARAG {SEQ ID NO:667)
TXGXGCAGGCCTEGEGTXGTCCCTCCTAGXGCXGGEARGC (SEQ ID NO:668)
TTXGXGCAGGCCTGGGTXGTCCCTCCTAGXGCXGEEG (SEQ ID NO:669)
CTTXGXGCAGGCCTGGGTXGTCCCTCCTAGXGCXGGGA (SEQ ID NO:670)
TCTTXGXGCAGGCCTGGGTXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:671)
CTCTTXGXGCAGGCCTGEGTXGTCCCTCCTAGXGCXGGGAAG (SEQ ID NO:672)
TCTCTTXGXGCAGGCCTGGETXGTCCCTCCTAGXGCXGEGAAGC (SEQ ID NO:673)
TCTTXGXGCAGGCCTCGEETXGTCCCTCCTAGXGC (SEQ ID NO:674)
CTCTCTTXGXGCAGGCCTGGGTXGTCCCTCCTAG {(SEQ ID NO:675)
TCCCTCTCTTXGXGCAGGCCTGGGTXGTCCCTCC (SEQ ID NO:676)
TTCTCCCTCTCTTXGXGCAGGCCTGGETXGTCCC (SEQ ID NO:677)
ACTTTCTCCCTCTCTTXGXGCAGGCCTECGGTXGT (SEQ ID NO:678)
XGCAGGCCTGGGETXGTCCCTCCTAGXGCXGGGAA (SEQ ID NO:679)
AGGCCTGGGTXGTCCCTCCTAGXGCXGCGAAGCT (SEQ ID NO:680)
‘CCTGGETXETCCCTCCTAGXGCXGGEAAGCTEGEE (SEQ ID NO:681)
GGGTXGTCCCTCCTAGXGCXGGGAAGCTEGETTG (SEQ ID NO:682)
TXGTCCCTCCTAGXGCXGGGAAGCTECGGTTGCCT (SEQ ID NO:683)
GXGCAGGCCTGGGTXGTCCCTCCTAGXGCXEG (SEQ ID NO:684)
GCAGGCCTGGETXETCCCTCCTAGXGCXGGE (SEQ ID NO:685)
AGGCCTGGGETXGTCCCTCCTAGXGCXEE (SEQ ID NO:686)
GCCTGGOTXGTCCCTCCTACKGCXGE (SEQ ID NO:687)
CTGGGTXGTCCCTCCTAGXGCXGG (SEQ ID NO:688)
GGGTXGTCCCTCCTAGXGCXGGE {SEQ ID NO:689)
GTXGTCCCTCCTAGXGCXGG (SEQ ID NO:590)

XGTCCCTCCTAGXGCXGG (SEQ ID NO:691)

TCCCTCCTAGXGCXGGE (SEQ ID NO:692)

CCCTCCTAGXGCXGG (SEQ ID NO:693)
TXGXGCAGGCCTCGGGTXGTCCCTCCTAGXGCX (SEQ ID NO:694)
TXGXGCAGGCCTGGGTXGTCCCTCCTAGXG (SEQ ID NO:695)
TXGXGCAGGCCTCGETXCTCCCTCCTAG (SEQ ID NO:696)
TXGXGCAGGCCTGGGTXGTCCCTCCT (SEQ ID NO:697)
TXGXGCAGGCCTEGETXGTCCCTC (SEQ ID NO:698)
TXGXGCAGGCCTGGGTXGTCCC (SEQ ID NO:699)
TXGXGCAGGCCTGGGTXGTC (SEQ ID NO:700)

TXGXGCAGGCCTGGGTXG (SEQ ID NO:701)

TXGXGCAGGCCTGGGT (SEQ ID NO:702)

TXGXGCAGGCCTGEEE (SEQ ID NO:703)
TXGXACACGGCCTGGETXGTCCCTCCTAGXGCXGGE (SEQ ID NO:704)
TXGXGCAGGCCTGGGTXGTTCCTCCTAGXGCXGG (SEQ ID NO:705)
TXGXGCAGGCCTCEATXGTCCCTCCGAGXGCXGG (SEQ ID NO:706)
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Figure 28

RZ1X** 485-510

5' -GGXGXGXGGTTXGCCCXGXGCATGGG-3' (SEQ ID NO:867)
GGGXGXGXGGTTXGCCCXGXGCATGGG (SEQ ID NO:868)
GGGGXGXGXGETTXGCCCXEGXGCATGGE (SEQ ID NO:B69)
GGGGGXGXGXGGTTXGCCCXGXGCATGGG (SEQ ID NO:870)
CGGGGGXGXGXGGTTXGCCCXGXGCATGGG (SEQ ID NO:871)
GCGGGGGXGXCGXGGTTXGCCCXGXGCATGGG (SEQ ID NO:872)
GGXGXGXGGTTXGCCCXGXECATGGGC (SEQ ID NO:873)
GGXCGXCGXGETTXGCCCXGXGCATGGACT (SEQ ID NO:874)
.GGXGXGXGGTTXGCCCXGXGCATGGGCTC (SEQ ID NO:875)
GCEXCXGXCBOTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:876)
GGXGXGXGGTTXGCCCXGXGCATGGGCTCCG (SEQ ID NO:877)
GGGXGXGXGGTTXGCCCXGXGCATGGGC (SEQ ID NO:878)
GGGGXGXGXGGTTXGCCCXGXGCATGGGCT (SEQ ID NO:879)
GGGGGXGXGXGGTTXGCCCXGXGCATGGGCTC (SEQ ID NO:880)
CGGGGGXGXGXGETTXGCCCXGXGCATGGGCTCC (SEQ ID NO:881)
GCGGGGGXGXGXGETTXGCCCXGXGCATGGGCTCCG (SEQ ID NO:882)
GGGGGXGXGXGGTTXBCCCXGXGCAT (SEQ ID NO:883)
GGCGGGGGXGXGXGGTTXGCCCXGXG (SEQ ID NO:884)
GGGGGCGGGGGXGXGXGGTTXGCCCX (SEQ ID NO:885)
GGCGGGGGCGGGGCXGXGXGGTTXGC (SEQ ID NO:886)
CGGGGCGGGGGCGGGGGEXGXGXGGTT (SEQ ID NO:887)
GXGXGGTTXGCCCXGXGCATGGGCTC (SEQ ID NO:888)
XGGTTXGCCCXGXGCATGGGCTCCGT (SEQ ID NO:889)
TTXGCCCXGXGCATGGGCTCCGTCCG (SEQ ID NO:8S0)
GCCCXGXGCATGGGCTCCGTCCGCGG (SEQ ID NO:891)
CXGXGCATCGGCTCCETCCGCGGGCC (SEQ ID NO:892)
XGXGXGGTTXGCCCXGXGCATGGG (SEQ ID NO:893)
XGXGGTTXGCCCXGXGCATGGG (SEQ ID NO:894)
XGGTTXGCCCXGXGCATGGG (SEQ ID NO:895)
GTTXGCCCXGXGCATGGG (SEQ ID NO:896)
TXGCCCXGXGCATGGG (SEQ ID NO:897)
XGCCCXGXGCATGGG (SEQ ID NO:898)
GGXGXGXGGTTXGCCCXGXGCATG (SEQ ID NO:899)
GGXGXGXGGTTXGCCCXGXGCA (SEQ ID NO:900)
GGXGXGXGGTTXGCCCXGXG (SEQ ID NO:901)
GGXGXGXGGTTXGCCCXG (SEQ ID NO:902)
GGXGXGXGGTTXGCCC (SEQ ID NO:903)
GGXGXGXGGTTXGCC (SEQ TID NO:904)
GGXGXCXGGTTXGCCCXGXGCATGGG (SEQ ID NO:905)
GGXGXGXGGTTXGCTCXGXGCATGGG (SEQ ID NO:906)
GGXGXGXAGTTXGCCCXGXGCATGGG (SEQ ID NO:907)

RZ2X** 501-533

5' -GGXGGGGXGGGEGXGGEGEXGXGXGGT-3! (SEQ ID NO:908)
AGGXGGCGGXGGGGGXGEGGGXGXGXGAT (SEQ ID NO:909)
GAGGXGGGGXGGGGGXGGGGGXGXGXGGT (SEQ ID NO:910)
CGAGGXCGGGGXCGGGGCXGGCGGXGXGXGGT (SEQ ID NO:911)
CCGAGGXGGGGXGEGGEGXGGGEGXGXGXGGT (SEQ ID NO:912)
GCCGAGGXGGGGXGGGGCXGEGGGXGXCGXGGT (SEQ ID NO:913)
GGXGGGGXGGGGEXGGGGGXGXGXGETT (SEQ ID NO:914)
GGXGGGGXGGGGGXGGGGGXGXGXGGTTC (SEQ ID NO:915)
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GGXGGGGXGGGGOXGGCEGXGXGXGGTTCG (SEQ ID NO:916)
GGXGGGGXGGEGGGXGGEGEXGXGXGETTCGC (SEQ ID NO:917)
GGXGGGGXGGGGGXGGGEGXGXGXGATTCGCC (SEQ ID NO:918)
AGGXGGGEGXGGGGGXGGBGEEXGXGXGGTT (SEQ ID NO:919)
GAGGXGGGGXGGGGGXGGGGGXGXGXGGTTC (SEQ ID NO:920)
CGAGGXGGGGXGGGGCXGEGEGXGXGXGGTTCG (SEQ ID NO:921)
CCGAGGXGGGGXGCGGEGXGGGEEXGXGXGETTCGC (SEQ ID NO:922)
GCCGAGGXGGGGXGGGGGXGGEGGXGXGXGEGTTCGCC (SEQ ID NO:923)
CGAGGXGGGGXGEGEGXGGEGGXGXCGX (SEQ ID NO:924)
GGCCGAGGXGGGGXGEGGGXGGGGGXG (SEQ ID NO:925)
CGGGGCCGAGGXGGGGXGGGGGXGGEG (SEQ ID NO:926)
GGCCGGGGCCGAGGXGGGGXGGGGGXG (SEQ ID NO:927)
CAGGGCCGGGGCCCAGGXGGGGXGGGG (SEQ ID NO:928)
GGGGXGGGGGXGGGGGXGXGXGETTCG (SEQ ID NO:929)
GXGGGGGXGEGGCXGXGXGETTCGCCC (SEQ ID NO:930)
GGGGXGGGGEXGXGXGETTCGCCCCGC (SEQ ID NO:931)
GXGGGGGXGXGXGGTTCGCCCCGCGCA (SEQ ID NO:932)
CGGCGGXGXGXGETTCGCCCCGCGCATGE (SEQ ID NO:933)
XGGGGXGGGGGXGGGGEXGXGXGGT (SEQ ID NO:934)
GGGXGGGGGXGGGGEXGXGXGGT (SEQ ID NO:935)
GXCGGGGXGGGGEXCGXGXGGT (SEQ ID NO:936)
GGGGGXGGGGGXGXGXGGT (SEQ ID NO:937)
GGGXGGGECXGXGXGET (SEQ ID NO:938)
GXGGGGGXGXGXGGT (SEQ ID NO:S539)
GGXGGGGXGGGGGXGGGEGEXGXEGXG (SEQ ID NO:940)
GGXGGGGXGGGRGXGGGEGXEXG (SEQ ID NO:941)
GGXCGGGXGGGGEGEXGGAEGGXG (SEQ ID NO:9%42}
GGXGGGGXGGGGGXGGEGEGG (SEQ ID NO:943)
GGXGGGGXGGGGGXGGE (SEQ ID NO:944)
GGXGGGGXGEGEGEXG (SEQ ID NO:945)
GGXGAGGXGGGGGXGGEOGXGXGXGET (SEQ ID NO:946)
GGXGGGGXCGGGGXGEETGXGXGXGGT (SEQ ID NO:947)
GGXGGGCGXGCGGEXGGEEEXGXGXGET (SEQ ID NO:948)

RZ6X** 665-696

5' -CXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGG-3 ' (SEQ ID NO:949)
CCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:950)
ACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:951)
CACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:952)
CCACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:953)
CCCACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:954)
CXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGC (SEQ ID NO:955)
CXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCC (SEQ ID NO:956)
CXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCCC (SEQ ID NO:957)
CXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCCCC (SEQ ID NO:958)
CXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCCCCG (SEQ ID NO:959)
CCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGC (SEQ ID NO:960)
ACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCC (SEQ ID NO:961)
CACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGECCC (SEQ ID NO:962)
CCACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCCCC (SEQ ID NO:963)
CCCACCXGCXGCXGCXGCXGCXGCTTAXGCCXGCXGGCCCCG (SEQ ID NO:964)
CACCXGCXGCXGCXGCXGCXGCTTAXGCCXGC (SEQ ID NO:965)
ACCCACCXGCXGCXGCXGCXGCXGCTTAXGCC (SEQ ID NO:966)
CCCACCCACCXGCXGCXGCXGCXGCXGCTTAX (SEQ ID NO:967)
GGCCCCACCCACCXGCXGCXGCXGCXGCXGCT (SEQ ID NO:968)
CCCGGCCCCACCCACCXGCXGCXGCXGCXGCX (SEQ ID NO:969)
CXGCXGCXGCXGCXGCTTAXGCCXGCXGGCCC (SEQ ID NO:870)

US 2006/0135455 Al
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CXGCXGCXGCXGCTTAXGCCXGCXGGCCCCGC (SEQ ID NO:971)
CXGCXGCXECTTAXGCCXGCXGGCCCCGCECC (SEQ ID NO:972)
CXGCXGCTTAXGCCXGCXGGCCCCGCGECCCee (SEQ ID NO:973)
CXGCTTAXGCCXGCXGGCCCCGCECCCCCGGC (SEQ ID NO:974)
GCXGCXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:975)
XGCXGCXGCXGCXGCTTAXGCCXGCXGE (SEQ ID NO:976)
CXGCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:977)
GCXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:978)
XGCXGCXGCTTAXGCCXGCXGE (SEQ ID NO:979)
CXGCXGCTTAXGCCXGCXGG (SEQ ID NO:980)
GCXGCTTAXGCCXGCXGE (SEQ ID NO:981)
XGCTTAXGCCOXGCXGE (SEQ ID NO:982)
GCTTAXGCCXGCXGG (SEQ ID NO:983)
CXGCXGCXGCXGCXGCXGCTTAXGCCXGCX (SEQ ID NO:984)
CXGCXGCXGCXGCXCGCXGOTTAXGCCXE (SEQ ID NO:985)
CXGCXGCXGCXGCXGCXGCTTAXGCC (SEQ ID NO:986)
CXGCXGCXGCXGCXGCXGCTTAXG (SEQ ID NO:987)
CXGCXGCXGCXGCXGCXGCTTA (SEQ ID NO:988)
CXGCXGCXGCXGCXGCXGCT (SEQ ID NO:989)
CXGCXGCXGCXGCXGCXG (SEQ ID NO:990)
CXGCXGCXGCXGCXGC (SEQ ID NO:991)
CXGCXGCXGCXGCXG (SEQ ID NO:992)

" CXGCXGCXACXGCXGCXGCTTAXGCCXGCXGG (SEQ ID NO:993)
CXGCXGCXGCXGCXGCXGCTTCXECCXGCXGGE (SEQ ID NO:994)
CXGCXGCXGCXGCXACXCGCTTAXGCCXGCXGG (SEQ ID NO:995)

RZ9X** 733-760

5' -CXGCCXGCXGCAGCCCCXGAXGCCXGCT-3"' (SEQ ID NO:996)
CCXGCCXGCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:997)
CCCXGCCXGCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:998)
CCCCXGCCXGCXGCAGCCCCXGRAXGCCXGCT (SEQ ID NO:999)
GCCCCXGCCXGCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:1000)
GGCCCCXGCCXGCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:1001)
CXGCCXGCXGCAGCCCCXGAXGCCXGCTC (SEQ ID NO:1002)
CXGCCXGCXGCAGCCCCXGAXGCCXGCTCA (SEQ ID NO:1003)
CXGCCXGCXGCAGCCCCXGAXGCCXGCTCAC (SEQ ID NO:1004)
CXGCCXGCXGCAGCCCCXGAXGCCXGCTCACC (SEQ ID NO:1005)
CXGCCXGCXGCAGCCCCXGAXGCCXGCTCACCT (SEQ ID NO:1006)
CCXGCCXGCXGCAGCCCCXGAXGCCXGCTC {(SEQ ID NO:1007)
CCCXGCCXGCXGCAGCCCCXGAXGCCXGCTCA (SEQ ID NO:1008)
CCCCXGCCXGCXGCAGCCCCXGAXGCCXGCTCAC (SEQ ID NO:1009)
GCCCCXGCCXGCXGCAGCCCCXGAXGCCXGCTCACC (SEQ ID NO:1010)
GGCCCCXGCCXGCXGCAGCCCCXGAXGCCXGCTCACCT (SEQ ID NO:1011)
CCCCXGCCXGCXGCAGCCCCXGAXGCCX (SEQ ID NO0O:1012)
GGGCCCCXGCCXGCXGCAGCCCCXGAXG (SEQ ID NO:1013)
AAGGGGCCCCXGCCXGCXGCAGCCCCXG (SEQ ID NO:1014)
AGGAAGGGGCCCCXGCCXGCXGCAGCCC (SEQ ID NO:1015)
GGGAGGAAGGGGCCCCXGCCXGCXGCAG (SEQ ID NO:1016)
CCXGCXGCAGCCCCXGAXGCCXGCTCAC (SEQ ID NO:1017)
GCXGCAGCCCCXGAXGCCXGCTCACCTG (SEQ ID NO:1018)
GCAGCCCCXGAXGCCXGCTCACCTGTGC (SEQ ID NO:1019)
GCCCCXGAXGCCXGCTCACCTGTGCCCG (SEQ ID NO:1020)
CCXGAXGCCXGCTCACCTGTGCCCGCGG (SEQ ID NO:1021)
GCCXGCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:1022)
CXGCXGCAGCCCCXGAXGCCAGCT (SEQ ID NO:1023)
GCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:1024)
XGCAGCCCCXGAXGCCXGCT (SEQ ID NO:1025)
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CAGCCCCXGAXGCCXGCT (SEQ ID NO:1026)
GCCCCXGAXGCCXGCT (SEQ ID NO:1027)
CCCCXGAXGCCXGCT (SEQ ID NO:1028}
CXGCCXGCXGCAGCCCCXGAXGCCXG (SEQ ID NO:1029)
CXGCCXGCXGCAGCCCCXGAXGCC (SEQ ID NO:1030)
CXGCCXGCXGCAGCCCCXGARAXG (SEQ ID NO:1031)
CXGCCXGCXGCAGCCCCXGA (SEQ ID NO:1032)
CXGCCXGCXGCAGCCCCX (SEQ ID NO:1033)
CXGCCXGCXGCAGCCC (SEQ ID NO:1034)
CXGCCXGCXGCAGCC (SEQ ID NO:1035)
CXGCAXGCXGCAGCCCCXGAXGCCXGCT (SEQ ID NO:1036)
CXGCCXGCXGCAGCCCTXGAXGCCXGCT (SEQ ID NO:1037)
CXGCCXGCXGCAGCGCCXGAXGCCXGCT (SEQ ID NO:1038)

RZ10X** 333-361 :

5' -GXGXGCCATXGGGCCCXGCCCCACCCXGG-3"' (SEQ ID NO:1039)
TGXGXGCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1040)
CTGXGXGCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1041)
GCTGXGXGCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1042)
GGCTGXGXGCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1043)
TGGCTGXGXGCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1044)
GXGXGCCATXGGGCCCXGCCCCACCCXGGT (SEQ ID NO:1045)
GXGXGCCATXGGGCCCXGCCCCACCCXGGTT (SEQ ID NO:1046)
GXGXGCCATXGGGCCCXGCCCCACCCXGGTTG (SEQ ID NO:1047)
GXGXGCCATXGGGCCCXGCCCCACCCXGGTTGG (SEQ ID NO:1048)
GXGXGCCATXGGGCCCXGCCCCACCCXGGTTGGC (SEQ ID NO:1049)
TGEXGXGCCATXGGGCCCXGCCCCACCCXGET (SEQ ID NO:1050)
CTGXGXGCCATXGGGCCCXGCCCCACCCXGGTT (SEQ ID NO:1051)
GCTGXGXGCCATXGGGCCCXGCCCCACCCXGGTTG (SEQ ID NO:1052)
GGCTGXGXGCCATXGGGCCCXGCCCCACCCXGETTGG (SEQ ID NO:1053)
TGGCTGXGXGCCATXGGGCCCXGCCCCACCCXGGTTGGC (SEQ ID NO:1054)
GCTGXGXGCCATXGGGCCCXGCCCCACCC (SEQ ID NO:1055)
TTGGCTGXGXGCCATXGGGCCCXGCCCCA (SEQ ID NO:1056)
CCATTGGCTGXGXGCCATXGGGECCCXGCC (SEQ ID NO:1057)
CTACCATTGGCTGXGXGCCATXGGGCCCX (SEQ ID NO:1058)
GGCCTACCATTGGCTGXGXGCCATXGGGC (SEQ ID NO:1059)
XGCCATXGGGCCCXGCCCCACCCXGGTTG (SEQ ID NO:1060)
CATXGGGCCCXGCCCCACCCXGGTTGGCT (SEQ ID NO:1061)
XGGGCCCXGCCCCACCCXGGTTGGCTGAG (SEQ ID NO:1062)
GCCCXGCCCCACCCXGGTTGGCTGAGCGG (SEQ ID NO:1063)
CXGCCCCACCCXGGTTGGCTGAGCGGCCC (SEQ ID NO:1064)
GXGCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1065)
GCCATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1066)
CATXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1067)
TXGGGCCCXGCCCCACCCXGG (SEQ ID NO:1068)
GGGCCCXGCCCCACCCXGG (SEQ ID NO:1069)
GCCCXGCCCCACCCXGG (SEQ ID NO:1070)

CCXGCCCCACCCXGG (SEQ ID NO:1071)
GXGXGCCATXGGGCCCXGCCCCACCCX (SEQ ID NO:1072)
GXGXGCCATXGGGCCCXGCCCCACC (SEQ ID NO:1073)
GXGXGCCATXGGGCCCXGCCCCA (SEQ ID NO:1074)
GXGXGCCATXGGECCCXGCCC (SEQ ID NO:1075)
GXGXGCCATXGGGCCCXGC (SEQ ID NO:1076)
GXGXGCCATXGGGCCCX (SEQ ID NO:1077)

GXGXGCCATXGGGCC (SEQ ID NO:1078}
GXGXGCCATXGGGCACKGCCCCACCCXGG (SEQ ID NO:1079)
GXGXGCCATXGGGCCCXGCCCTACCCXGG (SEQ ID NO:1080)
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GXGXGCGATXGGGCCCXECCCCACCCXGG (SEQ ID NO:1081)

ERZ1X** 481-510

5’ -CGGGGGCGGGGGXGXGXGGTTXGCCCXGXGCATGGGCTCC-3' (SEQ ID NO:1082)
GCGGGGGCGGGGGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1083)
GGCGGGGGCEGEGEXGXGXGETTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1084)
GGGCGGGGGCGGGGGXGXCXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1085)

' CGGGCGEGEGCEEGEEXCXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1086)
GCGGGCGGGGGCGGGEGXGXGXGGTTXCCCCXGXGCATGGGCTCC (SEQ ID NO:1087)
CGGGGGCGCGGEXCGXGXGETTXGCCCXGXGCATGGRECTCCG (SEQ ID NO:1088)
CGGGGGCGGGGGXGXGXGGETTXGCCCXGXGCATGGGCTCCGT (SEQ ID NO:1089)
CGGGGGCGGEGCEGXGXGXGETTXGCCCXCGXGCATGGGCTCCGTC (SEQ ID N0O:1090)
CGGGGGCGGGGGXGXGXGETTXGCCCXGXGCATGGGCTCCGTCC (SEQ ID NO:1091)
CGGGGGCGGGGGXGXGXGETTXGCCCXGXGCATGGGCTCCGTCCG (SEQ ID NO:1092)
GCGGGGECEGGEEXGXGXGETTXGCCCXGXGCATGGGCTCCE (SEQ ID NO:1093)
GGCGGGGGECGGGGEXGXGXGETTXGCCCXGXGCATGGGCTCCGT (SEQ ID NO:1094)
GGGCGGGGGECGGGGGXGXEGXGGTTXGCCCXEXGCATGGGCTCCGTC (SEQ ID N0O:1095)
CGGGCGGGGGCGEGGGEXGXGXGETTXGCCCXGXGCATGGGCTCCGTCC (SEQ ID NO:1096)
GCGGGCGGGGEGCGGEEGXEXEGXGETTXGCCCXGXGCATGGECTCCGTCCG (SEQ ID NO:1097)
GGGCGGGGGCGGGGGXGXGXGGTTXGCCCXGXGCATGGGC (SEQ ID NO:1098)
GGCGGGCGGGGGCGGECEXGXEXEETTXGCCCXGXGCATG (SEQ ID NO:1099)
GGGGGCGGGCGGGEGECGGGEGEEXGXGXGGTTXGCCCXGXGC (SEQ ID NO:1100)
GGCGGGGGCGGGCGGGGGECEGAEGXGXGXGETTXGCCCXG (SEQ ID NO:1101)
CGGGGCGGGGGCGGGCCEEGECGEGEEXGXGXGGTTXGCC - (SEQ ID NO:1102)
GGGCGGGGGXGXGXGGTTXGCCCXGXGCATGGGCTCCGTC (SEQ ID NO:1103)
CGGGGCXGXCGXGGTTXGCCCXGXGCATCGGCTCCGTCCGC (SEQ ID NO:1104)

