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WO 016875 PCTIUS022920

METHQD OF SCREENING FOR INHIEITORS OF
HGMAN FATTY ACID-CeA LIGASE 4

1. FIELD OF THE INVENTTON

The present invention relates to chenrotherapeutic treatments for cancer. More
ypecifically, the invention relates to screening assays for cancer chemotherapeutic agents
which modulzte the activity of the enzymc Fatty Acid Co-A Ligass 4 (“FACL4") in
humans, fo nevel treatments for colon cancer which involve the administration of agents
discovered using said assays, and to new methods for diagnosing colon caneer by
detecting the levels of FACL4 acfivity in tissue samples taken from a patient being
screened for colon cancer.

2. TECHNICAL BACKGROUND:

Canger is # disease in which norral body cells are changed, becoring able to naultiply
without regard to normal celtular restraints and to invede and: colonize ureas of the bady
nonmally occupied by ather cells. See B, Alberis et al., Molecular Biology of the Call
1255-1294 (3d ed. 1994} According fo the American Cancer Socicty, onc-half of all
American men and ane-third of all American women will af some point in their lives develop
cancer.

Due to the ability of cancer ¢ells fo spread and rapidly proliferats, it is ditfieult to treat
cancer paticnts by attempting to seleerively kill cancerous celis. Some have compared the
difficutty of this task to the difficulty of completely ridding a garden of woeds. As with
weeds, if only a few cancer cells are laft untouchad by treatgent, they may again spread
throughout the body, causing & recurence of the disease. Seg id. at [267, Current treatments
for cancer include surgery and therapies using chemicals and radiation. The sffectiveness of
these treatments {5 ofien hmited, bowever, since cancer cells that have spread from the
original numer site iay be missed by surgery and radiation, and sinec chenrical treatmients
which kill or disable cancer cells are often capable of causing similar damage fo normal cells.
See id.

Hope for betler treaimenis for cancer focuses on ohtaining a better understanding of
carslnogenesis—ihe series of events which transforms a nonpal cell mie 4 cancer cell. It 13
hopad that such an understanding will help researchers and physicians dircet treatazents solely
toward cancer cells o their precursors, thus preventing or treating cancer and avoiding

damage to healthy body tissues.

JP 2004-507241 A 2004.3.11
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WO 016875 PCTIUS022920

One way researchers are learming about carcinogenesis is by evalusting how chemical
agents which are known to be useful in preventing or treating cancer act to prevent cancer in
the body. One result of such rescarch is the discovery that svme cancer-preventiing
{“chemopreventive™) and cancer therapsutic (“chemotherapentic™) agenis act on cellular
enzymes which metabolize arachidonic acid it celis. Rocent studies have shown that
srachidonie acid metabolism plays an important role in the development of cuscer. Sze M.
Tsujii & R.N. DuBois, Cell, 83:493-301 (1995); H. Sheng et al, 99 J Clin. Invest.
22542259 (1997); and S.M. Prescott & R.L. White, 87 Cell 783-786 {1996). Arachidonic
acid {“AA™; 2004, 1-6) is an cssential pobyunssmrated fatry acid which is oxidized in oells to
form eicosanoids including prostaglandins aod leukofrienes.

One cellular enzyme which metabolizes AA is named COX-2. COX-2 is an enzyme
involved in the synthesis of prostaglanding frora AA. It has been shown to be specifically
invelved in colok cavcinogenesis. Like other enzymes, COX-2 can be successfully chemically
inhibited, Indeed, it has been shown in recent population studies that rcguler use of
nensteroidal ant-infammatory drugs (“NSATDs™), which inhibit COX-2, lowers colon cancer
tisk. ez M.J. Thun ei al,, 325 New Engl. J. Med. 1593-1596 (1991). Use of such NSALDs
also helps to prevent carcinogen-indnced cancer in enimals. See F. M. Giardiello ot al., 328
New Englond J. Med. 1313-1316 {1993); and C.5. Williams ¢t at,, 18 Queogene 79087516
(1899). Moreover, COX-2 bas been shown 1o be upregulated in colon cancer, as has the
reticulocyte type 13-lipoxygenase ("LOX), another enzyme which metabolizes AA. This
upregularion of several Ah-metabolizing enzymes n cancer cells suggests that multiple
pathways of A& metabolism are activated during carcinogencsis.

Severa) lines of cvidence indicate that the level of free AA in cells can regulate
apoptosis, the cellular mechanism for progranmmed cell death. One such line of evidence is
[ound it & mutant cefl lige shown to be resistant to call death from cxposiire to WImMOT Mecrosis
factor alpha (“TNFr”). TNFy is a protein shown lo preferentially kill cancer cells. In ihis
mutant cell line, the activity of cytosolic phospholipase A2 (“cPLA,”} was significantly
reduced, thereby also reducing levels of AA synthesis. This suggests that blocking
endogenous AA release in cells, and thns keeping the levels of free AA in cells low, renders
cclis resistant to TNFo klling. See M. Hayakawa et al,, 268 J. Biol. Chem. 11290--11295
(1593).
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Additiona! evidence is provided by another line of TWNFa killing-resistant cetls in
which a defect in the rate-limiting enzyme for AA biosynihcsis, A6-desaturese, has been
reported. See T. Reid et al,, 260 J/ Biol Chem. 16580-16586 (1401). This defect would
similarly keep AA levels in cells low, thus preventing TNFaq kilting,

Without being bound to any particular theoty, one interpretation of the above resulis
is that o reduced cellalir AA pool sets a limitation on the lovel of endogenous AA that can
accumalate it response to exposure to TNFa. This Jimitation on the amount of free velfular
AA appears to confer resistance (o cell death. This interpretaiion does oot distinguish between
an effsct of the cellular levels of free AA itself of that of a downstream product like an
eicosanoid, however.

This interpretation seems 1o be futher supported by a study involving lipoxygenases.
This study reported thet the adminisiration of inhibifors of 12-LOX, a lipoxygenase involved
in converting arackidonic acid inte a leukofiicne, induced apoptesis in rat carcinosarcoma
cells. See DG, Tang et al., 93 Proe Napl Adcad Sci 5241-5246 (1996). Likewise, the
administration of NS AIDs hus been shown to yield a similar response in colon cancer cell
lines. Indeed, apopiosis may be induced by simply adding exogenous AA to the cells. See
T.A. Chan et al., 95 Proc. Nail. Acad. Sci. 681-686 (1998).

The mechanism by which these inhibitors induce cell death is not complately
understwod, aithough research has shown that blocking arachidonate-phaspholipid remedeling
by inhibitors of CoA-independemt transacylasc (CoA-IT) induced apoptosis. This
conegponded to an accumulation of cellular free A like that which resulted from the
irhibition of COX-2 and LOX. See M.E. Surette ot al, 35 Blochemisny Q187-9196 (1996);
and M.E. Suretts et al., 20 Careinogenesis 757-163 (1999), Successful inhibition of AA
metabelisn appears to facilizate the sccumulation of AA in cells, thus facilifating the
induction of twnor celi death by apoptosis.

