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METHOD FOR | NHI Bl TI NG ADENYLOSUCCI NATE SYNTHETASE ACTIVITY

METHYLTHI QADENGCSI NE PHOSPHORYLASE DEFI Cl ENT

CELLS 5 Cross Reference To Rel ated Applications This is
a continuati ewodsimpart of U S. Patent Application Ser i alpciyosoro1193
08/176, 855, filed Decermber 29, 1993, now 10 pendi ng.

Background of the Invention The indention relates to pharnaceuti cal
agents and 15 nethods for use in chenotherapeutic treatnent of cancer.

More specifically, the invention relates to the I dentification of

cancer cells whi c METEGRoFOReTHRIBITING ADENYLAGUCALINATR HOVTRRTNSES phor vyl ase
to adeni ne for abbgyrTy ERTYOASIDADEROEIAE CPHOSIIRELAYIC DeRrdsfr and the

use .of 20 L-alanosine to inhibit de n%ﬂngdeno& ne 5 -nonophosphate
(ANP) synthesis in such cancer cells. H story of the
I nvention 525 Methylthi oadenosine (MIA) is cleaved in healthy manmal i an

cel l.s by nmethyl t hi oadepoghBerPAORIYY as Rel VAT SApp i ations

This is a continumation-in-paxt of U.S. Patent Application
Serial No.. 08/176,855, filed December 29, 1993, now

10 pending.

Background of the Invention

The invention relates to pharmaceutical agents and

15 methods for use in chemotherapeutic treatment of cancer.
More specifically, the invention relates to the
identification of cancer cells which cannot metabolize
methylthioadenosine phosphorylase to adenine for the
salvage synthesis of adenine nucleotides, and the use of

20 L-alanosine to inhibit de novo adenosine 5’ -monophosphate
(AMP) synthesis in such cancer cells.

History of the Invention

25 Methylthioadenosine {MTA) is cleaved in healthy mammalian
cells by methylthioadenosine phophorylase (MTAse} into
adenine and methylthioribose-1-P, the latter of which isg
a substrate for metabolic synthesis of methionine.
Adenine is salvaged into a cellular pool of adenosine 5'-

30 monophosphate {(AMP)}, from which cells derive adenosine
5! -triphosphate (ATP) for metabolic energy and 2'-
deoxyadenosine-5’ ~-triphosphate (dATP)} for DNA synthesis.

Based on early in vitro studies, the L isomer of a
35 bacterial antibiotic alanosine {obtained from
Streptomyces alanosinicus; hereafter, “L-alanosine”)
appeared to have promise for use as an anti-viral and



adeni ne and net hylthioribose-1-P, the latter of which is a substrate
for metabolic synthesis of nethionine. Adenine is salvaged into a
cel lul ar pool of adenosine 5 - 30 nonophosphate (AMP), from which cells
derive adenosi ne 5'-triphosphate (ATP) for netabolic energy and 2'-

deoxyadenosi werdaszdesi phosphate (dATP) for DNA synt hesis. ,@gﬁ n
early in vitro studies, the L isonmer of a 35 bacterial %ﬁl |§?‘|’g

al anosi ne (obt ai ned from Strept@myces al anosinicus; hereaft er,

"L-al anosi ne") ‘Peared t o have grom se for use as an anti-viral and
VO 97/ 32994 anti-tumor agent. In particular, it peer/ hedgiever ohat  L-

2 ant i - takanosigent inhibphst | dddmylosucdinabel | syethéthade L- (ASS)}
al anosi ne | i bk eaiony besus Al 8 SKELBBHARRAAT I LSRR TSN O

i nosi ne 5' - (ﬁg osphate (1P to A ting Vel I's of
AVP and ATP (iFERYF5kéAkEehfcells %%Mf’né}‘ PBRB\‘/E‘P the iahssaicesofidi es of
t he therape@tlaﬂenlnee)ffll-lmwemf ldndeadi seudhesuBEn thanadie RS have
been di sappoi f‘éff!igza(ci»eeof eLQalarQ?éfhe OJBA eﬁﬁlﬁ&rl Baﬁ}‘%‘g pRL e{%‘{é‘ Sy oney, Adv.

Phar macol not py, ~ 20: 69- 120, resu &€of f er ed
"little encou%é%e‘;ﬂ pﬁ?mrtéﬁﬁr dﬁﬁ& LeaBanodpfa' sodipreadyinofyageat nent
of human c;mﬂ:@os}:eyCrAzkg.am’bamaabl mﬁmerﬁﬁyﬁlﬁ £B.12993954 [ Phase

Il studies had o 4 tal
am 3. O neoneol o yte, CHRER00 AR, BLedild Whhinye SR eRRTRRRRE at i ents:

little t hethpdingardigg F’e?ﬂ)ﬁﬂ%%l%s%r‘?@‘cﬂcac%r#ﬂ&f ftreéfcmant of nheman New
Dr ugs, 9: AR rs] 991CKsaganh)j ceti val s oS anses, olmmesislm br ¢as4

cancer patientghhge EYCREUR de hall lovelrh T CRLepdAY Sl¥e of only 4%)];
Creagan, et al., Am.J.Clin.Oncol., 7:543-544, 1984 [Phase
IT study in melanoma patients; little therapeutic
15 response observed]; VonHoff, et al., Invest. New Drugs,
9:87-88, 1991 [no objective responses observed in breast
cancer patients]). Eventually, all clinical trials of
L-alanosine for use in treatment of cancer were
abandoned.
20
Another known inhibitor of ASS activity is hadacidin.
However, hadacidin is believed to be more toxic than I.-
alanosine in humans. Further, the activity of other
inhibitors of de novo purine synthesis (such as
25 methotrexate, 6-mercaptopurine, 6-thioguanine and d-
ideazatetrahydrofolate) which block IMP synthesis {and
therefore theoretically eliminate IMP as a source for AMP
production) has been circumvented in vivo by salvage of
hypoxanthine, which is abundant in plasma, for use as a
30 substrate for IMP production. Hence, to date the in vivo
pe:."ormance of agents which block the adenine metabolic
pathway for intracellular AMP production has been

frustratingly poor.

35 However, with the development of an assay of sufficient
sensitivity to identify homozygous deletions of the gene
encoding MTAse in certain human cancer cells (gee,



L- al anosi ne for use in treatnment of cancer were abandoned. 20

Anot her known i nhi bitor of ASS activity is hadacidin. However ,
hadacidin is believed to be nore toxic than L- al anosi ne i n humans.
Further, the activity of other inhibitors of de novo puri ne .
synthesis (sweymssws25 nethotrexate, 6-nercaptopurine, 6GpdUSITHRHS NE
and d- | deazat etrahydrof ol ate) which block I MP synthesis (and

t herefore theoretlcally elimnate | MP as & source for AWP production)
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frustratingly poor. evel
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PCT/. US97/ 01193 roductlon from IMP. The resen?t 1nventﬁme>fe%§'bgned
parent U.S. Patent\é&o |cat|on Seri al 4% %%i It now appears
that the tunor P a methpd for ’tﬂ?%l(?éﬂm?r?ﬁ ‘fhf't_q 1 LA7ds MFBSBr oduced
MrAse and awd efdrhérresingablieh t ce Pk \nyddepliefivgenbendehizve to 5

mai ntain a pool of AMP despite inhibition of AW production from I MP.

The present_invention thereforg rovides_a nethod for identifying cells
whi ch 1 ack Mrase and for t%ﬁ%&%&g—%%epl eting them of AMP.
It has been discovered that cells from which the gene
which encodes MTAse protein has been deleted and are
therefore not able to metabolize MTA to adenine (“MTase
15 deficient cells”) are selectively killed in vivo on
contact with therapeutically effective dosages of a de
novo AMP synthesis inhibitor such as L-alanosine. Thus,
while L-alanosine is not therapeutically effective
against all cancer cells, it is therapeutically effective
20 against MTAse deficient cells.

In one aspect, the invention provides a method for
determining whether particular cancer cellge are MTaAse
deficient by providing assays to determine whether the

25 cells lack MTAse protein. The preferred assay for use in
this regard is one for detection of homozygous deletions
from cells of the gene which encodes MTAse protein.

In another aspect, the invention provides a method for
30 treating MTAse deficient cancers by contacting MTAse
deficient cells with a therapeutically effective amount
of a de noveo purine synthesis inhibitor which inhibits
the activity of ASS, preferably L-alanosine. The ASS
inhibitory agents of the invention may be administered by
35 any clinically acceptable means, but are preferably
administered by continuous infusion at concentrations
below the maximally tolerated dose to prolong the desired



10 Summary of the Invention It has been discovered

that cells fromwhich the gene whi ch encodes MIAse protein has been

del eted and are therefore not able to netabolize MIA to adenine ("MlAse
15 deficient cells") are selectively killed in vivo on contact with
t'her apeut i cdd 9h3@édyect i ve dosages of a de novo AMP synggfﬁﬁéTﬁﬂéibitor
such as L-al anosi ne. Thus, whil e L-al anosine is not therapeutically

ef fective agai nst all cancer cells,4it is therapeutically effective 20
agai nst MrIAse, deficient cells. I n one aspect, the invention provides

a method for InRiRASEY AT Yiket h8RdpaPiRtBizs cEPeriteel 1% aosTAse
deficient by pieswel ng assays to determ ne whether the 25 cells |ack MIAse
protein. The preferred assay for use in this regard is one for

detection of honpbzygous del etions fromcells of the gene which encodes
MIAse prot ei 180 Proyidedoprer katpedPr mwe iR cHie oMmepheds de§ &heet hod for

30 treating dMivee sef ivhion oalcdes desgentbaoinGsMIASE perfdiaiing ent
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L- al anosi ne. FFmRSSUticalyhjnrasitigeft s off t#e | APEnt i othidmyraye

adni ni st er ed gyefiraldy Icldlanealihy asdspt abie a@aARGe mdidbolake,pref erably

adm ni st er ed i. RU iL.nfusi on at concentrati ons bel ow t he
maxi mal | ylé oI%aai egtdjoisg&t%ghpr ol ong the desired

Brief Description of the Drawing

FIGURE 1 is a nucleotide seguence for genomic MTAse
(SEQ.ID.No.1l) wherein the exons are underlined.

15
FIGURE 2 is a graph depicting the in vivo effect of L-
alanosine after continuous infusion on established human
MTAse competent and MTAse deficient non-small cell lung
cancer xenograft tumors in nude mice.

20
FIGURE 3 is a graph depicting the in vivo effect of L-
alanosine after continuous infusion on established human
MTAse deficient acute lymphoblastic leukemia =xenograft
tumors in nude mice.

25
FIGURES 4 and 5 (A-B) are graphs depicting the effect of
administering various exogenous MTAse substrates to MTAse
competent or MTAse deficient cell lines after treatment
with L-alanosine.

30
FIGURE 6 is a schematic depiction of the intracellular
metabolic pathways for production of AMP.

FIGURE 7 is a graph depicting the in vivo effect of L-

35 alanosine after daily injection on established human
MTAse deficient non-small cell lung cancer xenograft
tumors in nude mice.
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4 i nhibitory activity and mnimze toxicity to host tissues.

Al so provided are kits for use in the methods of the 5 invention which
i nclude reagents for use in performng the MIAse deficiency assay of
the inventi oRygg7¥@bd as pharmaceutical conpositions QlcTnBreisS

I nhi bitor, . preferably L-al anosine and/or its active netabolite, L-
al anosi nyI Al COR 10 Brief Description of the Draw ng
FIGURE 1 is a nucl eotlde sequence for genom c er' . (SEQ I D. No. 1)

wherei n the exons are &8 =25 gtap depicting the
in vivo effect of L- al anosi ne after conti nuous i nfusion on established

hurman ! Comﬁ:&%bni\adp%ﬁmi%@ ARRAHIIHTRR! piabhcbk!ﬁﬂ

cancer xenogra t tunors in nude m ce. FIGURE 3 is a grap depr cting
the'in vivo effect &MPL- al anosi ne after conti nuous i nfusion on

est abl i shed shunman MrAse deficient acute |ynphoblastic |eukem a

xenqgr af SiBeUEE MifferetSnaing® GEES AARcR (A2B) oALe, or aphs

depicting the e ect§ m ni sterjing varr ous exogeno S
substrates to M%@tlng EbﬁpéPEﬁcﬂ'lﬁ%é“W&F‘&nPa BP"PYFlFllésWBPFbr
t r eat ment \RMEN is abaodscert. i80providedUkk FIGURE Fthenmt samdapycti on of

the intracel l ulgl,.e 5PBt aﬁgk&c#ﬁ_}%\ygﬁg f&?‘%ﬁr&dugg Qg{%g tA¥Rs  for

FIGRE 7 is a rah Ictin Ivo effect al anosi né after
daily |njeé#!oﬁn6ﬁa€§ﬁgﬁiﬁg mFesMction. The first is catabolism of

methylthiocadenosine to adenine by MTAse. This pathway is
blocked in MTAse deficient cells.

