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1 Title of Invention

DOWNSTREAM GENES OF TUMOR
SUPPRESSOR WT1

2 Claims

L A method for detecting a WT1 gene functional mutation in terget

cells comprising the steps of:

detocting expression of at least three down-stream genes of WT'1 ina
sample of (a) target cells, and (b) reference cells having a wild-type WT1
gene, the reference cells are otherwise substantially similar to the target
cells, the down-stream genes are up- or down-regulated by the wild-type
WT1 gene; apd

comparing the expression of the down-stream genes in the target
cells and the reference cells, whersin a difference in the expression between

the target cells and reference cells suggests a WT'1 functional mutation in
the target cells, |

2 The method of claim 1, wherein said down-stream gencs are
transcriptionally regulated by said wild-type WT1 gene and the
expression of said down-stream genes is detected by measuring
amounts of transcripts of said down-stream genes in said reference
and target cells.

3. The method of claim 1, wherein said amounts of transcripts are
measured with high-density nucleic acid array.
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4. The method of claim 1, wherein said down-stream genes comprise at
least one WT1 hp-regulatcd gene selected from the group consisting
of: natural killer ¢ells protein 4 precursor (M59807), folate binding
protein (M25317), HALPHA44 gene for alpha-tubulin (X06356),
heat shock protein HSP70B (X51758), 90K product (E17969), heat
shock 70kd protein 1 (T66307), amphiregulin (M30704),
procollagen alpha 1 (T51558), beta-migrating plasminogen activator
inhibitor 1 (M14083), cysteine protease inhjbitor from radiated
keratinocytes (X05978), brain natriurctic protein (BNP} (M31766),
leukemia virus receptor 1 (GLVR1) (L.20859), type 1 cytoskeletal 17
Keratin (R71870), tubulin alpha-5 chain (H45051), purine pucleoside
phosphorylase (T47964), Gem GTPase (LJ10550), adrenomedultin

(D14874), GPI-anchored urckinase plasminogen activator surface
receptor (R38636), tissue type plasminogen activator (X13097),
gravin (M96322), jun-B(X51345), elongation factor 1 alpha-2
(X79490), homeotic gene regulator (R16977), clone 9112 (X57348),
interferon gamima treatment inducible mRNA (M26683),
ransmembrane receptor protein (Z17227), acidic FGF (X65779),
cartilage linking protein-1(X17405), IL-11 (X58377) end
mitochondrial phosphate carrier protein (R49231).

5. The method of claim 1 wherein said down-stream genes camprise at
Jeast one WT1 down-regulated gene selected from the group
consisting of caveolin and elongation factor 1 alpha-2.

6. The method of claim 4 wherein said down-stream genes further
comprise p21 or EGFR.

7. The method of claim 1 further comprising the step oft

indicating a loss of function mutation in the WT1 gene in the target
cells if the expression of said WT1 up-regulated genes is at least two times
less in said target cells than in said reference cells or if the expression of
said WT1 down-regulated genes is at least two times more in said target
cells than in said reference cells. '
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8. A method for detecting a EWS-WT1 gene fasion in target cells

comprising the steps of;

detecting expression of one or more down-stream genes of an EWS-
WT1 fusion in 2 sample of (z) target cells, and (b) reference cells having a
wild-type EWS and WT1 gene, said reference cells being otherwise
substantially similar to said target cells, said down-stream genes being up-
or down-regulated by said wild-type EWS and WT1 gene; and

comparing the expression of said down-stream genes in said target
cells and said refersnca cells, wherein a difference in said expression
between the target cells and roference cells suggests a EWS-WT1 fusion in
the target cells.

9. The method of claim 8, wherein said down-stream genes comprise at
least one EWS-WT1 up-regulated gene selected from the group
consisting of: Pseudorabies virus nuclear antigen (R60506 and
T79475)), beta chain of intertlenkin-2 receptor (M26062), G1/8-
specific cyclin D1 (H20529), neuron-specific gamma-2 enolase
{M22349), fusion gene NPM-MLF1 resuiting from translocation
1(3;5)(q25.13234) (L49054), collagen alpha 3(IV) chain (HI62466), T-
lymphocyte specific protein tyrosine kinase p56lck(lck) (U23852),
insulin-like growth factor binding protein-4 (U20982), cathepsin B
(L.16510), cystatin C (T51534), dual specificity mitogen-activated
protein kinase kinase 2 (R42291), neuronal-gliel cell adhesion
molecule (T53118), FIM-1 prote-oncogene serine/threonine-protein
kinase (H10925), carboxylasterase precursor (R54359), protein-
tyrosine phosphatase PAC-1 (1,11329), and interferon-induced
i protein 6-16 (X02492).
10.  Anin-cell functional assay for a WT1 sequence alteration
comprising the steps oft '
detecting expression of at least thres down-stream genas in a target
sample from target cells having a WT1 sequence alteration and in a
reference sample from reference cells having a wild-type WT1 gene, said
reference cells being otherwise substantially similar to said target cells, said
down-stream genos being up- or down-regulated by said wild-type WT1
gene; and
comparing said expressian in said target sample to said expression in
said reference sample, wherein a difference in the expression between said
two samples snggests that said WT1 sequence alicration affects the
biological fimction of WT1.
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The method of claim 10, wherein said down-stream genes are
transcriptionally regulated by said wild-type WT1 gene and the
expression of said down-stream genes is detected by measuring
ammaqupts of transcripts of said down-stream genes in said reference
and target cells.

The method of claim 11, wherein said amounts of transcripts are
measured with 2 high-density nucleic acid array.

The method of claim 10, wherein said down-stream genes comprise
at least one WT1 up-regulated gene selected from the group
consisting of: natural killer cells protein 4 precursor (MS9807),
folate binding protein (M25317), HALPHA44 gene for alpha-tubulin
(X06956), heat shock protein HSP70B (X51753), 90K product
(H17968), heat shock 70kd protein 1 (T66307), amphiregulin
(M30704), procollagen alpha 1 (T51558), beta-migrating
plasnﬂnogén activator inhibitor 1 (M14083), ¢ysteine protease
inhibitor from radiated keratinocytes (X05978), brain natriuretic
protein (BNP) (M31766), leukemia virus receptor 1 (GLVR1)
(L.20859), type 1 cytoskelctal 17 keratin, tubulin alpha-5 chain
(£145051), purine nucleoside phosphorylase (T47964), Gem GTPase
(U10550), adrenomedullin (D14874), GPI-anchored urokinase
plasminogen activator surface receptor (R38636), tissue type
plasminogen activator (X13097), gravin (M96322), jun-B (X51345),
homeotic gene regalator (R16977), clone 9112 (X57343), interferon
gamma treatment inducible mRNA (M26683), transmembrane
receptor protein (Z17227), acidic FGF (X65779), cartilage linking
protein-1(X.17405), IL-11 (X58377) and mitochondrial phosphate
carrier protein (R49231).

The method of claim 10 wherein said down-stream genes comprise
at least one WT1 down-regulated gene selected from the group
consisting of caveolin and elongation factor 1 alpha-2 (X79490).

The method of claim 13 wherein said down-stream genes further
comprise p21 or EGFR,
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16.  The method of claim 10 further comprising the steps of:
indicating that said WT1 scquence alteration is a loss of wild-type
function pautstion if the expression of said WT1 up regulated genes is at
least two times less in said target cells than in said reference cells or if the
expression of said WT1 down regulated genes is at least two times morw in

said target cells than in said reference cells.

17. A method for detecting a mutation in a target WT1 gene using 8

computer comprismg:

inputting into a computer wild-type expression data of at Jeast three
down-stream genes in a wild-type sample containing a wild-type WT1 gene,
said down-stream genes being transcriptionally regulated by said wild-type
WTI1 gene;

ipputting into & computer target expression data of said plurality of
down-stream genes in a target sample coptaining said target WT1 gene;

cotnparing the target and wild-type expression data o determine
differences, wherein differences suggest a mutation in said target WT1 gene.

18.  Themethod of clajﬁl 17, wherein said down-stream genes comprise
at least onc WT1 up-regulated gene selected from the group
consisting of:  natural killer cells protein 4 precsor (M59307),
folate binding protein (M25317), HALPHA44 gene for alpha-tubulin
(X06956), heat shock protein HSP70B (X51758), 90K product.
(H17969), heat shock 70kd protein 1 (T66307), amphiregulin
(M30704), procollagen alpha 1 (T51558), beta-migrating
plasminogen activator inhibitor 1 (M14083), cysteine protease
inhibitor from radiated keratinocytes (X05978), brain natriurstic
protein (BNP) (M31766), leukemia virus receptor 1 (GLVRI)
(1.20859), type 1 cytoskeletal 17 keratin, tubulin alpha-5 chain
(H45051), purine nucleoside phosphorylase (T47964), Gem GTPase
(U10550), adrenomedullin (D14874), GPl-anchored urokinase
plasminogen activator surface receptor (R38636), tissue typs
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plasminogen activator (X13097), gravin (M96322), jun-B (X51345),
homeotic gene regulator (R16977), clone 9112 (X57343), interferon
gamma treatment inducible mRNA (M26683), transmembrane

receptot protein (Z17227), acidic FGF (X65779), cartilage linking
protein-1(X17405), T-11 (X58377) and mitochondrial phosphate

carrier protein H(R49231).

19.  The method of claim 17 wherein said down-stream geties comprisc
at least one WT'1 down-regulated gene selected from the group
consisting of caveolin and elongation factor 1 alpha-2 (X79490).

20.  The method of claim 18 wherein said down-stream genes frther
comprise p21 or EGFR.

21.  The method of claim 17 firther comprising the step of:

indicating & mutation in said target WT1 gene if the expression of
said WT1 up-regulated genes is at least twao times less in said target cells
thaw in said reference cells or if the expression of said WT1 down-regulated
genes i at least two times more in szid target cells than in said reference
ceils.

22. A method for detecting e translocation fusing EWS and WT1 genes

vsing a computer comprising:

inputting into & computer wild-type expression data of a plurality of
down-stream genes in a wild-type sample containing wild-type EWS and
WT1 genes, said down-stream gencs being transcriptionally regulated by a
EWS-WTI1 fusion protein;

inputting into a computet target expression data of said plurality of
down-stream genes in a target sample being tested for the presence ofa
EWS-WT1 fusion protein;

comparing the target and wild-type expression data to deterrmine
differences, wherein differences suggest  translocation fusing the EWS and
WT1 genes.
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23.  Themethad of claim 22, wherein said down-stream genes comprise
at Jeast one EWS-WT1 up-regulated gene selected fiom the group
consisting of: Pscudorabies virus nnclear antigen (R66906 and
T79475)), beta chain of interleukin-2 receptor (M26062), G1/8-
specifie cyolin D1 (H20529), neuron-specific gamma-2 enolase
(M22349), fusion gene NPM-MLF1 resulting from translocation
£(3;5)(q25.1;p34) (L49054), collagen alpha 3(IV) chain (H62466), T-
lymphocyte specific protein tytosine kinase pS6lck(lck) (U23852),
insulin-like growth, factor binding protein-4 (U20982), cathespsin B,
cystatin C (T51534), dual specificity mitogen-activated protein
kinase kinase 2 (R42291), neuronal-glial cell adhesion molecule
(T53118), PIM-1 proto-oncogene serine/threonine-protein kinase
(H10925), carboxylesterage precursor (R54359), protein-tyrosine
phosphatase PAC-1 (L11329), and interferon-induced protein 6-16

o (X02492).

24, A method of diagnosing neoplasia of a test cell compnsmg

hybridizing a transcription indicator of a test cell to a set of nucleic
acid probes, wherein the transeription indicator is selected from the group
consisting of mRNA, cDNA and cRNA, wherein the set of nucleic acid
probes comprises a plurality of nucleic acid molecules each of which is a
portion of a gene which is activated by or repressed by WT1 selected from
the group consisting of: natural killer cells protein 4 precursor (M59807),
heat shock protein HSP70B (X51758), 90K product (H17969), heat shock
70kd protein 1 (T66307), procollagen alpha 1 (T51558), eysteiné protease
inhibitor from radiated keratinocytes (X05978), brain natriuretic protein
(BNP) (M31766), leukemia virus receptor 1 (GLVR1) (L20859), type 1
cytoskeletal 17 keratin (R71870), purine nucleoside phosphorylase
(T47964), adrenomedullm (D14874), gravin (M96322), jun-B (X51345),
elongation factar 1 alpha-2 (X79490), homestic gene regulator (R16977),
clone 9112 (X57348), interferon gamma treatment inducible mRNA
(M26683), transmembrane receptor protein (Z17227), acidic FGF (X65779),
cartilage linking protein-1(X17405), IL-11 (X58377) and mitochondrial
phosphate carrier protein (R49231);

detecting amounts of transctiption indicator which hybridize to each
of said set of niicleic acid probes;
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identifying a test cell as neoplastic if (1) hybridization of the

transcription indicator of the test ceil to a probe which is a WT1-activated

© gene is lower than hybridization using g transcription indicator from a -
normal eeli, or (2) hybridization of the transcription indicator of the test cell
{o 2 probe which a WT1-repressed gene is higher than hybridization using a
transcription indicator from a tormal eell.

