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(57) Abstract: The methods of the invention detect in a qualitative or quantitative fashion drug-resistance RNA and DNA in blood
plasma, serum, and other bodily fluids. The methods of the invention thereby enable the assessment of drug resistance in a neoplasm

without the requirement of a tissue biopsy. The inventive methods are useful for the evaluation, monitoring, and selecting of drug
treatment regimens, and for determining a predisposition for or prognosis of chemoresistant neoplastic disease.
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METHODS FOR EVALUATING DRUG-RESISTANCE GENE EXPRESSION IN THE
CANCER PATIENT : ‘

BACKGROUND OF THE INVENTION

Cancer is a leading cause of death in the world. Despite the development of newer
chemotherapeutic agents and combination chemotherapy regimens, metastatic neoplastié
diseases are often resistant to therapy. The reasons for this drug-resistance are two-fold. First,

specific genes may be expressed that impart drug-resistant characteristics to the neoplastic tissue.

‘Second, tumors are-often heterogeneous tissues in their sensitivity to specific chemotherapeutic

agents. Treatment over time thus selects.‘o'ut the résistant‘tissue. An understanding of drug-
resistance gene expression within a tumor over time thus is of importance in dgvelopiﬁg
appropriate treatment regimens for the patient. Curreﬁt methods for evaluating the drug-
resistance phenotype of a patient’s tumor require the analysis.of é_ tjssué specimen obtéined by an
invésive biopsy of the tumor. The invasive nature of these biopsies often precludes the serial -
longitudinal monitoring of drug-resistance in a given patient, and further, is prone to sampﬁng '
error.

This invention relatés to methods for elvaluating the expression of drug-resistance genes

(drug-resistance-associated genes) in neoplastic tissue without the requirement of tissue biopsy.

 Specifically, the invention providest for the detection and monitoring of drug—resistémce gene

nucleic acid, particularly ribonucleic acid (RNA) or deoxyribonﬁcleic acid (DNA), in a bodily

fluid from an animal or human. Since bodily fluids such as blood, plasma, serum, urine, saliva,
cerebrospinal fluid, and effusions are more easily and reédily obtainable than most tissue

specimens, the invention provides a convenient method of evaluating a tumor’s drug-resistance,
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and thereby of selecting, monitoring, or alteﬁng drug therapies ‘such as chemothepapy.
Furthermore, the invention provides a method to evaluate drug-resistance expression of the entire
tu’mor-bmrdenl of an animal, preferably a human, thereby reducing sampling bias induced by
tumor heterogeneity, as maonecur during analysis of localized ﬁunor laiopsies. The invention
therefore provides ‘methods for evaluating the presence of RﬁA and mutated or altered or .
polymorphic DNA associated with drug-resistance genes in bodily fluid, particularly blood;
plasma, serum, and other bodily fluid, wherein said genes include but. are not limited to the
multidrug resistance 1 gene (MDR-1), said gene encoding the 170 kD transport protein P-

glycoprotein (Pgp), the multidrug resistance-associated protein gene (MRP) encoding a 190 kD

-adenosine triphosphate binding transport prei:ein with homology to MDR-1, and further
- associated genes encoding the multidrug remstance protelns MRP1, MRPZ MRP3 and MRPS,
~ the topoisomerase I gene, the top01somerase I alpha and beta genes, genes assomated with

‘glutathlone metabohsm (GSH genes) mcludmg the glutathione S-transferase genes, the

thymidylate synthase gene (TS), the thymidine phosphorylase gene (TP), and the

dihydropyrimidine dehydrogenase gene (DPD), said gene RNAs being characterized‘as tumor-
assoclated RNA or DNA herein. Co-owned and co-pendmg U. S. Patent Apphcatlon Senal No.

09/155,152, mcorporated herein by reference in its entlrety, detects. tumor~assoclated RNA in

bodily fluids such as blood plasma and serum, wherein said RNA detection is used for detecting,

»

monitoring, or evaluating cancer or premalignant conditions. In the present invention, methods

for detecting extracellular nucleic acids are’ utilized in a novel manner to. determine drug-
resistance gene expression in a patient. Furthermore, a novel method is described herein that
enables evaluation of drug-resistance gene expression in a tumor without the need of directly

obtaining tumor tissue.
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There is a newly-appreciated need in the art to identify drug-resmtance propens1ty in an
animal, most preferably a human, in a safe and convenient manner by detecting in a qualitative
or quantitative fashion drug-resistance gene RNA and DNA such as MDR-I RNA, MRP RNA,
assoc1ated MRP1 RNA, MRP2 RNA, MRP3 RNA, MRP5 RNA GSH transferase RNA, TS
RNA, TP RNA, DPD RNA, mutated topmsomerase I RNA or DNA mutated top01somerase II .
alpha and beta RNA and DNA, and other mutated or altered DNA in bodily fluids such as whole
blood or blood plasma or serum, including DNA polymorphisms including but not limited to
MDR-1 poiymorphisms, GSH-associated gene polymorphisms including GSH-S transferase
polymorphisms, TS polymorphisms, and MDR-1 polymorphisms. Further, there is a need} in the A‘
art to evaluate the predisnosition in an animal, most preferably a human, to respond favorably or |
unfavorably to a particular chemotherapy regimen by detecting drug-resistance gene RNA or

mutated or altered or polymorphic DNA in bodily fluids such as blood plasma or serum, thereby .