The second is conversion of IMP to AMP by the activity of

15 ASS or adenylsuccinate lyase {(ASL). There are presently
no known inhibitors of ASL activity. However, with loss
of ASS activity, IMP AMP conversion is substantially
eliminated.

20 The third is hypoxanthine salvage to AMP. However,
because IMP AMP conversion occurs distal to hypoxanthine
salvage, inhibition of ASS catabolism of IMP AMP blocks
the hypoxanthine salvage pathway. '

25 1II. METHOD FOR DETERMINING WHETHER TUMOR CELLS IN AN
ASSAYABLE SAMPLE OBTAINED FROM A MAMMALIAN HOST ARE
MTAse DEFICIENT

A. Polynucleotide Reagents for Use in Identifying

30 MTAse Defic t 1

The preferred method for determining whether a particular
population of «cells are MTAse deficient is by
hybridization assay to detect homozygous deletions of the
35 gene which encodes MTAse from the cells. Screening
procedures which rely on nucleic acid hybridization make
it possible to detect any polynuclectide sequence (and,
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of the Preferred Enbodi nents l. METABOLI C PATHVWAYS FOR

I'NTRACELLULAR, ﬁgﬁ%{:ll@N OF AVP To assi st | di ng

t he invention,Ea chart depicting the intracellular netg%%ﬂgﬁh%ggﬁmays
AWMP is produced is providedin FIGURE 6. In summary, t here

by whi ch
are three pri

nci pal sources of substrates for 10 intracellular AVP

production. TR¥ LPfsFense cAmHARCEMLHf encoded iy |Fuaho RedirByrhect bdadeni ne

by MrAse. Thi

adenylsuccinaf

sefakbhvey i any obyanked, iproMiAsd €ké ifpmprakkSprobe  The
second is convgrﬁggglgé %NP to AMP by the activity of 15 ASS or
yase % L). There are presently no known inhibitors of
However, with | oss of ASS activity, |MP AVP conversion is’

ASL activity.
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AMP. However,
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debouniptpor h@dy the gene which encodes MTAse, are set
forth in co-pending, commonly assigned U.S. Patent
Application Serial No. 08/176,855 (filed December 29,
1993}, the disclosure of which is incorporated herein by
this reference together with any amendments which may be
made thereto. For ease of reference, the polynucleotide
sequence of the gene which encodes MTAse is described
herein at SEQ.ID.No.1 in the appended Sequence Listing
and in FIGURE 1, where coding regions of the gene are
identified by underlining.

Genomic MTAse polynucleotide is located on chromosome 9
at region p21. Interestingly, a very high percentage of
cells which have a homozygous deletion of the gene which
encodes tumor suppressor pl6 also have a homozygous
deletion of the gene which encodes MTAse. Thus, an
alternative means of detecting homozygous deletions of
the latter gene (for MTAse) is by detecting a homozygous
deletion of the former gene (for plé6). For further
reference in this regard, sgee commonly assigned, co-
pending U.S. Patent Application Serial No. 08/227,800,
the disclosure of which is incorporated herein by this

reference.

A strain of E. coli containing the full-length genomic
DN:. for rat MTAse was deposited with the American Type
Culture Collection, Rockville, MD. by mailing before
December 29, 1993 and accorded, collectively, Designation
Nos. 55536, 55537, 55538, 55539 and 55540. No admission
that this deposit is necessary to enable one to practice
the invention is made or intended. The deposit will,
however, be maintained in viable form for whatever period



25 1I. METHOD FOR DETERM NI NG WVHETHER TUMOR CELLS I N AN

ASSAYABLE SAMPLE OBTAI NED FROM A MAMVALI AN HOST ARE MIAse
DEFI ClI ENT A Pol ynucl eoti de Reagents for Use in ldentifying 30
MIrAse Deficient Cells The preferred method for determ ning whether a

particular wopepbation of cells are MIAse deficient poTRUSYIVI193
hybri di zati on assay to detect honpbzygous del etions of the 35 gene which
encodes MIAse fromthe cells. Screenin§ procedures which rely on

nhucl eic acid hy.brl d| zn?t | ogl make %}}pc&s %ae:en% cl act, arﬂcggllgn%cl eoti de

sequence (and, *%
PCT/ US97/ 01193 this dlsclosure 6 by i nference, any

protei n encoded by such pol ynucl eoti de sequence) [ n any organi sm

provi ded the apprapriate abl e.

description of t&f‘?&flgoﬁ‘%’@ﬁnfhﬁe@&e 9EqF B3P eb??ﬂ %\S’E‘é’zﬁ’ﬁ%’ﬁéy

i nvention, as widletad from tHesceipsioh biterestgema \ﬁtﬁs@tx‘abﬂ;eoeempmAse,
are .set fordé b&nrH- mgn@beams@mmny thesiHprd WS Bab

Application Serial ‘No. 08/176,855 (fil er 10 19 the
di scl osure of IS P2 ESPBEFET B M %‘f |€3’e"ﬁ‘?m eﬁﬁ? r«?f‘grengﬁmf‘otjet her
wi t h any anendrests titsisele axy tygor. Pudh shepdes. aFer obtisénefl nusimgence,
the polynucl eotyjifiods known in the clinical art, e.g., tumor cells may
10 be acguired by biopsy or surgical resection, Preferably,
the cells are essentially free from "contaminants"; i.e.,
cells, proteins and similar components which could
falsify the result of the assay. For example, where solid
tumors are the source for an assayable cell sample,
15 normal non-malignant cells and the MTAse which may be
released from normal cells during the procedure performed
to obtain the biological sample would be considered to be
contaminants. Such contaminants may be removed by
conventional purification techniques; e.g., affinity
20 chromatography with an anti-MTAse antibody.

Because the invention is directed toward detecting the
presence or absence of this gene in a sample of cells
which are suspected of being MTAse negative, nucleic
25 acids in the sample will preferably be amplified to
enhance the sensitivity of the detection method. This
amplification is preferably accomplished through the use
of the polymerase chain reaction (PCR), although the use
of a chain reaction in the polymerization step is not
30 absolutely necessary.

The nucleic acid to be amplified in the sample will
consist of genomic or wild-type DNA that would normally
be expected to encode MTAse if present in the sample

35 (see, SEQ.ID.No.1l). MTAse encoding DNA (hereafter the
“target DNA”) is believed to be present in all normal
mammalian cells, including human cells.



sequence of the gene which encodes MIAse is descri bed herein at
SEQ ID.No.1 in the appended Sequence Listing 15 and in FIGURE 1, where

codi ng regions of the gene are i dentified by underlining. Genomi ¢
MIAse pol ynucl eotide is | ocated on chronosone 9 at region p21.

I 'nt eresti nghye ooy’ Y hi gh percent age of cel I s which haqnaef§igazyJous
deletion of the gene which 20 encodes tunor suppressor plé also have a
honbzygous del etion of the gene whi ¢h encodes MIAse. Thus, an
alternative neans of detecti n% honobzygous del eti ons of the | atter gene

(for MrAse) i FBy Ut &t iGFRHREOALFgsfs @ BOUdePetorPldgonnElrekide gene
(for pl6). Foprbbeshend prinefrar,ergsdudct hﬂsasee@mrcddlﬁge DINATEEY Yb@SSi gned,

€O | oo NG ot 3 o BALERLARRL | £31h00nCHS 10882 T2 B00sucn 40°

di scl osure of IS 1ncor po at ed rel n 30 A
strain of E. &8 meshes fefgrikeds fv Waé'{%g“["-ﬁsgetﬁﬁn%l' im\HodgFular MrAse

was deposi tsed Clichinghie Arremabaamawpp Maﬁm ur €céd | esp'rpm Rgsieyd',fl e, M.

by nailing be C , e lve

Desi gnat i on E‘g&%ratg&?) {@%)5 Aé%%i f%%&gggdggg‘é Lrﬁ% ﬂ%/%%l on 35
that this depé§PiaFé°ﬁe€§s%a$§P‘t‘blcér?&l‘5’F’§ @ﬁetbs pusian; WEAse gere | dmention

i s made or inpgbdeded Héweidephertiinid Icosmidhgesy aribhayaensaiad@ted N Vi abl e

f f wh [ .
Pg%?b882/01ig§¥§£gp3£lQgAse cDNA 0113@3&%5 ggggé probe. égn% n%FaT%P?eqUIred

by the padént IfAhs aPpretemi cchepe skidded dpsthesart. will recognize
that other suitable means of obtaining MTAse encoding DNA

can be used.

For example, a cDNA library believed to contain a
15 polynucleotide of interest can be screened by injecting
various mRNA derived from cDNAs into oocytes, allowing
sufficient time for expression of the cDNA gene products
to occur, and testing for the presence of the desired
¢cDNA expression product, for example, by using antibody
20 specific for a peptide encoded by the polynucleotide of
interest or by using probes for the repeat motifs and a
tissue expression pattern characteristic of a peptide
encoded by the polynucleotide of interest.
Alternatively, a cDNA library can be screened indirectly
25 for expression of peptides of interest (e.g., MTAse
protein) having at least one epitope using antibodies
specific for the peptides. Such antibodies can be either
polyclonally or monoclonally derived and used to detect
expression product indicative of the presence of cDNA of
30 interest (gee, for further reference, Maniatis, et al.,
Molecular Cloning: A Laboratory Manual (Cold Spring
Harbor Lab., New York, 13982).

Polynucleotides for use as controls, probes or primers in
35 the invention can also be synthesized using techniques
and nucleic acid synthegis equipment which are well-known
in the art. For reference in this regard, see Ausubel, et



To determ ne whether the MIAse gene has been honpbzygously 5 deleted from
the cells of interest, an assayabl e sanple of cells is obtained from

t he host. For exanple, the sanpl e may conprise a body fluid or cells,
e.g., froma host tissue or tunmor. Such sanples are obtained using’
et hods knowwoioasigeg clinical art, e.g., tunor cells may 1Op¢bpummui95ed by
bi opsy or surgi cal resection. Pr ef erably, the . cells are essentially
free from"contam nants"; i.e cel I% proteins and si m | ar corrponents

whi ch coul d fal t h the as 0r, exa , solid
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cell s and t he VMg eyphiloheragidmee, 138d)leased from nor mal ceI | s during the
procedure perforned to obtain the biological sanple would be considered
to be contam nants. _Such cont am n%nt .y be r,em)ved b
conventional puriffcati &8P HhAse 2 o

with an antd - MTAse antlﬂmmeentlon S dlrected t owar d

detecting the presence or absence of this gene in a sanple of cells
whi ch are suspected of b MT As at cl e ¢ 25 acids in the
sample will pret EF'gﬁf‘(ieb ea%ﬁlnﬁ H"F ét%?nﬁglﬁ LA FRF LM ESERYFL 9 of t he
det ecti on net ik iftviestion, anphe f i @kl osampler etter abkey assappdi shed
through the usGereradl t@@of@ﬁé@ﬁés&rﬁiﬁ'ﬁnsefﬁ%%é D) sefbLbopgh the

use Chain reaction | ITEI‘IZ tlon st 'S not

absol ut el }%e@é’?&&rﬁ edeion °fh§£‘ﬁu3§g€9%ta8?ﬁ tc %c%t I i Preferabivie sanpl e
will consitdle chrgehonmuclaic wicid- wype BiN/e trrdtynuedledthdenpbiyion be

expected to e%ffodehM@%%éfwﬂiwe@hcbaegh%ml ¢ide., (sc%%“eve %‘%O Ngel)-

MrAse encodi n ere "tar
present in al %%PAH&ﬁec’tl )rrnaITlhﬁnPE@F?§re°?ﬁﬁ% ﬁ)§ RE: 1"1 fying sthe

target polynucleotide is by PCR.

15
PCR is an in vitro method for the enzymatic synthesis of
specific DNA or RNA sequences using oligonucleotide
primers that hybridize to specific nucleic acid sequences
and flank the region of interest in target nucleic acid.