25,

26.
27.

8.

29,

30,

31.

32,

33.

The method of claim 24 wherein the test cell is a kidney cell.

The metbod of claim 24 wherein at least 4 of said probes comprise
portions of genes which are WT1-activated or WT1-repressed.

The method of claim 24 wherein at least 10 of said probes comprise
portions of genes which are WT1-activated or WT 1-repressed..

The method of claim 24 wherein at least 15 of said probes comprise
portions of genes which are WT1-activated or WT1-repressed.

The method of claim 24 wherein the mucleic acid probes are attached
to a solid support. '

The method of ¢laim 24 wherein the nucleic acid probes are arranged
in an array.

The method of claim 30 wherein the array comprises meleic acid
probes which are portions of at least 250 different genes.

The method of claim 30 wherein the amray comprises nucleic acid
probes which are portions of at least 6000 different genes.

The method of claim 24 further comprising the step of:
determining the sequence of WT'1 genes in the test cell to determine

the WT1 genotypic status of the cell.

34.

The method of claim 24 wherein a test cell is identified as neoplastic
if hybridization is at least 2-fold different between compared
samples,

uoboooboooboaobod
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35, Amethod of identifying anti-cancer drugs, comprising the step of:

contacting a test compound with a hurnan cell;

determining the expression of the cell of at least one WT1-up
regulated gene or at least one WT1-down regulated gene, wherein the WT1
up-regulated genes are selected from the group consisting of: natural killer
cells protein 4 precursor (M59807), heat shock protein HSP70B (X51758),
90K product (H17969), heat shock 70kd protein 1 (T66307), procollagen
alpha 1 (T51558), cysteine protease inhibitor from radiated keratinocytes
(X05978), brain pattiuretic protein (BNP) (M31766), leukemia virus
receptor 1 (GLVRI1) (L20859), type 1 cytoskeletal 17 keratin, putine
nucleoside phosphorylase (T47964), adrenomedullin (D14874), gravin
(M96322), jun-B (X51345), homeotic gene regulator (R16977), clone 9112
(X57348), interferon garmma treatment inducible mRNA (M26683),
transmembrane receptor protein (Z17227), acidic FGF (X65779), cartilage
liking protein-1(X17405), IL-11 (X58377) and mitochondrial phosphate
carrier protein (R49231), wherein the WT1-down regulated gene is
elongation factor 1 alpha-2 (X70940); and
ideutifyiné a test compound as a potential anti-cancer drug if it increases
expression of at least one WT1 up-regulated gene or decreases expression of
& WT1 down-regulated gene in the human cell.

36.  The method of claim 35 wherein the cell is a kidney cancer cell.
37.  The method of claim 35 wherein the cell is a tumor cell.

38.  The method of claim 35 wherein the cell contains no wild-type WT1
Ecncs.

39.  The method of claim 35, the expression of said WT1 up-regulated
and down-regulated pgenes is detected by measuring amounts of

transcripts of said genes in said cell,

40.  The method of claim 39, wherein said amounts of transcripts are
 measured using a high-density nueleic acid array.

4l. A method of diagnosing neoplasia of a test coll comprising:
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hybridizing a transcription indicator of a test cell to a set of nucleic
acid probes, wherein the transcription indicator is selected from the group
consisting of InRNA, ¢cDNA and cRNA, wherein the set of nucleic acid
probes comprises a plurality of mucleic acid molecules each of which is a
portion of a gene which is activated by or repressed by a EWS-WT1 fsion
" protein; . T

detecting amounts of transcription indicator which hybridize to each
of said set of nucleic acid prabes; '

identifying a test cell as neoplastic if (1) hybridization of the
transcription indicator of the test cell to 2 probe which is a EWS-WTI1-
activated gene is lower than hybridization using a transcription indicator
from a normal cell, or (2) hybridization of the transeription indicator of the
test cell to a probe which a EWS-WT1-repressed gene is higher than
hybridization using a transcription indicator from a normal cell.

42,  The method of claim 41 wherein the test cell is a Ewing sarcoma
cell. '

43.  Themethod of claim 41 wherein at least 4 of said probes comprise
portions of genes which are EWS-WT1-activated or EWS-WT1-
Tepressed.

44.  The method of claim 41 wherein at least 10 of said probes comprise
portions of genes which are EWS-WT1-activated or EWS-WT1-
repressed.

45.  The method of claim 41 wherein at least 15 of said probes comprise
portions of genes which are EWS-WT1-activated or EWS-WT1-
repressed.

46.  The method of claitn 41 wherein the nucleic acid probes are attached
ta a solid support.

47.  The method of claim 41 wherein the nucleic acid probes are arranged
10 an array.
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49.

50.

51,

52.

53.
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The method of claim 47 wherein the array comprises nucleic acid
probes which are portions of at least 250 different genes.

The method of claim 47 wherein the array comprises nucleic acid
probes which are portions of at least 6000 different genes.

The method of ¢laim 41 wherein at least one of the nucleic acid
probes comprises a portion of 2 EWS-WT1 up-regulated gene
selected from the group consisting of: Pseudorabies virus nuclear
antigen (R60906 and T79475)), beta chain of interleukin-2 receptor

- (M26062), G1/S-specific cyolin D1 (H20529), neuron-specific

gamma-2 enolase (M22349), fusion gene NPM-MLF1 regulting from
translocation 1(3;5)(q25.1;p34) (L49054), collagen alpha 3(IV) chain
(H62466), T-lymphocyte specific protein tyrosine kinase p56lck(lck)
(U23852), insulin-like growth factor binding protein-4 ((U20982),
cathespain B, cystatin C (T51534), dual specificity mitogen-activated
protein kinase kinase 2 (R42291), neuronal-glial cell adhesion
molecule (T53118), PIM-1 proto-oncogene sexine/threonine-protein
kinase (H10925), carhoxylesterase precursor (R54359), protein-
tyrosine phosphatase PAC-1 (L11329), and interferon-induced
protein 6-16 (X02492).

The method of claim 41 wherein a test cell is identified as neoplastic
if hybridization is at least 2-fold different between compared

samples.

The method of claim 41 whetein a test cell is identified as neoplastic
if hybridization is at least 3-fold different between compared
samples.

The method of claim 41 wherein a test cell is identified s neoplastic
if hybridization is at 1cast 5-fold different between compared
samples. .
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54. A method of identifying anti-cancer drugs, comprising the steps of:
contacting a test compound with a human cell;
determining expression of at least one EWS-WT1 up-regulated genes
or at least one EWS-WT1 down-regulated gene in the hzman cell;
identifying a fest compounds an anti-cancer drug if it reduced '
expiession of an EWS-WT1 up-regulated gene or increases expression of an
EWS-WT1 down-regulated gene. '

55.  The method of claim 54 wherein the cell is a kidney cancer cell.
56.  The method of claim 54 wherein the cell is a tumor cell.

37.  The method of claim 54, the expression of said WT1 up-regulated
and down-regulated gencs is detected by measnring amounts of
transcripts of said genes in said cell.

58.  The method of claim 57, wherein said amounts of transetipts are
measured using a high-density nucleic acid amay.

59.  The method of claim 54, wherein said WT1 up-regulated gene is
selected from the group consisting of Peeudorabies virus nuclear
antigen (R60906 and T79475)), beta chain of interleukin-2 receptor
{M26062), G1/S-specific eyclin D1 (H20529), neuron-specific
gamma-2 enolasc (M22349), fusion gene NPM-MLF1 resuiting from
translocation t(3;5)(q25.1;p34) (L49054), collagen alpha 3(IV) chain
(H62466), T-lymphocyte specific protein tyrosine kinage pS6lck(lck)
(U23852), insulin-like growth factor binding protein-4 (U20982),
catbespsin B, cystatin C (T51534), dual specificity mitogen-activated
protein kinase kinase 2 (R42291), neuronal-glial cell adhesion
molecule (T53118), PIM-1 proto-oncogene serine/threonine-protein
kinase (H1092S), carboxylesterase precursor (R54359), protein-
tyrosine phosphatase PAC-1 (I.11329), and interferon-induced
protein 6-16 (X02492).

60. A method for detecting a WT1 gene finctional mutation in tarpet
cells comprising the steps of:
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detecting expression of at least onc down-stream gene of WTlina
sample of (a) target cells, and (b) reference cells having a wild-type WT1
gene, said reference cells being otherwise substantially similar to said target
cells, said down-stream gene being sclected from the group consisting of:
natural killer cells protein 4 precursor (M59807), folate binding protein
(M25317), HALPHA44 gene for alpha-tubulin (X06956), heat shock protein
HSP70B (X51758), 90K product (E17969), heat shock 70kd protein 1
(T66307), amphiregnlin (M30704), procollagen alpha 1 (T51558), beta-
migrating plasminogen activator inhibitor 1 (M14083), cysteine protease
inhibitor from radiated keratinccym (X05978), brain natriuretic protein
(BNP) (M31766), leukermia virus receptor 1 (GLVRI) (£20859), type 1
cytoskeletal 17 keratin, tubulin alpha-S chain (H45051), purine nucleoside
phosphorylase (T47964), Gem GTPase (U10550), adrenomedullin
(D14874), GPI-anchored urokinase plasminogen activator surface receptor
(R38636), tissue type plasminogen activator (X13097), gravin (M96322),
jun-B (X51345), elongation factor 1 alpha-2 (X79490), homeotic gene
regulator (R16977), clone 9112 (X57348), intetferon gamma treatment
inducible mRNA (M26683), transmembrane receptor protein (Z17227),
acidic FGF (X65779), cartilags linking protein-1(X17405), IL-11 (X58377)
mitochondrial phosphate carrier protein (R49231), and caveolin; and

comparing the expression of said at least one down-siream gene in
said target cells and said reference cells, wherein a difference in said
expression between the target cells and reference cells suggestsa WT1
fimetional mutation in the target cells.

61.  An in-cell fimctional assay for a WT1 sequence altcration
comprising the steps ofl
detecting expression of at least ons down-stream gene selected from the
group consisting of: natural killer cells protein 4 precursor (M59807), folate
binding protein (M25317), HALPHA44 gene for alpha-tubulin (X06956),
heat shack protein HSP70B (X51758), 90K product (H17969), heat shoclk
70kd protsin 1 (T66307), amphiregulin (M30704), procollagen alpha 1
(T51558), beta-migrating plasminogen activator inhibitor 1 (M14083),
cysteine protease inhibitor from radiated keratinocytes (X05978), brain
patriuretic protein (BNP) (M31766), loukemia virus receptor 1 (GLVRI)
(1.20859), type 1 cytoskeletal 17 keratin, tubulin alpha-5 chain (H4505 1),
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purine nucleoside phosphotylase (T47964), Gem GTPase (U10550),
adrenomedullin (D14874), GPI-anchored urokinase plasminogen activator
surface receptor (R38636), tissue type plasminogen activator (X13097),
gravin (M96322), jun-B (X51345), elongation factor 1 alpha-2 (X79490),
homeotic gene regulator (R16977), clone 9112 (X57348), interferon gamma
treatment inducible mRINA (M26633), transmembrane receptot protein
(Z17227), caveolin , acidic FGF (X65779), cartilage linking protein-
1(X17405), IL-11 (X58377) and mitochondrial phosphate carrier protein
(R49231) in a target sample from target cells having a WT1 sequence
alteration and ip a reference sample from reference cells having a wild-type
WT1 gene, said reference cells being otherwise substantially similar to said
target cells, said down-stream genes being up- or down-regulated by said
wild-type WT1 gene; and

comparing said expression in said target sample to said expression in
said reference sample, wherein  difference in the expression between said
two samples suggests that said WT1 sequence alteration affects the
biological funetion of WT1.