‘enabling particular treatment regimens to chosen

SUMMARY OF THE INVENTION

The present invention describes a method of evaluating an animal, most preferably a
human, for drug—‘resistance‘ gene expression by detecting nucleic acids (mRNA and mutated,
altered, or polymorphic DNA) of genes associated with drug-resistance. in bodily fluids, |
preferably blood and most preferably blood plasma and serum as weli as in other bodily fluids,
preferably urine, effusions, ascites, saliva, cerebrospinal fluid, cervical, vaginal, and endonietrial
secretions, gastrointestinal secretions, breast secretions, and bronchial secretions. The invention
thereby provides a method for detecting, evaluating, or monitoring drug-resistance gene

expression in a tumor without the requirement that tumor tissue be first directly obtained.
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Specific drug-resistance associated nucleic acids are recognized to include MDR-1' RNA, MRP

RNA, associated MRP1 RNA, MRP2 RNA, MRP3 RNA and MRP5 RNA, GSHENA including
GSH S-transferase RNA, TS RNA, TP RNA, DPD RNA, mutated topoisomerase I RNA and
DNA, mutated fopdisomerase II alpha and beta RNA and DNA, MDR-I pofymorphisms, TS
polymorphisms, and 'GSH S-transferase polymorphi;ms. |

The inve'ntionl provides the method of amplifying and detecting extracellular drug-.
reéistance gene RNA and DNA, wherein said RNA include but are not lﬁMted to MDR-1 RNA,
MRP RNA, associated MRP1 RNA, MRP2 RNA, MRP3 RNA, MRP5 RNA, GSH RNA, P
RNA, DPD RNA TS RNA, and topoisomerase T and T RNA, and said DNA is & mutated,
altered, or polymorphic DNA including but not limited to mutated topoisomerase I DNA,
mutéted topoiéome;ase I aipha ‘DNA, MDR-1 polymorphisms, TS polymorphisms, and GSH S-

transferase polymorphisms. In a preferred embodiment, the present invention provides a méthod ‘

for detecting drug-resistance gene RNA and mutated, altered, or polymdrphic DNA in blood or a

bldod fraction, including plasma and serum, or in other bodily fluids, the method comprising the
steps of extracting RNA and DNA from blood, plasma, serum, or other bodily fluid, in vitro

amplifying in a qualitative or quantitative fashion one or more drug resistarice gene mRNA or

their cDNA or mutated drug resistance gene DNA, and detecting the amplified product of the

drug-resistance gene mRNA or its cDNA, or the drug resistance geﬁe DNA. Said amplification
methods may further include the qﬁalitative or quantitative compalisﬁn to a reference RNA or
DNA species normally presént in the plasma, serum, or bodily fluid o’f individuals with or
without cancer. |
In a first aspect of this embddimeﬁt, the present ~inventio‘n provides methods for detécting

drug-resistance gene RNA in blood or blood fractions, including plasma and serum, in a human
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or animal. Said methods are useful for detecting, monitoring, or evaluating dr‘ug-résistance iﬁ
vafious proliferative disor'ders,. pél’ticularly stages of mneoplastic (;isease, inciuding ~
premalignancy, early cancer, non-invasive cancer, vcarcinoma in-situ, invasive cancer aﬁd
advanced cancer. In this aspéct, the method comprises the steps of ex&actiné RNA from blood |
or blood plasma or serum, in vitro amplifying ;ar signal amplifying drug-resi‘st.a;'lce gene RNA
comprising t.he‘ex'tracted RNA either ‘qualitativetly or quantitatively wherein dnig—resistaﬁcg gené |
RNA includes but is not limited to MDR-1 RNA, MRP RNA, associa;ed MRP1 RNA, mz
RNA, MRP3 RNA, MRP5 RNA, GSH RNA, TP RNA, DPD RNA, TS RNA, and topoisomerase _
I and IT RNA, and detecting the amplified product of drug-resistance gene RNA 6r its cDNA.
The invention in a second aspect provides a method for detecting drug-resistanée gene
RNA in any bodily fluid. Preferably, said bodﬂy fluid is whole blood, blooa plasma, serum,
urine, effusions, ascitic fluid, éaliva, cerebrospinal fluid, cervical secretions, ’vaginagll secfetions, i
endometrial sgcretions, gastrointgstinal secreﬁons, bronchial secr,étiohs including‘sputmn, or
secretions or washings from the breast from a human or animal. In this aspect, the method
comprises the steps of extracting RNA from the bodily fluid, in vitro amplifying or sigﬁal |

amplifying drug-resistance gene RNA comprising a fraction of the extracted RNA, or preferably

the corresponding cDNA into which the RNA is converted, in a qualitative or quantitative

fashion, and detecting the amplified product of drug-resistance gene RNA or cDNA, wherein
drug—resiétaﬁce gene RNA includes but is not limited to MDR-1 RNA, MRP RNA, associated
MRP1 RNA, MRP2 RNA, MRP3 RNA, MRP5 RNA, GSH RNA, TP RNA, DPD RNA, TS

RNA, and topoisomerase I and II RNA. In these embodiments, the inventive methods are

particularly advantageous for detecting, monitoring, or evaluating drug-resistance in various

proliferative disorders, pai'ticularly stages of neoplastic disease, including premalignancy, early
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cancer, non-invasive cancer, carcinoma-in-situ, invasive cancer and advanced cancer, without the
requirement of a tissue specimen.
In a third aspect of this embodiment, the present invention provides methods for detecting

mutated, altered, or polymorphic drug-resistance gene DNA in blood or blood fractions, -

including plasma and serum, in a human or animal. Said methods are useful for detecting,

mom’torin;g, or evaluating drug-resistance in various proliferative disorders, particularly stages ot-’:
neoplastic disease, includiné premalignancy, early cancer, non-invasive cancer, carcinori:ta in-
situ, invasive cancer, and advanced cancer. In this .aspect,. the method compiises the steps of
extracting DNA from blood or blood plasma or serum, in vitro amplifying or sigiial amplifying

mutated, altered, or polymorphic drug-resistance gene DNA combrising the extracted DNA

. either qualitatively. or quantitatively wherein mutated, altered, or polymorph1c drug-resistance

gene DNA includes. but is not llrmted to mutated topoisomerase I gene DNA, mutated
topmsomerase IT gene DNA,.MDR-I polymorphic DNA, GSH polymorhic DNA such as GSH S- -
transferase polymorphisms, and TS polymorphic -DNA, and tletecting the amplified product of - }.
the drug-resmtance gene DNA. |