" GGGXGXGXGGETTXGCCCXGXGCATGGGCTCCETCCECGGC (SEQ ID NO:1105)
XGXGXGGTTXGCCCXGXGCATGGGCTCCETCCGCGGCGGGE (SEQ ID NO:1106)
GXGGTTXGCCCXGXGCATGGGCTCCGTCCGCGGCGGGTGC (SEQ ID NO:1107)
GGGGCGGGGEGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1108)
GGCGGGGGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1109)
CGGGGGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1110)
GGGGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1111)
GGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1112)
XGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1113)
XGXGGTTXGCCCXGXGCATGEGCTCC (SEQ ID NO:1114)
XGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1115)
GTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1116)

TXGCCCXGXGCATGGGCTCC (SEQ ID NO:1117)

GCCCXGXGCATGGGCTCC (SEQ ID NO:1118)

CCXGXGCATGGGCTCC (SEQ ID NO:1119)

CCXGXGCATGGGCTC (SEQ ID NO:1120)
CGGGGCCGGGGGXGXGXGGTTXGCCCXGXGCATGGGCT (SEQ ID NO:1121)
CGGGGGCGGEGEXGXGXGETTXGCCCXGXGCATGGGE (SEQ ID NO:1122)
CGGGGGCGGEGGXGXGXGGTTXGCCCXGXGCATG (SEQ ID NO:1123)
CGGGGGCGGGGGXEGXGXGETTXGCCCXGXGCA (SEQ ID NO:1124)
CGGGGGCGGCOGXGXCGXGETTXGCCCXGXG (SEQ ID NO:1125)
CGGGGGCGGGGGXGXGXGGTTXGCCCXG (SEQ ID NO:1126)
CGGGGGCGGGGGXGXGXGETTXGCCC (SEQ ID NO:1127)
CGGGGGCGGGGGXGXGXGGTTXGC {(SEQ ID NO:1128)
CGGGGGCGGGEEXGXGXCETTX (SEQ ID NO:1129)
CGGGGGCGGGGGXGXGXGGT (SEQ ID NO:1130)

CGGGGGCGGGGGXGXGXG (SEQ ID NO:1131)

CGGGGGCGGGGGXGXG (SEQ ID NO:1132)

CGGGGGCGGGGGXGX (SEQ ID NO:1133)
CGGGGGCAGGGGXGXGXGGTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1134)
CGGGGGCGGGEGXGXGXGTTTXGCCCXGXGCATGGGCTCC (SEQ ID NO:1135)
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CGGGGGCGGGGGXGXGXGETTXGCCCXGXACATGGGCTCC (SEQ ID NO:1136)

SRZ1X 491-510

5' -GGXGXGXGGTTXGCCCXGXG-3¢ (SEQ ID N0O:1137)
GGGXGXGXGGTTXGCCCXGXG (SEQ ID NO:1138)
GOCGGXGXGXEGTTXGCCCXGXG (SEQ ID NO:1139)
GGCGGCXGXGXGGTTXGCCCXGXE (SEQ ID NO:1140)
CGGGGGXGXGXGGTTXGCCCXGXG (SEQ ID NO:1141)
GCGGGGGXGXGXGETTXGCCCXGXG (SEQ ID NO:1142)
GGXGXGXGGTTXGCCCXGXGC (SEQ ID NO:1143)
GGXGXGXGGTTXGCCCXGXGCA (SEQ ID NO:1144)
GGXGXGXGGTTXGCCCXGXGCAT (SEQ ID NO:1145)
GGXGXGXGGTTXGCCCXGXGCATG (SEQ ID NO:1146)
GOXGXCGXGGTTXGCCCXGXGCATGCE (SEQ ID NO:1147)
GGGXGXGXGETTXGCCCXGXEC (SEQ ID NO:1148)
GGGGXGXGXGGTTXGCCCXGXGCA (SEQ ID NO:1149)
GGGGGXGXGXGGTTXGCCCXGXGCAT (SEQ ID NC:1150)
CGGGGGXCGXGXGGTTXGCCCXGXGCATG (SEQ ID NO:1151)
GCGGGGGXGXGXGETTXGCCCXGXGCATGG (SEQ ID NO:1152)
GGGGGXGXGXGETTXECCCX (SEQ ID NO:1153)
GGCGGEGGXGXGXEGETTXGC (SEQ ID NO:1154)
GGGGGCGEGEEXGXGXGETT (SEQ ID NO:1155)
GGCGGGCEGCECEEGEGXGXGXG (SEQ ID NO:1156)
CGGGGCGGGGGCGEGEGGEXGX (SEQ ID NO:1157)
GXGXCGETTXGCCCXGXGCAT (SEQ ID NO:1158)
XGOGTTXGCCCXGXGCATGGE (SEQ ID NO:1159)
TTXGCCCXGXGCATGGGCTC (SEQ ID NO:1160)
GCCCXGXGCATGGGCTCCGT (SEQ ID NO:1161)
CXGXGCATGGGCTCCGTCCE (SEQ ID NO:1162)
XGXGXGETTXGCCCXEGXG {(SEQ ID NO:1163)
XGXGGTTXGCCCXEGXG (SEQ ID NO:1164)
GXGGTTXGCCCXGXG (SEQ ID NO:1165)
GGXGXGXGGTTXGCCCXG {SEQ ID NO:1166)
GGXGXGXGETTXGCCC (SEQ ID NO:1167)
GOXGXGXGGTTXGCC (SEQ ID NO:1168)
GGXGXAXGETTXGCCCXGXG (SEQ ID NO:1169)
GGXGXGXGETTXGTCCXGXG (SEQ ID NO:1170)
GGXGCGXCGXGETTXGCCGXGXG (SEQ ID NO:1171)

RZ1 485-510

5' -GGCGCGCGGTTCGCCCCGCGCATGGG-3 ' (SEQ ID NO:1172)
GGGCGCGCGGTTCGCCCCGCGCATGGG (SEQ ID NO:1173)
GGGGCGCGCGGTTCGCCCCGCGCATGGG (SEQ ID NO:1174)
GGGGGCGCGCGGTTCGCCCCGCGCATGGG (SEQ ID NO:1175)
CGGGGGCGCGCGGTTCGCCCCGCGCATGGG (SEQ ID NO:1176)
GCGGGGGCGCGCGETTCGCCCCGCGCATGGG (SEQ ID NO:1177)
GGCGCGCGGTTCGCCCCGCGCATGGGC (SEQ ID NO:1178)
GGCGCGCGETTCGCCCCGCGCATGGGCT (SEQ ID NO:1179)
GGCGCGCGGTTCGCCCCGCGCATGGGCTC (SEQ ID NO:1180)
GGCGCGCGGTTCGCCCCGCGCATGGGCTCC (SEQ ID NO:1181)
GGCGCGCGGTTCGCCCCGCGCATGGGCTCCG (SEQ ID NO:1182)

- GGGCGCGCGGTTCGCCCCGCGCATGGGC (SEQ ID NO:1183)
GGGGCGCGCGGTTCGCCCCGCGCATGGGCT (SEQ ID NO:1184)
GGGGGCGCGCGGTTCGCCCCGCGCATGGGCTC (SEQ ID NO:1185)
CGGGGGCGCGCGGTTCGCCCCGCGCATGGGCTCC (SEQ ID NO:1186)
GCGGGGGCGCGCGGTTCGCCCCGCGCATGGGCTCCG {SEQ ID NO:1187)
GGGGGCGCGCGGTTCGCCCCGCGCAT (SEQ ID NO:1188)
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GGCGGGGGCGCGCGETTCGCCCCGCG (SEQ ID NO:1189)
GGGGGCGGGGGCGCGCGGTTCGCCCC (SEQ ID NO:1190)
GGCGGGGGCGGGGGCGCGCGETTCGC (SEQ ID NO:1191)
CGGGGCGGGGGCGGEGGECGCGCGGTT (SEQ ID NO:1192)
GCGCGGTTCGCCCCGECGCATGGGCTC (SEQ ID NO:1193)
CGGTTCGCCCCGCGCATGGGCTCCGT (SEQ ID NO:1194)
TTCGCCCCGCGCATGGGCTCCGTCCG (SEQ ID NO:1195)
GCCCCGCGCATGGGCTCCGTCCGCGG (SEQ ID NO:1196)
CCGCGCATGGGCTCCGTCCGCGGGCC (SEQ ID N0:1197)
CGCGCGGTTCGCCCCGCGCATGGSE (SEQ ID NO:1198)
CGCGGTTCGCCCCGCGCATGGG (SEQ ID NO:11989)
CGGTTCGCCCCGCGCATGGG (SEQ ID NO:1200)
GTTCGCCCCGCGCATGGG (SEQ ID NO:1201)
TCGCCCCGCGCATGGG (SEQ ID NO:1202)
CGCCCCGCGCATGGG (SEQ ID NO:1203)
GGCGCGCGGTTCGCCCCGCGCATG (SEQ ID NO:1204)
GGCGCGCGGTTCGCCCCGCGCA (SEQ ID NO:1205)
GGCGCGCGGETTCGCCCCGCG (SEQ ID NO:1206)
GGCGCGCGGTTCGCCCCG (SEQ ID NO:1207)
GGCGCGCGGTTCGCCC (SEQ ID NO:1208)
GGCGCGCGGTTCGCC (SEQ ID NO:1209)
GGCGCGCTGTTCGCCCCGCGCATGGG (SEQ ID NO:1210)
GGCGCGCGGTTCGCCCCGCGCCTGGG (SEQ ID NO:1211)
GGCGCGCGGTTCGACCCGCGCATGGG (SEQ ID NO:1212)

RZ8X 1421-1451

US 2006/0135455 Al

5! -AGXGTGXGGGAGGGCTGTXGCCTCGCCCCCA-3" (SEQ ID NO:1213)
CAGXGTCXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1214)
CCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1215)
CCCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1216)
ACCCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1217)
AACCCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1218)
AGXGTGXGGGAGGGCTGTXGCCTCGCCCCCAC (SEQ ID NO:1219)
AGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACT (SEQ ID NO:1220)
AGXGTGXGGGAGGEGCTGTXGCCTCGCCCCCACTT (SEQ ID NO:1221)
AGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACTTG (SEQ ID N0O:1222)
AGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACTTGC (SEQ ID NO:1223)
CAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCAC (SEQ ID NO:1224)
CCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACT (SEQ ID NO:1225)
CCCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACTT (SEQ ID NO:1226)
ACCCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACTTG (SEQ ID NO:1227)
BACCCAGXGTGXGGGAGGGCTGTXGCCTCGCCCCCACTTGC (SEQ ID N0O:1228)
CCCAGXGTGXGGGAGGGCTGTXGCCTCGCCC (SEQ ID N0O:1229) )
CARCCCAGXGTGXGGGAGGGCTGTXGCCTCG (SEQ ID NO:1230)
CTGCAACCCAGXGTGXGGGAGGGCTGTXGCC (SEQ ID NO:1231)
CAGCTGCAACCCAGXGTGXGGGAGGGCTGTX (SEQ ID NO:1232)
GTGCAGCTGCAACCCAGXGTGXGGGAGGGCT (SEQ ID N0:1233)
GTGXGGGAGGGCTGTXGCCTCGCCCCCACTT (SEQ ID NO:1234)
XGGGAGGGCTGTXGCCTCGCCCCCACTTGCT (SEQ ID NO:1235)
GAGGGCTGTXGCCTCGCCCCCACTTGCTCTT (SEQ ID NO:1236)
GGCTGTXGCCTCGCCCCCACTTGCTCTTAAT (SEQ ID NO:1237)
TGTXGCCTCGCCCCCACTTGCTCTTAATGAC (SEQ ID NO:1238)

XGTGXGGGAGGGCTCTXGCCTCECCCCCA (SEQ ID NO:1239)

TGXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1240)
XGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1241)
GGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1242)
AGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1243)
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GGCTGTXGCCTCGCCCCCA (SEQ ID NO:1244)
CTGTXGCCTCGCCCCCA (SEQ ID NO:1245)
GTXGCCTCGCCCCCA (SEQ ID NO:1246)
AGXGTGXGGGAGGGCTGTXGCCTCGCCCC (SEQ ID NO:1247)
AGXGTGXGGGAGGGCTGTXGCCTCGCC (SEQ ID NO:1248)

. AGXGTGXGGGAGGGCTGTXGCCTCG (SEQ ID NO:1249)
AGXGTGXGGGAGGGCTGTXGCCT (SEQ ID NO:1250)
AGXGTGXGGGAGGGCTGTXGC (SEQ ID NO:1251)
AGXGTGXGGGAGGGCTGTX (SEQ ID NO:1252)
AGXGTGXGGGAGGGCTG (SEQ ID NO:1253)
AGXGTGXGGGAGGGC (SEQ ID NO:1254)
AGXGAGXGGGAGGGCTGTXGCCTCGCCCCCA (SEQ ID NO:1255)
AGXGTGXGGGAGGGATGTXGCCTCGCCCCCA (SEQ ID NO:1256)
AGXGTGXGGGAGGGCTGTXGCGTCGCCCCCA (SEQ ID NO:1257)

RZ11X 442-467

5' -GXGGCTXGGGTTGXGGGXGCAGGGCA-3"' (SEQ ID NO:1258)
TGXGGCTXGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1259)
GTGXGGCTXGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1260)
GGTGXGGCTXGGGTTGXGCGGXGCAGGGCA (SEQ ID NO:1261)
GGGTGXGGCTXGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1262)
CGGGTGXGGCTXGGGTTGXGGGXGCAGCGGCA (SEQ ID NO:1263)
GXGGCTXGGGTTGXGGEXGCAGGGCAC (SEQ ID NO:1264)
GXGGCTXGGGTTGXGGGXGCAGGGCACG (SEQ ID NO:1265)
GXGGCTXGGGTTGXGGGXGCAGGGCACGG (SEQ ID NO:1266)
GXGGCTXGGGTTGXGGGXGCAGGGCACGGEG (SEQ ID NO:1267)
GXGGCTXGGOTTGXGGGXGCAGGGCACGGGC (SEQ ID NO:1268)
" TGXGGCTXGGGTTGXGGGXGCAGGGCAC (SEQ ID NO:1269)
GTGXGGCTXGGGTTGXGGGXGCAGGGCACG. (SEQ ID NO:1270)
GGTGXGGCTXGGGTTGXGEGXGCAGGGCACGE (SEQ ID NO:1271)
GGGTGXGGCTXGGGTTGXGGGXGCAGGGCACGGG (SEQ ID NO:1272)
CGGGTGXGGCTXGGGTTGXGGGXGCAGGGCACGGGC (SEQ ID NO:1273)
GGTGXGGCTXGGGTTGXGGGXGCAGG (SEQ ID NO:1274)
GCGGGTGXGGCTXGGETTGXGGGXGC (SEQ ID NO:1275)
GCGGCGGGTGXGGCTXGGETTGXGGG (SEQ ID NO:1276)
TCCGCGGCGGGTGXGGCTXGGGTTGX (SEQ ID NO:1277)
CCGTCCGCGGCGGETGXGGCTXGEGT (SEQ ID NO:1278)
GCTXGGGTTGXGGGXGCAGGGCACGG (SEQ ID NO:1279)
XGGGTTGXGGGXGCAGGGCACGGGCGE (SEQ ID NO:1280)
'"GTTGXGGGXGCAGGGCACGGGCGGCG (SEQ ID NO:1281)
GXGGGXGCAGGGCACGGGCGGCGGAG (SEQ ID NO:1282)
GGXGCAGGGCACGGGCGGCGGAGACT (SEQ ID NO:1283)
GGCTXGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1284)
CTXGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1285)
XGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1286)
GGTTGXGGGXGCAGGGCA (SEQ ID NO:1287)
TTGXGGGXGCAGGGCA (SEQ ID NO:1288)
TGXGGGXGCAGGGCA (SEQ ID NO:1289)
GXGGCTXGGGTTGXGGGXGCAGGG (SEQ ID NO:1290)
GXGGCTXGGGTTGXGGGXGCAG (SEQ ID NO:1291)
GXGGCTXGGGTTGXGGGXGC (SEQ ID NO:1292)
GXGGCTXGGGTTGXGGGX (SEQ ID NO:1293)
GXGGCTXGGGTTGXGG (SEQ ID NO:1294)
GXGGCTXGGGTTGXG (SEQ ID NO:1295)
GXGACTXGGGTTGXGGGXGCAGGGCA (SEQ ID NO:1296)
GXGGCTXGGGTTGXGGTXGCAGGGCA (SEQ ID NO:1297)
GXGGCTXGGGTTCXGGGXGCAGGGCA (SEQ ID NO:1298)
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Figure 29

CM2 175-199

5’ -GCXGCATTGAATTAACTAXGXGXGCC-3 (SEQ ID NO:319)
AGCXGCATTGAATTAACTAXGXGXGCC (SEQ ID NO:320)
GAGCXGCATTGAATTAACTAXGXGXGCC (SEQ ID NO:321)
AGAGCXGCATTGAATTAACTAXGXGXGCC (SEQ ID NO:322)
GAGAGCXGCATTGAATTAACTAXGXGXGCC (SEQ ID NO:323)
AGAGAGCXGCATTGAATTAACTAXGXGXGCC (SEQ ID NO:324)
GCXGCATTGAATTAACTAXGKGXGCCT (SEQ ID NO:325)
GCXGCATTGAATTAACTAXGKGXGCCTA (SEQ ID NO:326)
GCXGCATTGAATTAACTAXGKXGXGCCTAC (SEQ ID NO:327)
GCXGCATTGAATTAACTAXGKGKGCCTACC (SEQ ID NO:328)
GCXGCATTGAATTAACTAXGKGXGCCTACCA (SEQ ID NO:329)
AGCKGCATTGAATTAACTAXGXGXGCCT (SEQ ID NO:330)
GAGCXGCATTGAATTAACTAXGXGXGCCTA (SEQ ID NO:331)
AGAGCXGCATTGAATTAACTAXGXGXGCCTAC (SEQ ID NO:332)
GAGRAGCXGCATTGAATTAACTAXGXGXGCCTACC (SEQ ID NO:333)
AGAGAGCXGCATTGAATTAACTAXGXGXGCCTACCA (SEQ ID NO:334)
AGAGCXGCATTGAATTAACTAXGXGX (SEQ ID NO:335)
AAGAGAGCXGCATTGAATTAACTAXG (SEQ ID NO:336)
AGTARGAGAGCKGCATTGAATTAACT (SEQ ID NC:337)
CAGAGTAAGAGAGCXGCATTGAATTA (SEQ ID NO:338)
AAACAGAGTAAGAGAGCXGCATTGAA (SEQ ID NO:339)
GCATTGAATTAACTAXGXGXGCCTAC (SEQ ID NO:340)
TTGAATTAACTAXGXGXGCCTACCAT (SEQ ID NO:341)
AATTAACTAXGXGXGCCTACCATTTT (SEQ ID NO:342)
TAACTAXGXGKGCCTACCATTTTCTT (SEQ ID NO:343)
CTAXGXGXGCCTACCATTTTCTTTTG (SEQ ID NO:344)
XGCATTGAATTAACTAXGXGXGCC (SEQ ID NO:345)
CATTGRATTAACTAXGXGXGCC (SEQ ID NO:346)
TTGAATTAACTAXGXGXGCC (SEQ ID NO:347)
GAATTAACTAXGXGXGCC (SEQ ID NO:348)
ATTAACTAXGXGXGCC (SEQ ID NO:349)
TTAACTAXGXGXGCC (SEQ ID NO:350)
GCXGCATTGAATTAACTAXGXGXG (SEQ ID NO:351)
GCXGCATTGAATTAACTAXGXG (SEQ ID NO:352)
GCXGCATTGAATTAACTAXG (SEQ ID NO:353)
GCXGCATTGAATTAACTA (SEQ ID NO:354)
GCXGCATTGAATTAAC (SEQ ID NO:355)
GCXGCATTGAATTAA (SEQ ID NO:356)
GCXGCATTGAATTCACTAXGXGKGCC (SEQ ID NO:357)
GCXGCATCGAATTAACTAXGXGXGCC (SEQ ID NO:358)
GCXGCATTGAGTTAACTAXGXGXGCC (SEQ ID NO:359)

CM3** 349-371

S’ -GCXGGTGGGXGGAGAGTTAGXGAG-3* (SEQ ID NO:360)
GGCXGGTGGGXGGAGAGTTAGXGAG (SEQ ID NO:361)
GGGCXGGTGGGXGGAGAGTTAGXGAG (SEQ ID NO:362)
AGGGCXGGTGGGXGGAGAGTTAGXGAG (SEQ ID NO:363)
AAGGGCXGGTGGGXGGAGAGTTAGKXGAG (SEQ ID NO:364)
ARNGGGCXGGTGGCXGGAGAGTTAGXGAG (SEQ ID NO:365)
GCXGGTGGGXGGAGAGTTAGXGAGA (SEQ ID NO:366)
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GCXGGTGGGXGCAGAGTTAGXGAGAG (SEQ ID NO:367)
GCXGGTGGGXGGAGAGTTAGXGAGAGA (SEQ ID NO:368)
GCXGGTGGGXGGAGAGTTAGXGAGAGAG (SEQ ID NO:369)
-GCXGGTGGGXGGAGAGTTAGXGAGAGAGG (SEQ ID NO:370)
GGCXGGTGGGXGGAGAGTTAGXGAGA (SEQ ID NO:371)
GGGCXGGTGGGXGGAGAGTTAGXGAGAG (SEQ ID NO:372)
AGGGCXGGTGGGXGGAGAGTTAGXGAGAGA (SEQ ID NO:373)
AAGGGCXGGTGGGXGGAGAGTTAGXGAGAGAG (SEQ ID NO:374)
AAAGGGCXGCTGGGXGCGAGAGTTAGXGAGAGAGG (SEQ ID NO:375)
AGGGCXGGTGGGXGGAGAGTTAGX {(SEQ ID NO:376)
TAAAGGGCXGGTGGGXGGAGAGTT (SEQ ID NO:377)
TTATAAAGGGCXCGGTGGGXGGAGAG (SEQ ID NO:378)
GCATTATAARGGGCXGGTGGGXGGA (SEQ ID NO:379)
CTCGCATTATAAAGGGCXGGTGGGX (SEQ ID NO:380)
GGTGGGXGGAGAG (A) TTAGXGAGAGA (SEQ ID NO:381)
GGGXGGAGARGTTAGXGAGAGAGGA (SEQ ID NO:382)
XGGAGAGTTAGXGAGAGAGGATCT (SEQ ID NO:383)
AGAGTTAGXGAGAGAGGATCTTTT (SEQ ID NO:384)
GTTAGXGAGAGAGGATCTTTTTTC (SEQ ID NO:385)
XGGTGGGXGGAGAGTTAGXGAG (SEQ ID NO:386)
GTGGGXGGAGAGTTAGXGAG (SEQ ID NO:387)
GGGXGGAGAGTTAGXGAG (SEQ ID NO:388)
GXGGAGAGTTAGXGAG (SEQ ID NO:389)
GGAGAGTTAGXGAG (SEQ ID NO:390)
GCXGGTGGGXGGAGAGTTAGXG (SEQ ID NO:391)
GCXGGTGGGXGGAGAGTTAG (SEQ ID NO:392)
GCXGGTGGGXGGAGAGTT (SEQ ID NO:393)
GCXGGTGGGXGGAGAG (SEQ ID NO:394)
GCXGGTGGGXGGAGA (SEQ ID NO:395)
GCXGGTGGGXGGTGAGTTAGXGAG (SEQ ID NO:396)}
GCXGGTCGGXGGAGAGTTAGXGAG (SEQ ID NO:397)
GCXGGTGGGXGGAGAGTTAGXTAG (SEQ ID NO:398)

cM6  13-39

5' ~TGXGXGCCCACKGCCAXGCCAXGXGXGT-3' (SEQ ID NO:399) -
CTGXGXGCCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:400)
ACTGXGXGCCCACKGCCAXGCCAXGXGXGT (SEQ ID NO:401)
CACTGXGXGCCCACKGCCAXGCCAXGXGXGT (SEQ ID NO:402)
CCACTGXGXGCCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:403)
ACCACTGXGXGCCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:404)
TGXGXGCCCACXGCCAXGCCAXGXGXGTA (SEQ ID NO:405)
TGXGXGCCCACXGCCAXGCCAXGXGXGTAC (SEQ ID NO:406)
TGXGXGCCCACXGCCAXGCCAXGXGXGTACC (SEQ ID NO:407)
TGXGXGCCCACXGCCAXGCCAXGXGXGTACCA (SEQ ID NO:408)
TGXGXGCCCACXGCCAXGCCAXGKGXGTACCAG (SEQ ID NO:409)
CTGXGXGCCCACXGCCAXGCCAXGXGKGTA (SEQ ID NO:410)
ACTGXGXGCCCACXGCCAXGCCAXGXGKGTAC (SEQ ID NO:411)
CACTGXGXGCCCACKGCCAXGCCAXGXGXGTACC (SEQ ID NO:412)
CCACTGXGXGCCCACXGCCAXGCCAXGXGXGTACCA (SEQ ID NO:413)
ACCACTGXGXGCCCACXGCCAXGCCAXGXGXGTACCAG (SEQ ID NO:414)
CACTGXGXGCCCACKGCCAXGCCAXGXG (SEQ ID NO:415)
AACCACTGXGXGCCCACXGCCAXGCCAX (SEQ ID NO:416)
GAGAACCACTGXGXGCCCACXGCCAXGC (SEQ ID NO:417)
ACCGAGAACCACTGXGXGCCCACXGCCA (SEQ ID NO:418)
CACACCGAGAACCACTGXGXGCCCACXG (SEQ ID NO:419)
GXGCCCACXGCCAXGCCAXGXGXGTACC (SEQ ID NO:420)
CCCACXGCCAXGCCAXGXGXGTACCAGG (SEQ ID NO:421)
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ACXGCCAXGCCAXGXGXGTACCAGGCTG (SEQ ID NO:422)
GCCAXGCCAXGXGXGTACCAGGCTGCAG (SEQ ID NO:423)
XGXGCCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:424)
XGCCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:425)
CCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:426)
CACXGCCAXGCCAXGXGXGT  (SEQ ID NO:427)
CXGCCAXGCCAXGXGXGT (SEQ ID NO:428)
GCCAXGCCAXGXGXGT (SEQ ID NO:429)
CCAXGCCAXGXGXGT (SEQ ID NO:430)
TGXGXGCCCACXGCCAXGCCAXGXGX (SEQ ID NO:431)
TGXGXGCCCACXGCCAXGCCAXGX (SEQ ID NO:432)
TGXGXGCCCACXGCCAXGCCAX (SEQ ID NO:433)
TGXGXGCCCACXGCCAXGCC (SEQ ID NO:434)
TGXGXGCCCACXGCCAXG (SEQ ID NO:435)
TGXGXGCCCACXGCCA (SEQ ID NO:436)
TGXGXGCCCACXGCC (SEQ ID NO:437)
TGXGXGCCCACXGCCGXGCCAXGXGXGT (SEQ ID NO:438)
TGXGXGTCCACXGCCAXGCCAXGXGXGT (SEQ ID NO:439)
TGXGXGCCCGCXGCCAXGCCAXGXGXET (SEQ ID NO:440)
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Figure 30