62. A method for detecting a mutation in a target WT'1 gene using a

computer comprising:

inputiing into a computer wild-type expression data of at least one
WT1-down-stream gene in a wild-type sample containing a wild-type WT1
gene, wherein said down-stream gene is selected from the group consisting
of: natural killer cells protein 4 precursor (M59807), folate binding protein
(M25317), HALPHA44 gene for alpha-tubulin (X06956), heat shock protein
HSP70B (X51758), 90K product (H17968), heat shock 70kd protein 1
(T66307), amphiregulin (M30704), procollagen alpha 1 (T51558), beta-
migrating plasminogen activator inhibitor 1 (M14083), cysteine protease
inhibitor from radiated keratinocytes (X05978), brain natriuretic protsin
(BNP) (M31766), leukemia virus receptor 1 (GLVRI) (L20859), type 1
cytaskeletal 17 keratin, tubulin alpha-5 chain (F145051), purine nucleoside
phosphorylase (T47964), Gem GTPase (U10550), adrenomedullin
(D14874), GPI-anchored urokinase plasminogen activator surface receptor
(R38636), tissue type plasminogen activator (X13097), gravin (M96322),
jun-B (X51345), elongation factor 1 alpha-2 (X79490), homeotic gene
regulator (R16977), clone 9112 (X57348), interferon gamma treattnent
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inducible mRNA (M26683), transmembrane receptor protein (Z17227),
caveolin, acidic FGF (X65779), cartilage linking protein-1(X17405), IL-11
(X58377) and mitochondrial phosphate carrier protein (R49231); and
inputting into a computer target expression data of said plurality of
down-stream gemes in & target sample containing said target WT1 gene;
comparing the target and wild-type expression data to determine
differences, wherein differences suggest a mutation in said target WT'1 gene.

63, A method of diagnosing neoplasia of g test cell comprising:

determining expression levels in a test cell and in a control cell of at
least one gene which is activated by or repressed by WT1 selected from the
group consisting of: mnatural killer cells protein 4 precursor (M59807), heat
shock protein HSP70B (X51758), 90K product (¥117969), heat shock 70kd
protein 1 (T66307), procollagen alpha 1 (T51558), cysteine protease
inhibitor from radiated keratinocytes (X05978), brain natriurctic protein
(BNP) (M31766), leukemiz virus receptor 1 (GLVR1) (L20859), type 1
eytoskeletal 17 keratin (R71870), purine nucleoside phosphorylasc
(T47964), adrenomedullin (D14874), gravin (M96322), jun-B (X51345),
elongation factor 1 alpha-2 (X79490), homeotic gene regulator (R16977),
clone 9112 (X57348), interferon garoma, ireatment inducible mRNA
(M26683), transmembrane receptor protein (Z17227), acidic FGF (X65779),
cartilage linking protein-1(X17405), IL-11 (X58377) and mitochondrial
phosphate carrier protein (R49231);

comparing the determined expression levels in the test cell to the
determined expression levels in the control cell;

identifying the test cell as ncoplastic if (1) the level of expression of
at least onc of said genes which is a WI'I-activated gene is lower in the test -
cell than in the control cell, or (2) the level of expression of at lcast one of
said gencs which is WT1-repressed is higher in the test cell than in the
control cell.

64. A method of diagnosing neoplasia of a test cell comprising:

determining expression levels in a test cell and in 2 control cell of at
least one gene which is activated by or repressed by a EWS-WT1 fusion
oot 7 ,
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comparing the determined expression levels in the test cell to the
determined expression levels in the control cell;

identifying a test cell as neaplastic if (1) expression in the test cell
of a EWS-WT1.activated gene is lower than expression in a normal cell, or
(2) expression in the test cell of a EWS-WTl-repressed gene is highefthan
expression in the normal cell.

65. A method of diagnosing neoplasia of a test cell comprising: )

determining expression levels in a test cell and in a control cell of at
least three genes which are activated by or représsed by WT1;

comparing the determined expression levels in the test cell to the
determined expression levels in the control cell;

identifying a test cell as neoplastic if (1) expression in the test cell
of a WT1-activated gene is lower than expression in a normal cell, or (2)
expression in the test cell of a WT1-repressed gene is higher than expression
in the normal cell. |
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3 Detailed Description of Invention

BACKGROUND OF THE INVENTION

Many hiclogical functions ete accomplished by altering the expression of
various genes through transcriptional (e.g. through control of initiation, provision
of RNA precursors, RNA processing, efc.) and/or translational control. For
example, fundamental biological processes such as cell cycle regulation, cell
differentiation and cell death, are ofien characterized by the variations I the
expression levels of groups of genes.

Gene expression is also associated with pathogenesis. For example, the
lack of sufficient expression of fimetional fumor suppressor genes and/or the over
expression of oncogene/protooncogenes could lead to tumorigenesis (Marshall,
Cell, 64: 313-326 (1991); Weinberg, Science, 254: 1138-1146 (1991), incorporated
herein by reference for all purposes). Thus, changes in the expression levels of
particular genes (e.g. oncogenes or UMOT SUPPLessors) serve as signposts for the
presence and progression of various diseases, There is a need in the art for
discovering which genes are affected by particular tumor suppressors and
oncogenes, so that they can be used diagnostically as well as in the search for new
therapeutics.

SUMMARY OF THE INVENTION

It is an object of the invention o provide methods for identifying a
functional mutation in a WT1 gene.

It is another object of the invention ta provide methods for identifying a
EWS-WT] gene fusion.

It is still another object of the invention to provide an in-cell assay to test
the biological effect of a WT'1 mutation. ‘

- It is yet another object of the invention to provide methods to detect a

‘WT1 mutation or a EWS-WT1 fasion using a computer.
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It is a further object of the invention to provide methods to diagnase
neoplasia.

It is another object of the invention to provide methods for identifying
drugs uscful for treating neoplasias. ' '

‘Thege and other objects of the invention are provided by one or more of
the following embodiments. In one embodiment a method is provided for
detecting a WT1 gene functional mutation in target cells. Expression of at least
three down-stream genes of WT1 is detected in a sample of (a) target cells, and
(b) reference cells having a wild-type WT1 gene, The reference cells are
otherwise substantially similar to the target cells. The down-stream genes are
up- or down-regulated by the wild-type WT1 gene. The expression of the
down-stream genes in the target cells and the reference cells is compared; a
difference in the expression between the target cells and reference cells suggests
a WTI functional mutation in the target celis.

According te yet another embodiment a method is provided for detecting
a EWS-WT'1 gene fusion in target cells. Expression of one or more down-
strearn genes of an EWS-WT1 fusion is detected in a éample of (a) target cells,
and (b) reference cells having a wild-type EWS and WT1 gene. The reference
cells are otherwise substantially similar to the target cells. The down-stream
genes are up- or down-regulated by the wild-type EWS and WT1 gene. The
expression of the down~stream genes in the tarpet eells and the reference cells is
compared. A difference in the expression between the target cells and reference
cells suggests a EWS-WT1 fusion in the target cels,

Another aspect of the invention is an in-cell functional assay for a WT'1
sequence alteration. The expression is detected of at least three down-stream
genes in a target sample from target cells having a WT1 sequence alteration and
in a reference sample from reference cells having a wild-type WT1 gene. The
reference cells are otherwise substantially similar to the target cclls. The down-
stream genes are up- ox down-regulated by the wild-type WT1 gene. The
expression in the target sample is compared to the expression in the reference
sample, A difference in the expression between the two samples suggests that
the WT'1 sequence alteration affects the biological fimetion of WT1.

Agccording to another aspect of the invention a method is provided for
detecting a mutation in 2 targaet WT1 gene using a computer. Wild-type
expression data of at least three down-stream genes in a wild-type sample
containing a u;ild-type WT1 geneis input into a computer. The down-siream
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genes are transcriptionally regulated by the wild-type WT1 gene. Target
expression data of the plurality of down-stream genes in a target sample
containing the target WT1 gene is also input into a computer. The target and
wild-type expression data are compared to determine differences. Differences
suggest 2 mutation in the target WT1 gene, ' |

In still another embodiment a method is provided for detecting a
translocation fusing EWS and WT1 genes using a computer. Wild-type
expression data of a plurality of down-stream geénes in a wild-type sample
containing wild-type EWS and WT1 genes is input into a computer. The down-
stream genes are transcriptionally regulated by a EWS-WT1 fusion protein.
Target expression data of the plurality of down-stream genes in a target sample
which is being tested for the presence of a EWS-WT1 fusion protein is also
input into a computer, The target and wild-type expression data are compared
to detenmine differences. Such differences suggest a translocation fusing the
EWS and WT1 genes.

Another embodiment of the invention provides a method of diagnosing
neoplasia of a test cell. A transcripition indicator of a test cell is hybridized to a
set of nucleic acid probes. The transeription indicator is selected from the group
consisting of mRINA, cDNA snd cRNA. The set of nucleic acid probes
comprises 4 plurality of nucleic acid molecules each of which is a portion of a
gene which is activated by or repressed by WT1 selected from the group
consisting of: natural killer c¢lls protein 4 precursor (M59807), heat shock
protein HSP70B (X51758), 90K. product (H17969), heat shock 70kd protein 1
(T66307), procollagen alpha 1 (T51558), cysteine protease inhibitor from
radiated keratinocytes (X05978), brain naitivretic protein (BNF) (M31766),
leukemia virug receptor 1 (GLVR1) (L20859), type 1 cytoskeletal 17 keratin
(R71870), purine nucleoside phosphorylase (T47964), adrenomedullin
(D14874), gravin (M96322), jun-B (X51345), elongation factor 1 alpha-2
(3X79490), homectic gene regulator (R16977), clone 9112 (X57348), interferon
gamma treatment inducible mRNA (M26683), fransmembrans receptor protemn
(Z17227) and mitochondrial phosphate carrier protein (R49231). Amounts of
transeription indicator which hybridize to each of the set of nucleie acid prohes
are detected. A test cell is identified as neoplastic if' (1) hybridization of the
transetiption indicator of the test cell to a probe which is a WT1-activated gene
iz lower than hybridization using a transcription indicator from 2 normal cell, or
(2) hybridization of the transeription indicator of the test call to a probe which a
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WT1-repressed gene is higher than hybridization using a transcription indicator
from a normal cell.

A Turther aspect of the invention is provided by a method of identifying
anti-cancer drugs. A test compound is contacted with a human cell. The effect
of the test compound on the expression by the cell of at least one WTT up- or
down-regulated gene is determined. The regulated gene ig selected from the
group consisting off natural killer cells protein 4 precursor (M59807), heat
shock protein HSP70B (X51758), 90K product (H17969), heat shock 70kd
protein 1 (T66307), procollagen alpha 1 (T51558), cysteine protease inhibitor
from radiated keratinocytes (X05978), brain natriuretic protein (BENP)
(M31766), leukemia virus receptor 1 (GLVRI1) (L20859), type 1 cytoskeletél 17
keratin, purine nucleoside phosphorylase (T47964), adrenomedullin (1214874),
gravin (M96322), jun-B (X51345), elongation factor 1 alpha-2 (X79490),
homeotic gene regulator (R16977), clone 9112 (X57348), interferon gamma
treatment inducible mRNA. (M26683), transmembrane receptor protein
(Z217227) and mitochondrial phosphate camrier protein (R49231). A test
compound is identified as a potential anti-cancer drug if it increases cxpression
of at least one WT1 up-regulated gene or decreases expression of a WT1 down-
regulated gene in the human cell.

Arnother aspect of the invention is a method of diagnosing neoplasia of a
test cell. A transcription indicator of a test cell is lybridized to a set of nucleic
acid probes. The transcription indicator is selected from the group consisting of
mRNA, cDNA and ¢RNA. The sct of nucleic acid probes campriscs a plurality
of nucleic acid molecules each of which is a portion of 2 gene which is activated
by or repressed by a EWS-WT1 fusion protein. Amounts of transcription
indicator which hybridize to each of the set of mucleic acid probes are detected.
A test cell is identified as neoplastic if (1) hybridization of the transcription
indicator of the test cell to a probe which is a EWS-WT1-activated gene is lower
than hybridization using a transcription indicator from a normal cell, or (2)
hybridization of the transcription indicator of the test cell to a probe which a
EWS-WT1-repressed gene is higher than hybridization using a transcription
indicator from a normal cell. '

Accarding to still another embodiment of the invention a method of
identifying anti-cancer drngs is provided. A test compound is contacted with a
human cell. Expression of an EWS-WT1 up-regulated gene or a EWS-WT1
down-regulated gene is determined. A test cornpound is identificd as a potential
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anti-cancer drug if it decreases expression of a EWS-WT1 up-regulated genes or
increases expression of a EWS-WT1 down-regulated gene in the humnan cell.