The invention in a fourth aspect prov1des a method for detecting mutated altered or
polymorphic drug-res1stance gene DNA in any bodily fluid. Preferably, Asaid bodily. fluid is

whole blood, blood plasma; urine, effusions, ascitic fluid, saliva, cerebrospinal fluid, cervical -

secretions, vaginal secretions, endometrial secretions, gastrointestinal secretions, bronchial

secretions including sputum, or secretions or washings from the breast from a human or animal.
In this aspect, the method comprises the steps of extracting DNA from the bodily fluid, in vitro-

amplifying or signal amplifying mutated, altered, or polymorphic drug-res1stance gene DNA

comprising a fraction of the extracted DNAina quahtative or quantitative fashion, and detecting
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the amplified product of the mutated, altered, or polymorphic drug-resistadce gene DNA. In
these embodiments, the inventive methods are particularly advantagedus fo;' detecﬁng,
monitoring, or evaluating drug-resistance in various proliferative disorders, partlcularly stages of
neoplastm d1sease mcludmg premahgnancy, early cancer, non-1nvas1v'e cancer, cai'cmoma-ln-
situ, invasive cancer, and advanced cancer, without the requirement of a tissue specimen.

The method of the invention is add1t1ona11y useful for identification of drug-res1stance
gene RNA—expressmg tissue or mutated, altered, or polymorphm drug—res1stance gene DNA—
expressmg tissue in an animal, most preferably a human, in a manner that avoids samplmg errors
associated yvith tissue biopsy, wherein detection of drug-resistance gene RNA or DNA in a
bodily fluid from said animal thereby identifies drugfreeistance gene RNA-expressing tissde or
drug-resistance gene DNA—expressing tissue in said animal.

The invention provides primers and probes useful in the efﬁcieﬁt amj)liﬁcaﬁon of |

extracellular MDR-1, MRP or MRP1, MRP2, MRP3, MRP5, TP, 'TS, DPD, GSH, and/or

. topoisomerase I and Il mRNA or ¢cDNA, from bodily fluid, most preferdbly blood plasma or

serum.

The invention further prov1des a dlagnostlc kit for detectmg drug-re51stance gene nucleic

a01d in bodily fluid, preferably blood plasma or serum, wherem the kit compnses pnmers probes

or both primers and probes for amplifying and detecting extracellular drug-resistance gene RNA.

- or cDNA derived therefrom, or mutated, altered, or polymorphic gene DNA, and/dr reagents for

extracting said nuc1e1c acids from the bodily fluid. In a first aspect of this embodiment, the drug-
resistance gene is one selected from the drug-resistance genes MDR-1, MRP those encoding the

multidrug resistance proteins MRP1, MRP2, MRP3, MRPS5, glutathione S-transferase,‘ the TP-
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encoding gene, the TS-encoding gene, the DPD-encoding gene, the topois_omerase | gerle, the
topoisomerase I gene, e.nd the topoiéorrrerase II alpha or beta gene.

In preferred embodiments of the inventive methods, drug-resrstance gene nucleic acrd is
extracted from whole blood, blood plasma or serum, or other bodily ﬂulds using an extractlon
method such as but not limited to- gelatin extraction mettlod, silica, glass bead, or d1atom1
extraction method; guanidinium thiocyanate acid-phenol based extraction methocts~ guamdlmum ‘
thiocyanate acid based_extraction methods; methods using centnfugatlon through cesium
chloride or similar gradlents phenol-chloroform based extraction methods; or other
commerciallyi available RNA or DNA extraction methods. Extraction may further be performed
using probes ttlat speciﬁcally hybridize to a drug-resistance gene nucleic acid.

In preferred embodiments of the inventive rrrethods, drug-resistance gene RNA or cDNA
derived therefrom or mutated, aitered, or polymorphic drug-resistance gene DNA is amplified or

signal amplified using an amplification method such as polymerase chain reaction (PCR);

reverse transcriptase polymerase -chain reaction (RT-PCR); ligase ‘chaiAn reaction; signal

‘amplification such as DNA signal amplification; amplifiable RNA reporters; Q-beta replication;

transcription-based dmpﬁﬁcaﬁdn; isothermal nucleic acid sequence based amplification; self-
sustained sequence replication assays; boomerang DNA amplification; strand displacement
activation; c};cling probe technology; cleavase-based technology, .or' any combinatiqrr or
variation thereof. | |

- In preferred embodiments of the inventive methods, detecting an amplification product of
drug-resistance gene RNA or cDNA or mutated, altered, or polymorphic DNA is accomplished
using a detectiorr method such as gel electrophoresis; capﬂlary electrophoresis; conventional

enzyme-linked immunosorbent assay (ELISA) or modifications thereof, such as amplification
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using biotinylated or otherwise modified primers; nucleic acid hybﬁdization using specific,
detectably-labeled probes, such as fluorescent-, raqioisotope-, or chromogenic;élly-labeled prébe;
Northern blot analysis; Soufhem blot analysis; elecﬁochemilumhescence; reverse dot blot
deteétipn; and high-performance liquid éhromatographyf | |

| In particularly preferred embodiments of the inventive methods, d-rug-resistance‘ géne )
RNA is converted to cDNA using reverse transcriptase following extraction of RNA ﬁom a.,
bodily fluid and prior to amplification. !
The methods of the invention are advantageously uséd as a predigtiVe indicator for

determining a risk for an animal, most preferably a human, for having a proliferative,

‘premalignant, neoplastic or malignant disease comprising or characterized by the presence of

drug-resistant cells. The methods of the inventioAn‘ are particularly useful for predicting the.
response or sensitiv‘ity of a malignant disease to particular chemotherapeutic agents. The
metﬁods of the invgnﬁon are thereby useful for providing a prognosis'of a disease, paﬁicularlyv
cancer. The methods of the invention are fm‘ther pgrticularly useful for _mbnitorihg tﬂe
sensitivity or response of a malignant or premalignant disease‘t‘o a treatment regimen, and for
indicating when a treatment regimen shoﬁld be altered. Most preferably, the malignant or

premalignant diseases, conditions or disorders advantageously evaluated or monitored using the