TG3 805-830

5' -AGGGGXGGGGAXGCTGAGXGCACXGA-3"' (SEQ ID NO:1299)
ARGGGGXGGGGAXGCTGAGXGCACXGA (SEQ ID NO:1300)
TAAGGGGXGGGGAXGCTGAGXGCACXGA (SEQ ID NO:1301)
GTAAGGGGXGGGGAXGCTGAGXGCACXGA (SEQ ID NO:1302)
GGTAAGGGGXGGCGGAXGCTCGAGXGCACXGA (SEQ ID NO:1303)
GGGTAAGGGGXCGCGGAXGCTGAGXGCACXGA (SEQ ID NO:1304)
AGGGGXGGGGAXGCTGAGXGCACXGAG (SEQ ID NO:1305)
AGGGGXGGGGAXGCTGAGXGCACXGAGC (SEQ ID NO:1306)
AGGGGXGGGCAXGCTCGAGXGCACXGAGCA (SEQ ID NO:1307)
AGGGGXGGGCAXGCTGAGXGCACXGAGCAG (SEQ ID NO:1308)
AGGGGXGGGGAXGCTGAGXGCACXGAGCAGG (SEQ ID NO:1309)
AAGGGGXGGGGAXGCTGAGXGCACXGAG (SEQ ID NO:1310)
TAAGGGGXGGGGAXGCTGAGXGCACXGAGC (SEQ ID NO:1311)
GTAAGGGGXGGGGAXGCTGAGXGCACXGAGCA (SEQ ID NO:1312)
GGTAAGGGGXGGGGAXGCTGAGXGCACXGAGCAG (SEQ ID NO:1313)
GGGTAAGGGGXGGGGAXGCTGAGXGCACXGAGCAGG (SEQ ID NO:1314)
GTARAGGGGXGGGGAXGCTGAGXGCAC (SEQ ID NO:1315)
GGGGTAAGGGGXGGGGAXGCTGAGXG (SEQ ID NO:1316)
TTTGGGGTAAGGGGXGGCGGAXGCTGAG (SEQ ID NO:1317)
GGGTTTGGGGTAAGGGGXGGGGAXGCT (SEQ ID NO:1318)
TGGCGGTTTGGCGCGTAAGGGGXGGEGAX (SEQ ID NO:1319)
GGXGGGGAXGCTCGAGXGCACKXGAGCA (SEQ ID NO:1320)
GGGGAXGCTGAGXGCACXGAGCAGGG (SEQ ID NO:1321)
GAXGCTGAGXGCACXGAGCAGGGCGC (SEQ ID NO:1322)
GCTGAGXGCACXGAGCAGGGCGCGGG (SEQ ID NO:1323)
GAGXGCACXGAGCAGGGCGCGGGCTG (SEQ ID NO:1324)
GGGXGGGGAXGCTGAGXGCACXGA (SEQ ID NO:1325)
GXGGGGAXGCTGAGXGCACXGA (SEQ ID NO:1326)}
GGGGAXGCTGAGXGCACXGA (SEQ ID NO:1327)
GGAXGCTGAGXGCACXGA (SEQ ID NO:1328)
AXGCTGAGXGCACXGA (SEQ ID NO:1329)

GCTGAGXGCACXGA (SEQ ID N0O:1330)
RAGGGGXGGGGRXGCTGAGXGCACX (SEQ ID NO:1331)
AGGGGXGGGGAXGCTGAGXGCA (SEQ ID NO:1332)
AGGGGXGGGGAXGCTGAGXG (SEQ ID NO:1333)
AGGGGXGGGGAXGCTGAGX (SEQ ID NO:1334)
AGGGGXGGGGAXGCTGA (SEQ ID NO:1335)
AGGGGXGGGGAXGCT (SEQ ID NO:1336)
AGGGGXGAGGAXGCTGAGXGCACXGA (SEQ ID NO:1337)
AGGGGXGGGGAXGCTGATXGCACXGA (SEQ ID NO:1338)
AGGGGXGGGGAXGCTCAGXGCACXGA (SEQ ID NO:1339)

TG5 728-762

5' -GCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGA-3"' (SEQ ID NO:1340)
AGCCTGGXGGXGXGAGCXGGGCACCKXGGGCXGAXGA (SEQ ID NO:1341)
GAGCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1342)
AGAGCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1343)
CAGAGCCTGGXGGXGXGAGCXGEGCACCKXGGGCXGAXGA (SEQ ID NO:1344)
CCAGAGCCTGGXGGXGXGAGCXGGGCACCAGGGCXGAXGA (SEQ ID NO:1345)
GCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGAA (SEQ ID NO:1346)
-GCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGARA (SEQ ID NO:1347)
GCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGAAAA (SEQ ID NO:1348)
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GCCTGGXGGXGXGAGCXEGGCACCXGGGCXGAXGAAAAG (SEQ ID NO:1349)
GCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGAAAAGG (SEQ ID NO:1350)
AGCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGAA (SEQ ID NO:1351)
GAGCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGAAA (SEQ ID NO:1352)
AGAGCCTGGXGGXGXGAGCXGGGCACCXGGGCKXGAXGAARR (SEQ ID NO:1353)
CAGAGCCTGGXGGXGXGAGCXCGGCACCXGGGCKGAXGAARAG (SEQ ID NO:1354)
CCAGAGCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGARAAGGE (SEQ ID NO:1355)
AGAGCCTGGXGGXGXGAGCXGGGCACCXGGGCXGA (SEQ ID NO:1356)
CCCAGAGCCTGGXGGXGXGAGCXGGGCACCXGGGC (SEQ ID NO:1357)
GATCCCAGAGCCTGGXGGXGXGAGCXGGGCACCXG (SEQ ID NO:1358)
TGGGATCCCAGAGCCTGGXGGXGXGAGCXGGGCAC (SEQ ID NO:1359)
ACCTGGGATCCCAGAGCCTGGXGGXGXGAGCXGGG (SEQ ID NO:1360)
TGGXGGXGXGAGCXGGGCACCXGGGCXGAXGAARA (SEQ ID NO:1361)
XGGXGXGAGCXGGGCACCXGGGCXGAXGARARAGGC (SEQ ID NO:1362)
XGXGAGCXGGGCACCXGGGCXGAXGAAAAGGCAGG (SEQ ID NO:1363)
GAGCXGGGCACCXGGGCXGAXGAAAAGGCAGGAAG (SEQ ID NO:1364)
CXGGGCACCXGGGCXGAXGAAAAGGCAGGAAGCGC (SEQ ID NO:1365)
CTGGXGGXGXGAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1366)
GGXGGXGXGAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1367)
XGGXGXGAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1368)
GXGXGAGCXGGGCACCXGEGGCXGAXGA (SEQ ID NO:1369)
GXGAGCXGGGCACCXGGGECXGAXGA (SEQ ID NO:1370)
GAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1371)
GCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1372)
XGGGCACCXGGGCXGAXGA (SEQ ID N0O:1373)

GGCACCXGGGCXGAXGA (SEQ ID NO:1374)

CACCXGGGCXGAXGA (SEQ ID NO:1375)
GCCTGGXGGXGXGAGCXGGGCACCXGGGCXGAX (SEQ ID NO:1376)
GCCTGGXGGXGXGAGCXGGGCACCXGGGCXG (SEQ ID NO:1377)
GCCTGGXGGXGXGAGCXGGGCACCXGGGC (SEQ ID N0O:1378)
GCCTGGXGGXGXGAGCXGGGCACCXGG (SEQ ID NO:1379)
GCCTGGXGGXGXGAGCXGGGCACCX (SEQ IDb NO:1380)
GCCTGGXGGXGXGAGCXGGGCAC (SEQ ID NO:1381)
GCCTGGXGGXGXGAGCXGGGC (SEQ ID NO:1382)
GCCTGGXGGXGXGAGCXGG (SEQ ID NO:1383)

GCCTGGXGGXGXGAGCX (SEQ ID NO:13B4)

GCCTGGXGGXGXGAG (SEQ ID NO:1385)
GCCTGGXGGXGXGAGCXAGGCACCXGGGCXGAXGA (SEQ ID NO:1386)
GCCTGGXGCXGXGAGCXGGGCACCXGGGCXGAXGA (SEQ ID NO:1387)
GCCTGGXGGXGXGAGCXGGGCACCXGGGCXTAXGA (SEQ ID NO:1388)

TG8** 754-787 .

5 ' -GGGXGGGGXGACCTGGGATCCCAGGCCTGGXGG-3"' (SEQ ID NO:1389)
TGGGXGGGGXGACCTCGGGATCCCAGGCCTGGXGG (SEQ ID NO:1390)
CTGGGXGEGGXGACCTGGGATCCCAGGCCTGGXGG (SEQ ID NO:1391)
GCTGGGXGGGGXGACCTGGGATCCCAGGCCTGEXGE (SEQ ID NO:1392)
TGCTGGGXGGGCGXGACCTGGGATCCCAGGCCTEGXGE (SEQ ID N0O:1393)
CTGCTGGGXGGGGXGACCTGGGATCCCAGGCCTGGXGG (SEQ ID NO:1394)
GGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGC (SEQ ID NO:1395)
GGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGCG (SEQ ID N0O:1396)
GGGXGGGGXGACCTGGGATCCCAGGCCTGGXGECGC (SEQ ID NQ:1397)
GGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGCGCG (SEQ ID NO:1398)
GGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGCGCGA (SEQ ID NO:1359)
TGGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGC (SEQ ID NO:1400)
CTGGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGCG (SEQ ID NO:1401)
GCTGGGXGGGGXGACCTGGGATCCCAGGCCTGGXGGCGC (SEQ ID NO:1402)
TGCTGGGXGGGGXGACCTGGCATCCCAGGCCTGGXGGCGCG (SEQ ID NO:1403)
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CTGCTGGGXGGGGXCACCTGGGATCCCAGGCCTGGXGGCGCGA (SEQ ID NO:1404)
GCTGGGXGGGGXGACCTGGGATCCCAGGCCTGG (SEQ ID NO:1405)
GCTGCTGGGXGEGGXGACCTGGGATCCCAGGECC (SEQ ID NO:1406)
CGGGCTGCTGGGXGGEGXGACCTGGGATCCCAG (SEQ ID NO:1407)
GCGCGGGCTGCTEGGXBEGGXGACCTGGGATCCC (SEQ ID NO:1408)
AGGGCGCGGGCTGCTGGGXGGGGXGACCTGGGAT (SEQ ID NO:1409)
XGGGGXGACCTGGGATCCCAGGCCTGGXGGCGC (SEQ ID NO:1410)
GGXGACCTGGGATCCCAGGCCTGGXGGCGCGAG (SEQ ID NO:1411)
GACCTGGGATCCCAGGCCTGGXGGCGCGAGCCG (SEQ ID NO:1412)
CTGGGATCCCAGGCCTGGXGGCGCGAGCCGGGC (SEQ ID NO:1413)
GGATCCCAGGCCTGGXGGCGCGAGCCGGGCACC (SEQ ID NO:1414)
GXGGGGXGACCTGGGATCCCAGGCCTGGXGE (SEQ ID NO:1415)
GGGGXGACCTGGGATCCCAGGCCTGGXGG (SEQ ID NO:1416)
GGXGACCTGGGATCCCAGGCCTGGXGGE (SEQ ID NO:1417)
XGACCTGGGATCCCAGGCCTGGXGG (SEQ ID NO:1418)
ACCTGGGATCCCAGGCCTGGXGG (SEQ ID NO:1419)
CTGGGATCCCAGGCCTGGXGG (SEQ ID NC:1420)
GGGATCCCAGGCCTGGXGG (SEQ ID NO:1421)
GATCCCAGGCCTGGXGG (SEQ ID NO:1422)

TCCCAGGCCTGGXGG (SEQ ID NO:1423)

CCCAGGCCTGGXGG (SEQ ID NO:1424)
GGGXGGGGXGACCTGGGATCCCAGGCCTGGX (SEQ ID NO:1425)
GGOXCGCECXCGACCTAGGATCCCAGGCCTE (SEQ ID NO:1426)
GGGXGGGGXGACCTGGGATCCCAGGCC (SEQ ID NO:1427)
GGGXGGGGXGACCTGGGATCCCAGG (SEQ ID NO:1428)
GGGXGGEGXGACCTGGGATCCCAG (SEQ ID NO:1429)
GGGXGGGGEXGACCTGGGATCCC (SEQ ID NO:1430)
GGGXGGGEGXGACCTGGGATC (SEQ ID NO:1431)
GGGXGGGGXCGACCTGGGA (SEQ ID NO:1432)
GGGXGGGGXGACCTGG (SEQ ID NO:1433)

GGGXGGGGXGACCTG (SEQ ID NO:1434)
GGGXGGGEXGACCTGGCATCCCAGGCCTGGXGG (SEQ ID NO:1435)
GGGXGGGGXGATCTGGGATCCCAGGCCTGGXGG (SEQ ID NO:1436)
GGGXGGGGXGACCTGGGATCCCAGGCCTGCXGG (SEQ ID NO:1437)
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METHODS AND COMPOSITIONS FOR THE
INHIBITION OF GENE EXPRESSION

FIELD OF THE INVENTION

[0001] The present invention relates to methods and com-
positions for the inhibition of gene expression. In particular,
the present invention provides oligonucleotide-based thera-
peutics for the inhibition of oncogenes involved in cancers.

BACKGROUND OF THE INVENTION

[0002] Oncogenes have become the central concept in
understanding cancer biology and may provide valuable
targets for therapeutic drugs. All oncogenes and their prod-
ucts operate inside the cell. This makes protein-based drugs
ineffective since their specificity involves ligand-receptor
recognition.

[0003] Antisense oligodeoxyribonucleotides (oligonucle-
otides) are under investigation of therapeutic compound for
specifically targeting oncogenes (Wickstrom, E. (ed). Pros-
pects for antisense nucleic acid therapy of cancer and Aids.
New York: Wiley-Liss, Inc. 1991; Murray, J. A. H. (ed).
Antisense RNA and DNA New York: Wiley-Liss, Inc. 1992).
Antisense drugs are modified synthetic oligonucleotides that
work by interfering with ribosomal translation of the target
mRNA. The antisense drugs developed thus far destroy the
targeted mRNA by binding to it and triggering ribonuclease
H(RNase H) degradation of mRNA. Oligonucleotides have
a half-life of about 20 minutes and they are therefore rapidly
degraded in most cells (Fisher, T. L. et al., Nucleic Acids
Res. 21:3857-3865 (1993)). To increase the stability of
oligonucleotides, they are often chemically modified, e.g.,
they are protected by a sulfur replacing one of the phosphate
oxygens in the backbone (phosphorothioate) (Milligan, J. F.
et al., J. Med. Chem. 36:1923-1937 (1993); Wagner, R. W.
et al., Science 260:1510-1513 (1993)). However, this modi-
fication can only slow the degradation of antisense and
therefore large dosages of antisense drug are required to be
effective.

[0004] Despite the optimism surrounding the use of anti-
sense therapies, there are a number of serious problems with
the use of antisense drugs such as difficulty in getting a
sufficient amount of antisense into the cell, non-sequence-
specific effects, toxicity due to the large amount of sulfur
containing phosphothioates oligonucleotides and their
inability to get into their target cells, and high cost due to
continuous delivery of large doses. An additional problem
with antisense drugs has been their nonspecific activities.

[0005] What is needed are additional non-protein based
cancer therapeutics that target oncogenes. Therapeutics that
are effective in low doses and that are non-toxic to the
subject are particularly needed.

SUMMARY OF THE INVENTION

[0006] The present invention relates to methods and com-
positions for the inhibition of gene expression. In particular,
the present invention provides oligonucleotide-based thera-
peutics for the inhibition of oncogenes involved in cancers.

[0007] In some embodiments, the present invention pro-
vides a composition comprising a first oligonucleotide that
hybridizes to the promoter region of a Her-2 gene (e.g., SEQ
1D NOs: 31, 32, 35, 36, 37, or 38). In some embodiments,
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at least one of the cytosine bases in the first oligonucleotide
is S-methylcytosine. In some embodiments, all of the
cytosine bases in the first oligonucleotide are 5-methylcy-
tosine. In some preferred embodiments, the hybridization of
the first oligonucleotide to the promoter region of the Her-2
gene inhibits expression of the Her-2 gene. In some embodi-
ments, the Her-2 gene is on a chromosome of a cell, and
wherein the hybridization of the first oligonucleotide to the
promoter region of the Her-2 gene reduces proliferation of
the cell. In some embodiments, the composition further
comprises a second oligonucleotide. In some embodiments,
at least one of the cytosine bases in the second oligonucle-
otide is 5-methylcytosine. In some embodiments, all of the
cytosine bases in the second oligonucleotide are 5-methyl-
cytosine. In some embodiments, the second oligonucleotide
comprises SEQ ID NOs: 31, 32, 35, 36, 37, or 38, but is
different than the first oligonucleotide (e.g., if the second
oligonucleotide has the sequence of SEQ ID NO:31, the first
oligonucleotide has a sequence other than SEQ ID NO:31).
In some embodiments, the second oligonucleotide hybrid-
izes to a promoter region of a second gene, wherein the
second gene is not Her-2. In some embodiments, the second
gene is an oncogene (e.g., c-ki-Ras, c-myec, bcl-2, c-Ha-ras,
or TGF-a).

[0008] In other embodiments, the present invention pro-
vides a composition comprising an oligonucleotide that
hybridizes to a promoter region of a c-myc gene at a position
comprising between nucleotides 205-344 of SEQ ID NO:29
or between nucleotides 382-435 of SEQ 1D NO:29.

[0009] In yet other embodiments, the present invention
provides a method, comprising: providing an oligonucle-
otide that hybridizes to the promoter region of a Her-2 gene
(e.g., SEQ ID NOs: 31, 32, 35, 36, 37, or 38) and a cell
comprising a Her-2 gene capable of expression, wherein the
cell is capable of proliferation; and introducing the oligo-
nucleotide to the cell. In some embodiments, the oligonucle-
otide is between 15 and 30 bases in length. In some
embodiments, the oligonucleotide hybridizes to the pro-
moter region of the c-myc gene at a position comprising
between nucleotides 205-344 of SEQ ID NO:29 or between
nucleotides 382-435 of SEQ ID NO:29.

[0010] In some embodiments, the introducing results in
the reduction of proliferation of the cell. In certain embodi-
ments, the introducing results in inhibition of expression of
the Her-2 gene. In some embodiments, the cell is a cancer
cell. In some embodiments, the cancer is pancreatic cancer,
colon cancer, breast cancer, bladder cancer, lung cancer,
leukemia, prostate, lymphoma, ovarian, or melanoma. In
other embodiments, the cell is in a host animal (e.g., a
non-human mammal or a human). In some embodiments,
the oligonucleotide is introduced to the host animal at a
dosage of between 0.01 pg to 100 g, and preferably between
1 mg to 100 mg per kg of body weight. In some embodi-
ments, the oligonucleotide is introduced to the host animal
one or more times per day. In other embodiments, the
oligonucleotide is introduced to the host animal continu-
ously (e.g., for a period of between 2 hours and 2 weeks). In
other embodiments, the cell is in cell culture. In certain
embodiments, the method further comprises the step of
introducing a test compound to the cell. In some embodi-
ments, the test compound is a known chemotherapy agent.

[0011] In some embodiments, the method further provides
a drug delivery system. In some embodiments, the drug
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delivery system comprises a liposome (e.g., a liposome
comprising a neutral lipid or a lipid like compound). In some
embodiments, the drug delivery system comprises a cell
targeting component (e.g., a ligand or ligand like molecule
for a cell surface receptor or a nuclear receptor). In certain
embodiments, the drug delivery system is for use in vivo,
and the oligonucleotide and the liposome are present in the
ratio of from 2:1 to 1:3/1 pg to 100 mg per kg body weight.

[0012] In still further embodiments, the present invention
provides a composition comprising an oligonucleotide that
hybridizes under physiological conditions to the promoter
region of a Her-2 gene. In some embodiments, at least one
(e.g., all) of the cytosine bases in the oligonucleotide are
5-methylcytosine. In some embodiments, the oligonucle-
otide is completely complementary to the promoter region of
the Her-2 gene. In other embodiments, the oligonucleotide is
partially complementary to the promoter region of the Her-2
gene. For example, in certain embodiments, the oligonucle-
otide contains one mismatch to the promoter region of the
Her-2 gene. In some preferred embodiments, the oligonucle-
otide is complementary only to the promoter region of the
Her-2 gene and is not completely complementary to other
regions of the human genome. In some embodiments, the
oligonucleotide is between 10 nucleotides and 60, and
preferably between 15 and 35 nucleotides in length.

[0013] The present invention further provides a composi-
tion comprising an oligonucleotide that hybridizes under
physiological conditions to the promoter region of a Her-2
gene under conditions such that expression of the Her-2 gene
is inhibited.

[0014] The present invention additionally provides a com-
position comprising an oligonucleotide that hybridizes
under physiological conditions to the promoter region of a
Her-2 gene located on a chromosome of a cell under
conditions such that proliferation of the cell is reduced.

[0015] The present invention also provides a composition
comprising a first oligonucleotide that hybridizes under
physiological conditions to the promoter region of a Her-2
gene, the oligonucleotide comprising at least on CG dinucle-
otide pair, wherein at least one of the cytosine bases in the
CG dinucleotide pair comprises S-methylcytosine; and a
second oligonucleotide, the second oligonucleotide com-
prising at least on CG dinucleotide pair, wherein at least one
of the cytosine bases in the CG dinucleotide pair comprises
5-methylcytosine.