This research has spawned pmeh fvestigation into methods of inhibiting enzymes
which metabolize AA. Inhibiters are known for COX-2 and other enzymes which mefabolize
AA_Other studies of enzymes which metzbolize AA In humans have centered on the enzyme
tmvnan Fatty Acid CoA Ligase 4 (“FACLA™). FACLA4 is upregulated in colen adenocarstnoma
cells. Moreover, as with other AA-meiabolizing enzyies, inhibiing FACL4 induces
apoptosis in colon adenocarcinoma cells. These propertios make FACL4 inhibition a

promising avenue of regearch for and application of prospective cancer treatments and give

3o
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new hope to cancer sufferers, However, little is known about agents which iniubit FACLA,
and there are no known, treatments for cancer te date which utilize this pathway. No uze has
becr made of the clevation of FACL4 expression in cancer cells as 2 diagnostic method.

From the foregoing, if will be appreciated that it would be 2 significani advancernent
in the art to provide additional effective methods for regulating AA-modiated apoptosis in
caneer cells. Specifically, it would be an sdvancement in the art to provide metheds for
serecning for chemotherapeutic or chemopreventive agenis which act by modulating the
activity of FACL4 in ceils, including cancet cells. It wonid be a further advancement in the
art to provide nove! weatments for eolon cancer involving the inhibijon of FACT4 by the
administration of chemotherapeulic or chemopreventive agents discovered using such assays.
Similarly, it would be an advancement in the art to provide now metheds for dizgnosing color
cancer by detecting the levels ef FACLA activity in tissue samples. Such meliods are
disclosed hercin.

3. BRIFF SUMMARY_OF THE INVENTION

The present inveniion relates to chemopreventive and chemotherapeutic reatments
for cancer. Morc specifically, the present invention relates fo msthods of screening
contpounds for canser chemotherapewlic aclivity, Said mothods of sereening detect agents
which modulate the activity of the eneyne Ratty Acid Co-A Ligasc 4.

In certain embodix}lenfs, said methods comprise contacting cells which express or
overoxpress the FACLA gene product with the compound (o be tested, and then measuring the
level of inhibition of the FACTA gene product in the cells. The inhibitior of the gene product
is measured in any of the nurnerous ways known in the art, including, but nat limited to
mogitoring the rate and amount of radiolabeled AA esterified by FACL4 in compound-treated
and unirsated cells or comparing rates of apoptosis wnong compound-treated cells with those
of untreated cells. See D.B. Wilson et al,, 257 L Bial Chem. 3510-3515 (1982); and V. Cao
etal, 49 Genomics 327-330 (1998). Ln certain other ercbodirnents, said methods comprise
contacting a genetically engineered cell in which the expression of FACLA is suppressed with
o test compound and measuring inhibition of the function of the FACLA gene product in the
cell. One could also test for FACL4 inhibitors using mouse madels, for exampls in mice
bearing Xenografted lumors, in Tansgenic mice or cells denved therefiom that overexpress
FACL4, or in FACL4 knock-out mice. In embediments of the present invention, test
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compounds which inhibit the function of the FACL4 gene preduct are potontial cancer
chematherapeutic agents.

The invention also relates lo providing novel weatments for colon camcer by
administering chemotherapeutic or chemopreventive zgents discovered usiog the assay
misthods disclosed above to a buman in necd of such treziment. Thus, sad nove! treatinents
for solon cancer somprise inhibiting FACIA in. a human by administering a FACT4 inhibitor,
In specific embodiments, these tieatments comprise administering triscsin C to a human. As
used herein, “offeclive amaotar” means an amount of 8 dmg or pharmacologicully active agent
that is nontexic but sufficient to provide the desived locul or systemic effGet and performance
at a reasanable benefitrisk ratio attending any redical treatment. Tn other embodiments, said
treatments comprise administering a FACL4-inhibiting compound to a buman, wherein the
activity of the compound does not result in significant toxic effects to the human. In yet
apother embodiment, said trestments comprise adwinistening a compound which inhibits
TACL4 to 2 human in need of such treatment, wherein the ability of the compound to inhibit
FACL4 is determined by contacting it with 2 cell genstically engineered lo express or
overexpress a PACLA gene product and defennining whether the compound fnhibits the
FACL4 gene product.

Furiher, the imvention relates 1o pew methods for diagnosing colon cancer by detecting
the levels of FACLA activity in tissue semples. In some embadiments, said methods comprise
isolating a sample of tissue suspected to be cancerous, ovaluating levels of FACLA expression
in the cells of the tissue, and comparing the levels of FACL4 expression with those of a
control cell. Bvaluation of the levels of expression of FACL4 may be conducted through
quantitative RT-PCR, immunostaining, in sita hybridization, immunofluorescence, Westem
blotting, or ather methods commonly known in the art. Further, the control cell used in these
rnethads may he seleated from non-cancerous colon cell lines known in the art, or may simply
be a cell from a tissue sample thought 1o be normal taken fion the same individual.

These and other features and advantages of the present invention will becomnes more
fully apparent from the following detailed description.

4, BRIEF SUMMARY OF THE DRAWINGS

Figure 1: The expression of FACL4 and COX-: is imcreased in colon
adenocarcinemas and cell lines. (A) Expression in adenocarcinomas. Quantitative RT-PCR

was performed on RNAs isolated from 24 pairs of colon adenccarcinomas and adjacent

5.
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norrmal tissues. A Tepresentative RT-PCR quantitation from two patients 1s shown. The top
pangl illustrates amplification with the FACL4 amplicons and the hottom with the COX-2
amplicons. FACLA was mnplified for 32 and 36 cyclas, and COX-2 was amplified for 34 and
38 aycles, T denotes calon adenocarcinoma tissue, while N denotes normal colon tissus from
the same paticnt. {B} Expression in colon cancer cell lincs. The legends on top of the el
indicate the cell line from which RNA was extracied.

Figure 2: Triacsin C seasifizes avachidontie acid-induced apoptosie (A) and synergizes
with NSAIDs in inducing apoptesis (B). HT 29 Cells wore plated in 96 wells. Triacsin C and
AA werc added {in A), or riacsin € with either mdomethacin {Inde) or sulindzc {Sul) (in B)
were added al the indicated concentrations. Indometbacin and sulindac are both
cyclooxygenase (COX) inhibitors, Apoptosis was determined by Cell Death ELISA 44 hr
Jater (A), and 72 bir later {B), respectively. Coutrol cells, (hereinafter “CiI"™) are considered fo
be cells which did net receive NSA1Ds treatment. The values shown are the means af
triplicate determinations.