- methods of the invention are breast, prdstate, ovarian, lung, cervical, colorectal, gastric,

hepatocellular, pancreatic, bladder, endometrial, kidney, skin, and esophageal cancers, and
premalignancies and carcinoma in-situ such as prostatic intraeﬁithelial neoplasia (PIN), cervical
dysplasia, cervical intraepithelial neoplasia (CIN), bronchial dysplasia, atypical hyperplasia of

the breast, ductal carcinoma in-situ, colorectal adenoma, atypical endometrial hyperplasia, and

_ Barrett’s esophagus.
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In certain preferred embodiments of the methods of the invention, drug-resistance gene

-

RNA or cDNA derived therefrom, including but not limited to MDR-1 RNA, MRP RNA,

associated MRP1 RNA, MRP2 RNA, MRP3 RNA, MRP5 RNA, GSH RNA, TP RNA, DPD

RNA, TS RNA, and topoisomerase I and Il RNA, is amplified in a quantitative manner, thereby

enabling the quantitative comparison of the drug—résistance gene RNA present in a bodily fluid |
such as blood plasma or serum from an animal, most preferably a human. In these eﬁlbodiments;
the amount of the partiéular extracellular drug-resistance gene RNA detected in an individual is
compared with a range of amounts of ext;aéellﬁlar &ug—resistmce gene RNA detected in sai«i
‘bpdily }ﬂuid in populations of animals known to have a prémalignant, neoplastic, or malignant
disease, most preferably a chemotherapy-sensitive or a éhelﬁotherapy-resistant neoplastic or
malignant disease. Additionally, the amount of extracellular drug-resistance gene RNA detected
in‘an individual is compared with a rangé of amounté ‘of extracellular drug—resistaﬁce gene RNA -
detected in said bodily fluid in populations of animals known to bj: free from a chemotherapy-_
resistaﬁt premalignant, neoplastic, or malighant disease. In particﬁlarly pfeferrgd aspects of this
embodiment, comparison of drug-resistance gene RNA is further made to a reference RNA
e.xtracted,r amplified, and detected from said bodily ﬂuid, wherein said reference RNA is not a =
d,rug-resistancg: géne RNA, but px;eferabl:y is an RNA normally present in the bodily fluid of
healthy individuals. In another asl'nec;t, said reference RNA is not a drug-resistance gene RNA,
but is an RNA present in the bodily fluid of individuals with chemothefapy-sensiﬁve cancer. |
The methods of the inventién provide ways to identify individuals having a drug-resistant
malignancy, thereby permitting rational, informed treatment options to be uséd for making
therapeutic decisions. In one aspect, the invention predicts drug-resistance for speéiﬂc

therapeuﬁc agents or agent classes, wherein these agents or agent classes include but are not

10
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limited to anthracyclines and anthracenediones iné,luding doxorubicin, daunorubicin, epirubicin,

and mitoxantrone; antimicrotubule agents including vinca alkaloids such as vincristine and

- vinblastine, taxanes including paclitaxel and docetaxel; estramustine; platinum analogues such as

cisplatin and carboplatin; topoisomerase II inhibitors such as VP-16 and VM-26; 5-

fluoropyrimidines such as 5-fluorouricil; antifolates including methotrexate; cytidine analogues;

_ purine antimefabolifes; alkylating agénts including cyclophosphamide, chlorambucil, melphalail,k

BCNU, ifosfamide and other nitrogen mustards, busulfan, nitrosoureas; procarbazine and
dacarbazine; bleomycin; dactinomycin; and cﬁmptothecins such as irinotecan and topotecan. “

Ar_10ther advantageoqs use for the methods of the invention is to provide a marker for
predicting or e;ssessing thg adequacy of anticancer therapy, particularly therapies émploying
chemotherapeutic agents, édministered prevenﬁvély, curatively, or palliatively, or for
determining whether additional or more advanced therapy is required. The invention therefore
provides methods for developinga proénosis and plans of treatment in such patients.”

. The methods of the invention also allows identification or analysis- of drug-résistancé
gene RNA, or mutated, altered, or polymorphic drug-resistance gene DNA, eithér qualitatively of
quahtitatively, in the blood or other bodily fluid of an individual, most preferably a humén Wh’o "
has completed therhpy, as an early indiéator of relapsed cancer, impendirig cancer relapse, or
treatment failure. |

Specific preferred embodiments of the present invention will become evident from the

following more detailed description of certain preferred embodiments and the claims.

11
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DETAILED DESCRIPTION OF THE INVENTION

The invention provides methods for detecting drug-resistance gene RNA, inqludiﬁg but
not limited to MDR-1 ’RNA, MRP RNA or MRP14 encoding gene RNA, MRP2 encoding gene
RNA, MRPS encoding gene RNA, MRPS5 vencoding gene RNA, glﬁtaﬂﬁone S-transferase RNA,.
TP RNA, DPD RNA, TS RNA,) and topoisomérase‘ ITand II 'RNA, and mutated, altered, dr' .
polymo;phic drug-resistance gene DNA, in'cludiné but not limited ‘to‘ topoisomerase I DNA;
topoisomerase II alpha and beta DNA, MDR-1 polymorphisms, TS polymorphisms, and GSH S-
transferase polymorphisms, in bodiiy fluids of an animal, mo.st preferably a human, thefeby
enabling the evaluation or monitoring of drug resistance 1n neoplastic tissue Wifhout the
requiremént of a tissue biopsy.

- In preferred erﬁbodiments of the methods of the invention, extracellular RNA containing .

drug-resistance gene RNA, or extracellular DNA coritaining mutated, altered, or polyfnofphic

drug-resistance gene DNA, is extracted from a bodily fluid. This extracted RNA or DNA is then

amplified or signal amplified, either after conversion into ¢cDNA or directly, using in vitro
amplification methods or signal amplification methods in.either a qualitative or quantitative
manner ﬁsing primers or probeé specific for the drug-resistance gene RNA or cDNA or mutated,

altered, or ‘polymc.)rphic‘ DNA of interest. The ampliﬁed product or signal is then detected in

~ either a qualitative or quantitative manner.