20 A repetitive series of cycles of template denaturation,
primer annealing and enzymatic extension of the annealed
primers results in an exponential accumulation of a
specific nucleic acid fragment defined at its termini by
the 5 ends of the primers. The resulting products (PCR

25 products) synthesized in one cycle act as templates for
the next; consequently, the number of target nucleic acid
copies approximately doubles in every cycle.

The basic PCR techniques are described in U.S. Patent
30 4,683,195 and 4,683,202 to Mullis, et al., the
disclosures of which are incorporated herein as examples
of the conventional technigques for performance of the
PCR. However, the invention is not intended to be
limited to the use of the PCR techniques which are taught
35 in the 202 patent to Mullis, et al.. Since the
development of the Mullis, et al. technigue, many PCR
based assays have been developed which utilize
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8 For use as a control or as a source of oligonucleotide pr obes
and prinmers, genom c MIAse-encodi ng DNA may be i sol ated according to
met hods known in the art such as t he net hod descri bed by Maniatis, et
al. in Mlec 2994 O ONi ng: A Laboratory Manual (Cold Sprigg. }39193
Laboratory, 1982). A working exanple denonstrating the |so tron of a
genomi c clone of the human MIAse gene i0 provi ded herein vvherel n a
cosm d gene |ibr arfy i s screened usi ng an MI'Ase cDNA ol i gonucl eotide
probe (see, EBBaddfdcapiops gt %G%th%%e Thepe dtrdifigasions arel

recogni ze welat-kabker swi tael eageanmdf wdltai ﬁtbﬂg Mtae rereqQdi Bg DNA
can be used. desfcnggfi ‘?d‘;aﬁ%ltﬁm apgPhA | iy g&%@é kb?"@ﬁetgugogt alonga n11?ilA

pol ynucl eot i de I nterest can be screene
derived from dBNNStrALENGOEYR c2corg 1fnthg art Jsfuftfhlcﬁ efmeltdh neeveral

expr essi on of dfheheBbAMgADEL iibiY Jire debOrfbédras afvh1Rad.i ng for the
presence of the desired cDNA expression product, for exanple, by using
antibody 20 specific for a peptide encoded by the polynucl eotide of

i nterest or by BSRnEephBbeie Mhichhpreepdes amtinteraad amplificasien

expressi on patstcehaaebaﬁaﬂhgras&mﬁpéﬁlnamoeﬁmpiate wh@ﬂﬁodﬂﬂferQYfroﬂ\he

pol ynucl eoti d t | te | i br can be
screened i ndi r%é‘gt FQIP%%‘: rg%)r 3)% ?‘é%cslljb‘g\ i) pep ?1‘1‘ o]fz ﬁ?eﬁ%%? %%d
MIAse 1|a9rotl@| n}’rﬁaw &t | eﬁa’&d on&cépi tBFR u@ﬁr—‘fg)anﬂ_l_bb'mésww
specific for t(b&lmemhndses etSl&zi'l. AN L ONEHHS. CamndR heirt *’t%!chmqul&O'f’&J» onal l'y

or ronoe! onal by fethyed Mdpbaeth Lo SoLER e W ERLY BrShel,
reference, Nawhat:hsdléferalm Se@ﬂ@?échﬂhrnﬂ ami ﬁgzeAlﬁa@wranipayd Memual
(Cold Spring Nuctionbodisl abes. New:Yeek.34982)(1993), (Kohsaka, et al.
15 , authors}. This technique is a particularly preferred
technique for its use of enzyme-linked immunoabsorbent
assay (ELISA) technology to analyze the amplified nucleic
acid{(s). A noncompetitive PCR technique which utilizes
site-specific oligonucleotides to detect mutations or
20 polymorphisims in genes which may also be applied to the
method of the invention is described in Proc. Natl. Acad.
Sci. USA (19B9) 86:6230-6234 (Saiki, et al., authors).
Each of these techniques has the advantage of utilizing
hybridization probes which assist in eliminating false
25 positive results derived from any nonsgpecific
amplification which may occur during the PCR.

For further background, those skilled in the art may wish
to refer to Innis, et al., "Optimization of PCR’s", PCR

30 Protocols: A Guide to Methods and Applications (Acad.
Pr.3s, 1990). This publication summarizes technigues to
influence the specificity, fidelity and yield of the
desired PCR products.

35 Oligonucleotide primers (at least one primer pair) are
selected which will specifically hybridize to a small
stretch of base pairs on either side (i.e., 5’ and 3') of



Pol ynucl eoti des for use as controls, probes or prinmers in 35 the invention

can al so be synthesized using techni ques and nucleic acid synthesis
equi pnent which are wel | - known in the art. For reference in this
regard, see Ausubel, et WO 97/ 32994

PCT/ US97/ 011880 97132994 9 al ., @eriussinngs
Protocols in Ml ecular Biology, Chs. 2 and 4 (Wley Interscience,
1989) . B. Anplification of MMAse Encodi ng Genonic DNA and 5
Hybri di zati on Assay Theref o To enha ce t g s nSItIVI of |he
hybri di zati on &5€ays HFAse Fﬂﬁge?rnﬁﬁﬁyqﬂ? ‘San%¥% ankipg pe

assayed is sepgueheeabh) y sUbpeet akllllﬁd:oxrdlthe)rsrﬁ aw:oll needdiclysabect | ve
10 anplificat 'aP@eOf dde ts%'i@%& mgdﬁea%l@c' dprltﬁ)éxesi er aﬁluaout m%ﬁ@%é ar get

nucl eic acid nucl eot i.de i on ene I ch encodes
MIAse (i.e., tﬁ?-,’*PeFé‘F“E;% 2edon p&RFRtC| rge" )p°Lf’H§‘°B'F@FéP eSHEERCOf
anpl i fyi ng sheinfortat et petyﬁurtboimdéhesseguéﬁﬁe ﬂdbtzngF&ipénﬂédlin

vitro nethod f@p,Lhs £ozymmt |1q;, SYRtheshgqoin prous@eai.fic DNA or RNA
sequences usi ng ol 1 gonucleotid primers that hybridize to specific

nucl ei ¢ aci d sequences and flank the region of interest in target
nucl ei c acid. R6rApréperi Gesbgseriesiof inyottemtofcianiia exrlienratairas i on,

pri mer_anneal | g AUy A 1 SHARSL0N leebBAMNCELE theyP LIRS

results in _an exgonentla l'ati o I C, nuctejc acid
f r agnent dafi nbybridize "f‘é;lhnF pmsb?lves To eliminate amplification of
any contaminating material which may be present in the

sample, primers are preferably designed to span exons
{(which, for the MTAse gene, are underlined in FIGURE 1).

15 As noted above, it may not be necessary to utilize the
chain reaction in this polymerization step in order to
adequately amplify the nucleic acids in the sample. For
example, where the technique described by Kohsaka, et
al., supra is utilized so the polymerization step is

20 performed on solid phase support means and is followed by
hybridization with target polynucleotide specific probes,
the sensitivity of the assay will be such that a singile
polymerization of the target polynucleotide may be all
that is necessary.

25
Once the amplification step is complete, the PCR products
are assayed to determine thereby whether the gene to
encode MTAse is present in the sample. Preferably, the
double-stranded PCR products will be bound to the solid

30 phase so their strands may be separated by denaturation,
thereby allowing sequence-specific probes to hybridize to
the bound antisense strand of the PCR product to detect
the gene substantially as described in Kohsaka, et al.,
supra. Alteratively, the PCR products will be removed

35 from the reaction environment and separated from the
amplification mixture prior to the addition of probes for
hybridization to the double-stranded PCR products. 1In



the 5 ends of the prinmers. The resulting products (PCR 25 products)

synt hesi zed in one cycle act as tenplates for the next; consequently,

t he nunber of target nucleic acid copi es approxi mately doubles in every
cycl e. The basic PCR techniques are described in U S. Patent 30
4,683,195 aRgovhesp3, 202 to Millis, et al., the qkﬁﬁh@?&ﬁﬁ? of

whi ch are incorporated herein as exanpl es of the conventiona :
techni ques for performance of the PCR. However, the invention is not
i ntended to be limted to the use of the PCR techniques which are

taught 35 in %Hé& ledper Apryaacty the PR predugts are gepagatedefrom
devel opment oftHehamillilfi &at £bn ahixt et rd dicadimany P thodbakfEwn agaays
have been d I d,.whi il . ] 4

PCT/ US97/ 01 19?5% Rt w1\é’ﬂ Q'any& Hu Zfhe partJ:culfé— \Me)t%erm %lggls%%t F%ﬁs of
that techni quaetesédenpp@ MH-catiorgehr exclusipn ) - RheRrePherRsia tomnd wil |

not, thereforeffiaity cHechitdpfhpghy.detail here. However, for the purpose
of illustrating the scope of the art in this field, several 5 of these .

modi fications are described as foll ows. A PCR t echni que which
provi des an i Pesesaiorngfi fiheatampdifieds prodirs weivhdes adhdnMed deytenpl ate
whi ch differsfgiam hybribezheiget phoSési hoch dat® SEEABEPCEs8HEi5t&L | S

(G 1111 and, 3P = seerorapte TaReY norh: B8RRI i foP oot<ps rorfifhg
"conpetitihfe" cREGRbehroMalently eattaghsidattes or figmlyhagebEbated witjuence but
not in size ig dasgeideseid probe which will result in the ability to
detect the probe. For example, a level may be a
radioisotope, an enzyme substrate or inhibitor, an
enzyme, a radiopaque substance (including colloidal
15 metals), a fluorescors, a chemiluminescent molecule,
liposomes containing any of the above labels, or a
specific binding pair member. A suitable label will not
lose the quality responsible for detectability during
amplification.
20
Those skilled in the diagnostic art will be familiar with
suitable detectable labels for use in in vitro detection
assays. For example, suitable radiocigotopes for in vitro
use include *H, ¥1, 1, *#p, MC, 35, Amplified fragments
25 labeled by means of a radioisotope may be detected
directly by gamma counter or by densitometry of
autoradiographs, by Southern blotting of the amplified
fragments combined with densitometry. Examples of
suitable chemiluminescent wmolecules are acridines or
30 luminol. Target sequences hybridized with probes
derivatized with acridium ester are protected from
hydrolysis by intercalation. Examples of suitable f-
luorescers are fluorescein, phycobiliprotein, rare earth
chelates, dansyl or rhodamine.

35
Examples of suitable enzyme substrates or inhibitors are

compounds which will specifically bind to horseradish



Nuc. Acids. Res., 21:3469-3472, (1993), (Kohsaka, et al. 15 , authors).

This technique is a particularly preferred technique for its use of
enzyme- | i nked i mmunoabsor bent assay (ELISA) technol ogy to anal yze the
anplified nucleic acid(s). A nonconpetitive PCR techni que which
utilizes wo bassgeci fic oligonucl eotides to detect nutat ipgRfs§og

pol yrmor phi si ms I n genes which may also be applied to the nethod of the
invention is described in Proc. Natl. Acad. Sci . USA (1989)

86: 6230- 6234 (Sai ki, et al. ut hors). Each of .t hese technl ues has the

advant age of uBeFCXiAgse, MPAESat i SFiFR8Bes Wrﬂlé”r?°§§sfss? PAPR®#Y®i nat i ng
fal se 25 positkmadrogeaabes Bdgalaetbsidasemn mmuvateondpgwdd c ox
anpl i fication wﬁkgglﬁey SSBﬁaQéEé %édaqéﬁ@ﬁ?mesterager fﬂ{: .teﬁeéa&éground

those skilled in e ar may w sh tor t | et a
"Optinization FPIPCRR Fﬂﬂ??ﬁ?ncpro¥8%oﬁ§ éﬁgdémgﬁfhﬁFhoﬁ§9%ﬂﬁlc
Applications @A&adcles. Press, 1990). This publlcatlon summari zes
techni ques to influence the specificity, fidelity and yield of the
desired PCR products. 35 digonucleotide priners (at |east _one prlner

pair) are do| RG TG c PRI pRAIE ¢ FIWPHHASFS di D t oThEEpxent
stretch of basecpaculesn ehébhein somie ¢f .the hdlenuled hadf an area on WO

97/ 32994 5FASYTERGe oF iR 3 caviry which %@a‘ﬁ?@aﬁ’.ﬁgﬁtms to a

11 t he Bar get ynuc
sequences" 10 TE’@§§1§RFPFe@Haﬁ1?Pae and pelar r erERRjzaRion °§b|@°‘thﬁr sel ect

suitable prinmgicieculet hoThe metitiii® of téxpepedRfiat bondhasashin d:he
pol ynucl eoti dec&%gﬂeggﬁerred to as a ligand and receptor or ligand and
anti-ligand. For example, if the receptor is an antibody
the ligand is the corresponding antigen. Other specific
15 binding pairs include hormone-receptor pairs, enzyme
substrate pairs, biotin-avidin pairs and glycoprotein-
receptor pairs. Included are fragments and portions of
specific binding pairs which retain binding specificity,
such a fragments of immunoglobulins, including Fab
20 fragments and the like. The antibodies can be either
monoclonal or polyclonal. If a member of a specific
binding pair is used as a label, the preferred separation
procedure will involve affinity chromatography.