Figure 3: Arachidonic acid induces apoptosis via activation of caspase 3. (A)
Dreicrmination of cell survival. A4 was added 1o 293 cells at the indicaled copcentrations and
the surviving fraction of cells was determined aftor 44 hr. The values shown are relative to
the viahility of cells that were ot exposed to AA. (B) Increased apoptosis in cells exposed
to AA. Cells were treated with A4 (300 M) or pahmitic acid {300 M) under the samc
conditions as in A, agd then apoptosis was deiected with an ELISA. The mean values from
triplicate determminations are shown. In rultiple experinents the concentrution of AA thai
snduced apoptosis in a substantial fraction of the cells varicd between 200 and 300 M (C)
In ity detection of apoptosis. The 293 cells were treated with AA {300 2M; +AA) or vehicle
alome (-AA) for 44 hr. The nuclei were stained with DAPT, and DNA strand breaks in
mdividual cells were detectod with a fluorescent TUNEL assay. The upper panels are the
sams fiekd of cells (~AA) photographed vnder UV {leR panels} and FITC filters (right panels).
The lower pamels illustrate apoptotic colls ($AA). The magnification is 80x. (D)
Imnunestaining with an anti-active caspase 3 antibody. Upper panels, confrol cells (-AA);
lower panels, cells exposed to 300 pM AA. Left panels, DAPIL stamning; right pancls,
mrnnostzining with an sntibody selective for active caspase 3. The magnification is 100x.
{E) Blocking AA-induced apoptosis by inhibition of caspase 3. The 293 celis were
preincubated with caspase inhibitors (inclnding DMQD, a caspase 3 inhibitor, and YVAD,

6=
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a caspase 1 and 4 Inhibitor (Peptide Tostitute)) for 1 hr at the indicuted concentrations, AA
(300 pM) was added, and apoptosis was determined 44 hr later. The values represent the
means from triplicate determinations,

Figure 4: Over-expression of COX-2 or FACL4 inhibits apoptosis. (A) Conditional
expression level of FACLA and GOX-2 in stably transfected lincs. Cells were treated with {+)
or without (-) penasterone (1 pg/ml) for 48 hr, and Western blotiing was carried out with ani-
FACL4 and anti-COX-2 antibodies, respectvely. The Joading was nonmalized with an anti-f
actin antibedy (ICN Biomedicals). (B) Reduction of AA-imduced apoptosis by over-
expression of COX-2, FACL4, and both together. The 233 cells stably wansfected with an
empty contral vecior (Ctl), FACL4 ¢DNA, COX-2 ¢DNA, and both FACL4 and COX-2
cDNAs were wninduced (- Pon) or induced for over-expression ¢+ Pen) as in A, AA (300
M) was added afler 24 hr of induction and apoptosis was determined 44 hr later. The
increase in apoptosis induced by AA varied between §- and 20-fold relative {o the signal in
cells without treatment. The plot is a comparison of the relative apoptosis levels among the
stable lines and is representative of three independent cxperiments, The valucs shown are the
averages of triplicate determinations. (C) Requircment for the catalytic activity for the COX-2
mediated prevention of apopiosis. Cells were uninduced (- Pon or induced for aver-
expression a5 above. The mutant COX-2 wag expressed at a similar level to the wild-type, s
azsessed by immunobletting, but there was no inercase ahove background in the emonnt o’
prostaglandin synthesized. COX inhibitors were administered § hr later as indicated, AA {300
14M) was then added after 2 hr and apoptosis was determined 44 hr later. The plot is prepared
as in B, and is a representative result from thres independent experiments, in which triplicates
were performed. Wt = wild-type, Mur = mutant, Met = 50 wM 6-methoxy-2-naphthyl acetic
acid, Tndo = 10 M indomethacin. () Reduction of prostaglandin synthesis by co-expression
of FACL4 with COX-Z. The COX-2, FACLA/COX-2 stable and conirel ccells carrying an
empty vector were induced for 48 hr, washes and incubated with 20 ;M AA at 37°C for 30
min. The amount of PGE, synthesized was dotermined by ELISA. Four additional clones of
the FACLA/CGX-2 double stable cells were exanined, and all secrcted a lower level of PGE,
—ranging from 16% ta 56%—than the COX-2 single stable lines. (E) The levels of free AA
in the stable lines. The [*H| AA teleased to the supernatont was determined and the values

shown are everages from multiple experircents {n=4, P< 0,05).
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Figure 5: Enzymalic “sinks” for free araclidonic acié protect against TNFe- and
caleiun ionophore-mediated cell killing. (A) Determination of cell survival The oclls were
induced (+ Pon) or not (- Pont for 24 hr, and TNFe {I ng/ml) or the calcium jonophore
A23187 (5 M) was added, and the cells were incubated for another 72 hr. The swviving
fraction was Jetermined and is plotted relative to that of the same line withoul TNFa or
A23187 treatment, Cfl denotes conirol cells harboring an empty vector, while FACLA/COX-2
denotes the double stable line. (B) Measurement of the fres AA. The FACLA/COX-2 cclls
were prelzbeled with [PH] AA, induced, and stiroulated with A23187 (5 1M), and [*H] AA
release was measured at the indicated time intstvals. The values are from one experimans ihat
is representative of four independent determinations.

Figure 6: Cells exposed fo AA show mereased Lpid peroxidation; apoptosis is blocked
by antioxidants and Bel-2. (A) The level of lipid oxidation products. The 293 cells were
treated with AA at the indicated concentrations for 48 br. The data presented are from one
experiment that is representative of two independent experimenis. (B) Aticrmation of AA-
tnduced apoptosts by anfinxidants. Antioxidants were applicd to 293 cells at the indicated
conventyation for 1 hr, and then AA (200 M) was added. Apoptosts was delermined after 44
hr and is shown relative to the level in control cells, (C) Inhibition of AA-induced apaptosis
by Bol-2. Cells were ransfected with the empty vector {Ctl) or with 2 cDNA encoding Bcl-2
and then were exposed to AA (300 zM). The level of apaptosis was determined afier 44 hr,
The values shown indicate the apoptosis level relative to cantrol cells, and represent the
means of wiplicate determinations (P<0.03). The expression of Bel-2 was detected by Western
bletiing. {D) The level of Bel-2 expression in the stable cells. The stably tramsfeeted cells were
induced, or not, with ponastercue for 24 or 48 hr. Cell lysates were blotted with an antibody
1o Bel-2. Normalization was performed with an enti-f-actin antibody.

These drawings only provide information concerning fypical embodiments of the
invention and are not therefore to be soneidered Hmiting of its scape.

5. DETATLED DESCRIPTION OF THE INVENTION

The present invention provides screenivg assays for cancer chemotherapeutic agents
which modulate ihe activity of the enzyme Faity Acid Co-A Ligase 4. The inventien also
provides novel teatments for colon cancer which invalve the inhibition of FACL4 by the

administration of chemotberapeutio or chemopreventive agents discovered using such assays.
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Further, the invention provides new methads for diagnosing colon cancer by detecting the
levels of FACLA4 activity in tissus samples.