In the practice of the methods of the invention, drug—resistanée gene RNA or DNA méy .
be extracted fromb any bodily fluid, including but not }imited to whole blqod, plasma, serum,
urine, effusions, ascitic ﬂuid,' salivé, cerebrospinal fluid, cervical secretions, vaginal secretions, -
endometrial secretions, géstrointestinal secretions, bronchiﬂ secretions including sputum, breast

fluid, or secretions or washings or lavages, using, for example, extraction methods described in

12



10

15

20

WO 03/044215 PCT/US02/37148

co-owned and co-pending U.S. Patent Application~Seria1 No. 09/155,152, the entire disclosure of -‘
which is hereby been incorporated by reference. Said RNA or DNA may further be extracted
from either the cellular or the extracellular t’ractiorr of the bodily fluid. In a preferred
embodlment the bodily fluid is either blood plasma or serum. It is preferred but not requlred
that blood be processed soon after drawing, and preferably within three hours as to minimize .
any nucleic acid degradation in the sample. In a preferred embodiment, bleod is first'collected
by venipuncture and kept on ice until use. Preferably, w1th1n 30 minutes to one hour of drawing
the blood, serum is separated by centrifugation, for example at 1100 x g for 10 minutes at 4°C.
When using plasma, the blood is not permitted to coagulate" prior to separation ef the cellular and
acellular components. Serum or plasma can be frozen, for example in 1-2 ml aliddots, rnost
preferably at -70°C after separaﬁon from the cellular portion of biood dntil furﬂder assayed.
When using rrozen blood plasma or serum, the frozen serum or plasma i'hs\rapidly thawed, for
example in a 37°C water bath, and RNA or DNA is extracted'theredrom without delay, most
preferably using a commercially-available kit (for example, Perfect RNA Total RNA Isolation
Kit, obtained frorn Five Prime — Three Prime, Inc., Boulder, CO), or gelatrn extraction for DNA.
Other n:rethods of RNA extraction are further pro{rided in co-owned and co-pending U.S. Patent

Apphcatlon Serial No. 09/155,152, mcorporated herein by reference in its entirety, which may

s1mllar1y be adapted to DNA extraction.

Following the extractlon of RNA or DNA from a bodily ﬂu1d a fraction of which
contains a drug-resistance gene mRNA, or cDNA derived therefrom, or mutated, altered, or

polymbrphic drug-resistance DNA, the nucleic acid or its‘cDNA is amplified or signal ampliﬁed

. in vitro. Applicable amplification assays are detailed in co-owned and co-pending U.S. Patent

Application Serial No. 09/155,152, as herein incorporated by reference, and include but are not

13
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limited to pelymerase chain reaction ampliﬁcatio;; such as by reverse transcriptase polymerase
chain reaction (RT-PCR); ligase chain reaction; DNA signal. amplification methods including
branched chain signal empliﬁcation; amplifiable RNA reporters; Q-beta  replication;
transcription-based atnpliﬁcatioe; boomerang DNA ampliﬁcation;. strand ~ displacement |
activation; cycling probe technelogy; isothermal nueleie acid sequence based .afnpﬁﬁcaﬁoh; )
other self-sustained sequence replication assa&s; and cleavase-based amplification methods. .
In preferred embodiments of the methods of the invention, drug-res1stance gene mRNA is '

converted into cDNA using reverse transcriptase prior to in vitro amplification usmg methods

~ known in the art. For example, a sample, such as 10 microL. extracted serum RNA is reverse-

transcribed in a 30 microL. volume contammg 200 Units of Moloney murine leukemia virus
(MMLV) reverse transcriptase (Promega Madison, WI), a reactlon buffer supplied by the A
manufacturer, 1 mM dNTPs, 0.5 micrograms randém hexamers, and 25 Units of RNAsin

(Promega, Madison, WI). Reverse transcription is typically performed under an overlaid mineral :

ol layer to inhibit evaporation and ineubated at room temperature for 10 minutes followed by

incubation at 37°C for one hour.

Alternatively, other methods We11 known in the art can be used to reverse transcribe the M
drug-resistance gene RNA to cDNA, ae provided in these references incorporated herein by
reference in Fheir entirety, or by oligodT or p_rimer—speeiﬁc methods of reverse transcription.

Amplification primers are speciﬁc for ampiifying the drug resistance ﬁrotein—er;coding
nucleic acid. In a preferred embodﬁnent, amplification of MRP RNA is performed by RT-PCR,
preferably as set forth in\ Zhan et al. (Blood, 1597, 89: 3795-3800), incofporated herein by'
reference in its entirety, but for 45 cycles of amplification.

In this embodiment, the preferfed oligonucleotide primer sequences are as follows:
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5° primer sequence: CGGAAACCATCCACGACCCTAATCC (SEQID No. 1)
3 primer sequence: ACCTCCTCATTCGCATCCACCTTGG (SEQ ID No. 2).

Alternative primers and methods of amplification of MRP RNA or ¢cDNA, as recognized -
in the art, ﬁay alternatively be employed in the invention. For example, but not limitation,
amplification of MRP RNA may be performed according to the metﬁods of Mohri et al. (J.
Neurooncol. 2001, 49 105-15), incofporatgd ‘herein by reférence in its entirety. Amplification of
MRP1 RNA, MRP2 RNA, MRP3 RNA, or MRP5 RNA may be performeci according to the
methods of van der anc et al. (Leukemia 200']», 15 .l' I 544-53), and of Young et ai. (Clin. Cancer
Res. 2001, 7: 1798-804), these refefences indorporatged‘hefein by reference in their entirety, but“ ~
with amplifications for :45 cycles preferred.

In one example of a preferred embodiment of the invention, MRP RNA is harvested from

b approximately 1.75 mL aliquots of serum or plasma, and RNA extracted therefrom using the. .