[0016] In certain embodiments, the present invention pro-
vides a kit comprising an oligonucleotide that hybridizes
under physiological conditions to the promoter region of a
Her-2 gene, the oligonucleotide comprising at least on CG
dinucleotide pair, wherein at least one of the cytosine bases
in the CG dinucleotide pair comprises S5-methylcytosine; and
instructions for using the kit for reducing proliferation of a
cell comprising a Her-2 gene on a chromosome of the cell
or inhibiting gene expression. In some embodiments, the
composition in the kit are used for treating cancer in a
subject and the instructions comprise instructions for using
the kit to treat cancer in the subject. In some embodiments,
the instructions are instructions required by the U.S. Food
and Drug Agency for labeling of pharmaceuticals.

[0017] The present invention also provides a method,
comprising: providing a biological sample from a subject

Jun. 22, 2006

diagnosed with a cancer; and reagents for detecting the
present or absence of expression of a oncogene in the
sample; and detecting the presence or absence of expression
of an oncogene in the sample; administering an oligonucle-
otide that hybridizes under physiological conditions to the
promoter region of an oncogene expressed in the biological
sample, the oligonucleotide comprising at least on CG
dinucleotide pair, wherein at least one of the cytosine bases
in the CG dinucleotide pair comprises 5-methylcytosine to
the subject.

[0018] The present invention additionally provides a
method of inhibiting the expression of a gene in a subject
(e.g., for the treatment of cancer or other hyperproliferative
disorders) comprising providing an oligonucleotide that
hybridizes under physiological conditions to the promoter
region of a gene involved in cancer or a hyperproliferative
disorder expressed in the biological sample, the oligonucle-
otide comprising at least on CG dinucleotide pair, wherein
at least one of the cytosine bases in the CG dinucleotide pair
comprises S-methylcytosine; and administering the oligo-
nucleotide to the subject under conditions such that expres-
sion of the gene is inhibited. In some embodiments, the
subject is a human.

[0019] In yet further embodiments, the present invention
provides a method of screening compounds comprising
providing a cell comprising a suspected oncogene; and an
oligonucleotide that hybridizes to the promoter region of the
gene; and administering the oligonucleotide to the cell; and
determining if proliferation of the cell is inhibited in the
presence of the oligonucleotide relative to the absence of the
oligonucleotide. In some embodiments, the cell is in culture
(e.g., a cancer cell line). In other embodiments, the cell is in
a host animal (e.g., a non-human mammal). In some
embodiments, the method is a high-throughput screening
method.

DESCRIPTION OF THE FIGURES

[0020] FIG. 1 shows the nucleic acid sequence of the
bel-2 gene (SEQ ID NO: 1).

[0021] FIG. 2 shows the sequences of antigenes to bcl-2
used in some embodiments of the present invention. X refers
to a methylated C nucleotide.

[0022] FIG. 3 shows the nucleic acid sequence of the
c-erbB-2 (Her-2) gene (SEQ 1D NO:29).

[0023] FIG. 4 shows the sequences of antigenes to
c-erbB-2 used in some embodiments of the present inven-
tion. X refers to a methylated C nucleotide.

[0024] FIG. 5 shows the nucleic acid sequence of the
c-ki-Ras gene (SEQ ID NO:46).

[0025] FIG. 6 shows the sequences of antigenes to c-ki-
Ras used in some embodiments of the present invention. X
refers to a methylated C nucleotide.

[0026] FIG. 7 shows the nucleic acid sequence of the
c-Ha-Ras gene (SEQ ID NO:66).

[0027] FIG. 8 shows the sequences of antigenes to c-Ha-
Ras used in some embodiments of the present invention. X
refers to a methylated C nucleotide.

[0028] FIG. 9 shows the nucleic acid sequence of the
c-myc gene (SEQ ID NO:108).



US 2006/0135455 Al

[0029] FIG. 10 shows the sequences of antigenes to c-myc
used in some embodiments of the present invention. X refers
to a methylated C nucleotide.

[0030] FIG. 11 shows the nucleic acid sequence of the
TGF-a gene (SEQ ID NO:131).
[0031] FIG. 12 shows the sequences of antigenes to

TGF-o used in some embodiments of the present invention.
X refers to a methylated C nucleotide.

[0032] FIG. 13 shows the inhibition of expression of cell
growth by antigenes to c-ki-Ras used in some embodiments
of the present invention FIG. 14 shows the inhibition of
expression of cell growth by antigenes to bel-2 used in some
embodiments of the present invention.

[0033] FIG. 15 shows the inhibition of expression of cell
growth by antigenes to c-erb-2 used in some embodiments
of the present invention.

[0034] FIG. 16 shows the inhibition of expression of cell
growth by antigenes to c-Ha-Ras used in some embodiments
of the present invention.

[0035] FIG. 17 shows the inhibition of expression of cell
growth by antigenes to c-myc used in some embodiments of
the present invention.

[0036] FIG. 18 shows the inhibition of expression of cell
growth by antigenes to TGF-a. used in some embodiments of
the present invention.

[0037] FIG. 19 shows the dose response curve of inhibi-
tion of expression of cell growth by antigenes to c-ki-Ras.

[0038] FIG. 20 shows the dose response curve of inhibi-
tion of expression of cell growth of FSCCL cells (A) and
MCF-7 cells (B) by antigenes to bcl-2.

[0039] FIG. 21 shows the dose response curve of inhibi-
tion of expression of cell growth by antigenes to c-erb-2.

[0040] FIG. 22 shows the dose response curve of inhibi-
tion of expression of cell growth by antigenes to c-Ha-Ras
used.

[0041] FIG. 23 shows the dose response curve of inhibi-
tion of expression of cell growth by antigenes to c-myc.

[0042] FIG. 24 shows the dose response curve of inhibi-
tion of expression of cell growth of T47D cells (A) and
MDA-MB-231 cells (B) by antigenes to TGF-c.

[0043] FIG. 25 shows exemplary variants of antigenes to
c-ki-Ras.

[0044] FIG. 26 shows exemplary variants of antigenes to
bel-2.

[0045] FIG. 27 shows exemplary variants of antigenes to
c-erb-2.

[0046] FIG. 28 shows exemplary variants of antigenes to
c-ha-ras.

[0047] FIG. 29 shows exemplary variants of antigenes to
c-myc.

[0048] FIG. 30 shows exemplary variants of antigenes to
TGF-o.

[0049] FIG. 31 shows inhibition of lymphoma cells by
non-methylated oligonucleotides targeted toward Bcl-2.
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DEFINITIONS

[0050] To facilitate an understanding of the present inven-
tion, a number of terms and phrases are defined below:

[0051] As used herein, the term “under conditions such
that expression of said gene is inhibited” refers to conditions
where an oligonucleotide of the present invention hybridizes
to a gene (e.g., the promoter region of the gene) and inhibits
transcription of the gene by at least 10%, preferably at least
25%, even more preferably at least 50%, and still more
preferably at least 90% relative to the level of transcription
in the absence of the oligonucleotide. The present invention
is not limited to the inhibition of expression of a particular
gene. Exemplary genes include, but are not limited to,
c-ki-Ras, c-Ha-ras, c-myc, her-2, TGF-a, and bcl-2.

[0052] As used herein, the term “under conditions such
that growth of said cell is reduced” refers to conditions
where an oligonucleotide of the present invention, when
administered to a cell (e.g., a cancer) reduces the rate of
growth of the cell by at least 10%, preferably at least 25%,
even more preferably at least 50%, and still more preferably
at least 90% relative to the rate of growth of the cell in the
absence of the oligonucleotide.

[0053] The term “epitope” as used herein refers to that
portion of an antigen that makes contact with a particular
antibody.

[0054] When a protein or fragment of a protein is used to
immunize a host animal, numerous regions of the protein
may induce the production of antibodies which bind spe-
cifically to a given region or three-dimensional structure on
the protein; these regions or structures are referred to as
“antigenic determinants”. An antigenic determinant may
compete with the intact antigen (i.e., the “immunogen” used
to elicit the immune response) for binding to an antibody.

[0055] As used herein, the term “subject” refers to any
animal (e.g., a mammal), including, but not limited to,
humans, non-human primates, rodents, and the like, which is
to be the recipient of a particular treatment. Typically, the
terms “subject” and “patient” are used interchangeably
herein in reference to a human subject.

[0056] As used herein, the terms “computer memory” and
“computer memory device” refer to any storage media
readable by a computer processor. Examples of computer
memory include, but are not limited to, RAM, ROM,
computer chips, digital video disc (DVDs), compact discs
(CDs), hard disk drives (HDD), and magnetic tape.

[0057] As used herein, the term ‘“‘computer readable
medium” refers to any device or system for storing and
providing information (e.g., data and instructions) to a
computer processor. Examples of computer readable media
include, but are not limited to, DVDs, CDs, hard disk drives,
magnetic tape and servers for streaming media over net-
works.

[0058] As used herein, the terms “processor” and “central
processing unit” or “CPU” are used interchangeably and
refer to a device that is able to read a program from a
computer memory (e.g., ROM or other computer memory)
and perform a set of steps according to the program.

[0059] As used herein, the term “non-human animals”
refers to all non-human animals including, but are not



US 2006/0135455 Al

limited to, vertebrates such as rodents, non-human primates,
ovines, bovines, ruminants, lagomorphs, porcines, caprines,
equines, canines, felines, aves, etc. and and non-vertebrate
animals such as drosophila and nematode. In some embodi-
ments, “non-human animals” further refers to prokaryotes
and viruses such as bacterial pathogens, viral pathogens.

[0060] As used herein, the term “nucleic acid molecule”
refers to any nucleic acid containing molecule, including but
not limited to, DNA or RNA. The term encompasses
sequences that include any of the known base analogs of
DNA and RNA including, but not limited to, 4-acetylcy-
tosine, 8-hydroxy-N-6-methyladenosine, aziridinylcytosine,
pseudoisocytosine,  5-(carboxyhydroxylmethyl) uracil,
S5-fluorouracil, 5-bromouracil, 5-carboxymethylaminom-
ethyl-2-thiouracil, 5-carboxymethylaminomethyluracil,
dihydrouracil, inosine, N6-isopentenyladenine, 1-methylad-
enine, 1-methylpseudouracil, 1-methylguanine, 1-methyli-
nosine, 2,2-dimethylguanine, 2-methyladenine, 2-meth-
ylguanine, 3-methylcytosine, 5-methylcytosine,
N6-methyladenine, 7-methylguanine, 5-methylaminom-
ethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-
mannosylqueosine, 5'-methoxycarbonylmethyluracil,
5-methoxyuracil, 2-methylthio-N-6-isopentenyladenine,
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid,
oxybutoxosine, pseudouracil, queosine, 2-thiocytosine,
5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methylu-
racil, N-uracil-5-oxyacetic acid methylester, uracil-5-oxy-
acetic acid, pseudouracil, queosine, 2-thiocytosine, and 2,6-
diaminopurine.

[0061] The term “gene” refers to a nucleic acid (e.g.,
DNA) sequence that comprises coding sequences necessary
for the production of a polypeptide, precursor, or RNA (e.g.,
rRNA, tRNA). The polypeptide can be encoded by a full
length coding sequence or by any portion of the coding
sequence so long as the desired activity or functional prop-
erties (e.g., enzymatic activity, ligand binding, signal trans-
duction, immunogenicity, etc.) of the full-length or fragment
are retained. The term also encompasses the coding region
of'a structural gene and the sequences located adjacent to the
coding region on both the 5' and 3' ends for a distance of
about 1 kb or more on either end such that the gene
corresponds to the length of the full-length mRNA.
Sequences located 5' of the coding region and present on the
mRNA are referred to as 5' non-translated sequences.
Sequences located 3' or downstream of the coding region
and present on the mRNA are referred to as 3' non-translated
sequences. The term “gene” encompasses both cDNA and
genomic forms of a gene. A genomic form or clone of a gene
contains the coding region interrupted with non-coding
sequences termed “introns” or “intervening regions” or
“intervening sequences.” Introns are segments of a gene that
are transcribed into nuclear RNA (hnRNA); introns may
contain regulatory elements such as enhancers. Introns are
removed or “spliced out” from the nuclear or primary
transcript; introns therefore are absent in the messenger
RNA (mRNA) transcript. The mRNA functions during
translation to specify the sequence or order of amino acids
in a nascent polypeptide.

[0062] As used herein, the term “heterologous gene”
refers to a gene that is not in its natural environment. For
example, a heterologous gene includes a gene from one
species introduced into another species. A heterologous gene
also includes a gene native to an organism that has been
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altered in some way (e.g., mutated, added in multiple copies,
linked to non-native regulatory sequences, etc). Heterolo-
gous genes are distinguished from endogenous genes in that
the heterologous gene sequences are typically joined to
DNA sequences that are not found naturally associated with
the gene sequences in the chromosome or are associated
with portions of the chromosome not found in nature (e.g.,
genes expressed in loci where the gene is not normally
expressed).

[0063] As used herein, the term “gene expression” refers
to the process of converting genetic information encoded in
a gene into RNA (e.g., mRNA, rRNA, tRNA, or snRNA)
through “transcription” of the gene (i.e., via the enzymatic
action of an RNA polymerase), and for protein encoding
genes, into protein through “translation” of mRNA. Gene
expression can be regulated at many stages in the process.
“Up-regulation” or “activation” refers to regulation that
increases the production of gene expression products (i.e.,
RNA or protein), while “down-regulation” or “repression”
refers to regulation that decrease production. Molecules
(e.g., transcription factors) that are involved in up-regulation
or down-regulation are often called “activators” and “repres-
sors,” respectively.

[0064] In addition to containing introns, genomic forms of
a gene may also include sequences located on both the 5' and
3' end of the sequences that are present on the RNA
transcript. These sequences are referred to as “flanking”
sequences or regions (these flanking sequences are located 5'
or 3' to the non-translated sequences present on the mRNA
transcript). The 5' flanking region may contain regulatory
sequences such as promoters and enhancers that control or
influence the transcription of the gene. The 3' flanking region
may contain sequences that direct the termination of tran-
scription, post-transcriptional cleavage and polyadenylation.

[0065] The term “wild-type” refers to a gene or gene
product isolated from a naturally occurring source. A wild-
type gene is that which is most frequently observed in a
population and is thus arbitrarily designed the “normal” or
“wild-type” form of the gene. In contrast, the term “modi-
fied” or “mutant” refers to a gene or gene product that
displays modifications in sequence and or functional prop-
erties (i.e., altered characteristics) when compared to the
wild-type gene or gene product. It is noted that naturally
occurring mutants can be isolated; these are identified by the
fact that they have altered characteristics (including altered
nucleic acid sequences) when compared to the wild-type
gene or gene product.

[0066] As used herein, the terms “nucleic acid molecule
encoding,”DNA sequence encoding,” and “DNA encod-
ing” refer to the order or sequence of deoxyribonucleotides
along a strand of deoxyribonucleic acid. The order of these
deoxyribonucleotides determines the order of amino acids
along the polypeptide (protein) chain. The DNA sequence
thus codes for the amino acid sequence.

[0067] As used herein, the terms “an oligonucleotide
having a nucleotide sequence encoding a gene” and “poly-
nucleotide having a nucleotide sequence encoding a gene,”
means a nucleic acid sequence comprising the coding region
of a gene or in other words the nucleic acid sequence that
encodes a gene product. The coding region may be present
in a cDNA, genomic DNA or RNA form. When present in
a DNA form, the oligonucleotide or polynucleotide may be
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single-stranded (i.e., the sense strand) or double-stranded.
Suitable control elements such as enhancers/promoters,
splice junctions, polyadenylation signals, etc. may be placed
in close proximity to the coding region of the gene if needed
to permit proper initiation of transcription and/or correct
processing of the primary RNA transcript. Alternatively, the
coding region utilized in the expression vectors of the
present invention may contain endogenous enhancers/pro-
moters, splice junctions, intervening sequences, polyadeny-
lation signals, etc. or a combination of both endogenous and
exogenous control elements.

[0068] As used herein, the term “oligonucleotide,” refers
to a short length of single-stranded polynucleotide chain.
Oligonucleotides are typically less than 200 residues long
(e.g., between 8 and 100), however, as used herein, the term
is also intended to encompass longer polynucleotide chains
(e.g., as large as 5000 residues). Oligonucleotides are often
referred to by their length. For example a 24 residue
oligonucleotide is referred to as a “24-mer”. Oligonucle-
otides can form secondary and tertiary structures by self-
hybridizing or by hybridizing to other polynucleotides. Such
structures can include, but are not limited to, duplexes,
hairpins, cruciforms, bends, and triplexes.

[0069] In some embodiments, oligonucleotides are “anti-
genes.” As used herein, the term “antigene” refers to an
oligonucleotide that hybridizes to the promoter region of a
gene. In some embodiments, the hybridization of the anti-
gene to the promoter inhibits expression of the gene.

[0070] As used herein, the terms “complementary” or
“complementarity” are used in reference to polynucleotides
(i.e., a sequence of nucleotides) related by the base-pairing
rules. For example, for the sequence “A-G-T,” is comple-
mentary to the sequence “T-C-A.” Complementarity may be
“partial,” in which only some of the nucleic acids’ bases are
matched according to the base pairing rules. Or, there may
be “complete” or “total” complementarity between the
nucleic acids. The degree of complementarity between
nucleic acid strands has significant effects on the efficiency
and strength of hybridization between nucleic acid strands.
This is of particular importance in amplification reactions, as
well as detection methods that depend upon binding between
nucleic acids.

[0071] As used herein, the term “completely complemen-
tary,” for example when used in reference to an oligonucle-
otide of the present invention refers to an oligonucleotide
where all of the nucleotides are complementary to a target
sequence (e.g., a gene).

[0072] As used herein, the term “partially complemen-
tary,” for example when used in reference to an oligonucle-
otide of the present invention, refers to an oligonucleotide
where at least one nucleotide is not complementary to the
target sequence. Preferred partially complementary oligo-
nucleotides are those that can still hybridize to the target
sequence under physiological conditions. The term “par-
tially complementary” refers to oligonucleotides that have
regions of one or more non-complementary nucleotides both
internal to the oligonucleotide or at either end. Oligonucle-
otides with mismatches at the ends may still hybridize to the
target sequence.

[0073] The term “homology” refers to a degree of comple-
mentarity. There may be partial homology or complete
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homology (i.e., identity). A partially complementary
sequence is a nucleic acid molecule that at least partially
inhibits a completely complementary nucleic acid molecule
from hybridizing to a target nucleic acid is “substantially
homologous.” The inhibition of hybridization of the com-
pletely complementary sequence to the target sequence may
be examined using a hybridization assay (Southern or North-
ern blot, solution hybridization and the like) under condi-
tions of low stringency. A substantially homologous
sequence or probe will compete for and inhibit the binding
(i.e., the hybridization) of a completely homologous nucleic
acid molecule to a target under conditions of low stringency.
This is not to say that conditions of low stringency are such
that non-specific binding is permitted; low stringency con-
ditions require that the binding of two sequences to one
another be a specific (i.e., selective) interaction. The absence
of non-specific binding may be tested by the use of a second
target that is substantially non-complementary (e.g., less
than about 30% identity); in the absence of non-specific
binding the probe will not hybridize to the second non-
complementary target.

[0074] When used in reference to a double-stranded
nucleic acid sequence such as a cDNA or genomic clone, the
term “substantially homologous” refers to any probe that can
hybridize to either or both strands of the double-stranded
nucleic acid sequence under conditions of low stringency as
described above.

[0075] A gene may produce multiple RNA species that are
generated by differential splicing of the primary RNA tran-
script. cDNAs that are splice variants of the same gene will
contain regions of sequence identity or complete homology
(representing the presence of the same exon or portion of the
same exon on both cDNAs) and regions of complete non-
identity (for example, representing the presence of exon “A”
on ¢cDNA 1 wherein ¢cDNA 2 contains exon “B” instead).
Because the two ¢cDNAs contain regions of sequence iden-
tity they will both hybridize to a probe derived from the
entire gene or portions of the gene containing sequences
found on both cDNAs; the two splice variants are therefore
substantially homologous to such a probe and to each other.

[0076] When used in reference to a single-stranded nucleic
acid sequence, the term “substantially homologous” refers to
any probe that can hybridize (i.e., it is the complement of)
the single-stranded nucleic acid sequence under conditions
of low stringency as described above.

[0077] As used herein, the term “hybridization” is used in
reference to the pairing of complementary nucleic acids.
Hybridization and the strength of hybridization (i.e., the
strength of the association between the nucleic acids) is
impacted by such factors as the degree of complementary
between the nucleic acids, stringency of the conditions
involved, the T,, of the formed hybrid, and the G:C ratio
within the nucleic acids. A single molecule that contains
pairing of complementary nucleic acids within its structure
is said to be “self-hybridized.”

[0078] As used herein, the term “T_” is used in reference
to the “melting temperature.” The melting temperature is the
temperature at which a population of double-stranded
nucleic acid molecules becomes half dissociated into single
strands. The equation for calculating the T,, of nucleic acids
is well known in the art. As indicated by standard references,
a simple estimate of the T, value may be calculated by the
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equation: T, ,=81.5+0.41(% G+C), when a nucleic acid is in
aqueous solution at 1 M NaCl (See e.g., Anderson and
Young, Quantitative Filter Hybridization, in Nucleic Acid
Hybridization [1985]). Other references include more
sophisticated computations that take structural as well as
sequence characteristics into account for the calculation of
T

[0079] As used herein the term “stringency” is used in
reference to the conditions of temperature, ionic strength,
and the presence of other compounds such as organic
solvents, under which nucleic acid hybridizations are con-
ducted. Under “low stringency conditions” a nucleic acid
sequence of interest will hybridize to its exact complement,
sequences with single base mismatches, closely related
sequences (e.g., sequences with 90% or greater homology),
and sequences having only partial homology (e.g.,
sequences with 50-90% homology). Under “medium strin-
gency conditions,” a nucleic acid sequence of interest will
hybridize only to its exact complement, sequences with
single base mismatches, and closely relation sequences (e.g.,
90% or greater homology). Under “high stringency condi-
tions,” a nucleic acid sequence of interest will hybridize only
to its exact complement, and (depending on conditions such
a temperature) sequences with single base mismatches. In
other words, under conditions of high stringency the tem-
perature can be raised so as to exclude hybridization to
sequences with single base mismatches.

[0080] “High stringency conditions” when used in refer-
ence to nucleic acid hybridization comprise conditions
equivalent to binding or hybridization at 42° C. in a solution
consisting of 5xSSPE (43.8 g/1 NaCl, 6.9 g/l NaH,PO_H,0
and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.5%
SDS, 5x Denhardt’s reagent and 100 pg/ml denatured
salmon sperm DNA followed by washing in a solution
comprising 0.1xSSPE, 1.0% SDS at 42° C. when a probe of
about 500 nucleotides in length is employed.

[0081] “Medium stringency conditions” when used in
reference to nucleic acid hybridization comprise conditions
equivalent to binding or hybridization at 42° C. in a solution
consisting of 5xSSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO, H,O
and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.5%
SDS, 5x Denhardt’s reagent and 100 pg/ml denatured
salmon sperm DNA followed by washing in a solution
comprising 1.0xSSPE, 1.0% SDS at 42° C. when a probe of
about 500 nucleotides in length is employed.

[0082] “Low stringency conditions” comprise conditions
equivalent to binding or hybridization at 42° C. in a solution
consisting of 5xSSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO,H,0O
and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.1%
SDS, 5x Denhardt’s reagent [50x Denhardt’s contains per
500 ml: 5 g Ficoll (Type 400, Pharamcia), 5 g BSA (Fraction
V; Sigma)] and 100 pg/ml denatured salmon sperm DNA
followed by washing in a solution comprising 5xSSPE,
0.1% SDS at 42° C. when a probe of about 500 nucleotides
in length is employed.

[0083] The present invention is not limited to the hybrid-
ization of probes of about 500 nucleotides in length. The
present invention contemplates the use of probes between
approximately 8 nucleotides up to several thousand (e.g., at
least 5000) nucleotides in length. One skilled in the relevant
understands that stringency conditions may be altered for
probes of other sizes (See e.g., Anderson and Young, Quan-
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titative Filter Hybridization, in Nucleic Acid Hybridization
[1985] and Sambrook et al., Molecular Cloning: A Labora-
tory Manual, Cold Spring Harbor Press, NY [1989]).

[0084] The art knows well that numerous equivalent con-
ditions may be employed to comprise low stringency con-
ditions; factors such as the length and nature (DNA, RNA,
base composition) of the probe and nature of the target
(DNA, RNA, base composition, present in solution or
immobilized, etc.) and the concentration of the salts and
other components (e.g., the presence or absence of forma-
mide, dextran sulfate, polyethylene glycol) are considered
and the hybridization solution may be varied to generate
conditions of low stringency hybridization different from,
but equivalent to, the above listed conditions. In addition,
the art knows conditions that promote hybridization under
conditions of high stringency (e.g., increasing the tempera-
ture of the hybridization and/or wash steps, the use of
formamide in the hybridization solution, etc.) (see definition
above for “stringency”).