Al publicatioms, petents, and patent applications cited herein are hersby incorporated
by reference.

DEFINITIONS

By “vecter” is meant any geuetic elemexnt, such 4 a plasmid, phage, transposon,
cosmid, chromosome, attificial chromosome, vinus, virion, cfe., which ia capsble of
replication when associated witls the proper control elements and which can transfer gene
sequences between cells. Thus, the térm includes cloning and expression vehicles, as well as
virzl vectors.

The terr “transfection’ is used to refer to the uptake of foreign DINA by a cell. A ol
has been “transfected” when cxogenons DNA has been introduced inside the cell membrane.
A namber of transfection (echniques are generally known in the att. See, eg., Greham ¢t al,,
52 Firology 456 (1973); Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harhor Laboratorics, New Yark (1989); Davis @t al., Basic Merhods in Molecular
Binlogy, Elsevier, (1986); Chu et al, 13 Gewe 197 (1981); and JD. Watson of zl.,
Recombinant DNA, 213-234 (1996), Such fechniques can be used to introduce one or more
exogenous DNA moictics, such as a nucleotide ntegration vector and other nucleic acid
moleenles intn suitable bost cells. The term captures chemical, electrical, and virel-mediated
transtection procedurss, including, as examples, calcium phosphate co-precipitation {Gralam
et al., 52 Virofogy 456467 (1973)), direct micro-injeetion into cultured cells (M.R. Capecei,
22 Cell 479-438 (1980Y), electroporation (Shigekawz el al,, 6 BioTechniques 742-751
(1988)), liposome-mediated gene transfer (Masnino et al., § BioTechnigues 682-690 (1938)),
lipid-mediated transfection {Felgner ef al., 84 Proc. Narl Acad. Sci. 7413-7417 (1987)), and
nugleic acid delivery using high-velacity microprojeetiles (Klein et al., 327 Natre 70-73
(1937).

As used heretn, the term “cell line®” refers to a population of cells capable of
continuous or prolonged grovwth and division in vitre. Often, cell lines are clonal populations
derived from a singie progenitor cell, It is forther kmown in the ari that spontaneaus or induced
chenpes can eccur in karyotype during storage or transfer of such clonal populations.
Therefore, cells derived fiom the cell line referred to mmay not be precisely identical to the

ancestral cells or cultures, and the cell line referred to includes such varjunts.

G
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The term. “RT-PCR” denoiss the reverse transeriptase polymerase chain reaction used
and known in the at. As i3 known in the art, RT-PCR is a variation on a basic method of
amplitying a tavget DNA molecule by nsing a polymerase and primers which have nucleotide
saquences complementary 1o the sequence of the DNA flanking the desired target region of
the DA, Successive cycles of the prosess can be used to imcreasc the amownt of DNA.
presont since the strands produced in & first oyele can be used as templates for producticn in
later cycles. RT-PCR combines this basic method with the reverse franseription of mRNA,
to form eDNA, which may then be amplified by the procedure just deseribed. See R C. King,
A Dictionary of Geneties, Maw York, Oxford University Press 268 (1997).

The term “amplican” is used 10 mean a segment of peretic material which forms many
linear copics upon sxposure to a compoted whick inlibits the function of 2 gene found in the

sepment.

The term “over-expression” as used herein denotes that a given gene product is being

cxpressed 1o a cell or set of cells that have been enginsered i express the gene product at a
vte higher than in a comparable cell or set of cells that have ot been so enginesred. The rates
of overexpression in said aclls vary from the eriginal levels by 2-told, 5-fold, and 10-fold,
with 10-fold being preferred.
GENERAL METHODS

The invention stems from the discovery that fatty acid CoA Hgase 4 (FACI.4), like
COX-2 and LOX, is upregulated in colen adenocarcinoma. See Y, Cao et al., 49 Genomics
327-330 {1598). This upregulation of these enzymes suggests that colon cancer causes
alterations to existing A& metabolic patinways which cumulatively lower the level of fres AA
in a cell, thereby preventing apopiosis. This hypothesis was tested by establishing human
epithelisl lines with stable, inducible expression of FACL4 and/or {!0X-2. Using these cell
lines, it was determsined that AA is a signal for apoptosis. These assays further showed thai
the induction of apoptosis by NSATDs and other inhibitors of AA melabolism is a
consequence of the acoumulation of AA due (o the inhibition of AA-metabolizing agents.
These assays further showed that over-expression of COX-2 and FACLA, like that which
ocows in colon and perhaps other cancers creates a “sink” for AA, thereby removing a pro-
apoptotic signal and prometing carcinopenssis, Pharmacological manipualation of the cellular
level of frec AA to induce apoptosis could thus be a general approach to killing transformed

JP 2004-507241 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

15

0

25

30

(33)

WO 016875 PCTIUS022920

cells. This could be achieved theough the inhibition of enzymes which metabolize AA, such
as COX-2 and RACT 4,

Tn order tn discover compounds which block the metabolism of AA by FACTA, Tuman
epithetial oell 1imes wers developed with steble, inducible expression of FACLA, COX-2, and
both FACL4 and COX-2. These cell lines were used in metheds of screening for compounds
whigh inhibit FACL4. Such methods comprise contacting a tost composition with a cell
expressing or overexpressing the FACL4 gene product and measuring the inhibition of the
FACLA gene product by the compound relative to that of u nen-contacted cell. Many methods
may be used fo measme the inhibition of the FACL4 gane product by the test compound,
including tracking the metabolism of radiolabeled AA in FACL4-freated and non-FACL4-
treated eells. Similarly, pulse-chase merhods such as that used in Fxampls 5 can show relative
gmounts of AA metabolism ocenrring in a sot of cells versus fhat of a control. Further,
methods stamming from the apoptosis-inducing effects of AA pouling such as compaving
rates of apoptosis in FACL4-trcabed cells with those of non-FACL4-treated cells and
comiparing apoptosis rates of FACLA-treated and nom-weated cells afier exposuse to
txogencus AA.

Furlher, the compounds discoverad using the above assays may be used 1o treat colon
cancer in 4 human. As secn, for example, in Example 2, kuown inhibitors of FACT4 such as
triacsin ¢ may be used to sensitize cells to AA-induced apoptosis. Indesd, there 35 a
synergistic effect in destroying cancer cells when both FACL4 and COX-2 arc inhibited, as
seen in fgure 2b.

Also, as seen in Example 1, colon edenccatcinomas express FACLA at much bigher
Levels than normal cells. ‘This suggests that evaluating the levels of FACLA expression in a
sampie of suspect tissus and comparing it to the Tevels found in a sample of normal tissue, a
nermal cell line, or other contral would sarve as a methed of diagnosing colen cancer.