Perfect RNA Total RNA Isolation Kit (Five Prime — Three Prime) performed according t6

manufacturer’s instructions except that plasﬁia or serum replaces tissue as noted, or by' similar

commercial extraction kit. From this extracted RNA preparation, 10 microL are then reverse
Atranscribed to ¢cDNA as described above; the resulting cDNA being diluted in water to a 20

‘microL volume. RT-PCR for the MRP ¢DNA is performed using 20 microL of the fesulﬁng

MRP cDNA added to a volume of 70 microL of 1X PCR buffer as described by Zhan et al.”
(Blood, 1997, 89: 3795-3800) with a reaction mixture as described by Zhan et al. (Blood, 1997,

89: 3795-3800). The mixture is then amplified in a single-stage reaction in a thermocycler under
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a temperature profile consisting of an initial 2 minute incubation at 94°C, followed by 45 cycles
of denaturation at 94°C for 75 seconds, annealing at 55°C for 75 seconds, and extension at 72°C
for 90 seconds for the first 35 cycles followed by 120 seconds for the last 10 cycles, followed by
a ﬁnal extensmn at 72°C for 5 minutes. Detection of the amphﬁed product is then achleved for

example, by gel electrophore31s~ through. a 4% Tns-borate-EDTA (TBE) agarose gel, using

ethidium bromide stalmng for visualization and identification of the product fragment with the

PCR product bemg 295 bp. Alternatlvely, the amplified products may thereafter be hybndlzed to

end-labeled ohgonucleotlde probes and detected, such by adapting the method of Robertson et al.
(Nucleic Acids Res. 27: 2291-2298, 1999) for MRP product detection.

| In a preferred embodiment, ampliﬁcation of MDR-1 RNA is performed by RT-PCR,
preferably as set forth in Kang et al. (Blood 1995, 86:151 3—24), incorporated herein by reference
in its entirety. Alternative primers and methods of arhpliﬁcatiorl of MDR-1 RNA or cDNA, as
recognized in the art, may alternatively be employed in the inventiorl'. For exao'rple, but not
limitation, amplification of MDR-1 RNA or cDNA may be performed according to the mothods
of Lizard-Nacol et al. (Arrticancer Res. 1999, 19: 3575-81); Lyttelton etAal. (Br. J.‘Haematol.
1994, 86: 540-6); Bosch et al. (Anticancer Res., 1997, ‘17:4 4595-8); Kato etA al ’(Leuk. |
Lymphoma, 1994, 14:"1 29—35), and Pu et al. (J. Urol,; 1996 1 56 271 —5), these references
incorporated herein by reference in their entlrety » |

In a preferred embodiment, amplification of thymidine phosphorylace (TP) RNA is

performed by RT-PCR, preferably as set forth in Metzger et al. (Clin. Cancer Res., 1998, 4:

2371-6), incorporated herein by reference in its entirety. Alternative primers and methods of

amplification of TP RNA or cDNA, as recognized in the art, rnay alternatively be employed in

the invention.
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In a preferred embodiment, amplification of dihydropyrimidine dehydrogenase (DPD)

'RNA is performed by RT-PCR, preferably as set forth in Uchida et al. (Int. J. Oncol., 2001, 19:.

341-6), incorporated herein by reference in its entirety. Altemnative primers and methods of
amplification of DPD RNA or ¢cDNA, as recognized in the art, may alternatively be emplbyed in

the invention. For example, but not limitation, amplification of DPD RNA or cDNA may be -

.performed according to the methods of Grem et al. (Clin. Cancer Res., 2001, 7: 999-1009),

Salonga et al. (Clin. Cancer Res. 2000, 6: 1322-7), and Ishikawa et al. (Clin. Cancer Res., 1999,

5 883-9), these references incorporated by reference herein in their entirety.

Iﬁ a preferred - embodiment, a;mpliﬁcation of A'thymidylate synthetase (TS) RNA is
performed by RT-PCR, préferably as se;c forth in Grem et al. (Clin. Cancer Rés., 2001, 7: 999-
1009), incorporated herein by referénce in its entirety. Alternative primers arid methods of
amplification of TS RNA or AcD-NA, as recognized in the art, may alternatively be employed in
the invention. For examplé, but not limitation, ampliﬁcati'oﬁ of-TS iRNA or cDNA may be

performed according to the methods of Leichman et al. (J. Clin. Oncol,, 1997, 15: 3223-9),

Ehrnrooth et al. (Clin. Chim. Acta, 2000, 290: 129-44), Ehrnrooth et al. (Acta Oncol., 2000, 39: B

53-7), and Kasahara et al. (Clin..Cancer Res., 2000, 6: 2707-11), these references incorporated

herein by reference in their entirety.

In a preferred embodiment, amplification of glutathione S-transferase RNA or ¢cDNA is

_performed by RT-PCR, preferably as set forth by Miyanishi et al. (Gastroenterology, 2001, 121:

865-74), incorporated herein by reference in its entirety. Alternative primers and methods of
amplification of glutathione (GSH) S-transferase RNA or ¢cDNA, as recognized in the art, may
alternatively be employed in the invention. For example, but not limitation, amplification of

GSH S-transferase RNA or cDNA may be performed according to the methods of Wang et al.
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(Haematologica, 2000; 85: 573-9), and Van Hille et al. tAnticancer Res.,'.{996, 16: 3531-6),
these references incqrporated by reference in their entirety. |

In a preferred embodiment, ampﬁﬁcation of mutated topoisomerase I RNA or DNA is .
perfofmed by RT-PCR, pl;eferably as set forth by :Urasaki et al. (Cliﬁ.'Cancer Res., 2001, 61: -

1964-9), incorporated herein by reference in its entirety. Alternative primers and methods of -

- amplification of topoisomerase I RNA, cDNA, or DNA may alternatively be employed in the

invention.

In a preferred embodiment, amplification of DNA topoisomerase II alpha or beta RNA is

" performed by RT-PC_R, preferably as set forth by Galimberti et al. (Anticancer Res., 1998, 18:

2973-6), incorporated herein by reference in its entirety. Alternative primers and methods of
amplification of topoisémerase I alpha' DNA, RNA, or cDNA, as recognized in the art, may
alternatively be employed in thé invention. For exafnple, but not limitation; amplification of |
topoisoniefase.H alpha cDNA mé.y be perfofmed according to the me'thbds of: Campain et al.
(Biochemistry, 1994, 33 11327-32), and Campain et al. (Somat. Cell. Mol. Genet., 1995, 21 .
451-71), there references incorporated herein by reference in their entiréty.