A method is alsa provided for detecting a WT'l gene functional mutation
in target cells. BExpression of at least one down-streem gene of WT'1 is detected
in a sample of () target cells, and (b) reference cells having a wild-type WT1 '
gene. The reference cells are otherwise substantially similar to the target cells.
The down-stream genes are selected from the group consisting of: natural killer
cells protein 4 precursor (M59807), folate binding protein (M25317),
HATLPHA44 gene for alpha-tubulin (X06956), heat shock protein HSP70B
(¥51758), 90K product (H17969), heat shock 70kd protein 1 (T66307),
amphiregulin (M30704), procollagen alpha 1 (T51558), beta-migrating
plasminogen activator inhibitor 1 (M14083), cysteine protease inhibitor from
radiated keratinocytes (X05978), brain natriuretic protein (BNP) (M31766),
leukemnia virus receptor 1 (GEVRL) (L20859), type 1 cytoskeletal 17 keratin,
tubulin alpha-5 chain (H45051), purine nucleoside phosphorylase (T47964),
Gem GTPase (U10550), adrenomedullin (D14874), GPI-anchored urokinase
plasminogen activator surface receptor (R38636), tissue type plasminogen
activator (X13097), gravin (M96322), jun-B (¥X51345), elongation factor 1
alpha-2 (X79490), homeotic gene regulator (R16977), clone 9112 (X57348),
interferon gamma treatment inducible mRNA. (M26683), transmembrane
receptor protein (Z17227) mitochondrial phosphate carrier protein (R49231),
and caveolin, The expression of the at least one down-stream gene in the target
cells and the reference cells is compared. A difference in the expression
between the target cells and reference cells suggests a WT1 functional mutation
in the target cells. '

An in-ce]l functional assay for a WT1 sequence alteration is also
provided by the present invention. Expression is detected in a target sample
from target cells having a WT1 sequence alteration and in a reference sample
from reference cells having a wild-type WT1 gene of at least one down-stream
gene selected from the group consisting of: natural killer cells protein 4
precursor (M59807), folate binding protein (M25317), HALPHA44 gene for
alpha-tubolin (X06956), heat shock protein HSP70B (X51758), 90K product
(H17969), heat shock 70kd protein 1 (T66307), amphiregulin (M30704),
procollagen alpha 1 (T51558), beta-migrating plasminogen activator irthibitor 1
{1M14083), cysteine protease inhibitor from radiated keratinocytes (X05978),
brain natrinretic protein (BNP) (M31766), leuksmia virus receptor 1 (GLVRI)
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(L20859), type | cytoskeletal 17 keratin, tubulin alpha-5 chain (H45051), purine
nucleoside phosphorylase (T47964), Gem GTPase (U10550), adrenomedullin
(D14874), GPY-anchored urokinase plasminogen activator surface receptor
(R38636), tissue type plasminogen activator (X13097), gravin (M96322), jun-B
(X51345), elongation factor 1 alpha-2 (X79490), homeotic gene regulator
(R16977), clone 9112 (X57348), interferon gamma treatment inducible mRNA
(M26683), transmembrane receptor protein (Z17227), caveolin and
mitochondrial phosphate carrier profein (R49231). The reference cells are
otherwise substantially similar to the target cells. The down-strcam genes are
up- or down-regulated by the wild-type WT1 gene. Expression in the target
sample is compared to the expression in the reference sample. A difference in
the expression between the two samples suggests that the WT1 sequence
alteration affects the biclogical function of WT1.

Another embodiment of the invention provides a method for detecting a
mutation in a target WT1 gene using a computer. Wild-type expression data of
at least one WT'1-down-stream gene in a wild-type sample containing a wild-
type WT1 gene is input into a computer. The down-stream gene is selected
from the group consisting of:  natural killer cells protein 4 precursor
(M59807), folate binding protein (M25317), HALPHAA44 gene for alpha-tubulin
(X06956), heat shock protcin HSP70B (X51758), 90K product (H17969), heat
shock 70kd protein 1 (T66307), amphiregulin (M30704), procollagen alpha 1
(T51558), beta-migrating plasminogen activator inhibitor 1 (M14083), cysteine
protease inhibitor from radiated keratinocytes (X05978), brain natriuretic
protein (BNP) (M31766), leukemia virus receptor i (GLVR.I) (L20859), type 1
¢ytoskeletal 17 keratin, tubulin alpha-5 chain (F145051), purine nucleoside
phosphorylase (T47964), Gem GTPase (1J10550), adrenomedullin (D14874),
GPI-anchored urokinase plasminogen activator surface receptar (R38636),
tissue type plasminogen activator (X13097), gravin (M96322), jun-B (X51345),
elongation factor 1 alpha-2 (X79490), hemeotic gene regulator (R16977), clone
9112 (X57348), interferon gamma treatment inducible mRNA (M26683),
transmembrane receptor protein (Z17227), caveolin, and mitochondrial
phosphate carrier protein (R49231). Target expression data of the plurality of
down-stream gepes in a target sample containing the target WT1 gene is also
input into a computer. The target and wild-type expression data are compared
to determine differences. Such differences suggest a mutation in the target WT1
gene.
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According to yet another aspect of the invention a method of diagnosing
neoplasia of a test cell is provided. Expression levels are determined in a test
cell and in a control cell of at least one gene which is activated by or repressed
by WT1. The genes are selected from the group consisting of: natural killer
cells protein 4 precursor (M59807), heat shock protein HSP70B (X51758), 90K
product (F117969), heat shock 70kd protein 1 (T66307), procollagen alpha 1
(T51558), cysteine protease inhibitor from radiated keratinocytes (X05978), .
brain natruretic protein (BNP) (M31766), leukemia virus receptor 1 (GLVR1) b
(L20859), type 1 cytoskeletal 17 keratin (R71870), purine nucleoside
phosphorylase (T47964), adrenomedullin (D14874), gravin (M96322), jun-B
(X51345), elongation factor 1 alpha-2 (X79490), homeotic gene regulator
(R16977), clone 9112 (X57348), interferon gamma treatment indacible mRNA
(M26683), transmembrane receptor protein (Z17227) and mitochondrial
phosphate carrier protein (R45231). The determined expression levels in the
test cell is compared to the determined expression levels in the control cell. The
test cell is identified as ﬁeoplasﬁc if (1) the level of expression of at least one of
the genes which is a WT1-activated gene is lower in the test cell than in the
. control cell, or (2) the Jevel of expression of at least one of the genes which is
WT1-repressed is higher in the test cell than in the control cell.

Another aspect of the invention provides a method of diagnosing
neoplasia of a test cell. Expression levels in a test cell and in a control csll are
determined of at least one gene which is activated by or repressed by 2a EWS-
WT1 fusion protein. The determined expression levels in the test cell are
compared to the determined expression levels in the control cell. A test cell is
identified as neoplastic if (1) expression in the test cell of a EWS-WT1-
activated gene is lower than expression in a notmal ¢ell, or (2) expression in the
test cell of a EWS-WT1-repressed gene is higher than expression in the normal
cell.

Also provided is an additional method of diagnosing neoplasia of a test
cell. Expression levels are determined in a test cell and in a control cell of at
least three genes which are activated by or repressed by WT1. The determimed
expression levels in the test cell are compared to the determined expression
levels in the control cell. A test cell is identified as neoplastic if (1) expression
in the test cell of 2 WTl-activated gene is lower than expression in a normal
cell, or (2) expression in the test ecll of 8 WT1-repressed gene is higher than
expression in the normal cell.
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DETAILED DESCRIPTION OF THE INVENTION
It is a discovery of the present inventors that WT1 regulates the

transcription of a set of genes, the size of the set being far greater than previously
supgested.  Sets of genes have been identified which are up-regulated and down-
regulated by WT1, the latter set being far smaller. In addition, genes have been
identified which are up-regulated by the EWS-WT1 gene fusion caused by a
translocation. This translocation occurs in desmoplastic round cell tumors, such
as Ewing’s Sarcomas. Identification of these sets of genes perrnits their use in a
variety of diagnostic and analytical methods. It also permits theit use to screen
comnpaunds for drugs which have the same or similar effects as WT1 and for dmigs
which have the opposite effect from the EWS-WT1 gene fusion.

Tables 1a and 1b show the genes which are regulated by WT1. Of those
genes only caveolin and elongation factor 1 alpha-2 are down-‘reglﬂaied by WTL.
The others are up-regulated by WT1. Table 2 shows a subsct of the WT 1-regulated
genes which were known to have a previously suggested link to cancer and what
that link is. Table 3 shows the genes which are regulated by the EWS-WT1 fusion

‘gene. All of these gemes are up-regulated by the fusion gene. Other genes are
undoubtedly regulated by these genes, and they can be identified using similar
techniques to those described in the example. Alternatively, other techniques such
as Serial Analysis of Gene Expression (SAGE) can be used to identify regulated
genes which may not yet have been identified or made part of the public databases.

Expression of genes which are regulatorily downstream of WT'1 or EWS-
WT1 can be monitored by any techniques known in the art. These include but are
not Yimited to the use of SAGE, hybridization o probes on an array, Western blot,
Northern blot, dot blot, slot blot, ELIS A, radicimmmoassay. Any technique which
can be used to quantitate a gene product, whether mRINA or protein, can be used.
The methaods. of the present invention predominantly analyze changes in a test
sample as compared to a comtrol sample. Precise quantitation need not be
accomplished. In many cases comparisons will suffice without ever determining
an absolite amount of a gena product.

Target cells, as used in the present invention are those cells which are being
tested. Typically they are of an unkmown mutational status. In some instances, a
mutation is identified in the target cells, but its fimetional effect is unknown.
Reference cells are preferably as similar as possible to the target cells, ta permit the
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casicst dotection of differences which are due to the WT1 gene or the EWS-WT1
gene. Reference cells typically comprisc wild—typé WT1 alleles. Ofien the
reference cells are taken from the same individual and from the tissue adjacent to
a tumor sample whieh is being tested.

Differences between target cells and reference célls may be small or large.
Some small differences may be very reprocucible and therefore useful. For other
purposes, large differences may be desirable for ease of detection. For some assays
it may be useful to set threshold levels of change. For sume purposes such
threshold levels may be 0.5, 2, 3, 5, 7, or 10 fold. This may depend on the
technique being used for detection as well as on the number of genes which are
being tested. One of skill in the art can readily set threshold levels which are
preferred in a particular methodological context,

The number of downstream genes analyzed can vary depending, for
example, on the magnitude of induced changes and their reproducibility. In some
instances, larger numbers of genes may be analyzed to more accurately reflect 3
WT1 change, since ofher genes may also affect expression of a particular gene
being analyzed. Typically at least 1,2, 3, 4, 5, 7, 10, or 15 downstream genes of
WT1 or EWS-WT1 are analyzed. Analysis of anumber of penes greater than 1 can
be accomplished simultaneously, sequentially, or cumulatively.

Computers can be used in the present invention ta store data, to perform
mathematical comparisons, to store results, Data can be marually input or may be
fed from other machines, such as optical scarmers, scintillation counters, and the
like. High through-put screens can thus be efficicatly run and analyzed.

I. Definitions

 Hybridizing specificallv to: The phrase "hybridizing specifically to refers to the
binding, duplexing, or hybridizing of 2 molecule substantially to or orly to a
particular nucleotide sequence or sequences under stringent conditions when that
sequence is present in a complex mixture (e.g., total cellnlar) DNA or RNA,
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mRNA orfranscript: The term "mRINA" refers to transcripts of a gene. Transcripts
are RNA including, for example, mature messsnger RNA ready for translation,
products of various stages of fransm'ipt processing. Transcript processing may
inchude splicing, editing and degradation.