The concentrations of AA that induced apoptosis in. the 7n vifro experiments deseribed
herein are higher than the steady state levels that have beon, measured in normal biclogical
fhuids, but the concentration in cells is uplmoewn and might approach such levels ransientiy
undet cortaim ciroumatances in viva. For example, approximately 5 to 20 mmel of AA are
released from 107 platglets in 1 min upon stimulation by thrombin. See E.J, Neufeld & P.%W.
Majerus, 238 S Biol Chem. 24612467 (1983),

-
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The induction of apoptosis is not a deteryent effect since other fatty acids, such as
oleic and palmitic acids, did not canse the same respense. Moreover, the AA-nitiated
apaptasis can be inhibited by remeval of AA metabolically as shown in our expariments in
which COX-2 and FACL4 were over-expressed,

COX-2-specific mbibitors SC-58123 and NS398 have heen reported o enhance the
induction of 2paptosis i colon and prostate sancer cells by down-regulating the anti-apoptotic
protein Bel-2 (See H. Sheng et al,, 58 Cancer Res. 362-366 (1998); and X.H. Liv, ct al, 58
Cancer Res. 4245-4249 (1998)), whereas 15-LOX was found to block apaptosis by
upregulating Bel-2. See E. Mishio & Y. Watanabe, 132 Br. J. Phormacol. 1516 1522 (1997).
We have discovered that overexpressing COX-2 and/or FACL4 blocked apoptosis, and was
parallcled by an increased expression of Bel-2. In addition, over-expression of Bel-2
supprossed the AA-induced apoplosis. These suggest that the expression of Bel-2 is regulated
by the level of frew AA, and that the Bei-2 dependent pathways play a cracial role in AA
signaled apoptosis.

Tt has been debated whether the augmented AA metabeolism is an initiztor or a
consequence of (umor growtl. The studies with COX-2 and its inhibitors stromgly support thal
the induction of COX-2 is a critical step in carcinogenesis end tumor progression, The pro-
neoplastic effects of activating COX-2 angd other AA metabolic pathways are multiple, but
one important mechanism is the inhibition of apoptosis. Tn the casc of colon physiclogy,
apoptosis is a normal event to conclude the fife cycle of intestinal epithelial cells. The
diversion of AA by the induced enzymes in colon cancer lowers the level of free AA, and
thereby premotes tumor growth by attonuating apoptosis. The specific cicosanoid products
of AA metabolism, like prostaglandins and leucotrienes may also conimbuts to the
transformation throuph enhancing cell adhesion and preliferation. Nonetheless, the inhibition
of apoptosis by coordinated activation of AA metabolic “sinks” is a vital mechamsm fo
promote twnor growth, and our findings implicate that development of specific and non-toxic
inhibitors targeted to the AA-metabolizing patbways mey provide novel approaches for

therapeutic infervention.
6. EXAMPLES

The foliewing axamples are given to tustrate various smbodiments which have been

marie with the present invention. It is to be understood that the following examples are not
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comprehensive or exhaustive of the many types of embodiments which can he prepared in
accordance with the present invention.

Materials and Methods

Fumar tissues and Reverse Transcription PCR. Total RNA was prepared from
surgically removed colom adenocarcinorma and the adjacent normal tissues from the same
patient by Trizol Reagent {Lite Technologies, Ine.). Colon cancer cell lines were frorn ATCC.
RT-PCR. was catried out using primers comssponding to the coding sequence of human
FACL4 or COX-2, and B-avtin primer-competimer mix {Ambion). The sizes of the amplified
fragments for FACL4 and COX-2 are 441 bp and 480 bp, and tie B-actin primers awplify a
fragment of 294 bp.

Cell Death Detection ELISA, Cells were plated on 96 welkplates at 1x 10° cells per
well. AA was applied and apoptatic denth was determined after 44 hr with the Cell Death
Detection BLISA (Boehringer Mannheim).

Siable cell lines. The cedysone inducible systemn (Invitrogen) was used (o consbuct
stable lines over-expressing hunan FACLA, COX-2, COX-2 mutent, and both FACLA4 and
COX.-2, COX-2 muiant cDNA expresses a catalytically inactive COX-2 with change of a
single amino &cid residue (1.547K). The D As were cloned inta pIND(SP1) (Neomycin’).
The cONA constructs, or the empty vector pIND{SP1) were {ransfocicd inie ECR253 cells,
wiliich were then selected in 400 g/ml gencticin and 400 pg/ml zeocin. A pumber of single
colonics were screencd for over-expression of FACLA, COX-2 wild type, aod COX-2 mutant
by immunchlotiing against anii-EACLA (Ses Y, Cao ot al., 457 FEBS Lett. 263-267 (2000)),
and anti-COX-2 antibedies (o gift Gom Dr. Tacques Maclouf), and by measuremcat of the
CoA ligase activity for FACLA (See D.B. Wilson cf al.,, 257 J. Biol Chem. 3510-3515
(1992)), or the PGE, seeretion for COX-2 wild type (ELISA. assay, Assay Design, Ine.). The
double stable line was generated by stably transfecting the COX-2 stable cells with another
PIND(SP1)-FACLA cDNA consiract, in whick the FACL4 ¢DNA was cloned into a
PIND(SP1) (hygromyein’) vector. The cells were selected in 400 pg/ml gencticin, 400 2g/ml
zeonin, and 30 ugiml hygromycin B, The positive colonies were screened as described abave.

Cell survival. Cell viability was determined with the crystal violet stajning (See M.
Hayaicawa ct al., 268 J. Biol. Chem. 11290-11205 {1993).
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In sito cell death detection. Cells were plated on § well-glass chamber shdes
precoated with poly-L-lysine. AA (300 M) was added, and the floorescent TUNEL assay
was performed 44 br later nsing the in sifu cell death detection kit (Boehringer Mannlretm).

Arachidonic acid release. Cells were plated on. 6 well-plates prevoated with poly-L-
lysiae af & x 1¢° cells per well. They were then prelabeled with ['H] AA (9.4 pCifm] medium)
(91.8 Cl/mmol, 100 4Cifml, NEN) for 24 lr, Afler & wish, serum-free DMEM supplemented
with 1% BSA {fatty acid free) was added, A small portion of the medinm was withdrawn at
time intervals, and free fatiy acids were extracted with the isoprepyl alcohel/eptane/2M
H,50, (40:10:1) cocktail (See V. Dole & H. Meinertz, 235 J. Biol, Chem. 25952599 (1960).
The upper heptane phase was collected acd ihe [HJ labeled AA was determined by 2
scintillation counter. The mediurn was extracted 28 Ir later and AA releasc was determined
again. The poreentage of A4 release (+P/-P) was calculated by tirst subtracting released AA
afier 4 br (background) ftorn that at 32 br in the same dish, secondly dividing the release level
after ponastorone treatment {(+P) with that of control (-P) irr the same stable Tine. The AA
release stimulated by A23187 was caleulated by subtructing the released AA by unstinmlated
oells, from that by A23187-stimulated counterparls.