25 If no amplified product can be detected in the assay
described above, this is indicative of MTAse deficiency
in the cells present in the sample. Because normal
{i.e., nonmalignant) cells will always be expected to
have MTAse encoding gene present in detectable quantities

30 (even with loss of one allele), a finding that cells lack
an MTAse encoding gene (i.e., have a homozygous deletion
of the gene) indicates that the cells assayed lack both
catalytically active and catalytically inactive MTAse.

35 However, where desired, the sample can be prescreened for
MTAse catalytic activity using the method described by
Seidenfeld, et al., Biochem. Biophys. Res. Commun.,



5 information set forth in the Sequence Listing appended hereto as SEQ
ID. No. 1 and in FIGURE 1. For primer design, it is inportant that
the prinmers do not contain conpl enentary bases such that they could 10
hybridi ze with thenselves. To elimnate anplification of any :
cont am nat i }al which may be present in the sa ' S are
preferably Sggggﬁgg*to span exons (which, for the NWAggkgﬁﬁgﬁbﬁﬁi
underlined in FIGURE 1). 15 As noted above, it nmay not be necessary to
utilize the chain reaction in this folynerization step in order to
adequat el y an@3:P6lnd8AACI(&PBO L 88eialene BuapRle Forinfrakxanffhe, where
t he techni que ideeatiibed abgaioRsakarheh be uakd, tsUuBelekfmidbi Whaefdeso the
pol ymeri zati o tep.| s f Or n | i e .sup nmeans,_and i s
ol Toued by — TihyBetd SacRaEhe; TRACEY BP' paeblRR” 131 PR8I La ot | ARy obos.
the sensiti vi lsﬁmﬁ‘ﬁet'he'r%sﬁ?/‘“ﬂx}? |m3e &hfih kenfieskedi fgrethe ppebeneei zati on
of the targ@et ofiol yatelyitdadd ymeyctiveal br inddtlve SpASE@ESambr 26he  ONCE
t he anplificatj ep,¢ l.ete,. the roduct.s . re assayed to
determ ne the%‘g@o\%e?ﬁe%t e éghe otuE)t‘ Cﬁqe%r%%gdec %é“emlag%ﬁr e’§bn€1¥‘?n t he
sanpl e. PrefefaBPye the be zpgAedist iafded MRORajiguasts aallls.be bwund to

tEe sgl i dl I30 phasabse 1mo§§gaqpctsomda@maeﬁaﬁapﬁé by Q&D@tﬂéﬂiﬁn’ g

t hereby al | owi,ng_sequence-spegi fic to.hybridize to the boun

anti sense st régde()f ?ﬁeglﬁf’i %r o%%tr%bgﬁ?:ﬁzggtmx as?ﬁ%Fgéﬁediﬁ‘BE} ially as

descri bed1Pn RBhSeRerietetapl., CanegipRes. b3 e}828- 8102 (1R81PCRrg@rixduct s

Wi | : . ]pe renoved-généing) t bemneaTy | aageguéaomrr?nt ﬁggén%?pﬁéﬁifﬁa%{%n the

anplification re _priQr i robes .for ybridi zati on

PP he daubl oSSrFat BoP L ady %?gaéggsglﬁg%ngﬂ Beclber® 297" 1993} the
disclosure of which has been incorporated herein.

15 C. MTAse Deficient Cells

Using the assay techniques described above, the following
human primary tumors have been determined to be MTAse
deficient. It will be understood that this 1list is

20 representative, but not exhaustive, of the cancer types
which may be determined to be MTAse deficient using the
assay methods described.

. Acute lymphoblastic leukemias (approximately 80%
25 occurrence)
. Cliomas {approximately €7% occurrence}
. Non-small cell 1lung cancers (approximately 18%
occurrence)
. Urothelial tumors (e.g., bladder cancer; incidence
30 varies with tumor type)

’

Based on these data, MTAse deficiency should be strongly
suspected of patients suffering from these conditions.
Thus, cell samples from such patients should be routinely

35 assayed for MTAse deficiency to determine whether the
patient would be likely to benefit from the therapeutic
method of the invention.
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12 this latter approach, the PCR products are separated from t he
anplification m xture according to nmethods known in the art with regard
to the particular method chosen for detection; e.g., by gel exclusion,
el ect rophor esiwp 9999 affinity chromat ography. Det ect i sRryodo701193
anplified product may be achi eved by usi ng hybridi zati on probes which
are stably associ ated with a detectaBe I|abel. A label is a substance

which 10 can b oval ently_attached to or firmy. associ d wth a
nucl ei ¢ acid pr(g?fé Wgﬁeﬁd Frop é’sc',‘:ﬁlletr PARTRE BATTLY f%oufé %aeetaggFYFﬁe
pr obe. For ex@empl| ¢/TAse | defliciancpe ag clinigildivsotiogdcatgd. eFoyne

substrate or iR, prifary t@RAY BRmplekafi-ORHis ents Ak rihgc! uding
| um nescent _nol ecul e

col | oi dal 15 tal s), f.l ugrescor a chem
| i posones cont g’?ﬁ“hgérfnf%&fh?’ﬁﬁgaﬁw‘zﬂf’a% &av& npt been, foupd tgi ke ng
pai r menber .5 A MTAgdeabl defabeeéntni | [{inet., tHeosechheeysal igne r e$MTASEDl € for

detectability digpdtentr)anplification. 20 Those skilled in the

di agnostic art wll be famliar with sui tabl e detectable | abels for use
inin vitro detection assays. For exanple, suitable radioi sotopes for
invitro use i nBreadet| can¢eyr [err]l, [err]l, [err]l, [err]C, J[err]S.
Anplified fragnents 3on ahghed by neans of a radioi sotope may be detected
directly byjoc?am‘ra counter Qr b%/ densitonmetry of aut or adi ogr aphs, by
Sout hern bi¥ttithg offePReaBRAPNEF WPPCCT fragnents conbined with
densitonetry. e ExaMelasomaf sui tabl e chem | um nescent nol ecul es are

acridines or 3Q |UugeRgh. cancd@rl g€t sequences hybridized wth probes
derivatized with acridium ester are pr ot,ec&ed from hydr ol ysi s by
intercal ation. ®* ExAFPtEsngR-Lymrhanlastic lepkepifers are fluorescein,
phycobi |l i prot eisn, r@eeteantéaicute (lwiketdas dadslt and rhocsiilegd. 35

15
Clinical trials have been conducted using L-alanosine to
treat the above-listed MTAse competent cancers, with no
appreciable success.

20 II. METHOD FOR TREATMENT OF MTAse DEFICIENT CELLS

A. Pharmacology and Toxicity Parameters for IL-

alanosine

25 1In primates, approximately 75% of L-alanosine is excreted
in urine in about 24 hours, primarily as the nucleoside
forms of L-alanosinyl-IMP and L-alanosinyl-AICOR.
Clearance from plasma after intravenous administration in
humans is biphasic, with t,,=14 minutes and t,=99 minutes

30 (where “ty" is the half-life and times (t) are
approximate) .

In prior c¢linical trials, toxicity has been dose-
limiting, including renal toxicity, stomatitis,
35 esophagitis and, with lesser frequency, myelosuppression,
headache, mnausea and hypo- or hypertension. Renal
toxicity occurred with single bolus dosing above 4 g/m®



Exanpl es of suitable enzyne substrates or inhibitors are conpounds whi ch

w Il specifically bind to horseradi sh W 97/ 32994

PCT/ US97/ 01193 13 per oxi dase,

gl ucose oxi dase, gl ucose- 6- phosphat e dehydr ogenase,

[err]-gal act ¢ Snseds pyruvate ki nase or al kal i ne phOSphﬁ&-ﬁ,ﬁggml

acetyl chol i nesterase. Exanpl es of radi opaque substance are 8% oi dal
gold or magnetic 5 part [ cI es. A 1$pecific binding pair conprises

two different es, wherein one of the nol ecul es has an area on

its surface orP9¥ &’eégg?:t VFRHRET s BRRi Re AN HPABeRES #hip Teseived| ar
spatial and pdiiagghear gmaesatqﬁ)rabmiutamstohefg/m bﬁ@jrewéighth@rnaayeg_ﬁ of the

specific bi ndlég,agglt@ 3& s@fé&%dr eiﬁéfdf%ﬁ@e. Lgan l@$ahg§eptor or

l'igand and |- For exa e receptor 1sa body

the ligand is ei%’?é’ §p<9?d’|“ﬁ§e§ntai R, litdpleperalu desbiadi Bhepairs

I ncl ude horﬂmrme:hmebservpdl reacteivhaTwere patbeht adediiis, biotin-avidin
pai rs and gl ycoprot ei n- receptor pairs. Included are fragnents and
portions of specific_binding pairs which retain binding specificity,
such a fragmefPs BRasfnthddiigBurthkized consinygorapintusiomatent dosad t he
i ke. The anbifbcabd@s: cans beggint hbbdy weﬁrgneclmalsoaapgl el 05&\'.11!:5 If a

nenber of a sgg%kgkgaa fr&& ?ghggvrg 1 ))ni)fh% %ﬁa_.'0 beI tﬁ_g g;eerred

separation
10 11m1t1ng tox1c1ty was muc051t1s.

B. Administration of ASS Inhibitors to a Host

Mammalian hosts (e.g., humans) suffering from cancers
15 determined to be MTAse deficient according to the MTAse
deficiency assay of the invention are treated with
therapeutically effective dosages of an ASS inhibitor
such as L-alanosine, L-alanosinyl-AICOR or hadacidin,
preferably the former. In this respect, a
20 “therapeutically effective dosage” is one which produces
an objective tumor response in evaluable patients, where
tumor response is a cessation or regression in growth
determined against clinically accepted standards (see,
e.g., Eagan, et al., Cancer, 44:1125-1128, 1979 ({the
25 disclosure of which is incorporated herein by this
reference] and the publicly available reports of
parameters applied (essentially per Eagan, et al.) in the
clinical trials performed under IND#14,247 {Food and Drug
Administration)). With reference to these standards,
30 determination of therapeutically effective dosages for
ASS inhibitors to be used in the invention for depletion
of intracellular AMP may be readily made by those of
ordinary skill in the oncological art.

35 In general, daily administration or continuous infusion
of ASS inhibitors at dosages less than those known to
produce toxicities will be the preferred therapeutic



25 If no anplified product can be detected in the assay descri bed

above, this is indicative of MIAse deficiency in the cells present in

t he sanpl e. Because nor nal (i.e., nonmalignant) cells will always be
expected to have MIAse encodi ng gene present in detectable quantities
30 (even witRkydosHonf one allele), a finding that cells |aclpcrusengiddlAse
encodi ng gene (i.e., have a honpbzygous del etion of the gene) indicates
that the cells assayed | ack both cat b?yt ically active and catalytically

i nacti ve MIAse. 35 . Howe wher.e d e, can be_prescreened
oo rAe CREGFOEPL b, FOMPa aie, i EEAbE LabeRrEbECRy oF e
Sei denf el d, edrags, Bizeche nthdi wplgus mlt@mﬁrmcf MIAse deficiéMd

97/ 32994 to this method of treatmeB@T/ li§97c‘é}111§e’3 e:IgPected

14 95: 1861 18 (198 see
e nti ve seeaBhah fontdn DensShe o sest SRR e HARISR1 b el et
encodi ng MIBseLislanesim¢ imteebtmsentn dfhMTAse coapetent TetlsawPle ey al so

pe tested Tor LOGPrESeNEhusS aucdhgl Wdbdiley 3! UenObrbIPELLAS Y OF €1 N

for the pur pose of screening out cellular “contamn

sanple to be a§‘§é}/\‘éd i.e., nonmalignant cells. A sui tabl e
|mmnoassayfor alternative use in this regard (i.e., inlieu of the
hybri di zati on dascrived 10 hNaber i e84 gal Canger, Rgs
53:1008. 1101 (1881 dLidndid hendi hg Sells, MRy JFi8os B ot

CO-p comon assi
appl i cati oh® Preeetgd I\E"°“@)3?/’*I’7Ff§55tf Pgeaxeﬁsmee%eas ginhiggixonsne
di scl osure of uwhtehglhasdhbehstiratdioporsl edrhesel @ suitable substrate
analogue for use in adenine synthesis. Suitable compounds
for use in this regaxrd include MTA, 2'-5¢
dideoxyadenosine, 5’-deoxyadenosine, 2’-deoxy-5-deoxy-
15 5’methylthioadenosine {(see, e.g., Example II). It will be
appreciated, however, that MTAse competent cells are
capable of producing adenine from metabolism of
methylthiocadenosine for replenishment of the AMP cellular
pool and therefore would not be expected to be depleted
20 of AMP to the same extent as MTAse deficient cells.