~ In preferred embodiments of the invention, genetic polymorphisms‘ of drug-resistance
associated genes are detected 1n bodily fluids, wherein in particular said polymorphisms are
detected by detecﬁng extracellular DNA or RNA in the bodily fluid, |

Ina préferred embodiment, MDR-1 polymorphiéms are detected by amplification and -

restriction fragment 1ength pblymorphism, prcférably as set forth by Cascorbi et al. (Clin.
Pharmacol. Ther., 2001, 69: 169-74), incorporated herein by reference in its entirety. Altematii)e
primers and methodé of amplification and/or cietecfibn of MDR-1 polymorphisms, as recognized

in the art, may alternatively be employed in the invention. For example, but not limitation; the
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method of oligonucleotide hybridization as described by Mickley et al. (Bloéd, 1998, 91: 1749-
56), incorporated herein by reference in its entirety, may be employed. | |

In a preferred embodiment, thymidylate synthase (TS) gene polymorphisms are detected
by ar‘npli.ﬁcation,‘ preferably as se’-c forth by Marsh et al. (Int. J. Oncoi., 2001, 19: 383-6);
incorporated herein by reference in its entirety.  Alternative primers and ‘methods of .
ampliﬁcaﬁon and detection of TS gene polymorphisms, as recognized in the art, may.
altemaﬁv'ely be émployed in the invention.

In a preferred embodiment, GSH S-transferase gene polymorinhisms, ‘and GSH-associated
gene polymorphisms, are detected by amplification and restriction ﬁagment length
polymorphism, preferably as set foﬁh by Coles et al. (Phamacogeneﬁcs, 2001, 11: 663-669),
incorporated herein by reference in its entirety. Alternative primers and methods of detection of A
GSH-as.sociated polyxﬂorplﬂsins, including but not limited to GSH S-transferase pélym’orphisms, .
as recognized in the art, may alternétively be employed by the inventién. For example, but not
limitation, detection of GSH S-transferase polymorphiéms may be performed after nucleic acid
extraction accor&ing to the method of Harris et al. (Pharmacogenetics.,‘ 1998, 8: 27-31),
incorporated herein by reference in its entirety. Dgteqtion of giutamaté cysteine ligase catalytic
subunit gene polymorphism, a GSH—associated gene polymorphism, may be performed after
nucleic acid eXtrac"rion according to the method ot" Walsh et al. (Toxicol; Sci., 2001, 61: 218-23),
i%morporated herein Ey reference in its entirety. | | |

The invention provides for alternative methods of amplification of drug-resistance géne
RNA or cDNA or DNA as would be known in the art, including signal amplification methods as

known in the art. Amplification methods can further be pérformed in qualitative or quantitative

~ fashion using primers specific for an internal control sequence of a reference RNA, such as
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glyceraldehyde-3-phosphate dehydrogenase or beta-actin, as described in the previously cited
references, wherein said controls may be RNA present in the bodily fluid of both healthy
individuals and individuals wﬁh cancer.

Ina particularly preferred embodiment, drug-resistance gene RNA or ¢cDNA or DNA is

- amplified in a quanhtanve amphﬁcatlon reaction. Quantitative amphﬁca’non of drug-res1stance .

gene RNA or ¢cDNA or DNA is particularly advantageous because this method enables
stat1st1ca11y—based discrimination between patients with drug-resmtant neoplastic disease and
populatlons without drug-res1stant neoplasms, mcludlng normal individuals. Using these
methods, quantitative distributions of dtug-resistance. gene RNA ot DNA m bodily ﬂnids snch as
blood plasma or serum are established in populations with drug-resistant and drug-sensitive
neoplastic diseases, and \in notmal populations. Using this population information, the amount of
extracellular .drug-resistance gene RNA or DNA in an individual is compared with the range of
amounts of extracellular drug—resistance gene RNA or DNA in said pepulations, resulting 1n a
determmatlon of whether the detected amount of extracellular drug-res1stance gene RNA or
DNA in an 1nd1v1dua1 indicates that the individual has a probablhty or a predisposition for a
drug-resistant neoplasm.

In altematlve preferred embodlments, amplified products can be detected using other.
methods, including but not limited to gel electrophoresis; capillary electrophore51s, ELISA or
modifications thereof, such as ampllﬁcatlon using biotinylated or otherwise modlﬁed primers;
nucleic acid hybridization using speclﬁc detectably-labeled probes, such as ﬂuorescent—
radioisotope-~, or chromogemcally-labeled probe; .Southern blot analys1s, Northem blot ana1y51s

eIectrochennlmnmescence, reverse dot blot detection; and high-performance liquid
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chromatography. Furthermore, detection may be performed in either a qualita}ive or quantitative
fashion. -

PCR product fragments produced using the _methods of the invention can be further
clc.)ned‘into recombinant DNA replicatioﬁ vectors using stanciard tecimiques. 'RNA can be

produced from cloned PCR products, and in some instances the RNA‘expressed thereby, for':

example but not lnmtahon, by using the TnT Quick Coupled Transcription/Translation k1t

(Promega Madison, WI) as directed by the manufacturer.

The methods of the invention as described above can be perfomed in like manner for
detecting drug-res1stance gene mRNA or DNA from other bodily fluids, including but not
limited to whole blood, urine, effusions, ascitic fluid, sahva, cerebrospinal fluid, cerv1ca1
secretions, -vaginal secretions, endometrial secretions, gastrointestinal secretions, breaét fluid or
secretions, and bronchlal secretions mcludmg sputum, and from washmgs or lavages. Whereas
fractlonatlon of the bodily ﬂuld into its cellular and non-cellular components is not requlred for
the practice of the invention, the non-cellular fraction may be separated, for example, by
centrifugation or filtration of the bodily fluid. ‘