Lipid peroxidatien assay. Cells were plated and treated with AA for 48 hr. They
were then suspended in 300 41 HyO and the cell lysates were prepared by repeatedly freezing
anit thawing. The eeliular malondialdehyde (MIDA) and 4-hydroxynanenel (4-HINE) levels
were deferrnined with the lipid peroxidation assay kdt (Calbiochem).

"I'ransfection with Bel-2 ¢DNA construct. The cells were transfected with human
Rel-2 cDNA construct using LipofectAMINE (Life Tochnologies, Inc.). Two ug of Bel-2
cDMA and 1 g of luciferase cDNA consiruats were transfected inte ~ 4 x 10° cells. The cells
were harvested 48 hr later and replated 2t 1 x 10° cells per well on 96-well plates. The
transfectants were exposed to 300 uM AA, and apoptosis was examined 44 hr later. A portion
of the transfectants was lysed, and the lucifersse aciivity was determined to momitor the
transfection efficiency. The expression level of Bol-Z was examined by inmmunoblotting
(anribody from Bochringer Mannheing).

Indirect fluorescent immunostaining. Cells were culiured in pely-L-lysine precoated
8-chamber stides, and were fixed with 3.7% paraformaldehyde. The slides were fen blocked

and the anti-active caspase 3 antibody (1:200 dilution, Phazningen) was applicd, followed by |
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incubation with FITC-conjugated goat miti-rabbit secondary antibedy (1:250 difution, Jacleson

ImmunoRcsearch),
Example 1: The expression of FACL 4 is increased in celon adenocarcinemas.

We previously cloned the human iscform 4 of fatty acid CoA-Higase that encodes an
eiizyme that highly prefers A und that cotwverts it Iato atachidonay] coenzyme A ester. (See
Y, Cao el al,, 49 Genomics 327-330 (1995)). Since FACL4 and COX-2 both use AA as
sUbstrate, and since COX-2 was shown fo bs inducsd in colon canper (See C1. Bbrhart ot
al, 107 Gasroenserology 1183-1188 (1894)), we asked if FACLA is 2lse upregulated in
colon adenccarcinomas. By quantitative RT-PCR. using primers specific for COX-2 ané
PACLA, we found that in addition 1o COX-2, the expression of FACLZ was siguificantly
increased in the colon adenocarcinoma compared fo the adjacent normal tissee from the same
patient. We abserved a 2- to 14-fold increase i the exprossion of FACL4 in 23 of 24 colon
adenocarcinioma samples, and & represetitative result trom two patients is shown in Fig. 1A,
We alse found that many colon earcmoma cell lines express a signifivantty higher level of
FACLA than in the futestinal epithelial ling Int 407 (Fig. 1B).

Example 2: A FACL inhibitar sensitizes a cell to AA-induced apoptosis and
synergizes with NSAIDs in inducing apopiosis.

Previous reports indicated that i]]jlihiﬁﬂﬂ of COX-2 by NSAIDs in transformed
cells results ji apoptosis. We evaluated whether triacsin C, an iphibitor of FACL, has a
similar effact. We found that triscsin C induced apoptosis in a concentralion-dependent
manner in AT 29 cells; at 10 1M it caused a 9-fold increase compared 1o control cells (Fig.
2A). Furthermore, exogenous AA induced apoptosis at concentrations from 108 to 200
1M, and triacsin C sensitized oolls to AA-induced apoptosis (Fig. 2A). This suggests that
the induction of apoptosis by triacsin C is mediated through fnactivation of the FACL4
pathway and subsequently, an accumulation of free AA in cells, We further tested whether
blocking these two metabolic pathways simultancously exeris a synergisiic offect on
apoptogis. We fund ihat triacsin C at a concentration (2 M) that otherwise did not cause
cell death in HT 29 cells, induced apoptosis when indomethacin, 4« COX inhibitor, was

added. The apeptosis-inducing effect of triacsin C was increased by 4-8 fold in the

13-
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presence of sulindac, another COX inhibitor (Fig, 2B). A stmilar synergy was detected in
human kidney epithelial 203 cells (not shown). Thus, it is likely that the signal for
apoptesis is an elevated level of AA, and triacsin C and NSAIDs promote apoplosis by

hlocking the metabalic removal of free AAs.

Example 3: Arachidonic acid ind poptosis iu epithelial cells and involves

aetivation of caspase-3.

To evaluate the mechanism implicated in fhe upregulation of AA-utilizing
cnzymes in tumor tissuas, we engingered a ceiluiar model that ailowed us to manipulate
the cellular free AA level, Initially, we examined the fate of 293 cells exposed o
exogenous AA and found that survival fell (o 23% of the condrol as the fatty ucid
conceniration was increased (Fig. 3A). The porlion of cell death attributable te apoptosis
was estimated in an assay that detects the formation of ﬁono— and aligo-nueleosomes. A
high fovel {18-fold over the control} was detecied when the cells were exposed to 300 20
AA, but no increase was observed when they weie exposcd to palmitic acid (PA) (g
3B). The centrol cells had intact muelci, while the cells treated with AA showed muclear
condensation, chromatin fragmentation, and a high level of DINA strand breaks {Fig. 3C).
Thus, AA induces apoptosis in & concentration-dependent manner. We postulated that
aciivation of caspase 3 might be involved in the AA-induced apoptosis, since 2 caspase 3,
but not caspase 1 {ICE}), mediated pathway is involved in TNFo-treated cells, in which
eridogencus AA release is stimulated. Ses 8. Bourieele et al., 273 J Fiof. Chem,
3124531251 (1998). We detected increased caspase 3-like activity in AA-treated cells 3n
a time- and concenfration-dependent manner compared to control cells. . the maximal
nerease was ~ 4.5 fold and the peak was at 17 honrs (not shown). Activation of caspase 3

in individual cells was detected with an antibody specific for activated caspase 3. The

-1&-
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stalning pattem revealed that the level of activated caspase 3 correlated with the extent of
chromatin fragmentation (Fig. 3D). We next added inbibitors of either caspase 1/4 (z-
YVAD-fink) or caspase 3 (2-DMQD-fmk) to the cells befors exposing them 10 exogenous
AA. We found that the caspese 3 inhibitor, but mot the caspase 144 inhibitor, significantly
blocked apoptosis (P<0.001 at both concentrations) {Fig. 3E). This indicates that
activation of oaspase 3 is an essential downstream event in AA-induced apopfosis,
Example 4: Activation of AA-utilizing pathways prevents AA-induced apoptosis by

reducing the level of cellular free AA.