Nucleic Acid: The terms "nuclei¢ acid” or "nucleic acid molecule” refer to a
deoxyribonmucleotide or ribonucteotide polymer in either single-or double-stranded
form, and unless otherwise limited, would encompass analogs of natural muicleotide
that can function in a similar manner as naturally occurring muclestide A n
oligonucleotide is a single-stranded nucleic acid of 2 to n bases, where n may be
groater than 500 to 1000, Nucleic acids may be cloned or synthesized using any
technique known in the art. They may also include non-naturally occurring
nucleotide analogs, such as those which are modified to improve hybridization and
peptide nucleic acids.

Nugleic acid encoding a regulatory molecule: The regulatory molecule may be

DNA, RNA orprotein. Thus for example DNA sites which bind protein or other
nucleic acid molecules are included within the class of regulatory molecules
encoded by a nucleic acid.

Probe: As used herein a "probe" is defined as a nueleic acid, capable of
binding to & target nucleic acid of complementary sequence through one or more
types of chemical bonds, usually through complementary base pairing, usually
through hydrogen bond formation. As used herain, 2 probe may include natural
(e A, G, U, C, or T) or modified bases (7-deazaguanosine, inosine, etc). In
addition, the bases in probes may be joined by a lihkage other than a
phosphodiester bond, so long as it does not interfere with hybridization. Thus,
probes may be peptide nucleic acids in which the constituent bases are joined by
peptide bonds rather than phosphodiester linkages.

Target nucleie apid: The term “target mueleic acid” refers to a nucleic acid (often
derived from a biological sample), to which the probe is designed to specifically
hybridize. Itis either the presence or absence of the target nucleic acid that is to
be detected, or the amount of the target nucleic acid that is to be quantified. The
target nucleis acid has 2 sequence that is complementary to the nucleic acid
sequernice of the comesponding probe directed to the target, The term target nucleic
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acid may refer to the specific subsequence of a larger nucleic acid to which the
probe is directed or to the overall sequence {e.g,, gene or mRNA) whose expression
level it is desired to detect. The difference in usags will be apparcat from context.

Stringent conditions: The term "stringent conditions” refers to conditions under
which a probe will hybridize to its target subsequence, but with only insubstantial
hybridization to other sequences or to other sequences such that the difference may
be identified, Stringeut conditions are sequence-dependent and will be different
in different circumstances, Longer sequences hybridize specifically at higher
temperatures. Generally, stringent conditions are selected to be about 5 °C lower
than the thermal melting point (Tm) for the specific sequence at a defined ionic
strength and pH.

Subseguence: "Subsequence" refers to a sequence of nucleic acids that comprise
a part of 2 longer sequence of nucleic acids.

Thermal melting point (Tm): The Tm is the temperature, under defined ionic
strength, pH, and nueleic acid concentratioh, at which 50% of the probes
complementary to the target sequence hybridize to the target sequence at
equilibrium. As the target sequences are generally present in excess, at Tm, 50%
of the probes are occupied at equilibrium). Typically, stringent conditions will be
those in which the salt concentration is at least about 0.01 to 1.0 M Na ion
concettitration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about
30 C for short probes (e.g, 10 to 50 nuclectide), Siringent conditions may also be
achieved with the addition of destabilizing agents such as formamide.

Quantifying: The term "quantifying” or “quantitating™ when used in the context
of quantifying transeription levels of a gene can refer to absolute or to relative
quantification. Absohite quantification may be accomplished by inclusion of
known concentratior(g) of one or more target nucleic acids (e.g. control nucleic
acids such as Bio B or with known amounts the target nucleic acids thernselves)
and referencing the hybridization intensity of unknowns with the known target
nucleic acids (e.g. through generation of a standaxd curve). Alternatively, relative
quantification can be accomplished by comparison of hybridization signals
between two or more genes, or between two or more treatinents to quantify the
changes in hybridization intensity and, by implication, transcription level.
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Lip-stream or down-giream gene, If the expression of a first gene is regulated by

a second gene, the second gene is called an “vp-stream gene”” for the first gene and
the first gene is the “down-stream” gene of the second gene. The regulation of the
first gene by second gene could be through trans-activation. For example, the first
gone encodss a transcriptional factor that controls the expression of the second
gene. The regulation can also be exerted by a cis-acting mechanism. For
sxample, the first gene is in the proximity of the second gene and exerts a
positiopal effect on the expression of the second gene. In this case, the first gene
does nat have to be sxpressed in order to have an influence on the second gene.

Activity of 2 gene is reflected by the activity of its preduct(s): the proteins
or other molecitles encoded by the gene. Those product molecules perform
biclogical finctions. Directly measuring the activity of a gene product is, however,
often difficult for certain genes. Instoad, the immunological activities or the
amount of the final product(s) or its peptide processing intermediates are
determined as 2 measurement of the gene activity. More frequently, the amoumt
or activity.of intermediates, such as transcripts, RNA processing intermediates, or
mature mRINAs are detected as a measurement of gene activity.

In many cases, the form and function of the final product(s) of 2 gene is
unkpown. In those cases, the activity of 2 gene 1s measured converiently by the
amount or activity of transcript(s), RNA processing intermediate(s), mature
mRNA(s) or its protein produci(s) or functional activity of its protein product(s),

Any mettiods hal rncesms the activity of a gane are useful for at least some

embodiments of this invention. For example, traditional Northern blotting and
' hybridization, nuclease protection, RT- PCR and differential display have been
used for detecting gene activity. Those methods are useful for some embodiments
of the invention. However, this invention is most useful in conjunction with
methods for detecting the expression of a large number of genes.

High-density arrays are particularly useful for monitoring the expression
control at the transcriptional, RNA processing and degradation level. The
fabrication and application of high-density arrays in gene expression monitoring
have been disclosed previously in, for example, WO 97/10365, WO 92/10588, U.S.
Application Ser. No. 08/772376 filed December 23, 1996; serial number
(8/529,115 filed on September 15, 1995; serial number 08/168,904 filed December
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15, 1993; serial number 07/624,114 filed on December 6, 1990, serial number
07/362,901 filed June 7, 1990, all incorporated herein for all purposed by
reference. In some embodiment using high-density arrays, high-density
oligonucleotide arrays are synthesized using methods such as the Very Large Scale
Immobilized Polymer Synthesis (VLSIPS) disclosed in U.S. Pat. No. 5,445,934
incorporated herein for all purposes by reference. Each oligonucleotide occupies
a known Jocation on s substrate. A nucleic acid target sample is hybridized with
a high-density array of oligonucleotides and then the amount of target mucleic acids
hybridized to each probs in the array is quantified. One preferred quantifying
method is to use confoeal microscope and fluorescent labels. The GeneChip®
system (Affymetrix, Santa Clara, CA) is particularly suitable for quantifying the
hybridization; however, it will be zpparent to those of skill in the art that any
similar systems or other effectively equivalent detection methods can also be used.

High-density arrays are suitsble for quantifying a small variations in
expression levels of a gene in the presence of a large population of heterogeneous
pucleic acids.  Such high-density amays can be fabricated either by de novo
synthesis on a substrate or by spotting or fransporting nucleic acid sequences onto
specific locations of substrate. Nucleic acids are purified and/or isolated from
biological materials, such as a bacterial plasmid containing a cloned segment of
sequence of interest.  Suitable nucleic acids are alzo produced by amplification of
templates. As 2 ponlimiting fllustration, polymetase chain reaction, and/cr in vitro
transeription, are suitable nucleic acid amplification methods.

Synthesized oligonucleotide arrays are particularly preferred for this
mvention, QOligonucleotide arrays have mimerous advantages, as apposed to other
methods, sach as efficiency of production, reduced intra- and inter array variability,
increased information content and high signal-to-noise ratio.

Preferred high-density arrays-for gene fimction identification and genetic
network mapping comprise greater than about 100, preferably greater than about
1000, more preferably greater than about 16,000 and most preferably greater than
65,000 or 250,000 or even greater than about 1,000,000 different oligonucleotide
probes, praferably in less than 1 cm® of surface area.  The oligonucleotide probes
range from ahout 5 to about 50 or about 500 mucleotides, more preferably from
about 10 to about 40 nucleotide and most preferably from about 15 to about 40
nucleotides in length.
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Generally methods of monitoring gene expression involve (&) providing a
pool of target nucleic acids comprising RNA transcript(s) of one or more target
gene(s), ot nucleic acids derived from the RNA transeript(s); (b) hybridizing the
nucleic acid sample to a high-density artay of probes and (¢) detecting the
hybridized nucleic acids and calculating a relative and/or absolute expréssion
(transcription, RNA processing or degtadation) level.

(A) Providing a Nucleic Acid Sample

One of skill in the art will appreciate that it is desirable to have nucleic
samples containing target nucleic acid sequences that refiect the transcripis of
interest. Therefore, suitable nucleic acid samples may contain transcripts of
interest.  Suitable nucleic acid samples, however, may contain nucleic acids
derived from the transcripts of interest.  As used herein, 2 nucleic acid derived
from a transcript refers to a nucleic acid for whose synthesis the mRINA transcript
or a subsequence thereof has ultimately served as a template. Thus, a cDNA
reverse transcribed from a transcript, an RNA tramscribed from that cDNA, 2
DNA amplified from the cDNA, an RNA transcribed from the amplified DNA,
etc., are all derived from the transcript and detection of such derived products is
indicative of the presence and/or abundance of the original transcript in a sample.
Thus, suitable samples include, but are not limited to, transcripts of the gene or
genes, cDNA reverse transcribed from the transcript, cRNA, transcribed from the
¢DNA, DNA amplified from the genes, RNA transcribed from amplificd DNA, and
the like.

Transcripts, as used herein, may include, but not limited to pre-mRNA
nascent franscript(s), transcript processing intermediates, mature mRINA(s) and
degradation products. It {s not necessary to monitor all types of transcripis to
practice this invention. For example, one may choose to practice the mvention to
measure the mature mRNA leveis only. '

In onc embodiment, such sample is 8 homogenate of cells or tissues or
other biological samples. Preferably, such sample is a total RNA preparation of
a biclogical sample. More preferably in some embodiments, such a nucleic acid
sample is the total mRNA isolated from a biological sample, Those of skill in the
art will appreciate that the total mRNA prepared with most methods includes not
only the mature mRNA, but also the RNA processing intermediates and nascent
pre-mRNA transeripts. For example, total mRNA purified with a poly (dT)
column contains RNA molecules with poly (A) tails. Those polyA” RNA
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molecules could be mature mRNA, RNA processing intermediates, nascent
transcripts or degradation intermediates,

Biological samples may be of any biological tissue or fluid or eells from
any organism, Frequently the sample will be a "clinical sample” which is & sample
derived from a patient. Clinical samples provide a rich source of information
regarding the various states of genetic neiwork or genme expression, Some
embodiments of the invention are employed to detect mutations and to identify the
phenotype of mutations. Such embodiments have extensive applications in climical
diagnostics and clinical studies. Typical clinical samples incluade, but are not
limited to, sputum, bload, blood cells (e.g., white cells), tissue ot fine needle
biopsy samples, urine, peritoneal fluid, and pleural fluid, or cclls therefrom.
Biological samples may also include sections of tissues, such as frozen sections or
formalin fixed sections taken for histological purposes.

Ancther typical source of biological samples are cell cultures where gene
expression states can be maniputated to explore the relationship among genes. In
one aspect of the invention, methods are provided to generate biological samples
reﬂécﬁng awide variety of states of the genetic netwark.

One of skill in the art would appreciate that it is desirable to inhibit or
destroy RNase present in homogenates before homogenates can be used for
hybridization. Methods of inhibiting or destroying nncleases are well known in the
art. In some preferred embodiments, cells or tissues are homogenized in the
presence of chaotropic agents to inhibit nuclease. In some other embodiments,
RNase is inhibited or destroyed by heat treatment followed bj'_ proteinase treatment.

Methods of isolating total mRINA are also well known to those of skill in
the art. For example, methods of isolation and purification of mucleic acids ars
described in detgil in Chapter 3 of Laberatory Techniques in Biockemisiry and
Molecular Biology: Hybridization With Nucleic Acid Probes, Part I, Theory and
Nucleie Acid Preparation, P, Tijssen, ed. Elsevier, N.Y. (1993) and Chapter 3 of
Laboratory Techniques in Biochemistry and Molecular Biology: Hybridization
With Nucleic Acid Probes, Part I Theory and Nucleic Acid Preparation, P.
Tijssen, ed. Elsevier, N.Y. (1993)).