The invention having been fully described, its practice
is illustrated by the examples set forth below. It will
be understood, however, that the examples do not limit

25 the scope of the invention, which is defined by the
appended claims. Standard abbreviations are used
throughout the Examples, such as “ml” for milliliter, “h”
for hour and “mg” for milligram.

30 EXAMPLE I

IN _-7IVvO EFFECT OF L-ALANOSINE ON MTAse DEFICIENT AND

MTAge COMPETENT HUMAN TUMOR XENOGRAFTS AFTER CONTINUOUS
INFUSION

35 To evaluate the in vivo effect of L-alancsine on known
human MTAse deficient tumors after continuous infusion,
and to compare that effect to the drug‘s effect on known



15 C. MrAse Deficient Cells Usi ng the assay techni ques

descri bed above, the follow ng human primary tunors have been

determ ned to be MIAse deficient. It will be understood that this |ist
is 20 representative, but not exhaustive, of the cancer types whi ch- may

be determn MIrAse deficient using the assay net I bed.
- Jerr] Acﬁ‘?gg?@}}rgﬂobl astic leukem as (approximately 80% 99/838;

occurrence) [err] diomas (approxsmately 67% occurrence) [err]
Non-small cell lung cancers (approximately 18% occurrence)
[err] Ur ot faeivagal MTAseeoTpetgnt Blwekior 2cank®r MTAge dafiicd e88 H292 vari es
th th tiJmDr ty B gkLe tcecll.lB?%%Gt _QH'AEEG%@? atént Ngfﬁﬁ-dﬁf:uﬁbﬁné%mgwm be
strongly uspect e [ ANCTR 0 se_condi tions.

Thus, cell sa??p?eé“ST e r%%sfg)% 6&%@%@? sﬁSﬁ?geEL' ?]8% %néf‘}eﬁ?:eéaég‘é?ed f or
MrAse defici etibg toightt epptind effet Heank herespeatiesity woafd &eBalkiCy to

benefit fraem Lheyhher Rl ifice. nﬁi\‘h@ibﬁﬁ"'th]ﬁii:ﬂé(ﬁﬂbi&arms a solia WO
97/ 32994 o RCT/ sgé/ongs
15 Cel | Tahbi¥s ift JAVE: FEACC MRS MERSHTFER: 06 IRARDY TRISK QR ethe £ or

MIAse defi ci efidysasdayiof clalffusiondifort @dcorturol tumeef edencéwhpehnbsy t unor
sanpl es from patihbepbs SvbfesiiW-day dda®dhhe Foe! lFaweRerCoBHbLLO8S, have not
been found tolgg CEM T-ALL (MTAse deficient acute 1lymphoblastic
10 leukemia) cells in 50% MATRIGEL™ carrier were injected
into the right flank of 8 other nude mice. Many of the
cells wexe obtained from commercially available cell
lines from the ATCC sold under, respectively, ATCC
Accesgsion Nos. CRL-1848 and HTB-56.
15
The following day, 4 mice with bilateral NSCLC and 4 with
T-ALL inocula were implanted subcutaneously with ALZET™
1007D osmotic infusion pumps in the back at a distance
from tumor cell inoculation sites. The pumps had been
20 filed with L-alanosine at a concentration calculated to
deliver 60 mg/kg daily by continuous infusion, Because no
toxicity was evident after 7 days at the 60 mg/kg dosage,
the pumps were removed and replaced with pumps containing
L-alanosine for delivery of 90 mg/kg per day for an
25 additional 7 days.

As shown in FIGURE 2 and FIGURE 3, the administered L-
alancsine caused the shrinkage of established MTAse
deficient NSCLC (“H292 L-alan Tx”; FIGURE 2) and T-ALL

30 (“Treated mice”; FIGURE 3) xenograft inocula in
immunodeficient murine hosts and prevented the growth of
recent MTAse-deficient NSCLC or T-ALL xenograft inocula
in immunodeficient murine hosts as compared to treated
MTAse competent NSCLC cells and untreated MTAse-deficient

35 cells. In particular, established MIAse competent tumors
grew rapidly despite L-alanosine, as did untreated MTAP-
deficient NSCLC or T-ALL xenografts.



5 MIAse def i

ci ent (i.e., the cancers are "MIAse conpetent™):

[err] Breast cancer [err] Col on cancer 10 [err] Head and Neck
cancer [err] Mel anona [err] Renal cancer [err] Adult
non- | ynphobl asti c | eukem as [err] Certain acute | eukem as (adult and
fuvenile) 15woeragdeyni cal trials have been conducted using kepusyrasisse to
treat the above-listed MIAse conpetent cancers, with no appreciable
success. 20 |'1. METHOD FOR TREATMENT GF MrAse DEFI Cl ENT CELLS

A Phar macol

. ogy and Toxicity Par agﬁ%%}g Qg L- al anosi ne
25 In prinmates, apprOX|nateI 7596 shPe |s.excreted in urine

I n about 24 hours, prined

of

L-al anosinyl-1MP and L- alannamnﬂgmﬁlgﬁﬁge gunSigggggpce fromplasma after

i ntravenous adm nistration in humans is blphaSIC with t[lerr]=14
mnutes and t[err] =99 mnutes 30 (where "t[err]" is the half-I
times (t) SarBhe selgshiygi fpakdlity of MTMsededdicdlensi BEFLEr¢ells tooxicity

has.been dose‘prollﬁéﬁﬂttd ﬂﬁl thé n?i'é@éﬂtga of enaélané@mecltac 40ShMya

35 esophagiti
nausea and hyp

ife and

titis,

% ek)q:ﬁ‘]y per t eaﬁé&ﬂ | E(ELCI’E nggdh n%%l%%?-gprgfs i t:}é% Mrﬁﬁheadac he

y occur

bol us dosi ng agm%tnat@' ngethylthloadenos.me (MTA) was confirmed in a

10

15

20

25

30

35

comparison of two cell lines, MTAse competent Calu-6 and
MTAse deficient H292 (FIGURE 4). Control cultures
containing adenine (tAde) proliferate despite I.-
alanosine, confirming that the selective toxicity is due
to a failure of MTAse-deficient cells to metabolize MTA

to adenine.

For further comparison, the addition of MTA or the MTA
substrate analogue 5’-deoxyadenogine resulted in growth
restoration cnly for MTAse competent A427 cells and MOLT-
4 cells, whereas MTAse deficient A549 and CEM cells
remained growth inhibited (FIGURE SA and B). Because MTA
is a feedback inhibitor of spermine synthetase, some cell
lines such as MOLT-4 are inhibited by  high
concentrations. This results in a biphasic growth
restoration curve with increasing MTA concentration
{FIGURE 5BA}.

E L I
CLONING PAR' TERIZATION

OF THE MTAge IC CL

A genowmic clone of human MTAse was isolated as follows.
A cosmid gene library constructed from human placenta DNA
{Clontech) was screened using MTAse cDNA gene probe, the
Not I/EcoRi fragment from subclone MTAP-7. Transformed
E. coli cells from the library are plated on LB plates
containing ampicillin (50 mg/l) with a colony density of
1-2 x 10*/135 x 15 mm plate.

S|ngle
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16 body wei ght. Further, two pediatric patients who received

hi gher doses of about 350 ng/nferr] body wei ght per day in separate
doses suffered liver failure. Stomatitis and esophagitis occurred -

after multi pwe $Ha299s dosi ng. The 5 other observed reactlpeﬁu ﬁpatlent
specific. - One phase Il trial utilized continuous infusion at a dose

of about 125 ng/nferr] body weight for 20days in adults suffering from

acute non- Iyrrpt}?blgsil c Jeukem a. The dose 10 limting toxicity was
nucosi tis. ollewing\ profeduresi ofexsr HRIEITMachi t oF 5O ohalfoat

Manmmal i an hostml(lacgl coiomias) = udimyliengpokibhve acskbssy J&Sxéeiaﬁreml ged to be
MrAse defi ci er}mﬁc_ci@rq; 1 f
a@gl% hBeaMAg e artléﬁiy(éqaygﬁt%§igosag¥s gg an ASS

i nvention are tr ate wi t.h t hera eutlca ective
i nhi bi t or s1$ gng B#ﬁo‘%’r#ect eﬁ“&ﬁ&%{*ﬂw - WE@T iRensdac Fanae

preferably 5 tdie‘.gommﬂsemde loratedilg0 bp egptaieam off 26 stidpeeangsytically
effective dos%' 'a?‘n Onﬁnw' §£h§g Odé'fgionucle%@:ﬁ@ ecltéé/ CPITD 0 reé Ons.e in

eval uabl e patients, whe 'S a cessation essi on
in growth dtﬂ’é‘?‘ér“:ﬁieﬂ@d°§gé‘lhﬁst5t@?| ﬁpéam VeEECép'F‘éHegx!-aﬁ@Ia&d@ tseq,

\(/av.h g. ] Eagan, foat PaR. an&aysis, g?tRliv%E pé2Bormdd Fbr ][ztme:é/&iﬁsdl §%l&gslure of
ic is inc a Lenc and t he icly
avai l abl e repo tsE %ggs‘igﬁ%a%g é?églééritmé‘r z%gsghtlfétfllng Eggh’?ﬁ et al.)
inthe 1% i‘%5C&r t%.*avg péP?‘oreﬁﬁ’é&nﬁhE%r (PROF14, 2 4min ood Thed BPRg

Adni ni strati oprpdulddt hweré esepeaatied bheaeossanspdflsse 1 det ermi nati on of
therapeutically effective dosages for
The location of exons identified to date in the MTAse
gene using the above-described technique is depicted in
15 FIGURE 1 by underlining.

EXAMPLE IV
APPLICATION OF MTAse -SPECIFIC OLIGONUCLEOTIDES
TO MALIGNANT CELL LINES TO DETECT THE PRESENCE
20 OR ABSENCE OF MTAse THEREIN

To test the usefulness of oligonucleotide probes
developed from the MTAse genomic clone identified as
described in Example IV (SEQ.ID.No. 1), PCR was applied

25 to several human lung cancer cell lines which were known
to contain MTAse competent {Calu-6; ATCC Designation No.
HTB-56) and deficient cells (A549; ATCC Designation No.
CCL:~185} . Genomic DNA was isolated as described in
Example III and 1 microgram thereof was used for PCR.

30
Amplification was performed for 40 cycles as described
above, with each cycle consisting of denaturation (92°C,
1 min}, annealing (55°C, 1 min), and extension (72°C, 1/2
min) . The PCR products were analyzed on a 1.5% agarose

35 gel. No MTAse was detected in cell lines which were
known to be MTAse deficient, while MTAse was detected in
the MTAse competent cell lines.



ASS inhibitors to be used in the invention for depletion of

intracellular AMP may be readily nmade by those of ordinary skill in the

oncol ogi cal art. 35 In general, daily adm nistration or continuous

i nfusion of ASS inhibitors at dosages | ess than those known to

produce toxi cwbises2eul | be the preferred therapeutic PCT/US9HOR 193

97/ 32994 PCT/ US97/ 01193

17 protocol to enhance the anti-metZBolite activi ty of the drugs.

Due to the unique sensitivity of wmmnt cells to this nethod
ges Iess than those tested in

of treatnent, it can be expected
clinical trials of LSALS :

w il be required, thp@gﬁ s e PO g 'ﬁ‘ erating

cells. Non- mal i gnant, 31 50 be 10 protected
fromany effect of exposure jn adm ni stration of
MTA or a sui& able substrate anal ogue for use in adeni ne synthesis.