[0085] As used herein, the term ‘“physiological condi-
tions” refers to specific stringency conditions that approxi-
mate or are conditions inside an animal (e.g., a human).
Exemplary physiological conditions for use in vitro include,
but are not limited to, 37° C., 95% air, 5% CO,, commercial
medium for culture of mammalian cells (e.g., DMEM media
available from Gibco, Md.), 5-10% serum (e.g., calf serum
or horse serum), additional buffers, and optionally hormone
(e.g., insulin and epidermal growth factor).

[0086] The term “isolated” when used in relation to a
nucleic acid, as in “an isolated oligonucleotide™ or “isolated
polynucleotide” refers to a nucleic acid sequence that is
identified and separated from at least one component or
contaminant with which it is ordinarily associated in its
natural source. Isolated nucleic acid is such present in a form
or setting that is different from that in which it is found in
nature. In contrast, non-isolated nucleic acids as nucleic
acids such as DNA and RNA found in the state they exist in
nature. For example, a given DNA sequence (e.g., a gene) is
found on the host cell chromosome in proximity to neigh-
boring genes; RNA sequences, such as a specific mRNA
sequence encoding a specific protein, are found in the cell as
a mixture with numerous other mRNAs that encode a
multitude of proteins. However, isolated nucleic acid encod-
ing a given protein includes, by way of example, such
nucleic acid in cells ordinarily expressing the given protein
where the nucleic acid is in a chromosomal location different
from that of natural cells, or is otherwise flanked by a
different nucleic acid sequence than that found in nature.
The isolated nucleic acid, oligonucleotide, or polynucleotide
may be present in single-stranded or double-stranded form.
When an isolated nucleic acid, oligonucleotide or polynucle-
otide is to be utilized to express a protein, the oligonucle-
otide or polynucleotide will contain at a minimum the sense
or coding strand (i.e., the oligonucleotide or polynucleotide
may be single-stranded), but may contain both the sense and
anti-sense strands (i.e., the oligonucleotide or polynucle-
otide may be double-stranded).

[0087] As used herein, the term “purified” or “to purify”
refers to the removal of components (e.g., contaminants)
from a sample. For example, antibodies are purified by
removal of contaminating non-immunoglobulin proteins;
they are also purified by the removal of immunoglobulin that
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does not bind to the target molecule. The removal of
non-immunoglobulin proteins and/or the removal of immu-
noglobulins that do not bind to the target molecule results in
an increase in the percent of target-reactive immunoglobu-
lins in the sample. In another example, recombinant
polypeptides are expressed in bacterial host cells and the
polypeptides are purified by the removal of host cell pro-
teins; the percent of recombinant polypeptides is thereby
increased in the sample.

[0088] “Amino acid sequence” and terms such as
“polypeptide” or “protein” are not meant to limit the amino
acid sequence to the complete, native amino acid sequence
associated with the recited protein molecule.

[0089] The term “native protein” as used herein to indicate
that a protein does not contain amino acid residues encoded
by vector sequences; that is, the native protein contains only
those amino acids found in the protein as it occurs in nature.
A native protein may be produced by recombinant means or
may be isolated from a naturally occurring source.

[0090] As used herein the term “portion” when in refer-
ence to a protein (as in “a portion of a given protein”) refers
to fragments of that protein. The fragments may range in size
from four amino acid residues to the entire amino acid
sequence minus one amino acid.

[0091] The term “Southern blot,” refers to the analysis of
DNA on agarose or acrylamide gels to fractionate the DNA
according to size followed by transfer of the DNA from the
gel to a solid support, such as nitrocellulose or a nylon
membrane. The immobilized DNA is then probed with a
labeled probe to detect DNA species complementary to the
probe used. The DNA may be cleaved with restriction
enzymes prior to electrophoresis. Following electrophoresis,
the DNA may be partially depurinated and denatured prior
to or during transfer to the solid support. Southern blots are
a standard tool of molecular biologists (J. Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Press, NY, pp 9.31-9.58 [1989]).

[0092] The term “Northern blot,” as used herein refers to
the analysis of RNA by electrophoresis of RNA on agarose
gels to fractionate the RNA according to size followed by
transfer of the RNA from the gel to a solid support, such as
nitrocellulose or a nylon membrane. The immobilized RNA
is then probed with a labeled probe to detect RNA species
complementary to the probe used. Northern blots are a
standard tool of molecular biologists (J. Sambrook, et al.,
supra, pp 7.39-7.52 [1989]).

[0093] The term “Western blot” refers to the analysis of
protein(s) (or polypeptides) immobilized onto a support such
as nitrocellulose or a membrane. The proteins are run on
acrylamide gels to separate the proteins, followed by transfer
of the protein from the gel to a solid support, such as
nitrocellulose or a nylon membrane. The immobilized pro-
teins are then exposed to antibodies with reactivity against
an antigen of interest. The binding of the antibodies may be
detected by various methods, including the use of radiola-
beled antibodies.

[0094] As used herein, the term “cell culture” refers to any
in vitro culture of cells. Included within this term are
continuous cell lines (e.g., with an immortal phenotype),
primary cell cultures, transformed cell lines, finite cell lines
(e.g., non-transformed cells), and any other cell population
maintained in vitro.
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[0095] As used, the term “eukaryote” refers to organisms
distinguishable from “prokaryotes.” It is intended that the
term encompass all organisms with cells that exhibit the
usual characteristics of eukaryotes, such as the presence of
a true nucleus bounded by a nuclear membrane, within
which lie the chromosomes, the presence of membrane-
bound organelles, and other characteristics commonly
observed in eukaryotic organisms. Thus, the term includes,
but is not limited to such organisms as fungi, protozoa, and
animals (e.g., humans).

[0096] As used herein, the term “in vitro” refers to an
artificial environment and to processes or reactions that
occur within an artificial environment. In vitro environments
can consist of, but are not limited to, test tubes and cell
culture. The term “in vivo” refers to the natural environment
(e.g., an animal or a cell) and to processes or reaction that
occur within a natural environment.

[0097] The terms “test compound” and “candidate com-
pound” refer to any chemical entity, pharmaceutical, drug,
and the like that is a candidate for use to treat or prevent a
disease, illness, sickness, or disorder of bodily function (e.g.,
cancer). Test compounds comprise both known and potential
therapeutic compounds. A test compound can be determined
to be therapeutic by screening using the screening methods
of the present invention. In some embodiments of the
present invention, test compounds include antisense com-
pounds.

[0098] As used herein, the term “known chemotherapeutic
agents” refers to compounds known to be useful in the
treatment of disease (e.g., cancer). Exemplary chemothera-
peutic agents affective against cancer include, but are not
limited to, daunorubicin, dactinomycin, doxorubicin, bleo-
mycin, mitomycin, nitrogen mustard, chlorambucil, mel-
phalan, cyclophosphamide, 6-mercaptopurine, 6-thiogua-
nine, cytarabine (CA), 5-fluorouracil (5-FU), floxuridine
(5-FUdR), methotrexate (MTX), colchicine, vincristine, vin-
blastine, etoposide, teniposide, cisplatin and diethylstil-
bestrol (DES).

[0099] As used herein, the term “sample” is used in its
broadest sense. In one sense, it is meant to include a
specimen or culture obtained from any source, as well as
biological and environmental samples. Biological samples
may be obtained from animals (including humans) and
encompass fluids, solids, tissues, and gases. Biological
samples include blood products, such as plasma, serum and
the like. Environmental samples include environmental
material such as surface matter, soil, water, crystals and
industrial samples. Such examples are not however to be
construed as limiting the sample types applicable to the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0100] The present invention relates to methods and com-
positions for the treatment of cancers. In particular, the
present invention provides oligonucleotide-based therapeu-
tics for the inhibition of oncogenes involved in a variety of
cancers. The present invention is not limited to the treatment
of'a particular cancer. Any cancer can be targeted, including,
but not limited to, breast cancers. The present invention is
also not limited to the targeting of cancers or oncogenes. The
methods and compositions of the present invention are
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suitable for use with any gene that it is desirable to inhibit
the expression of (e.g., for therapeutic or research uses).

1. Oncogene Targets

[0101] In some embodiments, the present invention pro-
vides antigene inhibitors of oncogenes. The present inven-
tion is not limited to the inhibition of a particular oncogene.
Indeed, the present invention encompasses antigene inhibi-
tors to any number of oncogenes including, but not limited
to, those disclosed herein.

[0102] A.Ras

[0103] One gene which has captured the attention of many
scientists is the human proto-oncogene, c-Ha-ras. The
nucleic acid sequence of the promoter region of c-H-ras is
shown in FIG. 7. This gene acts as a central dispatcher,
relaying chemical signals into cells and controlling cell
division. Ras gene alteration may cause the gene to stay in
the “on” position. The ras oncogene is believed to underlie
up to 30% of cancer, including colon cancer, lung cancer,
bladder and mammary carcinoma (Bos, Cancer Res.
49:4682-4689 [1989]). The ras oncogene has therefore
become a target for therapeutic drugs.

[0104] There are several reports showing that oligonucle-
otides complementary to various sites of ras mRNA can
inhibit synthesis of ras protein (p21), which decreases the
cell proliferation rate in cell culture (U.S. Pat. No. 5,576,
208; U.S. Pat. No. 5,582,986; Daska et al., Oncogene Res.
5:267-275 [1990]; Brown et al., Oncogene Res. 4:243-252
[1989]; Saison-Behmoaras et al., EMBO J. 10:1111-1116
[1991)]. Oligonucleotides complementary to the 5' flanking
region of the c-Ha-ras RNA transcript have shown to inhibit
tumor growth in nude mice for up to 14 days (Gray et al.,
Cancer Res. 53:577-580 [1993]). It was recently reported
that an antisense oligonucleotide directed to a point mutation
(G>C) in codon 12 of the c-Ha-ras mRNA inhibited cell
proliferation as well as tumor growth in nude mice when it
was injected subcutaneously (U.S. Pat. No. 5,576,208; U.S.
Pat. No. 5,582,986, Schwab et al., Proc. Natl. Acad. Sci.
USA 91:10460-10464 [1994]; each of which is herein incor-
porated by reference). Researchers have also reported that
antisense drugs shrank ovarian tumors in small clinical trials
(Roush et al., Science 276:1192-1194 [1997]).

[0105] B. Her-2

[0106] The HER-2 (also known as neu oncogene or erbB-
2) oncogene encodes a receptor-like tyrosine kinase (RTK)
that has been extensively investigated because of its role in
several human carcinomas (Hynes and Stern, Biochim. et
Biophy. Acta 1198:165-184 [1994]; Dougall et al., Onco-
gene 9:2109-2123 [1994]) and in mammalian development
(Lee et al., Nature 378:394-398 [1995]). The nucleic acid
sequence of the promoter region of Her-2 is shown in FIG.
3. The sequence of the HER-2 protein was determined from
a cDNA that was cloned by homology to the epidermal
growth factor receptor (EGFR) mRNA from placenta (Cous-
sens et al., Science 230:1132-1139 [1985]) and from a
gastric carcinoma cell line (Yamamoto et al., Nature
319:230-234 [1986]). The HER-2 mRNA was shown to be
about 4.5 kb (Coussens et al., Science 230:1132-1139
[1985]; Yamamoto et al., Nature 319:230-234 [1986]) and
encodes a transmembrane glycoprotein of 185 kDa in nor-
mal and malignant human tissues (p185HER-2) (Hynes and
Steen, Biochim. et Biophys. Acta 1198:165-184 [1994];
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Dougall et al., Oncogene 9:2109-2123 [1994]). Overexpres-
sion of HER-2 causes phenotypic transformation of cultured
cells (DiFiore et al., Science 237:178-182 [1987]; Hudziak
et al.,, Proc. Natl. Acad. Sci. USA 84:7159-7163 [1987]) and
has been associated with aggressive clinical progression of
breast and ovarian cancer (Slamon et al., Science 235:177-
182 [1987]; Slamon et al., Science 244:707-712 [1989]).

[0107] HER-2 is one of the most frequently altered genes
in cancer. It encodes a transmembrane receptor (also known
as p185) with tyrosine kinase activity and is a member of the
epidermal growth factor (EGF) family, and thus is related to
the epidermal growth factor receptor (EGFR or HER-1).
Aberrant HER-2 gene expression is present in a wide variety
of cancers and are most common in breast, ovarian and
gastric cancers. HER-2 is overexpressed in 25-30% of all
human breast and ovarian cancers. Levels of HER-2 over-
expression correlate well with clinical stage of breast cancer,
prognosis and metastatic potential. Overexpression of
HER-2 is associated with lower survival rates, increased
relapse rates and increased metastatic potential. Tan et al.,
(Cancer Res., 57:1199 [1997]) have shown that overexpres-
sion of the HER-2 gene increases the metastatic potential of
breast cancer cells without increasing their transformation
ability.

[0108] Aberrant expression of HER-2 includes both
increased expression of normal HER-2 and expression of
mutant HER-2. Activation of the HER-2 proto-oncogene can
occur by any of three mechanisms—point mutation, gene
amplification and overexpression. Gene amplification is the
most common mechanism. Unlike the other EGF family
members for whom ligand activation is necessary for pro-
moting transformation, overexpression of HER-2 alone is
sufficient for transformation (Cohen, et al., J. Biol. Chem.,
271:30897 [1996]).

[0109] Several therapeutic approaches have been used to
reduce levels of the HER-2 gene product. The adenovirus
type 5 gene product E1A has been studied as a potential
therapeutic using a breast cancer model in nude mice. This
gene product can repress HER-2/neu overexpression by
repressing HER-2/neu promoter activity, and suppress the
tumorigenic potential of HER-2/neu-overexpressing ovarian
cancer cells. In mice bearing HER-2/neu-overexpressing
breast cancer xenografts, E1A delivered either by adenovi-
rus or liposome significantly inhibited tumor growth and
prolonged mouse survival compared with the controls
(Chang et al., Oncogene 14:561 [1997])

[0110] Clinical trials have been conducted to evaluate a
bispecific antibody which targets the extracellular domains
of both the HER-2/neu protein product and Fc gamma RIII
(CD16), the Fc gamma receptor expressed by human natural
killer cells, neutrophils, and differentiated mononuclear
phagocytes (Weiner et al., J. Hematotherapy, 4:471 [1995]).

[0111] Overexpression of HER-2 has also been found to be
associated with increased resistance to chemotherapy. Thus,
patients with elevated levels of HER-2 respond poorly to
many drugs. Methods used to inhibit HER-2 expression
have been combined with commonly used chemotherapeutic
agents (Ueno et al., Oncogone 15:953 [1997]). Combining
the adenovirus type 5 gene product, E1A, with taxol showed
a synergistic effect in human breast cancer cells. Zhang et
al., (Oncogene, 12:571 [1996]) demonstrated that emodin, a
tyrosine-specific inhibitor, sensitized non-small cell lung
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cancer (NSCLC) cells to a variety of chemotherapeutic
drugs, including cisplatin, doxorubicin and etoposide. A
HER-2 antibody was found to increase the efficacy of
tamoxifen in human breast cancer cells (Witters et al., Breast
Cancer Res. and Treatment, 42:1 [1997]).

[0112] Oligonucleotides have also been used to study the
function of HER-2. A triplex-forming oligonucleotide tar-
geted to the HER-2 promoter, 42 to 69 nucleotides upstream
of the mRNA transcription start site was found to inhibit
HER-2 expression in vitro (Ebbinghaus et al., J. Clin.
Invest., 92:2433[1993]). Porumb et al. (Cancer Res., 56:515
[1996]) also used a triplex-forming oligonucleotide targeted
to the same HER-2 promoter region. Decreases in HER-2
mRNA and protein levels were seen in cultured cells. Juhl et
al. (J. Biol. Chem., 272:29482 [1997]) used anti-HER-2
ribozymes targeted to a central region of the HER-2 RNA
just downstream of the transmembrane region of the protein
to demonstrate a reduction in HER-2 mRNA and protein
levels in human ovarian cancer cells. A reduction in tumor
growth in nude mice was also seen.

[0113] An antisense approach has been used as a potential
therapeutic for HER-2 overexpressing cancers. Pegues et al.
(Cancer Lett., 117:73 [1997]) cloned a 1.5 kb fragment of
HER-2 in an antisense orientation into an expression vector;
transfecting of this construct into ovarian cancer cells
resulted in a reduction of anchorage-independent growth.
Casalini et al. (Int. J. Cancer 72:631 [1997]) used several
human HER-2 antisense vector constructs, containing
HER-2 fragments from 151 bp to 415 bp in length, to
demonstrate reduction in HER-2 protein levels and anchor-
age-independent growth in lung adenocarcinoma cells.
Colomer et al. (Br. J. Cancer, 70:819 [1994]) showed that
phosphodiester antisense oligonucleotides targeted at or
immediately downstream of, the translation initiation codon
inhibited proliferation of human breast cancer cells by up to
60%. Wiechen et al. (Int. J. Cancer 63:604 [1995]) demon-
strated that an 18-nucleotide phosphorothioate oligonucle-
otide targeted to the coding region, 33 nucleotides down-
stream of the translation initiation codon, of HER-2 reduced
anchorage-independent growth of ovarian cancer cells. Ber-
tram et al. (Biochem. Biophys. Res. Commun., 200:661
[1994]) used antisense phosphorothioate oligonucleotides
targeted to the translation initiation region and a sequence at
the 3' part of the translated region of the mRNA which has
high homology to a tyrosine kinase consensus sequence, and
demonstrated a 75% reduction in HER-2 protein levels in
human breast cancer cells. Liu et al., (Antisense and Nucleic
Acid Drug Develop., 6:9 [1996]) used antisense phospho-
rothioate oligonucleotides targeted to the 5' cap site and
coding region. The most effective oligonucleotide, targeted
to the 5' cap site, reduced HER-2 protein expression by 90%.
Cell proliferation was also reduced by a comparable amount.
Vaughn et al. (Nuc. Acids. Res., 24:4558 [1996]) used
phosphorothioate, phosphorodithioate and chimeric anti-
sense oligonucleotides targeted at or adjacent to (either side)
the translation initiation region of HER-2. An alternating
dithioate/diester oligonucleotide targeted to the translation
initiation region worked slightly better than an all phospho-
rothioate oligonucleotide. Brysch et al. (Cancer Gene Ther.,
1: 99 [1994]) used chemically modified antisense oligo-
nucleotides targeted to the translation initiation codon of
HER-2 to reduce protein levels and cause growth arrest of
human breast cancer cell line.
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[0114] C.C-Myc

[0115] The c-myc gene product is encoded by an imme-
diate early response gene, the expression of which can be
induced by various mitogens. The nucleic acid sequence of
the promoter region of the c-myc gene is shown in FIG. 9.
C-myc expression is involved in the signal transduction
pathways leading to cell division. Studies have demon-
strated that proliferating cells have higher levels of c-myc
mRNA and c-myc protein than do quiescent cells. Antibod-
ies directed against the human c-myc protein are known to
inhibit DNA synthesis in nuclei isolated from human cells.
Conversely, constitutive expression of c-myc produced by
gene transfer inhibits induced differentiation of several cell
lines. Constitutive expression of c-myc predisposes trans-
genic mice to the development of tumors.

[0116] Some studies have suggested that the c-myc gene
product may play a proliferative role in SMCs. Balloon
de-endothelialization and injury of rat aortas is known to
increase c-myc mRNA expression of vascular SMC prior to
their subsequent proliferation and migration. Also, SMCs in
culture proliferate when exposed to several mitogens,
including PDGF, FGF, EGF, IGF-1 and to serum. Each of
these mitogens has been found to be capable of increasing
the expression in other cell lines of either c-myc protein,
c-myc mRNA, or both. Additionally, blood serum has been
found to increase c-myc mRNA levels in SMCs.

[0117] Harel-Bellan et al. (J. Immun. 140; 2431-2435
(1988)) demonstrated that antisense oligonucleotides
complementary to c-myc mRNA effectively inhibited the
translation thereof in human T cells. These T cells were
prevented from entering the S phase of cell division. c-myc
proto-oncogene sequences are described in Marcu et al.,
Ann. Rev. Biochem., 61:809-860 [1992]; Watt et al., Nature,
303:725-728 [1983)]; Battey et al., Cell, 34:779-787 (1983);
and Epstein et al, NTIS publication PB93-100576

[0118] D. Bel2

[0119] In many types of human tumors, including lym-
phomas and leukemias, the human bcl-2 gene is overex-
pressed, and may be associated with tumorigenicity
(Tsujimoto et al., Science 228:1440-1443 [1985]). The
nucleic acid sequence of the promoter region of bcl-2 is
shown in FIG. 1. High levels of expression of the human
bcl-2 gene have been found in all lymphomas with t (14; 18)
chromosomal translocations including most follicular B cell
lymphomas and many large cell non-Hodgkin’s lymphomas.
High levels of expression of the bcl-2 gene have also been
found in certain leukemias that do not have a t(14; 18)
chromosomal translation, including most cases of chronic
lymphocytic leukemia acute, many lymphocytic leukemias
of the pre-B cell type, neuroblastomas, nasophryngeal car-
cinomas, and many adenocarcinomas of the prostate, breast,
and colon. (Reed et al., Cancer Res. 51:6529 [1991]; Yunis
et al., New England J. Med. 320:1047; Campos et al., Blood
81:3091-3096 [1993]; McDonnell et al, Cancer Res.
52:6940-6944 [1992); Lu et al., Int. J. Cancer 53:29-35
[1993]; Bonner et al., Lab Invest. 68:43A [1993]).

[0120] E.TGF-a

[0121] Transforming Growth Factor Alpha (TGF-a) is a
polypeptide of 50 amino acids. The nucleic acid sequence of
the TGF-a promoter is shown in FIG. 11. It was first
isolated from a retrovirus-transformed mouse cell line and
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subsequently was identified in human tumor cells, in early
rat embryo cells and in cell cultures from the human
pituitary gland. TGF-a is closely related to Epidermal
Growth Factor (EGF), both structurally and functionally,
and both bind to the same receptor, i.e., Epidermal Growth
Factor Receptor (EGFR).

[0122] The sequence and three dimensional structure of
both EGF and TGF-a have been determined (Campbell et
al., Prog. Growth Factor Res. 1:13 [1989]). TGF-c. is a 50
amino acid polypeptide having about 40% homology of
residues with EGF. Both peptides are characterized by three
well defined loops (denoted A, B and C) and have three
intramolecular disulphide bonds.

[0123] Several growth factors, including TGF-o and EGF,
are believed to exert their biological effects via interaction
with the Epidermal Growth Factor Receptor (EGF Recep-
tor). The EGF Receptor is a Type 1 receptor tyrosine kinase.
The EGF Receptor and its ligands are of interest for their
roles in normal physiological processes as well as in hyper-
proliferative and neoplastic diseases.

[0124] The in vivo precursor of TGF-a.is a 160 amino acid
residue membrane-bound protein (pro-TGF-.alpha.) that is
cleaved to yield a soluble compound (Massague, J. Biol.
Chem., 265:21393-21396 [1990]). This cleavage removes
an extracellular portion comprised of 50 amino acids with a
molecular weight of 6 Kd and is considered to be an
important regulatory event (Pandiella et al., Proc. Natl.
Acad. Sci. USA, 88:1726-1730 [1990]) that can be stimu-
lated by phorbol esters acting via protein kinase C (Pandiella
et al., J. Biol. Chem., 266:5769-5773 [1991]).

[0125] Cultured human prostatic tumor lines contain
elevated levels of TGF-ao mRNA and proliferate in response
to TGF-a. (Wilding et al., The Prostate, 15:1-12 [1989]).
TGF-a appears to have both autocrine and paracrine func-
tion, stimulating physiologic activities such as cell division
and angiogenesis. When induced in transgenic mice, TGF-a
produced epithelial hyperplasia and focal dysplastic changes
that resembled carcinoma in situ (Sandgren et al., Cell,
61:1121-1135 [1990]).

F. c-ki-RAS

[0126] The c-Ki-RAS (KRAS) oncogene is expressed
ubiquitously. KRAS, with a length of more than 30 kb, is
much larger than HRAS or NRAS. The sequence of the
promoter region of c-ki-ras is shown in FIG. 5. Although the
3 ras genes, HRAS, KRAS, and NRAS, have different
genetic structures, all code for proteins of 189 amino acid
residues, generically designated p21. These genes acquire
malignant properties by single point mutations that affect the
incorporation of the 12th or 61 st amino acid residue of their
respective p21. KRAS is involved in malignancy much more
often than is HRAS. In a study of 96 human tumors or tumor
cell lines in the NIH 3T3 transforming system, (Pulciani et
al., Nature 300: 539 (1982) found a mutated HRAS locus
only in T24 bladder cancer cells, whereas transforming
KRAS genes were identified in 8 different carcinomas and
sarcomas.