We next constmcted stably transfected lines that express human EACL4, human
COX-2, or both upoa induction. The expression level of FACLA, COX-2, or both upon
induction was detecte;ﬂ in the stable lines by Western blotting (Fig. 4A). In addition, we
isofated lines with indneible expression of a mutant COX-2 (L.547K) that lacks catalytic
activity (ot shown). ‘We then tested if over-expression of FACL4 and/or COX-2
prevented A A-induced apoptosis. A reduced level of apoptosis was observed in cells that
over-expressed FACLA or COX-2 compared to control oclls (Fig. 4B). The reduction in
apoptesis was not a side effect of ponasterone, the agent used to induce expression of the
enzymes, because the control cells harboring the empty vector gencrated similer levels of
signals with or without induction. The attenuation of apoptosis was much more
pronounced when cells over-exprossed both FACLA and COX-2 (Fig. 4B). We conciude
that over-expression of FACL4 or COX-2 partially prevents AA-indnced apoptosis, and

simultaneous over-expression of both enzymes has an additive effect.

We next asked if other polyunsaturated fatty acids induced apoptosis and observed
that eicosapentaenoic acid (Ef-A) and docosahexaenoic acid (DHA) were effeclive. Both
of these futiy acids are substrates for COX.-2 although DHA is not as good as either AA or
EPA. See W.L. Smith et al., 271 J, Biol. Chem. 3315733160 {1996). The fold-increase in

apoptosis wus 8.5-, .1- 15.1- and 4 2-fold afier treafiment with 200 &M AA, 200 LM

174
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EPA, 100 uM DHA and 200 uM PA, respestively. By inducing COX-2 over-expression,
apoptosis in response to AA was reduced by 36.7% (n=3, P< 0.001}, to EPA by 34.0%
(0=3, P< 0.01), to DHA by 18.5% (u=3, P>0.05), and to PA by only §.1% (n=3, F>0.03),
Thus, prevention of apoptosis by over-expression of COX-2 correlated with the suitability
of the fatty acid as substrale. To test whether the protective effect of COX-2 requited its
catalytic activity, as suggested by the results with diffarent fatty acids, we compared the
Yevel of apoptosis in cells with wild type COX-2 to thaf in cells with an inactive mutant
COX-2 (L347K). In contrast to wild type COX-2, over-expression of the mutant COX-2
&id not inhibit apoptosis {Fig. 4C). We next tested the effect of NSAIDs on this responss
and found that G-methexy-2-naphthylacctic acid (50 4M), a selective inhibitor of COX-2,
abolished the prevention of apeptosis by COX-2. In contrast, indomethacin {10 M, a
concentration that inkibits Cox-1 but does not inhibit COX-2) (See E.A. Mcade <f al,, 268
J. Biol. Chem. 66106614 {1953)) did not alter the apoptosis response {Fig. 4C). Thus,
inhibition of COX-2 had a pro-apeptotic effect.

The proteetion from apoptosia could have resulted from the extensive removal of
free AA, or altematively, the production of metabolites. To distinguish between these two
mechanisms, we performed several experiments: first, we compared the secretion of PGE,,
the major product of the COX-2 pathway, in the COX-2 single and the FACLA/COX-2
doubls stable lincs. The double stable cells seoreted ~ 28% of the amownt of PGE, scercted
by the COX-2 single stable cells (Fig, 40). This most lkely resulted from competition
between COX-2 and FACL4-mediated patbways for the pool of free AA. This result
strongly favors the interpretation that depletion of AA, and not the gencration of products,
was tesponsible for the prevention, sincs the double stable cells prevented apoptusis more
effectively than tha COX-2 single stable cells even though they produced & much lower
level of prostaglandins. Furthermore, we directly added PGE, (50 uM) aud PGJ, (5 #M) to
the cells and found that they did not improve cell viability in the presence of exogenous
AA (not shown). Another possibility was that the prevention resulted from an alieration in

-18-
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HETE synthesis via the LOX patbways because of the decreased availability of fice AA in
the double stable colls. We detected 15-LOX i 293 cells and found fhat the LOX inhibitor
NDGA induced apoplesis, 28 reported previously (Se2 D.G. Tang et al., 93 Proe. Nail.
Acad. Sci. 5241-5246 (1996)), moreover, addition of 15-HETE did not affect call survival
in 263 cells (not show). Taken fogether, these results support the hypothesis that a high
level of fioe AA triggers apantosts, wiils its deplelion blocks apoptosis. To obtain direct
cvidenee, we next estimated the relative amounts of free A in the different cell fincs by
measuring the amount released into the medium. See 8, Jayadev et ul, 269 . Biol Chem.
5757—5763 (1594). After induction of the “siok™, AA wus reduced to 679, 61% and 26%
in the FACL4, COX-2 and the double stable cells, respectively, compared to the
counterparts without induction {Fig. 4E}.

Example 5: The arachidonic acid metabolic “sink™ also prevents TNFa-mediated

Kkilling.

We next tested if the “sink” for A4 could apply to prevent cell death in other
circumstances, for example, TNFo-mediated killing. TNFa exerts cytotoxic and eytostatic
effects agrinst certain tumor cells, and relense of AA by cPLA, clearly has been
implicated in this process. See M. Hayakawa et al., 268 J. Biol. Chem. 11280-11295
(1993); and . Jayadev et al., 272 J. Biol. Chem. 1719617203 (1997). In the cells that
overcapressed FACLA or COX-2, the cell survival after TNFu treatment was increased
maderatcly (not shown), and it was significantly improved in the FACLA/COX-Z stable
cells: the surviving fraction increased from 43.5% te 70.5% (n=3, P< 0.001) (Fig. 54). We
observed that cell survival in the double steble cells was beiter than that in confrol cells
gven without induction. This probably resulted from 2 slight leak in promoter regulation of
the cDNA constructs, We also cxamnined cell sarvival in response to another aécmjsi, Cca™
ionophore A23187, which stimulates AA release by cPLA, (See L-L. Lin ot al., 8% Proc.

Natl Acad. 5ci. 61476151 {1992)): survival was higher in indeoed PACLA or COX-2
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siable cells than in their uninduced counterparts {not shown). The improvement was even
more proneunced in the double stable cells: cell survival rose from 37.8% fo 67.8% ( tesl,
n=3, P< 0,01} (Fig. 54). We repeatedly obscrved synergistic actions hy over-expression
of both FACL4 and COX-2. We also fourd that the COX-2 speeific inhibitor (§-methoxy-
2-naphthylacetic acid) partially abolished the imapravergent in cell survival in the double
stable cells {not shown), Te fusther test whether the ioprovement of cell survival was a

censequence of reduction of the level of free AA, we performed a pulse-chase experiment

- and measured the AA released to the medinm afrer A23187 treatment. Control cells

released a large amount of A4 in response to A23187, but its relsase was complstely
abolished by uver-expression of FACL4 and COX-2 (Fig. 5B). This demonstraied that
diversion of AA into metabolic pathways (a sink) resulted in. & low ccllular corcentration
even under conditions of a strong stimulus for AA relcase. Thege results suppot that a rise
in the lovel of AA is o key step in TNFo- and A23187-medfated killing and that free AA

mediates cell death signaling initiated by a varicty of stimuls.
Example §: The A A-induced apoptosis is suppressed by antioxidants and Bel-2.