Sui t.abl e CO”DOWH‘SAS49 d10ma29SRSCLE lbelllshivere ix@_'gz%tdad shB%HQﬁeouM

2' -5 di degﬁ% no&geél % lge % den.05| n% - 5- deoxy 5

5' rret hyl t hi oad eWEEELTY Byl ® ?‘lﬁfr I tumoﬁﬁp%‘%‘él at ed,
however, that MEAs@edornmmmeeleﬂg dr et cm d;{aablter oftreatmenti ngas adeni ne

from netabol i gl th”ﬁl—MhﬁBbQﬁQGW' Bg1iee nspl gRksh e AWP
cel lul ar i@g andw:thher ef ore ﬁ%a =8 not be expeclt%gd to bggg ﬁge?éeg 20 of

AVP to the ?anéné'?f’e'ﬁf’ aSVRASY ent cells.



The invention having been fully described, its practice is illustrated

by the exanples set forth below. It wll be understood, however, that
the exanples do not limt 25 the scope of the invention, which is defined
by the appended cl ai ns. Standard abbreviations are used

t hr oughout t |l es, such as "m" for mlliliter, "h" hour and
"mg" for ml iggr;gm 30 : EXAI\/PLEI PCT’L%'\'F’

EFFECT OF L- ALANCSI NE ON MrAse DEFI Cl ENB2AND MIAse COMPETENT HUNAN
TUMOR XENOGRAFTS AFTER CONTI NUQUS INFUSION 35 To evaluate the in
vivo effect of L-alanosine on known human MrAse deficient tunors after

ﬁontl nuous i NfMidedReceivaadis agyRigPpee impdcteldeEbrt 0 ddies dndg $oekf ect on
nown

PCT/U897/0119éﬁ3/kgmgog7ésaggé Tumor size was meﬁipred aﬁq&ﬁgnpﬁﬁﬂgst
conpet ent t un®fs perpenddpuliay diamatetst.i FhenresPbps for NSEaCedel(hs6and
MIAse conped erﬂsa@%ﬂl@- 6sizepr foe! |§ac£ﬂ ncell Ot)ﬁmnﬂ it h QO MATRIGEL[ err]

carrier), i.n cte to left flank, respectlvely, of
8 Balb/C 5 e[tsﬁ"lﬁ?'c nude eq mi £87 Wﬁzgl (ﬁﬁ%{ er?’[p?)nl PEER | PLForFROWR sdRi d '
matrix in vi vé"ItqﬁEtE Vas rreasured in each nouse on the first day of

infusion for a control tunor size (which is resorbed over a 14-day

period). For Eyrtgg¥icf¥yx¥£§“gbldent at either dosing level tested

10 {mice had stable weights throughout testing}. L-alanosine
administered by twice daily bolus injection caused a
decrease in the size of well-established MTAP-deficient
tumors, but had no effect on the growth of MTAP-positive

. cells.

15



10[err] CEM T-ALL (MIAse deficient acute |ynphoblastic 10 |eukem a)
cells in 50% MATRIGEL[err] carrier were injected into the right flank
of 8 other nude mi ce. Many of the cells were obtained fromconmercially
avai |l abl e cell lines fromthe ATCC sold under, respectively, ATCC
Accessi on Noswo 6294848 and HTB-56. 15 The foll owi ng daycrdsoiaesswi t h
bilateral NSCLC and 4 with T-ALL inocul a were inplanted subcut aneously
with ALZET[err] 1007D osnoti ¢ i nfusi®h punps in the back at a distance
fromtunor cell inoculation sit en 20 filed with

L- al anosi ne at a concentration %%PMXPatedmﬁiﬁHﬁﬂxggl|ver 60 ng/ kg daily by
conti nuous i nfusion, Because no toxicity was evident after 7 days at
the 60 ny/ kg dez@pence 1phe QOPS Yergg errmed gadomeg! acadnw t hepenps

cont ai ni ng L- al sine for. del ver r day for an 25
addi ti onal 7 dﬁ‘?&.ﬁy%gma e“"%%‘mp;h ”ﬁéai%%u t he
admi ni stered L- al anosi ne caused the shrlnkage of established MlrAse
deficient NSCLC ("H292 L-alan Tx"; FIGURE 2) and T-ALL 30 ("Treated
mce"; FIGJURE 3) xenograft inocula in i mrunodeficient nurine hosts
and prevented the growth of recent MIAse-deficient NSCLC or T-ALL
xenograft inocula i n i nmunodeficient nurine hosts as conpared to
treated MIAse conpetent NSCLC cells and untreated MIAse-deficient 35
cells. In particular, established M'Ase conpetent tunors grew rapidly
despite L-al anosine, as did untreated MIAP- deficient NSCLC or T-ALL
xenografts. WO 97/ 32994

PCT/ US97/ 01193 19



EXAMPLE 1| | PROTECTI ON OF MIAse COWMPETENT HEALTHY

CELLS W TH MrAse SUBSTRATES 5 The selective inability of MIAse deficient
NSCLC cells to proliferate in the presence of L-alanosine (at 40
[err]M despite the addition to each culture of the MIAse substrate
met hyl t hi oad@gaghemg MTA) was confirnmed in a conpari son m‘%‘%l

| ines, MIAse conpetent Calu-6 and 10 MIAse deficient H292 ( )
Control cultures containing adenin@4 (tAde) proliferate despite L-
al anosine, confirmng that the selective toxicity is due to a failure
of MIAse-deficient cells to netabolize MIA to adeni ne. 15 For
further conparison, the additi oistUskceENIANOr t he MIA substrat e anal ogue
5' -deoxyadenosi ne resulted in growt h restoration only for MIAse

conpet ent A427 cells and 4 cells, whereas MIAse deficient A549
and CEM cel | s ‘20 EF“érVﬁ"’W@EP"'gr owth inhibited (FIGURE SA and B). Because MA
is a feedback i nhhwrLaTsf  STEE REGENTSCOF IHENNIVEREIRSOF, cAS ErBA Cel | lines such

as MALT-4  argy niLE‘bﬂ RieSsh:  Drwoo P 1arTING mﬁﬂ.ﬂs‘&ft‘:ﬂ&fs%u‘nﬁﬂ%ﬂa S esul ts

in a biphasic growh I €St Or atMM@INANT METNYET HIOADENQS I NENRUIOSEHESY L ASECIDE ceLLs

concentration 2%;{;RluERE sRabehees: 1 EXAMPLE 111
CLONI NG AND PARTI AL CHARACTERI ZATI ON OF THE MrAse GENOM C

CLONE 30 A JER T, o ohas b otitn NatPR, MiASE Was isol ated as fol | ows. A

cosm d gene |ibrar yun(msm ens tie eisderc MuréetirBBINFIpdracent a DNA (d ontech) was
screened usi ng MrAsE) KA géﬁ;}f:probe t he Not |/EcoRi fragment from
subcl one MTAP-7. Tr eséuemrrash E. coli cells fromthe library are pl ated
on LB plates coff? 3PnP Ry z&ﬁpl cillin (50 my/1) with a colony density of

1-2 x 10[ err]/ 13%v>xoMeuSER READABL EQLORY;
CA) MEDIUM TYPE: Floppy disk
(B) COMPUTER: 1BM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.25

Cvi) CURRENT APPLICATION DATA:
CA) APPLICATION SUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

{viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Berliner, Robert
{B) REGISTRATIOR NUMBER: 20,121
(C) REFERENCE/DOCKET NUMBER: 5555-423

{ix) TELECOMMUNICATION INFORMATION:
(A) TELEPMONE: (213) 977-1001
(B) TELEFAX: (213) 977-1003
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20 The foll ow ng procedures were perforned. From hal f a

mllion colonies, a single positive colony designated as MIAP- 10 was

I solated and partially characterized by PCR anal ysis and by direct
sequenci ng. TyWe oRAtegRrS, a sense 5 ol igonucl eoti de | ocat edpclpfGsoPPi193
upstream of the stop codon and an anti-sense oligonucleotide

| ocated 20 bp downstream of the s8p codon were synthesized and used
for PCR anal ysis. PCR was Qerfotrred for 25 cycles, each cycle

consi sting of dEhWREBPEM BRh°C2M%Yr1c 1 nin), annealing 10 (55[err]C, 2

m n) and extensi o € iemnb@ﬁklstﬁszm n) . The PCR products were
separated on a 0. 8%522} g'g,cﬁﬁf“* PA'  The location of exons identified to

id
date in the MIAse () mnus#:rgépstehe above-descri bed technique is depicted

in 15 FIGURE 1 by uf8ePi%°RT Ag® EXAVPLE |V
APPLI CATI ON OF MIhApauiSEQUENCEMIRM@ c-| C OL1 GONUCLEOTI DES TO
MALI.GNANT  CELL ;i NGinediide DddECT THE PRESENCE 20 OR ABSENCE
OF MIAse THEREI N (8) couE:tmethiladpriacine pheedhetbmess of ol | gonucl eoti de probes
devel oped from t hg,,NfQAse genonmic clone identified as described in
Exanpl e 1V (SEQ | D. Nen» nisesxevP@R was applied 25 to several human |ung cancer
cell lines which wer &RFSUN: *-73% o contain MIAse conpetent (Cal u-6; ATCC

Desi gnati on No. i skébBesxBycriane: sefiv wi:ent cel | s (A549; ATCC Desi gnati on No.

CCL-185).  CenpuiGeaNAcas st @l bhtlerds 1H182kckd Retrid ¢ Exanple 11 and 1

m crogram t hereof was used for PCR
AAACAGGAGT GGUTYCTCAG AATCCAGTGA ACCTAAATTT TAGYTTTAGT TGCTCACTGG 120

ACTGEGTTCY AGGAGACCCC CTGTGITAGT CTGTGGYCAT TGCTAGSAGA ATCACTTAAT 180
TITTTCTAGA CTCTAGGAGA AAACAGYTGG TGGTGTACTC ATCACGGGTT AACAATTICT 240
TCTCTCCTTC CATAGGCATG GAAGGCAGUA CACCATCATG CCTTCAAAGG TCAACTACCA 300
GGCGAACATC TGGGCTTTGA AGGAAGAGGG CTGTACACAT GTCATAGYGA CCACAGCTTG 360
TGGCTCCTTG AGGGAGGAGA TTCAGCCCGG CGATATTGTC ATTATTEATC AGTTCATTGA 420
CANNNNNNNN NNNNNNHHNN GAGGTCGACG GTATCGATAA GCTTTGTAAA CAATTGICTY 480
TAGCTTATCC AGAGGAATTG AGTCTGGAGT AAAGACCCAA ATATTGACCT AGATAAAGTT 540
GACTCACCAG CCCYCGGAGG ATGGAAAGAT GGCCTTAAAA TAARACAAAC AAAAACCTTT 600
YTTECTYVAT TTTGTAGGAC CACTATGAGA CCTCAGTLCY TCTATGATGS AAGTCATTCT 460
TGTGCCAGAG GAGTGTGCCA TATTCCAATG GCTGAGCCGT TTTGCCCCAA AACGAGAGAG 720
GTGTGTAGTC TITCTGGAAG GTGTACCABA ATAAATLATG TGGGCTTGGG GTGRCATCTG 780
GCATTTGGTT AATIGGLAGA CGBAGTGGCC CCATACCCTC ACTCAAGTTT GCTTTGIATT 840
ATGCAAGYTT ATGGAGAGTY ATTTCCTGYT GCYAATAATT THNNNNMNNN NNNNNNNNKN 900
AAGTGCAGCC TTAAGTTGYG CATGTGCTAG TATGTTTTGA AGTTTCTGST TITICTTTYIC 980
TAGGTTCTTA TAGAGACTGC TAAGAAGCTA GGACTCCGGT GCCACTCAAA GGGGACAATG 1020
GTCACAATCG AGBGATCTCG TTTTAGCTCC CGGGCAGAAA GCTTCATGYT CCGCACCTGG 1080
GGGGCGGATG TYATCAACAT GACCACAGYT CCAGAGGTGG TTCTTGCTAA GGAGGCTBTGR 1140
ATTYGTTACG CAAGTATCGE CATGGGCACA GATTATGACT GCTGGAAGGA GCACGAGGAA 1200
GCAGTAGGYG GAATTCTTTT LTAAGCACAT ATAGCATGGS TTTCTGGGTG CCAATAGGGT 1260
GTCITAACTG TTTGTTTCTA TTACSTYAGT TTCABAAAGT GCCTTTCTAC AAGGTTTTGA 1320
AGTYGTTAAT ATTTTCYGTA GTTCCATTGG AAGGTAAGAA CAAAGATCAA AAGAAAGAAA 1380
GAGACACTTT TACCCAAGGA TCAGTAGYGA AAATAGTACA TTGTAGGCAY GTAGATGTGT 1440
TGAGAATCAT ACTAAGACTT GGGCUTTANM NNNNNNNNNM NNNNNNNNNN NNTACCCTAC 1500
ATTGAGGATT CGGTTYCAGC AGATAMATTT GAGGGACACA AACATTTAGG CTGTAGCAAG 1560
GCTGGAGTTC AGAAAAATGT TTTATGACAA GCAGTGGAAT TTTAAGTTCT AGTAACCTCC 1620
AGTGCTATYG TTTCTCTAGG TYTCGGTGGA CCGGGTCTTA AAGACCCTGA AAGAAAACGC 1680