In 3 prefemred embodiment, the total RNA is isolated from a given sample
using, for example, an acid guanidinium-phenol-chloroform extraction method and
polyAtmRNA is isolated by oligo(dT) column chromatography or by using (dT)
on magnetic beads (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual (20d ed.), Vals. 1-3, Cold Spring Harbor Laboratory, (1989), or Current
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Protocols in Molecular Biology, F. Augubel et a/., ed. Greene Publishing and
Wiley-Interscience, New York (1987)) .

Frequently, it is desirable to amplify the nucleic acid sample prior to
hybridization. One of skill in the art will appreciate that whatever amplification
method is used, if 2 quantitative result is desired, care must be taken to use a
method that maintains or controls for the relative ﬁ'equt:ncias of the amplified
nucleie acids to achieve quantitative amplification,

Methods of "quantitative” amplification are well known 1o those of skill
in the art, For example, quantitative PCR involves simultancously co-amplifying
a known quantity of 2 control sequence using the same primers. This provides an
internal standard that may be used to calibrate the PCR reaction. The high-density
array may then include probes specific to the internal standard for quantification
of the amplified macleic acid.

One preferred internal standard is a synthetic AW106 cRNA, The AW106
cRNA is combined with RNA isolated from the sample according to standard
techniques kmown to those of sldﬁed m the art. The RNA is then reverse
transcribed using & reverse transcriptase to provide copy DNA. The cDNA
sequences are then amplified (e.g. by PCR) using labeled primers. The
amplification products are separated, typically by electrophoresis, and the amount
of radioactivity (proportional to the amount of amplified product) is determined.
The amount of mRNA in the sample is then calculated by comparison with the
signal produced by the known AW106 RNA standard. Detailed protocols for
quantitative PCR. are provided in PCR Protocols, 4 Guide to Methods and
" Applications, Tanis et al., Academic Press, Inc. N.Y., (1990).

Other suitable amplification methods include, but are not limited to
polymerase chain reaction (PCR) (Tnniis, ef al,, PCR Protocols. A guide to Methods
and Application. Academic Press, Inc. San Diego, (1990)), ligase chain reaction
(LCR) (see Wu and Wallace, Genomics, 4: 560 (1989), Landegren, et ai,, Science,
241; 1077 (1988) and Baminger, ef al, Gene, §9: 117 (1990), trapscription
amplification (Kwoh, et al., Proc. Natl. Acad. Sci. US4, 86; 1173 (1989)), and self-
sustained sequence replication (Guatelli, e al,, Proc. Nat. Acad. Sci. USA, 87: 1874
(1990)).

Cell lysates or tissue homogenates often contain a oumber of inhibitors of
polymerase activity. Therefore, RT-PCR typically incorporates preliminary steps
to isolate total RNA or mRNA for subsequent use as an amplification ternplate, A
one-tube mRNA, capture method niay be used to prepare poly(A)” RNA samples
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suitable for immediate RT-PCR in the same tube (Boehringer Mannheim). The
captured mRNA can be directly subjected to RT-PCR by adding a reverse
. transcription mix and, subsequently, 2 PCR mix,

In a particulatly preferred embodiment, the sample mRNA is reverse
transcribed with a reverse transcriptase and a primer consisting of oligo(dT} and
a sequence encoding the phage T7 promoter to provide single stranded DNA
template. The second DNA strand is polymetized using a DNA. polj/merase. After
synthesis of double-stranded ¢DNA, T7 RNA polymerase is added and RNA is
transcribed from the cDNA template. Successive rounds of transcription from each
single cDNA template results in amplified RNA. Methods of in vigo
polymerization are well known to those of skill in the art (see, e.g., Sambtoolc,
supra.) and this particular method is described in detail by Van Gelder, ef al., Proc.
Natl, Acad, Sei. USA, 87: 1663-1667 (1990) who demoustrate that in wiro
amplification according to this method preserves the relative frequencies of the
verious RNA, transcripts. Moreover, Eberwine et al. Proc. Notl. Acad. Sci. USA,
89: 3010-3014 provide a protocol that uses two rounds of amplification via in vitro
transcription to achieve greaiér than 10 fold amplification of the original starting
material, thereby permilting expression monitoring ¢ven where biological samples
are limited.

®) Hyhridiz . leic agids to high-densi

1. Probe design

One of skill in the art will appreciate that an enormous number of array
designs ate suitable for the practice of this invention. The high-density array will
typically include a mumber of probes that specifically kybridize to the sequences
of interest, In addition, in a preferred embodiment, the array will include one or
more control probes.

The high-density array chip includes “test probes.” Test probes could be
oligonucleotides that range from about 5 to about 45 or 5 to about 500 nucleotides,
more preferably from about 10 to about 40 nucleotides and most ﬁrefembly from
about 15 to about 40 mucleotides in length, In other particularly preferred
embodiments the probes are 20 or 25 nucleotides in length. In another preferred
embodiments, test probes are double or single strand DNA sequences. DNA
sequences are isolated or cloned from nature sources or amplified from nature
sources using nature mucleic acid as templates. These probes have sequences
complementary to particular subsequences of the genes whose expression they are
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designed tg detect. Thus, the test probes are capable of specifically hybridizing to
the target nucleic acid they are to detect.

In addition to test probes that bind the target nucleic acid(s) of interest, the
high-density array can contain a nurmber of control probes. The control probes fall
into three categories referred to herein as 1) normalization controls; 2) expression '
level controls; and 3) mismatch controls.

Normalization controls are oliganucleotide or other micleic acid probes that
are complementary to labeled reference cligonucleotides or ather nucleic acid
sequences that are added to the nucleic acid sample. The signals obtained from the
normalization controls after hytridization provide a control for varations in
hybridization conditions, label intensity, “reading” efficiency and other factors that -
may cause the signal of a perfect hybridization to vary between arrays. In a
preferred embodiment, signals (e.g., fluorescence intensity) read from all other
probes in the array are divided by the signal (e.g., fluorescence intensity) from the
control probes thercby nommalizing the measuyements.

Virtually any probe may serve as a nonmalization control. However, itis
recognized that hybridization efficiency varies with base composition and probe
length. Preferred normalization probes are selected to reflect the average length of
the other probes present in the array, however, they can be selected to cover a range
of lengths. The nonmalization control(s) can also be selected to reflect the
(averags) base composition of the ather probes in the array, however in a preferred
embodiment, only one or a few normalization probes are used and they are s¢lected
such that they hybridize well (i.e. no secondary strycture) and do not match any
target-specific probes.

Expression level controls are probes that hybridize specifically with
constitutively expressed gemes in the biological sample. Viriually any
constitutively expressed gene provides a suitable target for expression level
controls. Typically expression level control probes have quuences complementary
to subsequences of constitutively expressed "housekeeping geneé" including, but
ot limited to the B-actin gene, the transferrin receptor gene, the GAPDY geue, and
the like. ‘

Mismatch controls may slso be provided for the probes to the target genes,
for expression level controls or for pormalization controls, Mismatch controls are
oligc;nucleotide probes or other nucleic acid probes identical to their cotresponding
test or control probes except for the presence of one or more mismatched bases.
A mismatched base is a base selected so that it is not complementary to the
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corresponding base in the target sequence to which the probe would otherwise
specifically hybridize. One or more mismatches are selected such that under
appropriaie hybridization conditions (e.g. stringent conditions) the test or control

probe would be expected to hybridize with its tareet seauence. but the mismatch
probe would not hybridize (or would hybridize to a significantly lesser extent).

Preferred mismatch probes contain a central mismatch. Thus, for example, where
a probe is a 20 mer, a corresponding mismatch probe will have the identical =
sequence except for a single base mismatch (e.g., substitutinga G, aCoraT for
an A) at any of positions 6 through 14 (the central mismatch).

: Mismatch probes thus provide a control for non-specific binding or cross-
hybridization to a nucleic acid in the sample other than the target to which the
probe is directed, Mismatch probes thus indicate whether a hybridization is specific
or not. For example, if the target is present the perfect match probes should be
consistently brighter than the mismatch probes. In addition, if all central
mismatches are present, the mismatch probes can be used to detect a mmtation, The
difference in intensity between the perfect match and the mismatch probe (I(PM)-
T(MM)) provides a good measure of the concentration of the hybridized material.

The high-density array may also include sample preparation/amplification
control probes. These are probes that ars complementary to subssquences of
control genes selected becanse they do not normally ocour in the nucleic acids of
the particular biological sample arc assayed. Suitable sample
preparation/amiplification control probes include, for example, probes to bacterial
genes (e.g., Bio B) where the sample in question is & biological from a eukaryote.

The RNA sample is then spiked with a known amount of the mucleic acid
to which the sample preparation/amplification camtrol probe is directed before
processing, Quantification of the hybridization of the sample
preparation/amplification control probe then provides 2 measure of alteration in the
abundance of the nucleic acids caused by processing steps (e.g. PCR, reverse
transcription, in vitro transcription, efc.).

In a preferred embodiment, eligonucleotide probes in the high-densify amray
are selected to bind specifically to the nucleic acid target to which they are directed
with minimal non-specific binding or cross-hybridization under the particular
hybridization conditions utilized. Because the high-density aays of this invention
can contain in excess of 1,000,000 different probes, it is possible to provide every
probe of a characteristic length that binds to a particular nucleic acid sequence.
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In addition, in a preferred embodiment, expression monitoring arrays are
used to identify the presence and expression (transcription) evel of genes which
are several hundred base pairs long. For most applications it would be useful to
identify the presence, absence, or expression level of several thousand to one
hundred thousand gencs, Because the number of oligonucleotides per array is
limited in a preferred embodiment, it is desired to include only a limited set of
probes specific to each gene whose expression is to be detected. |

As disclosed in U.S, Application Ser. No. 08/772,376, probes as short as
15, 20, or 25 nucleotide are sufficient to hybridize to a subsequence of a gene and
that, for most genes, there is a set of probes that performs well across a wide range
of iarget nucleic acid concentrations. In a preferred embodiment, it is desirable to
choose a preferred or “optimum” subset of probes for each gene before
synthesizing the high-density array, |

2. Hybridization

Nugcleic acid hybridization simply itvelves contacting a probe and target
nucleic acid under conditions where the probe and its complementary target can.
form stable hybrid duplexes through complementary base pairing. The nucleic
acids that do not form hybrid duplexes are thon washed away leaving the
hybridized nucleic acids to be detected, typically throngh detection of an attached
detectable label Tt is generally recognized that nucleic acids are denatured by
increasing the temperature ot decreasing the salt concentration of the buffer
containing the mucleic acids. Under low stringency conditions (e.g., low
temperature and/or high salt) hybrid duplexes (e.g., DNA:DNA, RNARNA, or
RNA:DNA) will form even where the annealed sequences are mot perfectly
complementary. Thus specificity of hybridization is reduced at lower strimgency.
Conversely, st higher stringency {(e.g:, higher termperature or lower salf) successfisl
hybridization requires fewer mismatches.

" One of kil in the art will appreciate that hybridization conditions may be .
selected to provide any degree of stringency. In a prefetred embodiment,
hybridization is performed at low stringency in this case in 6X SSPE-T 2t 37 C
(0.005% Triton X-100) to ensurc hybridization and then subscquent washes are
performed at higher stringency (e.g., | X SSPE-T at 37 C) to eliminate mismatched
hybrid duplexes. Successive washes may be performed at increasingly higher
stringency (e.g., dowa 1o 25 low a5 0.25 X SSPE-T at 37 C to 50 C) until a desized
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level of hybridization specificity is obtained, In another preferred embodiment 1
- X MES buffer is usad The buffer comprises 0.1 M 2-{N-
Morpholinio]ethanesulfonic acid, 1.0 M NaCl, and 0.01 % Triton-X 100™.
Stringency can slso be increased by addition of agents such as formamide.
Hybridization specificity may be cvaluated by companson of hybridization to the .
test probes with hybridization to the various controls that can be present (e.g.,
expression level control, normalization control, mismatch controls, ete.). ,

In general, there is a tradeoff between bybridizahon specificity (stringency)
and signal imtensity. Thus, in a praferred embodiment, the wash is performed at the
highest stringency that produces consistent results and that provides a signal
intensity greater than approximately 10% of the background intensity. Thus,ina
preferred embodiment, the hybridized array may be washed at successively higher
siringency solutions and read between each wash. Analysis of the data sets thus
produécd will reveal a wash stringency above which the hybridization pattern is not
appreciably altered and which provides Iadequate signal for the particular
oligonucleotide probes of interest. ,

The stability of duplexes formed between RNAs or DNAs are generally in
the order of RNA:RNA > RINA:DNA >DNA:DNA, in solution, Long probes have
better duplex stability with a target, but poorer mismatch discrimination than
shotter probes (mismatch discrimination refers to the measured hybridization
signal ratio between a perfect match probe and 2 single base mismatch probe).
Shorter probes (e.g., 8-mers) discriminate mismatches very well, but the overall
duplex stability is low.