[0127] In a serous cystadenocarcinoma of the ovary, Feig
et al. (Science 223: 698 (1984)) showed the presence of an
activated KRAS oncogene not activated in normal cells of
the same patient. The transforming gene product displayed
an electrophoretic mobility in SDS-polyacrylamide gels that
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differed from the mobility of KRAS transforming proteins in
other tumors. Thus, a previously undescribed mutation was
responsible for activation of KRAS in this ovarian carci-
noma. To study the role of oncogenes in lung cancer,
Rodenhuis et al. (New Eng. J. Med. 317: 929 (1987)) used
an assay based on oligonucleotide hybridization following
an in vitro amplification step. Genomic DNA was examined
from 39 tumor specimens obtained at thoracotomy. The
KRAS gene was found to be activated by point mutations in
codon 12 in 5 of 10 adenocarcinomas. Two of these tumors
were less than 2 cm in size and had not metastasized. No
HRAS, KRAS, or NRAS mutations were observed in 15
squamous cell carcinomas, 10 large cell carcinomas, 1
carcinoid, 2 metastatic adenocarcinomas from primary
tumors outside the lung, and 1 small cell carcinoma. An
approximately 20-fold amplification of the unmutated
KRAS gene was observed in a tumor that proved to be a
solitary lung metastasis of a rectal carcinoma. Yanez et al.
(Oncogene 1:315 (1987)) found mutations in codon 12 of
the KRAS gene in 4 of 16 colon cancers, 2 of 27 lung
cancers, and 1 of 8 breast cancers; no mutations were found
at position 61. Of the 6 possible amino acid replacements in
codon 12, all but one were represented in the 7 mutations
identified.

G. Other Oncogene Targets

[0128] The present invention is not limited to the onco-
genes described above. The methods of the present invention
are suitable for use with any oncogene with a known
promoter region. Exemplary oncogenes included, but are not
limited to, BCR/ABL, ABL1/BCR, ABL, BCL1, CD24,
CDK4, EGFR/ERBB-1, HSTF1, INT1/WNT1, INT2,
MDM2, MET, MYB, MYC, MYCN, MYCLI1, RAFI,
NRAS, REL, AKT2, APC, BCL2-ALPHA, BCL2-BETA,
BCL3, BCR, BRCA1, BRCA2, CBL, CCND1, CDKNIA,
CDKNIC, CDKN2A, CDKN2B, CRK, CRK-II, CSFIR/
FMS, DBL, DDOST, DCC, DPC4/SMAD4, E-CAD, E2F1/
RBAP, ELK1, ELK3, EPH, EPHAL, E2F1, EPHA3, ERG,
ETSI1, ETS2, FER, FGR, FLII/ERGB2, FOS, FPS/FES,
FRAI, FRA2, FYN, HCK, HEK, HER3/ERBB-2, ERBB-3,
HER4/ERBB-4, HST2, INK4A, INK4B, JUN, JUNB,
JUND, KIP2, KIT, KRAS2A, KRAS2B, LCK, LYN, MAS,
MAX, MCC, MLH1, MOS, MSH2, MYBA, MYBB, NF1,
NF2, P53, PDGFB, PIM1, PTC, RB1, RET, ROSI, SKI,
SRC1, TAL1, TGFBR2, THRAI, THRB, TIAMI1, TRK,
VAV, VHL, WAF1, WNT2, WT1, YES1, ALK/NPMI,
AMI1, AXL, FMS, GIP, GLI, GSP, HOX11, HST, IL3,
INT2, KS3, K-SAM, LBC, LMO-1, LMO-2, L-MYC,
LYL1, LYT-10, MDM-2, MLH1, MLL, MLM, N-MYC,
OST, PAX-5, PMS-1, PMS-2, PRAD-1, RAF, RHOM-1,
RHOM-2, SIS, TAL2, TAN1, TIAMI1, TSC2, TRK, TSC1,
STK11, PTCH, MEN1, MEN2, P57/KIP2, PTEN, HPCI,
ATM, XPA/XPG, BCL6, DEK, AKAP13, CDHI, BLM,
EWSRI1/FLI1, FES, FGF3, FGF4, FGF6, FANCA, FLIl/
ERGB2, FOSLI1, FOSL2, GLI, HRAS1, HRX/MLLT]I,
HRX/MLLT2, KRAS2, MADH4, MAS1, MCF2, MLLT1/
MLL, MLLT2/HRX, MTG8/RUNX1, MYCLK1, MYHI11/
CBFB, NFKB2, NOTCHI1, NPMI/ALK, NRG/REL,
NTRK1, PBXI1/TCF3, PML/RARA, PRCAl, RUNXI,
RUNXI1/CBFA2T1, SET, TCF3/PBX1, TGFBI, TLX1,
P53, WNT1, WNT2, WT1, av-f3, PKCa, TNFa, Clusterin,
Surviving, TGFp, c-fos, c-SRC, and INT-1.
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II. Non-Oncogene Targets

[0129] The present invention is not limited to the targeting
of oncogenes. The methods and compositions of the present
invention find use in the targeting of any gene that it is
desirable to down regulate the expression of. For example,
in some embodiments, the genes to be targeted include, but
are not limited to, an immunoglobulin or antibody gene, a
clotting factor gene, a protease, a pituitary hormone, a
protease inhibitor, a growth factor, a somatomedian, a gona-
dotrophin, a chemotactin, a chemokine, a plasma protein, a
plasma protease inhibitor, an interleukin, an interferon, a
cytokine, a transcription factor, or a pathogen target (e.g., a
viral gene, a bacterial gene, a microbial gene, a fungal gene).

[0130] Examples of specific genes include, but are not
limited to, ADAMTS4, ADAMTSS, APOA1, APOE, APP,
B2M, COX2, CRP, DDX25, DMC1, FKBPS, GH1, GHR,
IAPP, IFNAL, IFNG, IL1, 1110, IL12, IL.13, IL.2, 1.4, IL7,
L8, IPW, MAPKI14, Meil, MMP13, MYD88, NDN,
PACE4, PRNP, PSENI, PSEN2, RADS1, RADS5I1C, SAP,
SNRPN, TLR4, TLR9, TTR, UBE3A, VL A-4, and PTP-1B,
¢-RAF, m-TOR, LDL, VLDL, ApoB-100, HDL, VEGF,
rhPDGF-BB, NADs, ICAM-1, MUCI1, 2-dG, CTL, PSGL-1,
E2F, NF-kB, HIF, and GCPRs.

[0131] In other embodiments and gene from a pathogen is
targeted. Exemplary pathogens include, but are not limited
to, Human Immunodeficiency virus, Hepatitis B virus, hepa-
titis C virus, hepatitis A virus, respiratory syncytial virus,
pathogens involved in severe acute respiratory syndrome,
west nile virus, and food borne pathogens (e.g., £. coli).

III. DNA Methylation

[0132] In some embodiments, the present invention pro-
vides oligonucleotide therapeutics that are methylated at
specific sites. The present invention is not limited to a
particular mechanism. Indeed, an understanding of the
mechanism is not necessary to practice the present inven-
tion. Nonetheless, it is contemplated that one mechanism for
the regulation of gene activity is methylation of cytosine
residues in DNA. 5-methylcytosine (5-MeC) is the only
naturally occurring modified base detected in DNA (Ehrlick
et al., Science 212:1350-1357 (1981)). Although not all
genes are regulated by methylation, hypomethylation at
specific sites or in specific regions in a number of genes is
correlated with active transcription (Doerfler, Annu. Rev.
Biochem. 52:93-124 [1984]; Christman, Curr. Top. Micro-
biol. Immunol. 108:49-78 [ 1988]; Cedar, Cell 34:5503-5513
[1988]). DNA methylation in vitro can prevent efficient
transcription of genes in a cell-free system or transient
expression of transfected genes. Methylation of C residues
in some specific cis-regulatory regions can also block or
enhance binding of transcriptional factors or repressors
(Doerfler, supra; Christman, supra; Cedar, Cell 34:5503-
5513 (1988); Tate et al., Curr. Opin. Genet. Dev. 3:225-231
[1993]; Christman et al., Virus Strategies, eds. Doerfler, W.
& Bohm, P. (VCH, Weinheim, N.Y.) pp. 319-333 [1993]).

[0133] Disruption of normal patterns of DNA methylation
has been linked to the development of cancer (Christman et
al., Proc. Natl. Acad. Sci. USA 92:7347-7351 [1995]). The
5-MeC content of DNA from tumors and tumor derived cell
lines is generally lower than normal tissues (Jones et al.,
Adv. Cancer Res 40:1-30 [1983]). Hypomethylation of
specific oncogenes such as c-myc, c-Ki-ras and c-Ha-ras has
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been detected in a variety of human and animal tumors
(Nambu et al., Jpn. J. Cancer (Gann) 78:696-704 [1987];
Feinberg et al., Biochem. Biophys. Res. Commun. 111:47-
54 [1983]; Cheah et al., INC173:1057-1063 [1984]; Bhave
et al., Carcinogenesis (Lond) 9:343-348 [1988]. In one of the
best studied examples of human tumor progression, it has
been shown that hypomethylation of DNA is an early event
in development of colon cancer (Goetz et al., Science
228:187-290 [1985]). Interference with methylation in vivo
can lead to tumor formation. Feeding of methylation inhibi-
tors such as [.-methionine or 5-azacytodine or severe defi-
ciency of 5-adenosine methionine through feeding of a diet
depleted of lipotropes has been reported to induce formation
of liver tumors in rats (Wainfan et al, Cancer Res.
52:2071s—2077s [1992]). Studies show that extreme lipo-
trope deficient diets can cause loss of methyl groups at
specific sites in genes such as c-myc, ras and c-fos (Dizik et
al., Carcinogenesis 12:1307-1312[1991]). Hypomethylation
occurs despite the presence of elevated levels of DNA
MTase activity (Wainfan et al., Cancer Res. 49:4094-4097
[1989]). Genes required for sustained active proliferation
become inactive as methylated during differentiation and
tissue specific genes become hypomethylated and are active.
Hypomethylation can then shift the balance between the two
states. In some embodiment, the present invention thus takes
advantage of this naturally occurring phenomena, to provide
compositions and methods for site specific methylation of
specific gene promoters, thereby preventing transcription
and hence translation of certain genes. In other embodi-
ments, the present invention provides methods and compo-
sitions for upregulating the expression of a gene of interest
(e.g., a tumor suppressor gene) by altering the gene’s
methylation patterns.

[0134] The present invention is not limited to the use of
methylated oligonucleotides. Indeed, the use of non-methy-
lated oligonucleotides for the inhibition of gene expression
is specifically contemplated by the present invention.
Experiments conducted during the course of development of
the present invention (See e.g., Example 8) demonstrated
that an unmethylated oligonucleotide targeted toward Bcl-2
inhibited the growth of lymphoma cells to a level that was
comparable to that of a methylated oligonucleotide.

IV. Oligonucleotides

[0135] In some embodiments, the present invention pro-
vides antigene oligonucleotides for inhibiting the expression
of oncogenes. Exemplary design and production strategies
for antigenes are described below. The below description is
not intended to limit the scope of antigene compounds
suitable for use in the present invention. One skilled in the
relevant recognizes that additional antigenes are within the
scope of the present invention.

[0136] A. Oligonucleotide Design

[0137] In some embodiments, oligonucleotides are
designed based on preferred design criteria. Such oligo-
nucleotides can then be tested for efficacy using the methods
disclosed herein. For example, in some embodiments, the
oligonucleotides are methylated at least one, preferably at
least two, and even more preferably, all of the CpG islands.
In other embodiments, the oligonucleotides contain no
methylation. The present invention is not limited to a
particular mechanism. Indeed, an understanding of the
mechanism is not necessary to practice the present inven-
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tion. Nonetheless, it is contemplated that preferred oligo-
nucleotides are those that have at least a 50% GC content
and at least 2 GC dinucleotides. It is preferred that oligo-
nucleotides do not self hybridize. In some embodiments,
oligonucleotides are designed with at least 1 A or T to
minimize self hybridization. In some embodiments, com-
mercially available computer programs are used to survey
oligonucleotides for the ability to self hybridize. Preferred
oligonucleotides are at least 10, and preferably at least 15
nucleotides and no more than 100 nucleotides in length.
Particularly preferred oligonucleotides are 18-24 nucle-
otides in length. In some embodiments, oligonucleotides
comprise the universal protein binding sequences CGCCC
and CGCG or the complements thereof.

[0138] It is also preferred that the oligonucleotide hybrid-
iZe to a promoter region of a gene upstream from the TATA
box of the promoter. It is also preferred that oligonucleotide
compounds are not completely homologous to other regions
of the human genome. The homology of the oligonucleotide
compounds of the present invention to other regions of the
genome can be determined using available search tools (e.g.,
BLAST, available at the Internet site of NCBI).

[0139] In some embodiments, oligonucleotides are
designed to hybridize to regions of the promoter region of an
oncogene known to be bound by proteins (e.g., transcription
factors). Exemplary oligonucleotide compounds of the
present invention are shown in FIGS. 2, 4, 6, 8, 10, and 12.
The present invention is not limited to the oligonucleotides
described herein. Other suitable oligonucleotides may be
identified (e.g., using the criteria described above). Exem-
plary oligonucleotide variants of the disclosed oligonucle-
otides are shown in FIGS. 25-30. Candidate oligonucle-
otides may be tested for efficacy using any suitable method,
including, but not limited to, those described in the illustra-
tive examples below. Using the in vitro assay described in
Examples 1 and 2 below, candidate oligonucleotides can be
evaluated for their ability to prevent cell proliferation as a
variety of concentrations. Particularly preferred oligonucle-
otides are those that inhibit gene expression of cell prolif-
eration as a low concentration (e.g., less that 20 uM, and
preferably, less than 10 uM in the in vitro assays disclosed
herein).

B. Preferred Oligonucleotide Zones

[0140] Insome embodiments, regions within the promoter
region of an oncogene are further defined as preferred
regions for hybridization of oligonucleotides. In some
embodiments, these preferred regions are referred to as “hot
zones.”

[0141] In some preferred embodiments, hot zones are
defined based on oligonucleotide compounds that are dem-
onstrated to be effective (see above section on oligonucle-
otides) and those that are contemplated to be effective based
on the preferred criteria for oligonucleotides described
above. Preferred hot zones encompass 10 bp upstream and
downstream of each compound included in each hot zone
and have at least 1 CG or more within an increment of 40 bp
further upstream or downstream of each compound. In
preferred embodiments, hot zones encompass a maximum of
100 bp upstream and downstream of each oligonucleotide
compound included in the hot zone. In additional embodi-
ments, hot zones are defined at beginning regions of each
promoter. These hot zones are defined either based on
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effective sequence(s) or contemplated sequences and have a
preferred maximum length of 200 bp. Based on the above
described criteria, exemplary hot zones were designed.
These hot zones are shown in Table 1. Numbering is based
on the sequences described in the Figures of the present
invention.

TABLE 1

Exemplary Hot Zones

Gene Hot Zones

Bel-2 1-40
161-350
401-590

1002-1260
205-344
382-435

c-K-ras 1-289
432-658

21-220
233-860

1411-1530

1631-1722

c-myc 3-124

165-629

TGF-a 1-90

175-219
261-367
431-930
964-1237

c-erbB-2

c-Ha-ras

C. Preparation and Formulation of Oligonucleotides

[0142] Any of the known methods of oligonucleotide
synthesis can be used to prepare the modified oligonucle-
otides of the present invention. In some embodiments uti-
lizing methylated oligonucleotides the nucleotide, dC is
replaced by 5-methyl-dC where appropriate, as taught by the
present invention. The modified or unmodified oligonucle-
otides of the present invention are most conveniently pre-
pared by using any of the commercially available automated
nucleic acid synthesizers. They can also be obtained from
commercial sources that synthesize custom oligonucleotides
pursuant to customer specifications.

[0143] While oligonucleotides are a preferred form of
compound, the present invention comprehends other oligo-
meric oligonucleotide compounds, including but not limited
to oligonucleotide mimetics such as are described below.
The oligonucleotide compounds in accordance with this
invention preferably comprise from about 18 to about 30
nucleobases (i.e., from about 18 to about 30 linked bases),
although both longer and shorter sequences may find use
with the present invention.

[0144] Specific examples of preferred compounds useful
with the present invention include oligonucleotides contain-
ing modified backbones or non-natural internucleoside link-
ages. As defined in this specification, oligonucleotides hav-
ing modified backbones include those that retain a
phosphorus atom in the backbone and those that do not have
a phosphorus atom in the backbone. For the purposes of this
specification, modified oligonucleotides that do not have a
phosphorus atom in their internucleoside backbone can also
be considered to be oligonucleosides.

[0145] Preferred modified oligonucleotide backbones
include, for example, phosphorothioates, chiral phospho-
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rothioates, phosphorodithioates, phosphotriesters, ami-
noalkylphosphotriesters, methyl and other alkyl phospho-
nates including 3'-alkylene phosphonates and chiral
phosphonates, phosphinates, phosphoramidates including
3'-amino phosphoramidate and aminoalkylphosphorami-
dates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having
normal 3'-5' linkages, 2'-5' linked analogs of these, and those
having inverted polarity wherein the adjacent pairs of
nucleoside units are linked 3'-5' to 5-3' or 2'-5' to 5'-2"
Various salts, mixed salts and free acid forms are also
included.

[0146] Preferred modified oligonucleotide backbones that
do not include a phosphorus atom therein have backbones
that are formed by short chain alkyl or cycloalkyl inter-
nucleoside linkages, mixed heteroatom and alkyl or
cycloalkyl internucleoside linkages, or one or more short
chain heteroatomic or heterocyclic internucleoside linkages.
These include those having morpholino linkages (formed in
part from the sugar portion of a nucleoside); siloxane
backbones; sulfide, sulfoxide and sulfone backbones; for-
macetyl and thioformacetyl backbones; methylene for-
macetyl and thioformacetyl backbones; alkene containing
backbones; sulfamate backbones; methyleneimino and
methylenehydrazino backbones; sulfonate and sulfonamide
backbones; amide backbones; and others having mixed N,
O, S and CH, component parts.

[0147] In other preferred oligonucleotide mimetics, both
the sugar and the internucleoside linkage (i.e., the backbone)
of the nucleotide units are replaced with novel groups. The
base units are maintained for hybridization with an appro-
priate nucleic acid target compound. One such oligomeric
compound, an oligonucleotide mimetic that has been shown
to have excellent hybridization properties, is referred to as a
peptide nucleic acid (PNA). In PNA compounds, the sugar-
backbone of an oligonucleotide is replaced with an amide
containing backbone, in particular an aminoethylglycine
backbone. The nucleobases are retained and are bound
directly or indirectly to aza nitrogen atoms of the amide
portion of the backbone. Representative United States pat-
ents that teach the preparation of PNA compounds include,
but are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331,
and 5,719,262, each of which is herein incorporated by
reference. Further teaching of PNA compounds can be found
in Nielsen et al., Science 254:1497 (1991).

[0148] In some embodiments, oligonucleotides of the
invention are oligonucleotides with phosphorothioate back-
bones and oligonucleosides with heteroatom backbones, and
in particular —CH,, —NH—O—CH,—, —CH,—
N(CH,)—0O—CH,—{known as a methylene (methylimino)
or MMI backbone], —CH,—O—N(CH,)—CH,—,
—CH,—N(CH;)—N(CH;)—CH,—, and —O—N(CH;)—
CH,—CH,—{wherein the native phosphodiester backbone
is represented as—O—P—0O—CH,—] of the above refer-
enced U.S. Pat. No. 5,489,677, and the amide backbones of
the above referenced U.S. Pat. No. 5,602,240. Also preferred
are oligonucleotides having morpholino backbone structures
of the above-referenced U.S. Pat. No. 5,034,506.

[0149] Modified oligonucleotides may also contain one or
more substituted sugar moieties. Preferred oligonucleotides
comprise one of the following at the 2' position: OH; F; O,
S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or
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O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl may
be substituted or unsubstituted C to C,, alkyl or C, to Cyq
alkenyl and alkynyl. Particularly preferred are O[(CH,),O]
+.CH;, O(CH,),OCH,, O(CH,),NH,, O(CH,),CHs,,
O(CH,),ONH,, and O(CH,),ON[(CH,),CH;)],, where n
and m are from 1 to about 10. Other preferred oligonucle-
otides comprise one of the following at the 2' position: C, to
C,, lower alkyl, substituted lower alkyl, alkaryl, aralkyl,
O-alkaryl or O-aralkyl, SH, SCH;, OCN, Cl, Br, CN, CFj,
OCF;, SOCH,;, SO,CH;, ONO,, NO,, N3, NH,, heterocy-
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalky-
lamino, substituted silyl, an RNA cleaving group, a reporter
group, an intercalator, a group for improving the pharma-
cokinetic properties of an oligonucleotide, or a group for
improving the pharmacodynamic properties of an oligo-
nucleotide, and other substituents having similar properties.
A preferred modification includes 2'-methoxyethoxy (2'-
O—CH,CH,OCH,, also known as 2'-O-(2-methoxyethyl)
or 2'-MOE) (Martin et al., Helv. Chim. Acta 78:486 [1995])
i.e., an alkoxyalkoxy group. A further preferred modification
includes 2'-dimethylaminooxyethoxy (ie., a
O(CH,),ON(CHj;), group), also known as 2'-DMAOE, and
2'-dimethylaminoethoxyethoxy (also known in the art as
2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE), i.e.,
2'-O—CH,—0O—CH,—N(CH,),.

[0150] Other preferred modifications include 2'-meth-
oxy(2'-O—CH,), 2'-aminopropoxy(2'-OCH,CH,CH,NH,)
and 2'-fluoro (2'-F). Similar modifications may also be made
at other positions on the oligonucleotide, particularly the 3'
position of the sugar on the 3' terminal nucleotide or in 2'-5'
linked oligonucleotides and the 5' position of 5' terminal
nucleotide. Oligonucleotides may also have sugar mimetics
such as cyclobutyl moieties in place of the pentofuranosyl
sugar.

[0151] Oligonucleotides may also include nucleobase
(often referred to in the art simply as “base”) modifications
or substitutions. As used herein, “unmodified” or “natural”
nucleobases include the purine bases adenine (A) and gua-
nine (G), and the pyrimidine bases thymine (T), cytosine (C)
and uracil (U). Modified nucleobases include other synthetic
and natural nucleobases such as 5-methylcytosine (5-me-C),
5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-ami-
noadenine, 6-methyl and other alkyl derivatives of adenine
and guanine, 2-propyl and other alkyl derivatives of adenine
and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine,
5-halouracil and cytosine, S-propynyl uracil and cytosine,
6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy-
droxyl and other 8-substituted adenines and guanines, 5-halo
particularly 5-bromo, 5-triftuoromethyl and other 5-substi-
tuted uracils and cytosines, 7-methylguanine and 7-methy-
ladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine
and 7-deazaadenine and 3-deazaguanine and 3-deazaad-
enine. Further nucleobases include those disclosed in U.S.
Pat. No. 3,687,808. Certain of these nucleobases are par-
ticularly useful for increasing the binding affinity of the
oligomeric compounds of the invention. These include
S-substituted pyrimidines, 6-azapyrimidines and N-2, N-6
and O-6 substituted purines, including 2-aminopropylad-
enine, S-propynyluracil and 5-propynylcytosine. 5-methyl-
cytosine substitutions have been shown to increase nucleic
acid duplex stability by 0.6-1.2° C. and are presently pre-
ferred base substitutions, even more particularly when com-
bined with 2'-O-methoxyethyl sugar modifications.
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[0152] Another modification of the oligonucleotides of the
present invention involves chemically linking to the oligo-
nucleotide one or more moieties or conjugates that enhance
the activity, cellular distribution or cellular uptake of the
oligonucleotide. Such moieties include but are not limited to
lipid moieties such as a cholesterol moiety, cholic acid, a
thioether, (e.g., hexyl-5-tritylthiol), a thiocholesterol, an
aliphatic chain, (e.g., dodecandiol or undecyl residues), a
phospholipid, (e.g., di-hexadecyl-rac-glycerol or triethylam-
monium 1,2-di-O-hexadecyl-rac-glycero-3-H-phospho-
nate), a polyamine or a polyethylene glycol chain or ada-
mantane acetic acid, a palmityl moiety, or an
octadecylamine or hexylamino-carbonyl-oxycholesterol
moiety.

[0153] One skilled in the relevant art knows well how to
generate oligonucleotides containing the above-described
modifications. The present invention is not limited to the
antisense oligonucleotides described above. Any suitable
modification or substitution may be utilized.

[0154] 1t is not necessary for all positions in a given
compound to be uniformly modified, and in fact more than
one of the aforementioned modifications may be incorpo-
rated in a single compound or even at a single nucleoside
within an oligonucleotide. The present invention also
includes pharmaceutical compositions and formulations that
include the antisense compounds of the present invention as
described below.