30 Amplification was perfornmed for 40 cycles as descri bed
with each cycle consisting of denaturation (92[err]C,
(55[err]C, 1 mn), and extension (72[err]C, 1/2
were anal yzed on a 1.5% agarose 35 gel

i nes whi ch wWey&a2994 known to be MIAse deficient, while NWQE

above,

1 mn), annealing
mn). The PCR products
No MrAse was detected in cell -

Xﬂémgftected

I n the MIAse conpetent cell Iines. WO 97/ 32
PCT/ US97/ 01193 26 21
EXAMPLE V L- ALANOSI NE | NHI Bl TI ON OF MI'AP- DEFI Cl ENT TUMORS

AFTER DAI LY | NYEMFEOMMRTE " IGHEACNT AETCAG ATAGGGTCCA CAGAATGGTC\\y #40 ESTABL | SHED TUMOR
XENOGRAFTS 5 AGMACCCTOfASICTon ABINKTETAGAKI e MBEISET cetahsacvienao i nj ect ed

subcut aneousl Vererarred fePrrfer ‘#‘ﬂ:ﬁkcnﬁ | Iﬁkcgﬁ'ls(p{c&cﬁ&rb Y feedgud (?565“ ce.

had reached
L- al anosi ne or

| anet er,

treat nent was

%F rﬁ%(w ﬁ't’%ﬂfél‘?‘fﬁﬁ&%ﬁ“‘l‘@“ﬂ‘ FRrEBI%on ¥Yery 12 hours.

When tunors
begun with

WO 97/ 32994  AACTGAGTAG TCTTATTTFC TTGGCTGGTA GTGCAGANNN NNNNNNNNNN NAATARASE/ USiRa’/ 01193

ATAATCCAGG CTGGECTGGT ATGGCAATAA GTGATTATCA GARCAATGCT CTGAGATAAG 2040

CATTATTAAC CTCACTTTAC AGGAAAGGGA GGTGAGGAAC CAAGAGTTTA GAGTACCCGA 2100

AGTTCCACAT CTGGTTAGTG AACTTGAAAA TTTTCYGTAG AATTTATTTA AAGTGTATGT 2160

TTCCTGCETE CTCACTTTGA TCTAGAAAAT CRARATCTGT FITYITTITT AACAAACATC 2220

TCAGTAATTA CGCCAACATS TGAATATCAC TGCCTCCTTIT LTTCCTTTCA GAATATGGCC 2280

CAGTTTYCTG TTTTATTACC AAGACATTAA AGTAGCATGG CTGCCCAGGA GAAAAGAAGA 2340

CATICTAATT CCAGTCATTT TGGGAATTCC TGCTTAACTT GAAAAAAATA TGGGAAAGAC 2400

ATGCAGCTTT CATGCCCTTE CCTATCAAAG AGTATGTTET AAGAAAGACA AGACATTGYG 2450
TGTATAGAGA CTCCTCAATG ATTTAGACAA CTTCAAAATA CAGAAGAAAA GCARATGACT 2520

AGTAACATGT GGGAAAAAAT ATTACATTTY AAGGGGGAAA AAAAACCCCA CCATTCTCTY 2580

CTCCCCCTAT TAAATTTGCA ACAATAAAGG GTGGAGGGTA ATCTCTACTIT TCCTATACTG 2640

CCAAAGAATG TGAGGAAGAA ATGGGACTCT TTGGTTATTT ATTGATGCGA CYGTAAATTG 2700

GTACAGTATT TCTGGAGGGC AATTTGGTAA AATGCATCAA AAGACTTAAA AATACGGACG 2760

TAC

2763
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ng/ kg for 5 days.

M ce received 15 ng/ kg per injection for 7 _days then 22.5

Tunor size was neasured as the product of

each cel

Cachocel 1 typer va: control cnoa  ARRMAMEID . S.checeis Thed) Wt

are shown i n woosdsdRE 7. No t'oxi‘ci ty %has® evi dent at remroserenssi ng

| evel

admi ni stered by tw ce daily bol us injectPdn caused a
%#igh%shed MTAP- def i ci ent tunmors, but had no effect on

size of well-e
ositive cells. 15 WO 97/ 32994

the growt h of

tested 10

PCT/ US97/ 01193 | |
SUMVARY OF SEQYENCER methodEQEBNCHnHiBitiNg the hétivhey @Fnogkenyt! one

met hyl thi oadenosine, p h%%*%%&gée @dEhsen ?nethythioadenosine

phosphorylase (MTAse) deficient cells comprising:

for

(m ce had stable wei ghts throughout testing).

23

L- al anosi ne

decrease in the

5

10

15

20

25

30

{a)

(b)

determining that a population of cells obtained
from a mammalian host is MTAse deficient; and,
administering a therapeutically effective
amount of an ASS inhibitory agent to the host,
wherein said contact has the effect of
depleting MTAse deficient host cells of
adenosine 5’ -monophosphate.

2. The method according to Claim 1 wherein step {(a) is

performed by:

obtaining an assayable sample of cells which

(a)
are suspected of being MTAse deficient;

{b) adding oligonucleotide ©probes which will
specifically hybridize to any of the MTAse
encoding nucleic acid present in the sample to
the sample under conditions which will allow
the probes to detectably hybridize to any such
nucleic acid present in the sample; and,

(c}) detecting whether MTAse encoding nucleic acid

is present in the sample, wherein the presence
of sgaid nucleic acid is indicative of the
presence of MTAse protein in the sample of
cells.

3. The method according to Claim 1 wherein the ASS
inhibitory agent is L-alanosine.

4. The method according to Claim 1 wherein the host is

a human.
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SEQUENCE LI STI NG (1) GENERAL’ f‘mﬁm ” ml (i) APPLI CANTS:

THE REGENTS OF THE UNI VERSI TY OF CA (ii) TITLE OF

| NVENTI ON: wo d¥BdgeeD FOR | NI Bl TI NG ADENYLOSUCC NATE SYNTH%%WI TY I N
MALI GNANT METHYLTHI OQADENOSI NE PHOSPHORYLASE DEFI Cl ENT CELLS (i)
NUMSGER OF SEQUENCES: 1 (i v) CORRESBONDENCE ADDRESS: (A
ADDRESSEE: Robbi ns, Berliner. & Carsqn . STREET: 201 N.

Fi gueroa Streel; S5tTPS od ‘acéording £6) LA+ 1L§$’?eﬁﬁ’déll e MIAse

(D) STATE: Califor cficiant bost (E1DOUNTRY: miSAnary tumor deElszl P:

90012- 2628 Lo DPETE] st £ A1 MERhUM TYPE:
Fl oppy di sk }ﬁ,éc vp:i E hE o %oﬁgéggﬁmn sibdl1 e (0
OPERATI NG SYSTEM PB&RSos, 5, adute BEL C© peiemiare| ease
#1.0, Versi®sn #1.25ells, glfonx &mmaamn@m DAfidy cells. (A

APPLI CATI ON NUMBER

6. The wmethod according to Claim 1 wherein the ASS
inhibitory agent is administered to the host daily

or continuously.

10
7. The method according to Claim 1 wherxein a substrate
for intracellular production of AMP is administered
to the host after treatment of the host according to
step (b).
15

8. A wmethod for inhibiting the activity of
adenylsuccinate synthetase {ASS) in cells of a
mammalian host, which cells are known to be
methythioadenosine phosphorylase (MTAse) deficient,

20 comprising administering a therapeutically effective
amount of an ASS inhibitory agent to the host,
wherein said contact has the effect of depleting
MTAse deficient host cells of adenosine 5’-
monophosphate.

25

9. The wmethod according to Claim 8 wherein the ASS
inhibitory agent is L-alanosine.

10. The method according to Claim 8 wherein the host is
30 a human.

11. The method according to Claim 8 wherein the MTAse
deficient host cells are primary tumor cells
selected from the group consisting of non-small cell

35 lung cancer cells, acute lymphoblastic leukemia
cells and glioma cells.



(B) FILING DATE: (C) TLASSI FI CATI ON: (viii) ATTORNEY/ AGENT

| NFORMAT| ON: (A) NAME; i | (B)
REG STRATI ON NUMBER: 20, 121 u!im "MM@? CE/ DOCKET NUMBER

5555- 423 (i x) TELECOMMUNI CA (A
TELEPHONE:  ( 4@ )79 1001 (B) TELEFAX: (213) 97 %ctRR%701193
WD 97/ 32994 |

PCT/ US97/ 01193 29 25 (2)

I"'NFORMVATI ON FOR SEQ | D NO 1: , (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 276#-bad@epdigtiod ac'°°rdmg R%)%TJ"’}‘PE: Shitisgiednadihe ASS
(C STRANDEDNESS: sinblikitory agent is (ddmifQREOe®Ed: tbi hbarhost dailyii)
MOLECULE TYPE: DNA (genggt £x . (vii) | MVEDI ATE SOURCE:
(B) CLONE: nethyl adenosi ne ﬁﬁgggﬁ%tase (1 x) FEATURE:
(A) 'NAVE/ KEY: CDS

5 13. The method according to Claim 8 wherein a substrate

for intracellular production of AMP is administered
to the host after administration of the ASS
inhibitory agent to the host.



(B) LOCATION: 1..2763 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1:
TTTATACAGA GCATGACAGT GGGGTCCTCA CTAGGGTCTG TCTGCCACTC TACATATTTG 60
AAACAGGAGT GGCTTCTCAG AATCCAGTGA ACCTAAATTT TAGTTTTAGT TGCTCACTGG 120
ACTGGGTTCT AGGAGACCCC CTGTGTTAGT CTGTGGTCAT TGCTAGSAGA ATCACTTAAT 180
TTTTTCTAGA CR AAACAGTTGG TGGTGTACTC ATCACGGGTT AACAATEb 70119240

TCTCTCCTTC CATAGGCATS GAAGGCAGCA CACCATCATG CCTTCAAAGG TCAACTACCA 300
GGCGAACATC TGGGCTTTGA AGGAAGAGGG CTGTACACAT GTCATAGTGA CCACAGCTTG 360
TGGCTCCTTG AGGAGGAGA TTCAGCCCOGG CGATATTGHESATTATTGATC AGTTCATTGA 420

CANNNNNNNN - NNNNNNNNNN- GAGGTCGACG GTATCGATAA GCTTTGTAAA CAATTGICTT 480
TAGCTTATCC AGAGGAATTG AGICTGGAGT AAAGACCCAA ATATTGACCT AGATAAAGTT 540
GACTCACCAG m ATGAAAGAT GGCCCTTAAAA TAAAACAAAC AAAAACCTTT 600
TTTGCTTTAT A CACTATGAGA CCTCAGTCCT TCTATGATGG AAGICATTCT 660
TGTGCCAGAG GAGTGTGCCA TATTCCAATG GCTGAGCCGT TTTGCCCCAA AACGAGAGAG 720
GIGIGTAGIC TTTCTGGAAG GIGTACCAGA ATAATACATG TGGECTTGGEG GIGECATCTG 780

ATGCAAGTTT ATGGABAGT TR FHGAT GRATGRRMRAT ARHIETPRNARTSTRI NNRECACTC 900

AAGT GCAGCC TTAA@ITGT@A@%IW@CTWWTTEwWBﬁKETCR@E&AET@ATC’I'AEHQATTT 960
TAGGTTCTTA TAGAGACTGC TAAGAAGCTA GGACTCOGGT GOCACTCAAA GGGGACAATG 1020
GTCACAATCG AGG@@CTC@WTW@CTMGAAI@%@@M%@@@AGE%O

CECGCGATG TTATSPACAETERGFARACTACTRESKACCRRACTTART T CaTfYrcHaCCeTERRbcacA 140
201  AAACAGTTEG TGGTGTACTC ATCACGGGTT  AACAATTICT  TCTCTCCTTC