Altering the thermal stability (Ty,) of the duplex formed between the target
and the probe using, e.g., known oligontcleotide analogues aflows for optimization,
of duplex stability and mismatch diserimination. One useful aspect of altering the
Tyy, arises from the fact that adenine-thymine (A-T) doplexes have a lower Ty, than
guanine-cytosine (G-C) duplexes, due in part to the fact that the A-T duplexes have
2 hydrogen bonds per base-pair, while the G-C duplexes have 3 hydrogen bonds
per base pair. In heterogencous oligonucleotide arrays in which there is 2 non-
uniform distribution of bases, it is not generally possible to optimmize hybridization
for each oligonucleotide probe simultanecusly. Thus, in some embodiments, it is
desirable to selectively destabilize G-C duplexes and/or to increase the stability of
A-T duplexes. This can be accomplished, e.g., by substituting guanine residues in
the probes of an wrray which form G-C duplexes with hypoxanthine, or by
substituting adenine residues in probes which form A-T duplexes with 2,6
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diaminopurine or by using the salt tetramethy! ammonium chloride (TMAC]) in
place of NaCL .

Altered duplex stability conferred by using oligonucleolide analogue probes
can be sscertained by following, eg, fluorescence signal intemsity of
oligonucleotide analogue arrays hybridized with a target oligonucleotide over time.
The data allow optimization of specific hybridization conditions at, e.g., room
tenperature (for souplified diagnostic applications mn the future),

Another way of verifying altered duplex stability is by following the signal
intensity generated upon hybridization with time. Previous experiments using
DNA targets and DNA chips have shown that signal intensity increases with time,
and that the more stable duplexcs generate higher signal intensities faster than less
stable duplexes. The signals reach a plateau or ™ te" after a certain amount of
time due to all of the binding sites becoming occupied. These data allow for
optimization of hybridization, and determination of the best conditions at a
specified temperature,

Metheds of optimizing hybridization conditions are well known to those of
gkill in the art (see, e.g., Laboratory Technigues in Biochemistry and Molecular
Biology, Vol. 24: Hybridization With Nucleic Acid Probes, P, Tijssen, ed. Elsevier,
N.Y., (1993)).

(C) Signal Detection

In a preferred embodiment, the hybridized nucleic acids are detected by
detecting one or more labels attached to the sample nucleic acids. The labels may
be incorporated by any of a number of means well known to those of skill in the
art. However, in a preferred embodiment, the label is simultaneously incorporated
during the amplification step tn the preparation of the sample mucleic acids. Thus,
for example, polymerase chain reaction (PCR) with labeled primers or labeled
nucleotides will provide a labeled amplification product. In a proferred
embodiment, transcription amplification, as described above, using a labeled
nucleatide (e.g. fluorescein-labeled UTP and/or CTP) incorporates a label into the
transeribed nucietc acids. ‘

Alternatively, a Jabel may be added directly to the original nucleic acid
sample (e.g., mRNA, polyA mRNA, cDINA, etc.) or to the amplification product
after the amplification is completed. Means of attaching labels to nucleic acids are
well known to those of skill in the art and include, for example nick translation or
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end-labeling (e.g. with a labeled RNA) by kinasing of the nucleic acid and
subsequent attachment (ligation) of a nucleic acid linker joining the sample nucleic
acid to a label (e.g., a fluorophore), ‘ |

Detectable labels suitable for use in the present ipvention include any
composition detectable by spectroscopic, photochemical, biochemical,
immunochemical, electrical, optical ar chemical means. Useful labels in the
present invention inclnde biotin for staining with labeled streptavidin conjugate,
magnetic beads (e.g., Dyna.beadsm), fluorescent dyss (e.g., flucrescein, texas red,
rhodamine, green fluorescent protein, and the like), radiolabels (e.g., 3g, 124,
335, 14C, or 32P), enzymes (e.g., horse radish peroxidase, alkaline phosphatase
and others commonly used in an ELISA), and colorimetric labels such as colloidat
gold or colored glass or plastic (e.g., polystyrene, polypropylene, latex, etc.) beads.

Patents teaching the use of such labels inclhude U.S. Patent Nos. 3,817,837;
3,850,752; 3,939,350 3,996,345; 4,277,437; 4.275,149; and 4,366 241.

Means of detecting such labels are well known to those of skill in the art.
Thus, for example, radiolabels may be detected using photographic film or
scintillation counters, fluorescent markers may be detected using a photodetector
to detect emitted light. Enzymatic labels are typically detected by providing the
enzyme with a substrate and detecting the reaction product produced by the action
of the enzyme on the substrate, and colorimetric labels are detected by simply
visualizing the colored label. One particular preferred methods uses colloidal gold
label that can be detected by measuring scattered light.

The label may be added to the target (sample) nucleic acid(s) prior to, or
after the hybridization. So called "direct labels" are detectable labels that are
directly attached to or incorporated into the target (sample) nucleic acid prior to
hybnidization. In contrast, so called "indirect labels" are joined to the hybrid
duplex after hybridization. Often, the indirect label is attached to a binding moiety
that has been attached to the target nucleic acid prior to the hybridization. Thus,
for example, the target ancleic acid may be biotinylated before the hybridization.
After hybridization, an avidin-conjugated fluorophore will bind the biotin bearing
bybrid duplexes providing a label that is easily detected. For a detailed review of
methods of Iabeling nucleic acids and detecting labeled hybridized nusleic acids
see Laboratory Technigues in Biochemistry and Molecular Biology, Vol 24:
Hybridization With Nucleic Acid Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)).

Fluorescent labels are preferred and easily added during an in vitre
transcription reaction. In a preferred embodiment, fluorescein labeled UTP and



(68) 0000000000000
- 40 -

CTP are incorporated into the RNA produced in an in vitro transcription reaction
as described above.

Means of detecting labeled target (sample) nucleic acids hybridized to the
probes of the high-density é.rray are known to those of skill in the art. Thus, for
example, where a colorimetri¢ label is used, simple vimalization of the label is
sufficient. Whers a radicactive labeled probe is used, detection of the radiation
(e.g. With photographic film or a solid state detector) is sufficient. '

In a preferred embodiment, however, the target nucleic acids are labeled
with a fluorescent lahel and the localization of the label on the probe array is '
accomplished with fluorescent microscopy. The hybridized array is excited with
a light source at the excitation wavelength of the particular fluorescent label and
the resulting flucrescence at the emission wavelength is detected. In a particularly
preferred embodiment, the excitation light source is a laser appropriate for the
excitation of the fluorcscent label.

The confocal microscope may be antomated with a computer-controlled
stage to antomatically scan the entire high-density array. Sirnilarly, the microscope
may be equipped with a photofransducer (e.g., a photommliiplier, a solid state atray,
a CCD camera, efc) attached to an antomated data acquisition system to
antomatically record the fluorescence signal produced by hybridization to each
oligonucleotide probe on the array. Such automated systems are described at
length in UJ.S. Patent No: 5,143,854, PCT Application 20 92/10092, and copending
U.S. Application Ser. No. 08/195,889 filed on February 10, 1594, Use of laser
illumination in conjunction with sutomated confocal microscopy for signal
detoction permits detection at a resolution of better than about 100 pm, more
preferably better than about 50 jtm, and most preferably better than about 25 pm.

One of skill in the art will appreciate that methods for evaluating the
hybridization results vary with the nature of the specific probe nucleic acids used
as well as the controls provided In the simplest embodiment, simple
quantification of the fluorescence intensity for each probe is determined. This is
accomplished simply by measuring probe signal strength at cach location
(zepresenting a different probe) on the high-density array (e.g., where the label is
a fiuorescent label, detection of the amount of florescence (intensity) produced by
a fixed excitation illumination at each location on the array), Comparison of the
absolute intensities of an array hybridized to nucleic acids from a "test" sample
with intensities produced by a "control" sample provides a measure of the relstive
expression of the nucleic acids that hybridize to each of the probes.



(69) uoboooboooboaobod

- 41 -

One of skill in the art, however, will appreciate that hybridization signals
will vary in strength with efficiency of hybridization, the amount of label on the
sample nncleic acid and the amount of the particular aucleic acid in the sample.
Typically nucleic acids present at very low levels (e.g., < 1pM) will show a very
weak signal. At some low level of concentration, the signal becomes virtually
indistinguishable from background. In evaluating the hybridization data, &
threshold intensity value may be selected below which a signal is not counted as
are essentially indistinguishable from background.

Where it is desirable to detect nucleic acids expressed at lower levels, a
lower threshold is chosen. Conversely, where only high expression levels arc to
be evaluated 2 higher threshold level is selected. In a preferred embodiment, a
suitable threshold is about 10% above that of the average background signal.

In addition, the provision of appropriate controls petmits a more detailed
analysis that controls for variations in hybridization conditions, cell health, non-
specific binding and the like. Thus, for example, in a preferred embodiment, the
hybridization array is provided with normalization controls. These normalization
controls are probes complementary to control sequences added in a known
concentration to the sample, Where the overall hybridization conditions are poor,
the normalization comfrols will show 2 smaller signal reflecting reduced
hybridization. ~Conversely, where hybridization conditions are good, the
normalization controls will provide a higher signal reflecting the improved
hybridization, Normalization of the signal derived from other probes in the array
to the normalization controls thus provides a ¢ontrol for variations in hybridization
conditions. Typically, nomalization is accomplished by dividing the measured
signal from the other probes in the array by the average signal produced by the
normalization controls. Normalization may also include correction for varigtions
due to sample preparation and amplification. Such normalization may be
accomplished by dividing the measured signal by the average signal from the
sample preparation/amplification control probes (e.z., the Bio B probes). The
resulting values may be multiplied by a constant value to scale the results,

As indicated above, the high-density array can include mismatch controls,
In a preferred embodiment, there is 2 mismatch control having a central mismatch
for evety probe (except the normalization controls) in the array. It is expected that
after washing in stringent conditions, where a perfect match would be expected to
hybridize to the probe, but not to the mismatch, the signal from the mismatch
controls should only reflect non-specific binding or the presence in the sample of
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anucleic acid that hybridizes with the mismatch. Where both the probe in question
and its corresponding mismatch control both show high signals, or the mismatch
shows a higher signal than its corresponding test probe, there is a problem with the
hybridization and the signal from those probes is ignored. The difference in
hybridization signal intensity between the target specific probe and its
corresponding mismatch control is a measure of the discrimination of the target-
specific probe. Thus, in apréfarred embodiment, the signal of the mismatch probe
is subtracted from the signal from its corresponding test probe to provide a measure
of the signal due to specific binding of the test probe.

The concentration of a particular sequence can then be determined by
measuring the signal intensity of each of the probes that bind specifically to that
gene and normalizing to the normalization controls. Where the signal from the
probes is greater than the migmatch, the mismatch is subtracted. Where the
mismatch intensity is equal to or greater than its corresponding test probe, the
signal is ignored. The expression level of a particular gene can then be scored by
the number of positive signals (either absolute or above a threshold valuo), the
intensity of the positive signals (either absolute or above a selected threshold
value), or a combination of both metrics (e.g., a weighted average).

In some preferred embodiments, a computer system is used to compare the
hybridization intensities of the perfect match and mismatch probes of each pair.
If the gene is expressed, the hybridization intensity (ar affinity) of a perfect match
. probe of a pair should be recognizably higher than the corresponding mismatch
probe. Generally, if the hybridizations intensities of a pair of probes are
substantially the same, it may indicate the gene is not expressed. However, the
determination is not based on a single pair of probes, the determination of whether
a gene is expressed is based on an analysis of many pairs of probes.

After the system compares the hybridization intensity of the perfect
match and mismatch probes, the system indicates expression of the gene. As au
example, the system may indicate to 2 user that the gene is either present
(expressed), marginal or absent (unexpressed). Specific procedures for data
analysis is disclosed in U.S. Application 08/772,376, previously incorporated
for all purposes.