D. Cocktails

[0155] In some embodiments, the present invention pro-
vides cocktails comprising two or more oligonucleotides
directed towards promoter regions of genes (e.g., onco-
genes). In some embodiments, the two oligonucleotides
hybridize to different regions of the promoter of the same
gene. In other embodiments, the two or more oligonucle-
otides hybridize to promoters of two different genes. The
present invention is not limited to a particular mechanism.
Indeed, an understanding of the mechanism is not necessary
to practice the present invention. Nonetheless, it is contem-
plated that the combination of two or more compounds of
the present invention provides an inhibition of cancer cell
growth that is greater than the additive inhibition of each of
the compounds administered separately.

V. Research Uses

[0156] The present invention is not limited to therapeutic
applications. For example, in some embodiments, the
present invention provides compositions and methods for
the use of oligonucleotides as a research tool.

A. Kits

[0157] For example, in some embodiments, the present
invention provides kits comprising oligonucleotides specific
for inhibition of a gene of interest, and optionally cell lines
(e.g., cancer cells lines) known to express the gene. Such kits
find use, for example, in the identification of metabolic
pathways or the involvement of genes in disease (e.g.,
cancer), as well as in diagnostic applications. In some
embodiments, the kits further comprise buffer and other
necessary reagents, as well as instructions for using the kits.

B. Target validation

[0158] In some embodiments, the present invention pro-
vides methods and compositions for use in the validation of
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gene targets (e.g., genes suspected of being involved in
disease). For example, in some embodiments, the expression
of genes identified in broad screening applications (e.g.,
gene expression arrays) as being involved in disease is
downregulated using the methods and compositions of the
present invention. The methods and compositions of the
present invention are suitable for use in vitro and in vivo
(e.g., in a non-human animal) for the purpose of target
validation. In other embodiments, the compounds of the
present invention find use in transplantation research (e.g.,
HLA inhibition).

C. Drug Screening

[0159] In other embodiments, the methods and composi-
tions of the present invention are used in drug screening
applications. For example, in some embodiments, oligo-
nucleotides of the present invention are administered to a
cell (e.g., in culture or in a non-human animal) in order to
inhibit the expression of a gene of interest. In some embodi-
ments, the inhibition of the gene of interest mimics a
physiological or disease condition. In other embodiments, an
oncogene is inhibited. Test compounds (e.g., small molecule
drugs or oligonucleotide mimetics) are then administered to
the test cell and the effect of the test compounds is assayed.

[0160] The test compounds of the present invention can be
obtained using any of the numerous approaches in combi-
natorial library methods known in the art, including biologi-
cal libraries; peptoid libraries (libraries of molecules having
the functionalities of peptides, but with a novel, non-peptide
backbone, which are resistant to enzymatic degradation but
which nevertheless remain bioactive; see, e.g., Zuckennann
etal., J. Med. Chem. 37: 2678-85 [1994]); spatially addres-
sable parallel solid phase or solution phase libraries; syn-
thetic library methods requiring deconvolution; the ‘one-
bead one-compound’ library method; and synthetic library
methods using affinity chromatography selection. The bio-
logical library and peptoid library approaches are preferred
for use with peptide libraries, while the other four
approaches are applicable to peptide, non-peptide oligomer
or small molecule libraries of compounds (Lam (1997)
Anticancer Drug Des. 12:145).

[0161] Examples of methods for the synthesis of molecu-
lar libraries can be found in the art, for example in: DeWitt
et al., Proc. Natl. Acad. Sci. U.S.A. 90:6909 [1993]; Erb et
al., Proc. Nad. Acad. Sci. USA 91:11422 [1994]; Zucker-
mann et al., J. Med. Chem. 37:2678 [1994]; Cho et al.,
Science 261:1303 [1993]; Carrell et al., Angew. Chem. Int.
Ed. Engl. 33.2059 [1994]; Carell et al., Angew. Chem. Int.
Ed. Engl. 33:2061 [1994]; and Gallop et al., J. Med. Chem.
37:1233 [1994].

[0162] Libraries of compounds may be presented in solu-
tion (e.g., Houghten, Biotechniques 13:412-421 [1992]), or
on beads (Lam, Nature 354:82-84 [1991]), chips (Fodor,
Nature 364:555-556 [1993]), bacteria or spores (U.S. Pat.
No. 5,223,409; herein incorporated by reference), plasmids
(Cull et al., Proc. Nad. Acad. Sci. USA 89:18651869[1992])
or on phage (Scott and Smith, Science 249:386-390 [1990];
Devlin Science 249:404-406 [1990]; Cwirla et al., Proc.
Natl. Acad. Sci. 87:6378-6382 [1990]; Felici, J. Mol. Biol.
222:301 [1991D.

V1. Compositions and Delivery

[0163] In some embodiments, the oligonucleotide com-
pounds of the present invention are formulated as pharma-
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ceutical compositions for delivery to a subject as a pharma-
ceutical. The novel antigen compounds of the present
invention find use in the treatment of a variety of disease
states and conditions in which it is desirable to inhibit the
expression of a gene or the growth of a cell. In some
preferred embodiments, the compounds are used to treat
disease states resulting from uncontrolled cell growth, for
example including, but not limited to, cancer. The present
invention is not limited to the treatment of a particular
cancer. The oligonucleotide compounds of the present
invention are suitable for the treatment of a variety of
cancers including, but not limited to, breast, colon, lung,
stomach, pancreatic, bladder, leukemia, and lymphoma. The
below discussion provides exemplary, non-limiting
examples of formulations and dosages.

A. Pharmaceutical Compositions

[0164] The present invention further provides pharmaceu-
tical compositions (e.g., comprising the oligonucleotide
compounds described above). The pharmaceutical compo-
sitions of the present invention may be administered in a
number of ways depending upon whether local or systemic
treatment is desired and upon the area to be treated. Admin-
istration may be topical (including ophthalmic and to
mucous membranes including vaginal and rectal delivery),
pulmonary (e.g., by inhalation or insufflation of powders or
aerosols, including by nebulizer; intratracheal, intranasal,
epidermal and transdermal), oral or parenteral. Parenteral
administration includes intravenous, intraarterial, subcuta-
neous, intraperitoneal or intramuscular injection or infusion;
or intracranial, e.g., intrathecal or intraventricular, adminis-
tration.

[0165] Pharmaceutical compositions and formulations for
topical administration may include transdermal patches,
ointments, lotions, creams, gels, drops, suppositories,
sprays, liquids and powders. Conventional pharmaceutical
carriers, aqueous, powder or oily bases, thickeners and the
like may be necessary or desirable.

[0166] Compositions and formulations for oral adminis-
tration include powders or granules, suspensions or solu-
tions in water or non-aqueous media, capsules, sachets or
tablets. Thickeners, flavoring agents, diluents, emulsifiers,
dispersing aids or binders may be desirable.

[0167] Compositions and formulations for parenteral,
intrathecal or intraventricular administration may include
sterile aqueous solutions that may also contain buffers,
diluents and other suitable additives such as, but not limited
to, penetration enhancers, carrier compounds and other
pharmaceutically acceptable carriers or excipients.

[0168] Pharmaceutical compositions of the present inven-
tion include, but are not limited to, solutions, emulsions, and
liposome-containing formulations. These compositions may
be generated from a variety of components that include, but
are not limited to, preformed liquids, self-emulsifying solids
and self-emulsifying semisolids.

[0169] The pharmaceutical formulations of the present
invention, which may conveniently be presented in unit
dosage form, may be prepared according to conventional
techniques well known in the pharmaceutical industry. Such
techniques include the step of bringing into association the
active ingredients with the pharmaceutical carrier(s) or
excipient(s). In general the formulations are prepared by
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uniformly and intimately bringing into association the active
ingredients with liquid carriers or finely divided solid car-
riers or both, and then, if necessary, shaping the product.

[0170] The compositions of the present invention may be
formulated into any of many possible dosage forms such as,
but not limited to, tablets, capsules, liquid syrups, soft gels,
suppositories, and enemas. The compositions of the present
invention may also be formulated as suspensions in aqueous,
non-aqueous or mixed media. Aqueous suspensions may
further contain substances that increase the viscosity of the
suspension including, for example, sodium carboxymethyl-
cellulose, sorbitol and/or dextran. The suspension may also
contain stabilizers.

[0171] In one embodiment of the present invention the
pharmaceutical compositions may be formulated and used as
foams. Pharmaceutical foams include formulations such as,
but not limited to, emulsions, microemulsions, creams,
jellies and liposomes. While basically similar in nature these
formulations vary in the components and the consistency of
the final product.

[0172] Agents that enhance uptake of oligonucleotides at
the cellular level may also be added to the pharmaceutical
and other compositions of the present invention. For
example, cationic lipids, such as lipofectin (U.S. Pat. No.
5,705,188), cationic glycerol derivatives, and polycationic
molecules, such as polylysine (WO 97/30731), also enhance
the cellular uptake of oligonucleotides.

[0173] The compositions of the present invention may
additionally contain other adjunct components convention-
ally found in pharmaceutical compositions. Thus, for
example, the compositions may contain additional, compat-
ible, pharmaceutically-active materials such as, for example,
antipruritics, astringents, local anesthetics or anti-inflamma-
tory agents, or may contain additional materials useful in
physically formulating various dosage forms of the compo-
sitions of the present invention, such as dyes, flavoring
agents, preservatives, antioxidants, opacifiers, thickening
agents and stabilizers. However, such materials, when
added, should not unduly interfere with the biological activi-
ties of the components of the compositions of the present
invention. The formulations can be sterilized and, if desired,
mixed with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, buffers, colorings, flavorings and/or aro-
matic substances and the like which do not deleteriously
interact with the nucleic acid(s) of the formulation.

[0174] Compositions and formulations for oral adminis-
tration include powders or granules, microparticulates,
nanoparticulates, suspensions or solutions in water or non-
aqueous media, capsules, gel capsules, sachets, tablets or
minitablets. Thickeners, flavoring agents, diluents, emulsi-
fiers, dispersing aids or binders may be desirable. Preferred
oral formulations are those in which oligonucleotides of the
invention are administered in conjunction with one or more
penetration enhancers surfactants and chelators. Preferred
surfactants include fatty acids and/or esters or salts thereof,
bile acids and/or salts thereof. Prefered bile acids/salts
include chenodeoxycholic acid (CDCA) and ursodeoxy-
chenodeoxycholic acid (UDCA), cholic acid, dehydrocholic
acid, deoxycholic acid, glucholic acid, glycholic acid, gly-
codeoxycholic acid, taurocholic acid, taurodeoxycholic
acid, sodium tauro-24,25-dihydro-fusidate, sodium glycodi-
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hydrofusidate. Prefered fatty acids include arachidonic acid,
undecanoic acid, oleic acid, lauric acid, caprylic acid, capric
acid, myristic acid, palmitic acid, stearic acid, linoleic acid,
linolenic acid, dicaprate, tricaprate, monoolein, dilaurin,
glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one,
an acylcamitine, an acylcholine, or a monoglyceride, a
diglyceride or a pharmaceutically acceptable salt thereof
(e.g. sodium). Also prefered are combinations of penetration
enhancers, for example, fatty acids/salts in combination with
bile acids/salts. A particularly prefered combination is the
sodium salt of lauric acid, capric acid and UDCA. Further
penetration enhancers include polyoxyethylene-9-lauryl
ether, polyoxyethylene-20-cetyl ether. Oligonucleotides of
the invention may be delivered orally in granular form
including sprayed dried particles, or complexed to form
micro or nanoparticles. Oligonucleotide complexing agents
include poly-amino acids; polyimines; polyacrylates; poly-
alkylacrylates, polyoxethanes, polyalkylcyanoacrylates; cat-
ionized gelatins, albumins, starches, acrylates, polyethyl-
eneglycols (PEG) and starches; polyalkylcyanoacrylates;
DEAE-derivatized polyimines, pollulans, celluloses and
starches. Particularly preferred complexing agents include
chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine,
polyornithine, polyspermines, protamine, polyvinylpyri-
dine, polythiodiethylamino-methylethylene = P(TDAE),
polyaminostyrene (e.g. p-amino), poly(methylcyanoacry-
late), poly(ethylcyanoacrylate), poly(butylcyanoacrylate),
poly(isobutylcyanoacrylate), poly(isohexylcynaoacrylate),
DEAE-methacrylate, DEAE-hexylacrylate, DEAE-acryla-
mide, DEAE-albumin and DEAE-dextran, polymethylacry-
late, polyhexylacrylate, poly(D,L-lactic acid), poly(DL-lac-
tic-co-glycolic acid (PLGA), alginate, and
polyethyleneglycol (PEG).

[0175] Certain embodiments of the invention provide
pharmaceutical compositions containing (a) one or more
oligonucleotide compounds and (b) one or more other
chemotherapeutic agents that function by a non-oligonucle-
otide mechanism. Examples of such chemotherapeutic
agents include, but are not limited to, anticancer drugs such
as daunorubicin, dactinomycin, doxorubicin, bleomycin,
mitomycin, nitrogen mustard, chlorambucil, melphalan,
cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cyt-
arabine (CA), 5-fluorouracil (5-FU), floxuridine (5-FUdR),
methotrexate (MTX), colchicine, vincristine, vinblastine,
etoposide, teniposide, cisplatin and diethylstilbestrol (DES).
Anti-inflammatory drugs, including but not limited to non-
steroidal anti-inflammatory drugs and corticosteroids, and
antiviral drugs, including but not limited to ribivirin, vidara-
bine, acyclovir and ganciclovir, may also be combined in
compositions of the invention. Other non-oligonucleotide
chemotherapeutic agents are also within the scope of this
invention. Two or more combined compounds may be used
together or sequentially.

B. Delivery

[0176] The oligonucleotide compounds of the present
invention may be delivered using any suitable method. In
some embodiments, naked DNA is administered. In other
embodiments, lipofection is utilized for the delivery of
nucleic acids to a subject. In still further embodiments,
oligonucleotides are modified with phosphothiolates for
delivery (See e.g., U.S. Pat. No. 6,169,177, herein incorpo-
rated by reference).
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[0177] In some embodiments, nucleic acids for delivery
are compacted to aid in their uptake (See e.g., U.S. Pat. Nos.
6,008,366, 6,383,811 herein incorporated by reference). In
some embodiment, compacted nucleic acids are targeted to
a particular cell type (e.g., cancer cell) via a target cell
binding moiety (See e.g., U.S. Pat. Nos. 5,844,107, 6,077,
835, each of which is herein incorporated by reference).

[0178] In some embodiments, oligonucleotides are conju-
gated to other compounds to aid in their delivery. For
example, in some embodiments, nucleic acids are conju-
gated to polyethylene glycol to aid in delivery (See e.g., U.S.
Pat. Nos. 6,177,274, 6,287,591, 6,447,752, 6,447,753, and
6,440,743, each of which is herein incorporated by refer-
ence). In yet other embodiments, oligonucleotides are con-
jugated to protected graft copolymers, which are charge-
able” drug nano-carriers (Pharmaln). In still further
embodiments, the transport of oligonucleotides into cells is
facilitated by conjugation to vitamins (Endocyte, Inc, West
Lafayette, Ind.; See e.g., U.S. Pat. Nos. 5,108,921, 5,416,
016, 5,635,382, 6,291,673 and WO 02/085908; each of
which is herein incorporated by reference). In other embodi-
ments, oligonucleotides are conjugated to nanoparticles
(e.g., NanoMed Pharmaceuticals; Kalamazoo, Mich.).

[0179] In other embodiments, oligonucleotides are
enclosed in lipids (e.g., liposomes or micelles) to aid in
delivery (Seee.g., U.S. Pat. Nos. 6,458,382, 6,429,200; each
of which is herein incorporated by reference). In still further
embodiments, oligonucleotides are complexed with addi-
tional polymers to aid in delivery (See e.g., U.S. Pat. Nos.
6,379,966, 6,339,067, 5,744,335, each of which is herein
incorporated by reference and Intradigm Corp., Rockville,
Md.).

[0180] In still further embodiments, the controlled high
pressure delivery system developed by Mirus (Madison,
Wis.) is utilized for delivery of oligonucleotides.

C. Dosages

[0181] Dosing is dependent on severity and responsive-
ness of the disease state to be treated, with the course of
treatment lasting from several days to several months, or
until a cure is effected or a diminution of the disease state is
achieved. Optimal dosing schedules can be calculated from
measurements of drug accumulation in the body of the
patient. The administering physician can easily determine
optimum dosages, dosing methodologies and repetition
rates. Optimum dosages may vary depending on the relative
potency of individual oligonucleotides, and the delivery
means, and can generally be estimated based on EC,,s found
to be effective in in vitro and in vivo animal models or based
on the examples described herein. In general, dosage is from
0.01 pg to 100 g per kg of body weight, and may be given
once or more daily, weekly, monthly or yearly. In some
embodiments, dosage is continuous (e.g., intravenously) for
a period of from several hours to several days or weeks. In
some embodiments, treatment is given continuously for a
defined period followed by a treatment free period. In some
embodiments, the pattern of continuous dosing followed by
a treatment free period is repeated several times (e.g., until
the disease state is diminished).

[0182] The treating physician can estimate repetition rates
for dosing based on measured residence times and concen-
trations of the drug in bodily fluids or tissues. Following
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successful treatment, it may be desirable to have the subject
undergo maintenance therapy to prevent the recurrence of
the disease state, wherein the oligonucleotide is adminis-
tered in maintenance doses, ranging from 0.01 pg to 100 g,
preferably from 1 mg to 50 mg, and even more preferably
from 6 mg to 30 mg per kg of body weight, once or more
daily, to once every 20 years.

VII. Customized Patient Care

[0183] In some embodiments, the present invention pro-
vides customized patient care. The compositions of the
present invention are targeted to specific genes unique to a
patient’s diseae (e.g., cancer). For example, in some embodi-
ments, a sample of the patient’s cancer or other affected
tissue (e.g., a biopsy) is first obtained. The biopsy is ana-
lyzed for the presence of expression of a particular gene
(e.g., oncogene). In some preferred embodiments, the level
of expression of an gene in a patient is analyzed. Expression
may be detected by monitoring for the presence of RNA or
DNA corresponding to a particular oncogene. Any suitable
detection method may be utilized, including, but not limited
to, those disclosed below.

[0184] Following the characterization of the gene expres-
sion pattern of a patient’s gene of interest, a customized
therapy is generated for each patient. In preferred embodi-
ments, oligonucleotide compounds specific for genes that
are aberrantly expressed in the patient (e.g., in a tumor) are
combined in a treatment cocktail. In some embodiments, the
treatment cocktail further includes additional chemothera-
peutic agents (e.g., those described above). The cocktail is
then administered to the patient as described above.

[0185] In some embodiments, the analysis of cancer
samples and the selection of oligonucleotides for a treatment
compound is automated. For example, in some embodi-
ments, a software program that analyses the expression
levels of a series of oncogenes to arrive at the optimum
selection and concentration of oligonucleotides is utilized.
In some embodiments, the analysis is performed by the
clinical laboratory analyzing the patient sample and is
transmitted to a second provider for formulation of the
treatment cocktail. In some embodiments, the information is
transmitted over the Internet, thus allowing for the shortest
possible time in between diagnosis and the beginning of
treatment.

[0186] A. Detection of RNA

[0187] In some embodiments, detection of oncogenes
(e.g., including but not limited to, those disclosed herein) is
detected by measuring the expression of corresponding
mRNA in a tissue sample (e.g., cancer tissue). In other
embodiments, expression of mRNA is measured in bodily
fluids, including, but not limited to, blood, serum, mucus,
and urine. In some preferred embodiments, the level of
mRNA expression in measured quantitatively. RNA expres-
sion may be measured by any suitable method, including but
not limited to, those disclosed below.

[0188] In some embodiments, RNA is detected by North-
ern blot analysis. Northern blot analysis involves the sepa-
ration of RNA and hybridization of a complementary labeled
probe. In other embodiments, RNA expression is detected by
enzymatic cleavage of specific structures (INVADER assay,
Third Wave Technologies; See e.g., U.S. Pat. Nos. 5,846,
717, 6,090,543; 6,001,567; 5,985,557; and 5,994,069; each
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of which is herein incorporated by reference). The
INVADER assay detects specific nucleic acid (e.g., RNA)
sequences by using structure-specific enzymes to cleave a
complex formed by the hybridization of overlapping oligo-
nucleotide probes.

[0189] In still further embodiments, RNA (or correspond-
ing cDNA) is detected by hybridization to a oligonucleotide
probe). A variety of hybridization assays using a variety of
technologies for hybridization and detection are available.
For example, in some embodiments, TagMan assay (PE
Biosystems, Foster City, Calif.; See e.g., U.S. Pat. Nos.
5,962,233 and 5,538,848, each of which is herein incorpo-
rated by reference) is utilized. The assay is performed during
a PCR reaction. The TagMan assay exploits the 5'-3' exo-
nuclease activity of the AMPLITAQ GOLD DNA poly-
merase. A probe consisting of an oligonucleotide with a
S'-reporter dye (e.g., a fluorescent dye) and a 3'-quencher
dye is included in the PCR reaction. During PCR, if the
probe is bound to its target, the 5'-3' nucleolytic activity of
the AMPLITAQ GOLD polymerase cleaves the probe
between the reporter and the quencher dye. The separation
of the reporter dye from the quencher dye results in an
increase of fluorescence. The signal accumulates with each
cycle of PCR and can be monitored with a fluorimeter.

[0190] In yet other embodiments, reverse-transcriptase
PCR (RT-PCR) is used to detect the expression of RNA. In
RT-PCR, RNA is enzymatically converted to complemen-
tary DNA or “cDNA” using a reverse transcriptase enzyme.
The cDNA is then used as a template for a PCR reaction.
PCR products can be detected by any suitable method,
including but not limited to, gel electrophoresis and staining
with a DNA specific stain or hybridization to a labeled
probe. In some embodiments, the quantitative reverse tran-
scriptase PCR with standardized mixtures of competitive
templates method described in U.S. Pat. Nos. 5,639,606,
5,643,765, and 5,876,978 (each of which is herein incorpo-
rated by reference) is utilized.

[0191] B. Detection of Protein

[0192] In other embodiments, gene expression of onco-
genes is detected by measuring the expression of the corre-
sponding protein or polypeptide. In some embodiments,
protein expression is detected in a tissue sample. In other
embodiments, protein expression is detected in bodily fluids.
In some embodiments, the level of protein expression is
quantitated. Protein expression may be detected by any
suitable method. In some embodiments, proteins are
detected by their binding to an antibody raised against the
protein. The generation of antibodies is well known to those
skilled in the art.

[0193] Antibody binding is detected by techniques known
in the art (e.g., radioimmunoassay, ELISA (enzyme-linked
immunosorbant assay), “sandwich” immunoassays, immu-
noradiometric assays, gel diffusion precipitation reactions,
immunodiffusion assays, in situ immunoassays (e.g., using
colloidal gold, enzyme or radioisotope labels, for example),
Western blots, precipitation reactions, agglutination assays
(e.g., gel agglutination assays, hemagglutination assays,
etc.), complement fixation assays, immunofluorescence
assays, protein A assays, and immunoelectrophoresis assays,
etc.

[0194] In one embodiment, antibody binding is detected
by detecting a label on the primary antibody. In another
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embodiment, the primary antibody is detected by detecting
binding of a secondary antibody or reagent to the primary
antibody. In a further embodiment, the secondary antibody
is labeled. Many methods are known in the art for detecting
binding in an immunoassay and are within the scope of the
present invention.

[0195] In some embodiments, an automated detection
assay is utilized. Methods for the automation of immunoas-
says include those described in U.S. Pat. Nos. 5,885,530,
4,981,785, 6,159,750, and 5,358,691, each of which is
herein incorporated by reference. In some embodiments, the
analysis and presentation of results is also automated. For
example, in some embodiments, software that generates an
expression profile based on the presence or absence of a
series of proteins corresponding to oncogenes is utilized.

[0196] In other embodiments, the immunoassay described
in U.S. Pat. Nos. 5,599,677 and 5,672,480, each of which is
herein incorporated by reference.

EXPERIMENTAL

[0197] The following examples are provided in order to
demonstrate and further illustrate certain preferred embodi-
ments and aspects of the present invention and are not to be
construed as limiting the scope thereof.

[0198] In the experimental disclosure which follows, the
following abbreviations apply: N (normal); M (molar); mM
(millimolar); uM (micromolar); mol (moles); mmol (milli-
moles); pmol (micromoles); nmol (nanomoles); pmol (pico-
moles); g (grams); mg (milligrams); pug (micrograms); ng
(nanograms); 1 or L (liters); ml (milliliters); ul (microliters);
cm (centimeters); mm (millimeters); um (micrometers); nm
(nanometers); and ° C. (degrees Centigrade).

Example 1

Materials and Methods

[0199] This Example describes experimental methods uti-
lized in the below examples.

A. Cell Lines

[0200] Cell lines used in experiments of the present inven-
tion are described below.