251 CATAGGCATG  GAAGGCAGCA  CACCATCATGE CCTYTCAAAGG  TCAACTACCA
301 GGCGAACATC  TGGGCTTTGA _ AGGAAGAGGG _ CTGTACACAT GTCATAGTGA
351 CCACAGCTTG _ TGGCTCCTTG  AGGGAGGAGA _ TTCAGCCCGG  CGATATTGTC
401 ATTATTGATC AGTTCATTGA  CANNNNNNNN  NNNNNNNNNN  GAGGTCGACG
451 GTATCGATAA  GCTTTGTAAA  CAATTGTCTT  TAGCTTATCC  AGAGGAATTG
501 AGTCTGGAGT  AAAGACCCAA  ATATTGACCT  AGATAAAGTT  BACTCACCAG
551 CCCTCGGAGG  ATGGAAAGAT  GGCCTTAAAA  TAAAACAAAC  AAAAACCTTT
601 TYTGCTTTAT  TTTGTAGGAC __CACTATGAGA _ CCTCAGTCCT _TCTATGATGG
651 AAGTCATTCT _ TGYGCCAGAG _ GAGTGTGCCA _ TATTCCAATG _ GCTGAGCCGT
701 TTTGCCCCAA  AACGAGAGAG GTGTGTAGTC TTTCTGGAAG  GTGTACCAGA
751 ATAAATCATG  TGGGCTTGGG  GTGGCATCTG  GCATYTGGTT  AATTGGCAGA
801 CGBAGTGGCC  CCATACCCTC  ACTCAAGTTT  GCTTTGTATY  ATGCAAGTTT
851 ATGGAGAGTY  ATTTCCTGTT  GCTAATAATT  TNNNNNNNNN  NINNNNNNNNN
901 AAGTGCAGCC  TTAAGTTGTG  CATGTGCTAG  TATGTTTTGA  AGTTTCTGGY
951 TITICTTITC TAGGTICTTA __TAGAGACTGC TAAGAAGCTA  GGACTCCGGT
1001 GCCACTCAAA _ GGGGACAATG GTCACAATCG  AGGGACCTCG  TTTTAGCTCC
1051 CGGGCAGAAA  GCTTCATGTT CCGCACCTGG  GGGGCGGATG ~ TTATCAACAT
1101 GACCACAGTT _ CCAGAGGTGE _ TTCTTGCTAA GGAGGCTGGA  ATTTGTTACG
1151 CAAGTATCGC  CATGGGCACA GATTATGACT _ GCTGGAAGGA  GCACGAGGAA
1201 GCAGTAGGTG  GAATTCTTTIT  CTAAGCACAT  ATAGCATGGG TTTCTGGGTG
1251 CCAATAGGGT GTCTTAACTG  TTYTGTTICTA  TTACGTTAGY  TTCAGAAAGT
1301 GCCTTTCTAC  AAGGTTTTGA  AGTTGTTAAT  ATTTTCTGTA  GTTCCATTGG
1351 AAGGTAAGAA  CAAAGATCAA  AAGAAAGAAA  GAGACACTTT  TACCCAAGGA
1401 TCAGTAGTGA  AAATAGTACA  TTGTAGGCAT  GTAGATGTGT  TGAGAATCAT




ATTTGITACG CAAGTATCGC CATGGGECACA GATTATGACT GCTGGAAGGA GCACGAGGAA 1200
GCAGTAGGTG GAATTCTTTT CTAAGCACAT ATAGCATGGEG TTTCTGGGTG CCAATAGEGT 1260
GICTTAACTG TTTTTTCTA TTACGITAGI TTCAGAAGI GCCTTTCTAC AAGGTTTTGA 1320
AGITGITAAT ATTTTCTGTA GITCCATTGG AAGGTAAGAA CAAAGATCAA AAGAAAGAAA 1380 -
GAGACACTTT TACKOAnE®9d TCAGTAGTGA AAATAGTACA TTGTAGGCAT GIAGA o710 1]11{31%10

0

TGAGAATCAT ACTAAGACTT GGGCCTTANN NNNNNNNNNN NNNNNNNNN- NNTA
ATTGAGGATT CGGITTCACC AGATAAATTT GAGGEGA AACATTTAGG CTGTAGCAAG 1560

GCTGGAGCTC AGAAAAATGT TTTATGACAA GCAGT TTTAAGTTCT AGTAACCTCC 1620
AGTGCTATTG TTTCTCT@@TCG?GCA COGGGTCTTA AAGACCCTGA AAGAAAACGC 1680
WO 97/ 32994 .
PCT/ US97/ 01193 26
TAATAAAGCC AAAAGCTTAC JFEZTCACTAC CATACCTCAG ATAGGGTCCA CAGAATGGTC 1740
AGAAACCCTC CATAACCTGA AGGT] 1800
TCTCTATTGT CTTCTTTTCT JACT 1860
GCCTAGATGT TTTCAACAAG 9901 1920
AACTGAGTAG TCTTATTTTC TTGA 1980
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VIABLE CELLS % CONI%OL
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i 1

175 200

ATAATCCAGG CTGGECTGGT ATGGCAATAA GTGATTATCA GAACAATGCT CTGAGATAAG 2040
CATTATTAAC CTCACTTTAC AGGAAAGGCGA GGTGAGGAAC CAAGACTTTA GMGTACCCGA 2100
AGITCCACAT CTGGITAGIG AACTTGAAAA TTTTCTGTAG AATTTATTTA AAGTGTATGT 2160
TTCCTGCGIC CTCACTTTGA TCTAGAAAAT CAAAATCTGI TTTTTTTTTT AACAAACATC 2220
TCAGTAATTA WIG TGAATATCAC TGCCTCCTTT CTTCCTTTCA GAATACE®SE/01193280
CAGITTTCTG TTTTATTACC AAGACATTAA AGTAGCATGG CTGCCCAGGA GAAAAGAAGA 2340
CATTCTAATT CCAGICATTT TGGGAATTCC TCCTT. T GAAAAAAATA TGGGAAAGAC 2400
ATGCAGCTTT CATGCCCTTG CCTATCAAAG AGTA GI' AAGAAAGACA AGACATTGIG 2460
TGTATAGAGA m ATTRGACAA CTTCAAAATA CAGAAGAAAA GCAAATGACT 2520
AGTAACATGT ATTACATTTT AAGGGGGAAA  AAAAACCCCA CCATTCTCTT 2580
CTCCCCCTAT TAAAT ACAATAAAGG GIGGAGGGTA ATCTCTACTT TCCTATACTG 2640
CCAAAGAATG TGA A ATGGGACT CT TTGGITATTT ATTGATGCGA CTGTAAATTG 2700
GTACAGTATT TCTGGAGEG GGTAA AATGCATCAA AAGACTTAAA AATACGGACG 2760
TAC 100 - ' 2763
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1. A method for inhibiting the activity of adenyl succi nat e

synt hetase (ASS) in nethythi oadenosine 5 phosphoryl ase (MIAse)
deficient cells conprising: (a) determning that a popul ation of
cell s obtained froma mamualian host is MrAse deficient; and,
(b) adm ni st g&&% b4t herapeutically effective mmlm‘; an
ASS inhibitory agent to the host, 10 wherein said contact has
the effect of depletlng MrAse deficient host <cells of
adenosi ne 5' - nonophosphat e. 78 net hod according to Claim1l
wherein step (a) is 15 perforned by: (a) obtaining an
assayabl e sanple of cells are suspected of being MlAse
deficient; addlﬁbl gonucl eoti de probes which will
speC|f|caIIy hybrld d an the MIAse 20 encodi ng nucl ei c
acid present in the sanple to t he sanpl e under conditions
which wll allow 120 t he ;robes to detectably Bybridize to any
such Rycl ei (c)

det ecti ng whet her NEA360
the sanple, wherei 83the p
indicative of the Y4 g
cells. 30 3. TIR nethf
i nhi bitory agent iSL-§fay
wherein the host i f

is present in
of said nucleic acid is

2 in the sanpl e of
7T} t he ASS
rding to Claim1l
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28 5. The nethod according to Claiml1l wherein the MIAse

deficient host cells are primary tunor cells selected fromthe
group consi sting of non-small cell | ung cancer cells, acute

| ynphobl asti cwoetieassga 5 cells, glioma cells and urothglj r
cells. 6. The nmethod according to Caim1 wherein the?klg@kmkﬁ'ﬂ;? .
inhibitory agent is adm nistered to the host daily

continuously. 10 7. _The nmethod acdf8ing to daim1 wher e| n a

Ynt\acel | ul ar production of AMP is adm nistered
meg)t of the host according to step (b). 15

iting the activity of
(BSS) in cells of a manmal i an host,

: . hi%adenosi ne phosphoryl ase
gonprising adm nistering a therapeutically

Substrate for
to the host after trea
8. A nethod for

adenyl succi nate synt ht%ﬁ
whi ch cells are known tg
(MrAse) deficient, 20 =5

ef fective anmoyn® f Jan ASS inhibitory agent to the host,

wherei n said contact e effect of deplefing MIAse defi ci ent
host cells of adenos\ 5'- rmnophosphate 25 9. The

nmet hod according to Caim8 wherein the ASS inhibitory agent is

L- al anosi ne. 10. The met hod accordi ng ﬁ Claim 8 wherein the host is
30 a human. 11. The method accordin¥ to O aim 8 wherein the MAse
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I ent host cells are primary tunor cells selected fromthe
group consisting of non-small cell 35 | ung cancer cells, acute
| ynphobl astic | eukem a cells and gliona cells. D 97/ 32994
PCT/ US97/ 01193 : 29 12. The gt

according to CTPD8 wherei WORIDGNTAISECTUAL PROFERTYIORGANDIWTION Y agent g
or _conti nuously. 5 13. The
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(54) Titlee METHOD FOR INHIBITING ADENYLOSUCCINATE SYNTHETASE ACTIVITY METHYLTHIOADENOSINE PHOS-

PHORYLASE DEFICIENT CELLS
(57) Abstract
1 TIVATACAGA  CATGACAGT GOAGTECTCA CTAGREYCTS  TETGLCACTC

An in vivo method for depleting mammalian cells of S1  TACNEATITE AMMCASGMET OGSTICYCAG  AATCCAGTGA  ACCTARATTY

mm‘ 3 "m?mph"?g:';"’ ﬁfmﬂ:xﬁfmﬁnmmt of 101 TMTTITAGT  TGCTCACTEG  ACTGSGTTCY  AGGASACCCC  CTGYETTAGY
cancers is provided. , 4 popu-

Jation of cells is optained from a host and sssayod for loss of 161 CTEVGATCAY TGCTAGSAGA ATCACTTAAY  TITTTCTAGA - CRCTAGGASA
memylﬂliﬂadenosm phmphorylase MA“) acﬁvity. MTA&G n W!GG YGETETACIC  ATCACGERTT AM:MTN’C!‘ TCrcrceTTc
eatabolizes methylthioadenosine to adenine for endogenous sa!- 251 BEELATS. . GaAG SAATLALS
vage incorporation into the intracellular AMP pool. The pre- 0l
ferred method for assaying loss of MTAse sactivity is a hy- s
bridization technique for detection of a homozygous loss of 401
the gene which encodes with a therapeutically effective amount 451 GTATOGATAA  SCTTTETAAR  CAATTGICTT  TAGCTTAYEC  AGASSAATTG
of an ﬂsel!l\t. nc‘:hich inhibits tilnw ;Bﬁvily of h;fi;l!‘lylsml;:g :gn- S0} AGTCTGGAST AMAGACCCAA  ATATTGACCT  AGATAMGTT  GACTCACCAS
thetase, which converts inosine 5”-monop! ate to AMP, thus GGAMGAT  6GCCTT) AMOMAC  AMMAAL
depleting the tumor cells of substrates for de nove AMP pro- ::: Suctoseass 4 ' gl il

duction. L-glanosine is the preferred ASS inhibitory agent for
use in the method of the invention. The figure is a nucleotide e
sequence for genomic MTAse (SEQ. ID. No. 1) wherein the m
exops are undeslined. 7

1001

101
ns
1204
1251
1301 GCCTTTCTAC  AMGETTTTBA  AGTVGTTAAT  ATTTICTGTA  ETTCCATTIGE
1951 AMBGTAAGAA  CAMAGATCAA  AAGAMAGAAA  GAGACALYYY  YASCCAAGSA
nn TCASTASTEA  AMTMITACA  YYRTAGGCAT  STAGATGYSY  TGAGAATEAY