Lipid peroxidaiion often is a component of apoptosis (See D.M. Hockenbery et al.,
75 Cell 241-251 (1993)), and we observed enhanced formation of malondialdebyde and 4-
bydroxy-2(E}-nonenal in cells exposed to A4 (Fig 64). Morcover, apoptosis decressed
significantly when the colls were protreated with anticxidants including deferoxaming,
asoorbic acid, trolox and tecopherel (Fig. 6B). Wo also tested apo-transfertin, a
membrans-impermeable antloxdant, aod found that it did nat alter AA-induced apoptosis
{not shown). Thus, anticxidants partizlly pretect against apoptosis by blocking an
intracellular oxidative process. Our results suggest that reaciive oxygen species arc
involved in AA-indused apoptosis, which might inclnde peroxidation of the A, perhaps

via non-eneymalic mechanisms. The caspase 3 wnhibitor did not hlock the generation of
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peroxidized lipids, which places the acovrulation of peroxidized lipids upstream of
caspase 3 activation {not showr).

Bel-2 is an mti-apoptotic protein and one of its effects is to suppress lipid
peroxidetion. Se¢ D.M. Hockenbery et al., 75 Cefl 241-251 (1993). We transfected cells
with a Bel-2 cDNA and found that it reduced the AA-induced apoptosis and that the
reduction carrelated with the expression level of Bel-2 (Fig. 6C). This raised the
possibility that the protection from apoptosis observed in the cells with an AA-sinl aright
have rasulted from increased expression of Bel-2 in those cells. Indeed, we found that the
expression ievels of Bel-2 increased moderately when FACLA andfor COX-2 ats over-
expressed (Fig. 6D), Thus, the apoptosis pathway injtialed by AA involves lipid
puroxidation and can be suppressed by Bel-2, but the protective effect provided by
expression of Ad-metabolizing enzymes Hes upstrean of these stops— by regnlating the

amomnt of frec AA available.

21
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We claim:

1.

A method of screening for potential cancer chemotherapeutic agents comprising

the steps oft

a contzcting a cell with & tost compound, wherein the ccll cxpresses or

overexpresses a FACL4 gene product; and

b. measuring inhibition of the fimetion of the FACL4 gene product in the cell,
wheieln # test compound which inhibits the fonetion of the FACL4 gene

product is a potentia) cancer chematherapeutic agent.
“The musthed of Clam 1, wherein the cell is an epithelial cel).
The metliod of Claim‘l, wherein the cell is a fibroblast,
The method of Claim 1, \..vherein the cell is an epithelial tumor cell.
The method of Claim 1, wherein the ecll is a colorectal caneer cell.

The meihod of Claim. 1, wherein the cell is a genetically enginecred cell in which

the expression of the FACL4 gene product is suppressed.

The metheod of Claim 1, wherein the coll is # genetically-enginecred cell which

overexpresses FACLA.

A method of screening for potential cancer chemothetapeutic agents coraprising

the steps oft
a administering a test compound to an animal; and

b measuring inhibition of the finction of the FACL4 gene product in the
animal, wherein a fost compound which hibits the fimetion of the FACL4

gene producs is a potential cancer chemotherapeutic agent,

The methed of claim 8, wherein the animal is a mouse.
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318

15.

7.

The method of claim §, whetein the animal is & mouse in which one or both

FACLA alleles have been mwtated.

The method of claim 8, wherein the animal is a fransgeaeic moust that

overepresses the FACL4 gene product in one or more tissues.

The method of ¢laim 8, wherein the animal is 2 mouse bearing a xenografied

tumor.

A method for inkibiting FACLA activity in 2 human, comprising aedministering 2

compound which inhibits FACL4 to 2 human in need of such treatment.

The method of Claim 13 wherein the compound is triacsio C.

A meilod for inhibiting PACL4 activity in & human, comprising administering &

compound which inhibits FACL4 to @ human in need of such treatment, wherein

the activity of the compound does not result in significant toxic side effects to the

human.

A method for inhibiting FACLA activity in 2 human, comprising administering 2

compound that inhibits FACL4 to 2 human in need of such treatment, wherein the

ghility of the compound to inhibit FACL4 is determined by; ’

a contacting a cell with a test compound, wherein the cell expresses or
overexpresses 3 FACLS genc product; and

b. measuring inhibition of the function of the FACLA genc product in the cell.

A.methad for freating colon canoer in a4 human suffenng therefrom, comprising

adminiatering 4 compound that inhibits FACL4 aciivity to 2 human in need of such

treatment,

A method for ireating colon cancer in 4 humean suffering therefrom, comprising:

@ administering a compound which inhibits COX-2; and

b. adrministering i compound which inhibite FACLA.

23
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21

23

23

24,

25.

A method for evaluating the prescnce or abgence of colon cancer cells in 3 sample

of a suspect tissue comprising the steps of:

a isolating the sample of the suspect tissue:

b. evuluating the level of FACL4 cxpression in the cells of the tissue; and

c. comparing the level of FACL4 expression in the cells of the tissue with
those of a control cell.

The meihod of Claim 19, wherein the methed of ¢valuating levels of FACLA

expression in the cells of the tissue is quantitative RT-PCR.

The metbod of Clait 19, wherein the methed of evaluating ievels of FACL4

expression in the cells of the tissue is immunostaining or in st hybridization.

The method of Clatm 19, wherein the method of evaluating levsls of FACTA

expression i the celle of the tissuc is Western blotting,

The method of Claim 19, wherein the control cell is from a non-cancerous

intestinal eell line.

The method of Claint 19, wherein the control is the intes{inal epitfielial line Int

407.

A method for dizgnesing colon cancer comprising the steps of.

a. isolating a sample from a region of suspected cancercus fissue;
B iselating a sample from a region of similar tissue thought to be non-
caneerous;

L evalusting ievels of FACL4 in each of the samples; znd

d comparing the levels of FACL4 in the suspected tissue watl those i the

non-suspect ssus,

24-

JP 2004-507241 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(47)

WO 016875 PCTIUS022920

26, The method of Claim 25, wherein the msthod of evaluating levels of FACT4
expression in the cells of the tissuc is quantitative RT-PCR.

27.  The method of Claim 25, wherein the methed of evalueting levels of FACLE
expression in the cells of the tissue is immunostaining.

28,  The method of Claim 25, wherein the method of evaluating levels of FACLA

expression in the cells of the tissue is immungfluorescence.
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