MDA-MB-231

Tissue: adenocarcinoma; mammary gland; breast; pleural
effusion

Tumorigenic: forms adenocarcinoma grade 111

Receptors expressed: Epidermal Growth Factor (EGF) and
Transforming growth factor (TGF-alpha)

Oncogene: wnt3+ and wnt7h+

REFERENCES

[0201] Siciliano M J, Barker P E, Cailleau R. Mutually
exclusive genetic signatures of human breast tumor cell
lines with a common chromosomal marker.

[0202] Cancer Res. 1979 March;39(3):919-22.

[0203] Calleau R, Olive M, Cruciger Q V. Long-term
human breast carcinoma cell lines of metastatic origin:
preliminary characterization.
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[0204] In vitro. 1978 November;14(11):911-5.

[0205] Cruciger QV, Pathak S, Calleau R. Human breast
carcinomas: marker chromosomes involving 1q in seven
cases.

[0206] Cytogenet Cell Genet. 1976;17(4):231-5.

[0207] Satya-Prakash K L, Pathak S, Hsu T C, Olive M,
Cailleau R. Cytogenetic analysis on eight human breast
tumor cell lines: high frequencies of 1q, 1 1q and Hel a-
like marker chromosomes. Cancer Genet Cytogenet 1981
January;3(1):61-73

MCF7

Tissue: adenocarcinoma, mammary gland, breast
Metastatic site: pleural effusion

Receptors: estrogen receptor+

Oncogenes: wnt7h+

This cell line is also known to moderately express c-erbB-2
and overexpress c-myc oncogene

Cellular product: Insulin like growth factor binding protein
(IGFBP)

REFERENCES

[0208] Soule H D et al. Ahuman cell line from a pleural
effusion derived from a breast carcinoma. J. Natl. Cancer
Inst. 51: 1409-1416, 1973

[0209] Landers J E et al. Translational enhancement of
mdm?2 oncogene expression in human tumor cells con-
taining a stabilized wild-type p53 protein. Cancer Res. 57:
3562-3568, 1997

[0210] Bacus S S et al. Differentiation of cultured human
cancer cells (AU-565 and MCF7) associated with loss of
cell surface HER-2/neu oligonucleotide. Mol. Carcinog.
3:350-362, 1990

MCF10CA1

[0211] MCF10 cells are derived from benign breast tissue
from a woman with fibrocystic disease. MCF10 lines con-
sists of several lines, one is MCF10A, an immortalized
normal human breast cell line. MCF10A was transformed
with T24 Ha-ras to make MCF10AneoT cells. MCF10AT
with neoplastic progression potential was derived from
xenograft passaged MCF10-AneoT. MCF10AT generates
carcinoma in about 25% of xenografts. Fully malignant
MCF10CA1 lines were derived from several xenograft
passages of MCF10AT. MCF10CA1a forms tumors 100% of
the time and it metastasizes. A kariotype of MCF10CAla
shows an extra copy of chromosome 1. It metastasizes into
the lung 36 days after IV injection of the cells.

REFERENCES

[0212] Santner S T et al. Malignant MCF10CA1 cell lines
derived from premalignant human breast epithelial
MCF10AT cells. Breast Cancer Research and treatment
65:101-110, 2001.

MYC-MT-1

[0213] A female MMTV-C-MYC transgenic mouse devel-
oped a mammary tumor. The tumor was isolated and a small
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fresh tissue is put into culture with a medium conditioned by
Dr. Jushoa Liao at Karmanos Cancer Institute. This tumor
cell line was established after 10 passages.

NMuMG
Tissue: Mouse normal mammary gland, epithelial
Strain: NAMRU, female

Tumorigenic: produce benign tumor in mice

REFERENCES

[0214] Owens R B. Glandular epithelial cells from mice:
a method for selective cultivation. J. Natl. Cancer Inst. 52:
1375-1378, 1974

[0215] Owens R B et al. Epithelial cell cultures from
normal glandular tissue of mice. J. Natl. Cancer Inst. 53:
261-269, 1974

[0216] Yingling J M et al. Mammalian dwarfins are phos-
phorylated in response to transforming growth factor beta
and are implicated in control of cell growth. Proc. Natl.
Acad. Sci. USA 93: 8940-8944, 1996

BxPC-3
Tissue: adenocarcinoma, pancreas

Cellular product: mucin, pancreatic cancer specific antigen;
CEA, carcinoma embryonic antigen.

Source: 61 year old female
Tumorigenic: yes

Oncogenes: c-Ki-ras

REFERENCES

[0217] Tan M H et al. Characterization of a new primary
human pancreatic tumor line. Cancer Invest. 4: 15-23,
1986

[0218] Loor R et al. Use of pancreas-specific antigen in
immunodiagnosis of pancreatic cancer. Clin. Lab. Med. 2:
567-578, 1982

0219] Lan M S et al. Polypeptide core of a human
ypep
pancreatic tumor mucin antigen. Cancer Res. 50: 2997-
3001, 1990

[0220] Chambers J A and Harris A. Expression of the
cystic fibrosis gene and the major pancreatic mucin gene,
MUCI, in human ductal epithelial cells. J. Cell Sci. 105:
417-422, 1993

T-47D
Tissue: ductal carcinoma, mammary gland, breast, duct
Metastatic site: pleural effusion

Source: pleural effusion of a 54 years old female with
infiltrating ductal carcinoma of the breast

Receptor expression: estrogen, androgen, calcitonin, proges-
teron, glucocorticoid and prolactin positive.
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Oncogenes: wnt3+ and wnt7h+

[0221] This cell line is also know to overexpress c-erbB-2

REFERENCES

[0222] Keydar et al., Establishment and characterization
of a cell line of human breast carcinoma origin. Eur. J.
Cancer 15: 659-670, 1979

[0223] Judge S M and Chatterton R T Jr. Progesterone-
specific stimulation of triglyceride biosynthesis in a breast
cancer cell line (T-47D). Cancer Res. 43: 4407-4412,
1983

[0224] Lamp S 7T et al. Calcitonin induction of a persistent
activated state of adenylate cyclase in human breast
cancer cells (T-47D). J. Biol. Chem. 256: 12269-12274,
1981

[0225] Sher E et al. Whole-cell uptake and nuclear local-
ization of 1,25-dihydroxy-cholecalciferol by breast can-
cer cells (T-47D) in culture. Biochem. J. 200: 315-320,
1981

[0226] Freake H C et al. 1,25-Dihydroxyvitamin D3 spe-
cifically binds to a human breast cancer cell line (T-47D)
and stimulates growth. Biochem. Biophys. Res. Commun.
101: 1131-1138, 1981

[0227] Faust J B and Meeker T C. Amplification and
expression of the bcl-1 gene in human solid tumor cell
lines. Cancer Res. 52: 2460-2463, 1992 RF33514:

[0228] Huguet E L et al. Differential expression of human
Wnt genes 2, 3, 4, and 7B in human breast cell lines and
normal and disease states of human breast tissue. Cancer
Res. 54: 2615-2621, 1994

BT-474
Tissue: ductal carcinoma, mammary gland, breast
Source: 60 year old female

Oncogene: c-erbB-2

REFERENCES

[0229] Lasfargues EY et al. Isolation of two human tumor
epithelial cell lines from solid breast carcinomas. J. Natl.
Cancer Inst. 61: 967-978, 1978

[0230] Lasfargues E Y et al. A human breast tumor cell
line (BT-474) that supports mouse mammary tumor virus
replication. In vitro 15: 723-729, 1979

[0231] Littlewood-Evans A J et al. The osteoclast-associ-
ated protease cathepsin K is expressed in human breast
carcinoma. Cancer Res. 57: 5386-5390, 1997

WSU-FSCCL
Human B-cell line established in 1993

Source: from peripheral blood of a male patient with low
grade follicular small cleaved cell lymphoma in leukemic
phase.

Oncogenes: exhibiting chromosomal translocation for both
c-myc and bcl-2
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REFERENCES

[0232] Mohammad R M, Mohamed A N, Smith M R,
Jawadi N S, AL-Khatib A. A unique EBV-Negative Low
Grade Lymphoma Line (WSU-FSCCL) Exhibiting both
1(14;18) and t(8;11). Cancer Genet Cytogenet 70:62-67,
1993

B. Cell Culture

[0233] Human breast cancer cells, MCF7, MCF10CAla,
MDA-MB 231, MDA-MB 435.eB, and human normal
breast cells, MCF10A were all obtained from Karmanos
Cancer Institute. All cells were cultured in DMEM/F12
media (Gibco, Md.) supplemented with 10 mM HEPES, 29
mM sodium bicarbonate, penicillin (100 units/ml) and strep-
tomycin (100 pg/ml). In addition, 10% calf serum, 10 ng/ml
insulin (Sigma Chemical, St Louis, Mo.), and 0.5 nM
estradiol was used in MCF7 media. 5% horse serum and
insulin (10 pg/ml) was used for MCF10Cala, and 10% fetal
calf serum was used for MDA-MB 231 and 435 lines. MCF
1.0A culture was supplemented with 5% horse serum, insu-
lin. (10 pg/ml), 100 ng/ml cholera enterotoxin (Calbiochem,
Calif.), 0.5 ng/ml hydrocortisone (Sigma Chemical) and 20
ng/ml epidermal growth factor (Sigma Chemical). All flasks
and plates were incubated in a humidified atmosphere of
95% air and 5% CO, at 37° C.

[0234] MYC-MT-1 cells were also cultured in DMEM/
F12 media containing 10 ng/ml EGF (epithelial growth
factor), 1 nM estradiol, 10 pg/ml insulin and 10% FBS (fetal
bovine serum). BxPC-3 pancreatic carcinoma cell line and
BT-474, breast tumor cell line were cultured in RPMI 1640
with 10% FBS. Breast tumor cell line, T-47D was cultured
in the same media as BT-474 with the addition of 2.5 pg/ml
insulin. NMuMG (normal mouse mammary gland cells) cell
line was grown in DMEM media with 4.5 g/l glucose, 10
pg/ml insulin and 10% FBS.

[0235] All the above cells were seeded at 2500 to 5,000
cells/well in 96 well plates. The cells were treated with
oligonucleotide compounds in fresh media (100 pl total
volume) 24 hours after seeding. The media was replaced
with fresh media without oligonucleotides 24 hours after
treatment and every 48 hours for 6 to 7 days or until the
control cells were 80 to 100% confluent. The inhibitory
effect of oligonucleotide was evaluated using an MTT
staining technique.

[0236] Human follicular lymphoma cell line, WSU-
FSCCL was used to evaluate the effect of antic-myc oligo-
nucleotides as well as anti-Bcl-2 oligonucleotides. FSCCL
cells grow as a single cell suspension in tissue culture. The
culture was maintained in RPMI 1640 supplemented with
10% fetal bovine serum, 1% L-glutamine, 100 units/ml
penicillin and 1.00 pg/ml streptomycin. FSCCL cells were
treated in 24 well plates (2x10° cells/well/ml) with oligo-
nucleotide compounds and incubated in a humidified atmo-
sphere of 95% air and 5% CO, at 37° C. The cells were
counted every 24 hours using a hemocytometer.

C. Oligonucleotide Preparation

[0237] All oligonucleotides were synthesized, gel purified
anal lyophilized by BIOSYNTHESIS (Lewisville, Tex.) or
Qiagen (Valencia, Calif.). Methylated oligonucleotides were
methylated at all CpG sites. Methylated Oligonucleotides
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were dissolved in pure sterile water (Gibco, Invitrogen
Corporation) and used to treat cells in culture.

D. Lipofectin Encapsulation

[0238] 20 ng lipofectin (Invitrogen) and 16 ng oligonucle-
otides were each incubated with 200 pl Opti-MEM (Invit-
rogen) media in separate sterile tubes at room temperature
for 45 min. They were then combined and incubated for an
additional 15 min. 1.6 ml Opti-MEM media was then added
to a final volume of 2 ml and a final concentration 1 uM
oligonucleotide. The concentration of lipofectin and oligo-
nucleotides can be adjusted based on their molecular weight
and desired concentration of compounds. There was no
cytotoxic effect at this level.

E. Cell Growth Inhibition Assay

[0239] Cell growth inhibition was assessed using 3-{4,5-
Dimethyl-thiazol-2-y1]-2,5diphenyltetrazolium bromide
(MTT) purchased from Sigma Chemical (St. Louis, Mo.).
Cells were resuspended in culture media at 50,000 cells/ml
and 100 pl was distributed into each well of a 96-well, flat
bottomed plate (Costar Corning, N.Y., USA) and incubated
for 24 hours. Media was changed to 100 pl fresh media
containing the desired concentration of oligonucleotides and
incubated for 24 hours. Controls had media with pure sterile
water equal to the volume of oligonucleotide solution. The
media was changed without further addition of oligonucle-
otides every 24 hours until the control cultures were con-
fluent (6 to 7 days). Thereafter the media was removed and
plates were washed two times with phosphate-buffered
saline (PBS) and 100 pl of serum free media containing 0.5
mg/ml MTT dye was added into each well and incubated for
1 hour at 37° C. The media with dye was removed, washed
with PBS and 100 pl of dimethyl sulfoxide (DMSO) was
added to solubilize the reactive dye. The absorbance values
were read using an automatic multiwell spectrophotometer
(Bio-Tek Microplate Autoreader, Winooski, Vt., USA). Each
treatment was repeated at least 3 times with 8 independent
wells each time.

F. Protein Extraction and Western Blot Analysis

[0240] The cells were seeded and cultured in T25 tissue
culture flasks (Costar, Corning, N.Y., USA) at 200,000
cells/flask. The cells were allowed to attach for 24 hours.
The media was replaced with fresh media containing 10 to
20 uM oligonucleotides and incubated for 24 hours. The
media was changed every 48 hours without further addition
of inhibitors and cell cultures were continued until the
control flasks were confluent (6-7 days). Cells were har-
vested using 1x trypsin:EDTA (Invitrogen, Gibco, Md.) and
collected by centrifugation at 2000 rpm for 5 min. Cells
were resuspended in 125 mM Tris-HCL buffer (pH 6.8),
sonicated with 10-20% output and lysed in an equal volume
of 8% SDS for a final concentration of 4% SDS. Cells
extracts were boiled for 10 min, chilled on ice and centri-
fuged at 2,000 rpm for 5 min before collecting the super-
natant. The protein was quantitated using BCA protein assay
kit (Pierce, Rockford, Il1.). 50 to 100 pg of proteins were
subjected to 10 to 15% gel (depending on molecular weight
of each protein) electrophoresis and transferred to nitrocel-
Iulose membrane (Schleicher & Schuell, Kence, N.H.). Each
membrane was blocked with 10% dry milk in TBSTe (Tris
buffered saline, Tween 20) for 2 hr, prior to incubation with
primary antibodies in TBST overnight. Antibodies to human
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c-myc, c-ha-ras and erbB-2 were mice IgG (Pharmingen San
Diego, Calif.). Membranes were washed 3 times, 15 min
each in TBST, then incubated with secondary antibodies
conjugated with peroxidase for 1 hr. The membranes were
washed 5 times, 10 min each in TBST and incubated with 2
ml each of Lumino/Enhancer and Stable peroxide solution
(PERCE) for 1 min. The membranes were exposed to X-ray
film for 2 min (exposure time is adjusted from 10 seconds up
to 24 hr if necessary).

Example 2
c-ki-RAS

[0241] This example describes the ability of oligonucle-
otide compounds targeted against the promoter of the c-ki-
Ras gene to inhibit the growth of cancer cell lines. Experi-
ments were performed as described in Example 1. The
results are shown in FIGS. 13 and 19. The sequences of the
oligonucleotides targeted against c-ki-Ras as well as the
sequence of c-ki-Ras gene are shown in FIGS. 5 and 6.

Example 3
Bcl-2

[0242] This example describes the ability of oligonucle-
otide compounds targeted against the promoter of the bel-2
gene to inhibit the growth of cancer cell lines. Experiments
were performed as described in Example 1. The results are
shown in FIGS. 14 and 20. The sequences of the oligo-
nucleotides targeted against bel-2 as well as the sequence of
bcl-2 gene are shown in FIGS. 1 and 2.

Example 4
c-ha-RAS

[0243] This example describes the ability of oligonucle-
otide compounds targeted against the promoter of the c-ha-
Ras gene to inhibit the growth of cancer cell lines. Experi-
ments were performed as described in Example 1. The
results are shown in FIGS. 16 and 22. The sequences of the
oligonucleotides targeted against c-ha-Ras as well as the
sequence of c-ha-Ras gene are shown in FIGS. 7 and 8.

Example 5
c-erbB-2

[0244] This example describes the ability of oligonucle-
otide compounds targeted against the promoter of the
c-erbB-2 gene to inhibit the growth of cancer cell lines.
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Experiments were performed as described in Example 1.
The results are shown in FIGS. 15 and 21. The sequences
of the oligonucleotides targeted against c-erbB-2 as well as
the sequence of c-erbB-2 gene are shown in FIGS. 3 and 4.

Example 6
c-myc

[0245] This example describes the ability of oligonucle-
otide compounds targeted against the promoter of the c-myc
gene to inhibit the growth of cancer cell lines. Experiments
were performed as described in Example 1. The results are
shown in FIGS. 17 and 23. The sequences of the oligo-
nucleotides targeted against c-myc as well as the sequence
of c-myc gene are shown in FIGS. 9 and 10.

Example 7
TGF-a

[0246] This example describes the ability of oligonucle-
otide compounds targeted against the promoter of the
TGF-o. gene to inhibit the growth of cancer cell lines.
Experiments were performed as described in Example 1.
The results are shown in FIGS. 18 and 24. The sequences
of'the oligonucleotides targeted against TGF-c. as well as the
sequence of TGF-a gene are shown in FIGS. 11 and 12.

Example 8

Inhibition of Cell Growth by Non-Methylated Oligonucle-
otides

[0247] This example describes the inhibition of growth of
lymphoma cell lines by non-methylated oligonucleotides
targeted towards Bcl-2. WSU-FSCCL cells were plated in 24
well plates at 2x10° cells/well at t=—24 hr. For each time
point to be harvested, triplicate wells were treated at t=0
with the oligos at the concentrations indicated. Controls
were plated in triplicate. Plates were incubated at 37° C. All
cultures were monitored through out the experiment by cell
count and viability every 24 hr for 4 days using trypan blue
stain and hemacytometer.

[0248] The MABL2 oligonucleotide is targeted to the
promoter region of Bcl-2 [5'-CAX GCA XGX GCA TCC
CXG CCX GTG-3"]. Pho-Mabl-2 is an unmethylated ver-
sion of MABL-2 [5-CAC GCA CGC GCA TCC CCG CCC
GTG-3']. WSU-FSCCL—derived from human B cell lym-
phoma (low-grade follicular small-cleaved cell lymphoma).
The experimental protocol is shown in Table 2.

TABLE 2
Target Viability Harvest

Group Gene Compound Cells Conc.  Formulation Assay for Methyl

1  Bel2 MABL2 FSCCL 10uM none n=3@24, n=3@72
48 & 72 v hr

2 Bel2  MABL2 FSCCL 3 uM none n=3@24, n=3@72
48 & 72 v hr

3 Bel2  PhoMABL2 FSCCL 10 uM none n=3@24, n=3@72
48 & 72 v hr

4 none none FSCCL n/a none n=3@24, n=3@72

48 & 72 hr  hr
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[0249] The results are shown in FIG. 31. The results
demonstrate that the unmethylated oligonucleotide directed
against Bcl-2 is as effective as the methylated oligonucle-
otide in inhibiting cell growth.

[0250] All publications and patents mentioned in the
above specification are herein incorporated by reference.
Various modifications and variations of the described
method and system of the invention will be apparent to those
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skilled in the art without departing from the scope and spirit
of the invention. Although the invention has been described
in connection with specific preferred embodiments, it should
be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed, vari-
ous modifications of the described modes for carrying out
the invention that are obvious to those skilled in the relevant
fields are intended to be within the scope of the following
claims.

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20060135455A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

We claim:

1. A composition comprising a first oligonucleotide that
hybridizes under physiological conditions to the promoter
region of a Her-2 gene.

2. The composition of claim 1, wherein said first oligo-
nucleotide is selected from the group consisting of SEQ ID
NOs: 31, 32, 35, 36, 37, and 38.

3. The composition of claim 1, wherein at least one of the
cytosine bases in said first oligonucleotide is 5-methylcy-
tosine.

4. The composition of claim 3, wherein all of said
cytosine bases in said first oligonucleotide are 5-methylcy-
tosine.

5. The composition of claim 4, wherein said hybridization
of said first oligonucleotide to said promoter region of a
Her-2 gene inhibits expression of said Her-2 gene.

6. The composition of claim 5, wherein said Her-2 gene
is on a chromosome of a cell, and wherein said hybridization
of said first oligonucleotide to said promoter region of a
Her-2 gene reduces proliferation of said cell.

7. The composition of claim 1, further comprising a
second oligonucleotide.

8. The composition of claim 7, wherein at least one of the
cytosine bases in said second oligonucleotide is 5-methyl-
cytosine.

9. The composition of claim 7, wherein said second
oligonucleotide is selected from the group consisting of SEQ
ID NOs: 31, 32, 35, 36, 37, and 38, and wherein said second
oligonucleotide is different that said first oligonucleotide.

10. The composition of claim 7, wherein said second
oligonucleotide hybridizes to a promoter region of a second
gene, wherein said second gene is not Her-2.

11. The composition of claim 10, wherein said second
gene is an oncogene.

12. The composition of claim 11, wherein said oncogene
is selected from the group consisting of c-ki-Ras, c-Ha-Ras,
bel-2, c-myc, and TGF-ca.

13. A composition comprising an oligonucleotide that
hybridizes to a promoter region of a Her-2 gene at a position

selected from the group consisting of between nucleotides
205-344 of SEQ ID NO:29 and between nucleotides 382-
435 of SEQ ID NO:29.

14. A method, comprising
a) providing

1) an oligonucleotide selected from the group consisting
of SEQ ID NOs: 31, 32, 35, 36, 37, and 38; and

ii) a cell comprising a Her-2 gene, wherein said Her-2
gene is capable of expression, and wherein said cell
is capable of proliferation; and

b) introducing said oligonucleotide to said cell.

15. The method of claim 14, wherein said introducing
results in the reduction of proliferation of said cell.

16. The method of claim 14, wherein said introducing
results in inhibition of expression of said Her-2 gene.

17. The method of claim 14, wherein said cell is a cancer
cell.

18. The method of claim 14, wherein said cell is in a host
animal.

19. The method of claim 18, wherein said host animal is
a non-human mammal.

20. The method of claim 18, wherein said host animal is
a human.

21. The method of claim 18, wherein said oligonucleotide
is introduced to said host animal at a dosage of between 0.01
ug to 100 g.

22. The method of claim 18, wherein said oligonucleotide
is introduced to said host animal at a dosage of between 1 mg
to 100 mg per kg of body weight.

23. The method of claim 18, wherein said oligonucleotide
is introduced to said host animal one or more times per day.

24. The method of claim 18, wherein said oligonucleotide
is introduced to said host animal continuously.

25. The method of claim 14, wherein said cell is in cell
culture.

26. The method of claim 14, further comprising the step
of introducing a test compound to said cell.
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27. The method of claim 26, wherein said test compound
is a known chemotherapy agent.

28. The method of claim 16, wherein said cancer is
selected from the group consisting of pancreatic cancer,
colon cancer, breast cancer, bladder cancer, lung cancer,
leukemia, prostate, lymphoma, ovarian, and melanoma.

29. The method of claim 19, further comprising providing
a drug delivery system for introducing said oligonucleotide
to said cell.

30. The method of claim 29, wherein said drug delivery
system comprises a liposome, said liposome selected from
the group consisting of a neutral lipid and a lipid like
compound.

31. The method of claim 29, wherein said drug delivery
system comprises a cell targeting component.

32. The method of claim 31, wherein said cell targeting
compound is selected from the group consisting of a ligand
for a cell surface receptor and a ligand for a nuclear receptor.

33. The method of claim 29, wherein said drug delivery
system is for use in vivo, and wherein oligonucleotide and
said liposome are present in the ratio of from 2:1 to 1:3/1 pg
to 100 mg per kg body weight.
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34. A method, comprising
a) providing

i) an oligonucleotide that hybridizes to the promoter
region of a Her-2 gene; and

ii) a cell comprising a Her-2 gene; and

b) introducing said oligonucleotide to said cell.

35. The method of claim 34, wherein said oligonucleotide
hybridizes to said promoter region of said Her-2 gene at a
position selected from the group consisting of between
nucleotides 205-344 of SEQ ID NO:29 and between nucle-
otides 382-435 of SEQ ID NO:29.

36. The method of claim 34, wherein said oligonucleotide
is between 15 and 30 bases in length.

37. The method of claim 34, wherein said at least one of
the cytosine bases in said oligonucleotide is 5-methylcy-
tosine.

38. The method of claim 34, wherein all of said cytosine
bases in said oligonucleotide are 5-methylcytosine.

#* #* #* #* #*