In addition to high-density nucleic acid arrays, other methods arc also
usefitl for massive gene expression monitoring, Differential display, described
by Liang, P. and Pardee, A.B. (Diﬁ“etential Display of eukaryotic messenger
RNA by means of the polymerase chain reaction., Science 257:967-971, 1992,



() 00000oo0ooooooo

-43 -

incorporated hersin by reference for all purposes) provides a useful mean for
distinguishing gene expression between two samples. Serial analysis of gene
expression, described by Velculescu et al. (Setial Analysis of Gene Expression.
Science, 270:484-487, 1993, incorporated herein by reference for 21l purposes)
provides another method for quantitative and qualitative analysis of gene
expression. Optical fiber oligonucleotide sensors, described by Ferguson et al.
(A Fiber-optic DNA biosensor microatray for the analysis of gene expression.
Netre-Biotechnology 14:1681-1684, 1996), can also be used for gene
expression monitoring. '

It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested o persons skilled in the art and are to be included
within the spirit and purview of this application and scope of the appended
claims. Al publications, patents, and patent applications cited herein are hereby
incorporated by reference for all pi.uposes.

Examples

To address the functional propetties of WT1 and EWS-WT1 and
examine their effects on endogenous target genes, we developed cells in which a
tightly regulated inducible promoter allowed expression of the full length
protein. Forced expression of WT1 and EWS-WTI in thesc cells triggered
apoptosis. Oligenucleotide array-based expression profiling revealed a small
number of genes exhibiting altered expression following WT1 and EWS-WT1
induction, ‘

To study the fimctional properties of WT1 and EWS-WT1, we
established inducible, tetracyline-regulated cxpression (Gossen and Bujard,
1992) of WT1 and EWS-WTT1 in U20S ostecsarcoma cells. We searched for
endogenous genes whose expression levels might be alteted following inducible
expression of WT1 and EWS-WT1, Messenger RNA was isolated from cells at
12 hrs following WT1 and EWS-WT1 induction, biotinylated, and hybridized to
high-density oligonucleotide arrays representing 6,800 known transeripts and
expressed sequence tags (Lockhart et al,, 1996; Wodicka et al., 1997). A gene
was considered a candidats WT1 and EWS-WT1 target if it was reproducibly
induced or repreésed in at least two different experimental replicates following
WT)1 and EWS-WT! induction, and it exhibited an exptession changes of at
least 3-fold.
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In this so-called “tet-off” induction system , the recombinant gepe is
induced by withdrawal of tetracycline from the tissue cnlture medium. The
purpose of these studics was to identify candidate functional mediators (CFMs)
of these tumeor suppressors. Upon induction of WT1 or EWS-WT]1 expression,
we identified 28 and 17 endogenous genes, respectively (of 7000 gemes
monitored), that displayed reproducible expression changes of 3~fold or greater.

By generating cell lines with tightly régulated inducible expression of
WT1 and EWS-WT1, we have identified downstream pathways that are likely

mRNA populations to sets of arrays containing hundreds of thousands of
chemically synthesized oligonuclectides . The oligonucleotides are
syuthesized in situ on glass supports nsing light-directed, solid-phase
combinatorial chemistry . Because the arrays are designed and synthesized
based on sequence information alone, they provide a direct link between

genomic sequence and measurements of differential gene sxpressior. The
arrays measure 1.28 x 1.28 cm and contain more than 65,00¢ 50 x 50
micron synthesis features. Each synthesis feature consists of more than 107
copies of a particular 25-mer oligonucleotide.

For each mRNA sample, the expression levels of 6,800 full-length
human genes will be monitored. The full set of oligonucleotides covering
these genes is divided over 4 different arrays, coumprising a total area of
approximately one square inch. For each gene, approximately 20
complementary 25-mers are chosen based on automated selection criteria
The criteria include tests for sequence uniqueness relative to the rest of the
genome and the absence of sequence features (e.g., self-complementarity or
clusters of single nucleotides) that have been determined to adversely affect
hybridization behavior on arrays. The nge of sets of oligonucleotides for
each gene provides redundancy in the detection and analysis of the data,
mitigates the potentially confounding effects of oceasional
cross-hybtidization, and makes it so all oligonucleotides do not have to
bybridize identically in order to obtain quantitative information. To further
increase the sensitivity and specificity of detection, each complementary
oligonucleotide (perfect match, or PM) is synthesized with a closely related
mismatch (MM) partner in a physically adjacent pesition. The mismatch

- 44 -
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partner is identical except for a single base difference at the central position
of the 25-mer. The MM oligonucleotide of each pair serves as an internal
control that allows consistent hybridization patterns (patterns of PM signals
-that are larger thau the comesponding MM signals) to be recognized.
Quantitative image analysis is based on the average of the differences
between the PM and MM partners, so that nonspecific and background
contributions tend to cancel, while specific hybridization signals tend to add
constructively across the set of oligonucleotide pairs for cach gene. These
hybridization signals are quantitative over three orders of magnitude, from
1:300,000 to 1:300.
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Table 1b. Additional target genes induced by WT1(-KTS).

Actession |- Description Fold induction
number : by Chip
X65779 Acidic FGF 22.1
X17405 Cartilage 461

linking protein-

1
X58377 IL-11 18.8
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ICﬂndidate WTiTargets =
59807 INATURAL KILLER CELLE PROTEIN 4 PRECURSOR (HUMAN];contains element MSR1 repetitive slsment -,

25317 |Human folate binding protein (FBP) mRNA, 3' and, ‘
X956 |Human HALPHAA44 gene for alpha-tubulin, exens 1-3.

31758 |Human mRENA for heat shock protetn HSF708'.

17969 H.snpians MRNA for 90K product

38307 |HEAT SHOGK 70 KD PROTEIN 1-{(HU B

30704 Jiuman amphiregulin (AR) MRNA, complste cds, clanes fambda-ART and lambda-ARZ.
31558 |PROCOLLAGEN ALFHA 1({{) CHAIN PRECURSOR (HUMAN).

14083 |Human bet-migraing p(amm__ien--_'mmor-_!__”nIDMI MENA, & end,
05578 [Humean radisted kerstinocyte mRINATor cysteine protezse inhibiior.
16657 [H.sapiens MRNA fof caveotin, :

3 Human brain hatruretio protein {BNF) gans, complals cds. .
20859 |Human leukemia vifus receptor 1 {GLVR1) mRNA, complete s,
71870 |KERATIN, TYPE | CYTOSKELETAL 17 (HUMAN),

45051 | TUBULIN ALPHA-5 CHAR {Gallus galius
47864 |PURINE NUCLEOSIDE PHOSPHORYLASE (HUMAN).

10550 {Human Gem G Pase (gam) MRNA, compiets ods.
114874 |Human mRNA for adrenomedulin, complels cds.

-38636 |URDKINASE PLASMINOGEN ACTIVATOR SURFACE RECEPTOR, GPI-ANCHORED [HUMANY,

: Human miRNA for lissue type plastminogen activator, : —
486322 [Human gravin (a cyiohiasmie antigen recognized by myasthenia gravis sera) mRNA, 3 end.,

51345 |[Human jun-8 MRNA for JUN-B protein.
ST—:I:W H. mRNA for elongefion facor 1 aipha 2. -
16077 {HOMEOTIC GENE REGULATOR _ T

57348 |H.saplens mRNA (clone §112). i
V26683 |Human interferon freatment kducible mRNA.

7227 |H. ﬁﬁuﬁmm
45757 M_!no%m;cuouum_'mospm_mﬁﬁa% mkﬂ"‘mec'_‘—unsonmum’x. —

TABLE 3

EWS' =

RE0806 |PROBABLE NLICLEAR ANTIGEN M virus)
M26062 I 2 OR BETA CHAIN PRECURSOR (HUMANY),

G1/8-SPECIFIC CYCLIN D1 {Homw saplens

PROBABLE NUCLEAR ANTIGEN (Pzeudormbies viam)
eds.

Hmnnwmmm%
Homo caplens £{3;5)(q25.1:p34) fusian gene 1 mRNA, completo cds.

[COLLAGEN ALPHA 3(VY) CHAIN (Gallus gallue) ;
: kinase pG6iek {ick) abberant MRNA, compleia ods,

u20082 ‘Hmmn Insulin-ike growth factor binding MOGFBP«Q gene, promoter and complate cds.
116510 {Homo ﬁmﬁ B mRNA, complate eda,
H
B SPECIFI

RA2201 | ITOGEN-ACTIVATED PROTEIN'KINASE KINASE Z (Horno sapiens)
{T53118 |NEURONAL-GUAL CELL ADHESION MOLEGULE PRECURSOR (Galls galus)
H10825 |PIN.1 PROTO-CNCOGENE SERIN "‘ﬁ*@'mmnmmmmmu i US MUSCURIE)

[R54358 ‘cmoxvmsmm PRECURSOR %us musw‘lns;
111328 |PROTEIN-TYROSINE PHOSPHATASE 1 (HU Jis
X02482 INTERFERON-INDICED PR 6-16 PRECUREOR (HUMANY contains L1 repatitive element s
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1 Abstract

Methods are provided for diagnosing cancers, drug-screening, and
functionally analyzing mutations involving the WT1 gene. The methods .
involve use of the newly identified set of genes which are regulated by WT1
as well as by the sct of genes which are regulated by WT1 fusions to EWS,
Monitoring expression levels of these sets of genes can be used as an
fudicator of the genetic status of the gene. It can also identify which have
similar effects on down-stream genes.

2 Representative Drawing . None



THMBW(EF)

RiES

[ i (S RIR) A ()

RF(EFR)AGE)

FRI&R BB A

RAAN

F-TERMZ K&

LR
HAEREEEE

E)

ERROAE  BRE-MSMEENGL  BMHEEARBRWTIER
REMDREAT T E. BITESREAFEEN—LER , XEERT
BSEWSEAMWTIRIWT1AR, WX LEEREHRAKFTURER FEfLR

RBERSWIER, TRAUBEERL TiHEREFEUNER. .

patsnap

I EHERWT 1 FFER

JP2000308500A DF(E)A 2000-11-07
JP2000064155 Bi% B 2000-02-02
FENSE R AR

AffymetrixZa 84 8]

AUF—TaFHY
MLAVEE

AL N=S =TI
Y- —>

AUF—TaFHY
N ==
A= HZT)
U—3—>

GO01N33/50 C07H21/02 C12N5/10 C12N15/00 C12N15/09 C12Q1/68 C12Q1/6827 C12R1/91 C40B30
/06 C40B40/02 C40B50/06 GO1N33/15 GO1N33/53 G01N33/566 GO1N33/574 GO1N37/00 GO6F19/00

C12Q1/6827 C12Q2600/158 Y02A90/26

C12Q1/68.A GO1N33/15.Z GO1N33/50.Z GO1N33/53.M GO01N33/566 GO1N33/574.D C12N5/00.B
C12N15/00.A C12N15/00.F C12N15/09.200 C12N5/00.102 C12N5/10 C12Q1/6827.C C12Q1/6827.Z
C40B30/06 C40B40/02 C40B50/06 GO1N37/00.102

2G045/AA25 2G045/AA26 2G045/AA35 2G045/CB01 2G045/CB02 2G045/DA12 2G045/DA13 2G045
/DA14 2G045/DA78 2G045/FB02 2G045/JA01 4B024/AA01 4B024/AA12 4B024/AA19 4B024/AA20
4B024/CA04 4B024/CA09 4B024/CA12 4B024/DA02 4B024/HA14 4B063/QA06 4B063/QA07 4B063
/QA08 4B063/QA17 4B063/QA19 4B063/QQ08 4B063/QQ43 4B063/QQ52 4B063/QQ53 4B063/QQ61
4B063/QR55 4B063/QR77 4B063/QR80 4B063/QR84 4B063/QS34 4B065/AA93X 4B065/AB01 4B065
/AC20 4B065/BD50 4B065/CA44 4B065/CA46

09/256301 1999-02-24 US
Espacenet
KIS) ek 2 THRESNASHICH ¥ *OBIELF

wss | o

FoTiZdh

£

X65779 FETRGE 21
X17405 HBEA 46.1
FHE

X58377 -1 188



https://share-analytics.zhihuiya.com/view/470c7d24-efff-4201-ae51-e63f87b11eed
https://worldwide.espacenet.com/patent/search/family/022971729/publication/JP2000308500A?q=JP2000308500A