: The‘methods of the invention are th&eby useful in the practice pf a method for detecting,
evaluating, or monitoring drug-resiétance gene mRNA 6r DNA in an animal, most preferably .a
human at risk fo? developing or who has developed a premalignént, néoplastic or malignant
diséase consisting of cells expressing drug-resistarice gene mRNA, or mutated, .altered, or
polymorphic drug-resistance gene DNA. The invention particularly is advantageous in
evaluating therapeutic options in humans at .risk for developing, or‘ who have. developed

premalignancies or cancer, including but not limitéd to cancers of the breast, prostate, ovary,

lung, cervix, colon, rectum, stomach, liver, pancreas, bladder, endometrium, kidney, b'rain,Askin
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including squamous cell cancer and malignént melanoma, and esophagus, as well as

premalignancies and carcinoma in-situ including .but not limited_ to prostatic intraepitheiial
neoplasia (PIN), cervical' dysplasia and cervical intfaepitﬁelial neoplasia (CIN), bronchial
dysplasia, atypical hyi)e:plasia of the breast, ductal carcinoma .in-sit’u, colorectal adenoma,
atypical endometrial hyperplasia, and Barrett’s esophagus. The invention théréby .
advantageously provides methods for selecting, monitoring, and predicting the utility of .spec':iﬁc;.
chemotherapeutic agents. | | ~.

The methods and advantageous gpplications of the invention can be performed using a kit
as provided by the invention,_wherein the kit includes primers or proﬁes specific for drug-
resistance gene cDNA synthesis or in vitro ainpliﬁcationior both, and/or specific probes for
detecting drug-resistance gene RNA, cDNA, or DNA or in vitro aﬁpliﬁed DNA fragments or.

amplified signals thereof. The kit may further include methods and reagents for extracting drug-

© . resistance gene RNA or DNA from an extracellular bodily fluid, wherein the bodily fluid

15

20

includes but is not limited to plasma or serum,

The inventive methods have signiﬁcaﬁt utility in assigning and monitoring therapies,
particularly anti-neoplastic therapies such as chemotherapy either as single agent therapies §r in
multiple agent combination therapies. The inventive methods. are further useful for monitoring
response, relapse, and prognosis of neoplastic diseases. Of particular value, the invention allows

a determination that a therapy is therapeutically indicated both in advanced or metastatic disease

states and in cases of premalignancy, early cancer, occult cancer or minimum residual disease.

Thus, the invention permits selection of patierits for said theraﬁies or monitoring of therapeutic

intervention, hicluding chemoprevention, when tumor burden is high, or when tumor burden is

low or when malignancy has not yet developed. |
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The invention further enables drug-resistance gene RNA or DNA to be evaluated in

blood plasma or serum or other bodily fluid in combination with detection of other drug-

resistance gene RNA or DNA, and/or in combination with other tumer-associated or tumor- t

derived RNA or DNA, includiﬁg oncogene, tumor suppressor gene, microsatellite, or methylated
DNA. Said analysis of multiple gene DNA or RNA may be performéd in a concurrent or -
sequentiai fashion, such as in a multiplexed assay or in a chip-based assay, thereby in_creasing thc;
sensitivity or efficacy of the assay in the detection or ﬁonitoring of chemo-resistant neoplastic
diseases, or in monitoring and ev.aluating the development of chemoresistance, aﬁd in
determining predisposition for chemoresistance and in detérmim'ng a patient’s proénosi;.

The invention further enables the selection of Patients who would benefit from
therapeutic;, interventions desiéned to treat, interfere with, alleviate; mitigate, or reverse the
development of drug-resistance, wherein demonstration of the drug-resistance gene nucleic acid - |
in the bddily fluid so selects the patient.. | |

“The ‘methods of fhe invention and preferred uses for the methods of the invention are
more fully illustrated in ﬂle following Exémplé.’ This Example illustrates certain aspects of the
above-described method and ad‘vantageoﬁs results. .This Example is shown by way of illustration

and not by way of limitation.

EXAMPLE 1
A 54 year old man with metastatic colorectal cancer will undergo an evaluation for
chemoresistance of his neoplastic disease by providing a blood plasma sample for a multiplexed

assay that includes evaluation of his blood plasma for various drug-resistance- gene RNAs,

~ including MDR-1 RNA, MRP RNA, TS RNA, TP RNA, DPD‘ RNA, and GSH S-transferase
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RNA. Drug-resistance gene RNA is evaluated by the methods of the invention in a quantitative
manmner. In additipn, other tumor-associated nucleic acids, including K-ras. DNA, P53 DNA, and

hTERT RNA, are evaluated by the multiplexed assay. The assay indicates TS RNA, TP RNA,

and DPD.RNA are present in the plasma at high levels in comparison to chemosensitive tumors,

particularly suggesting the patient’s tumor would be resistant to 5-fluorouracil based therapies. -

" Therapy is subsequently initiated with an altémative; non-5-fluorouracil regimen, such asl with

irinotecan.  Serial evaluation of quantitative drug-resistance gene RNA levels in plasma,
including topoisomerase I and I RNA levels, is undertaken to evaluate response to the
chemothgrapy regimen and to predict the déyelopﬁent of chemoresistance.

This example demonstrates use of ‘the invention for evaluating and monitoring drug

resistance in neoplasia, for determining predisposition to drug resistance, and for selecting the

preferable therapy.

24



WO 03/044215 PCT/US02/37148

What is claimed is:
1. A method for detecting extracellular DNA or RNA encoding all or a portion of a drug-
resistance-associated gene in blood plasma or serum from a human or animal with a,
5 neoplasm for evaluating, monitoring, predictiﬁg, treating, or‘making a determinatic.m.of
drug-resistance in the neoplasm, the method comprising the steps of:
a) extracting extracellular manmalian DNA or RNA from blood plasma or serum of
a human or animal with a neopiasm;
b) amplifying or signal émplifying a portion of the extracted DNA, RNA or cDNA
10 ) ‘ prépared thé_refro‘m, wherein .saidl fraction comprises extracellular DNA or RNA
from a drug-resistance-associated géne, and wherein amplification is performed
qualitatively or qﬁantitatively using primers or probes specific for said DNA,
RNA or cDNA to produce an amplified product or signal; and -

c) detecting the amplified product or signal.

15
2. A method for detecting extracellular DNA or .RNA encoding all or a portion of a drug-
(resistance—associaﬂted gene in a bodily fluid from a human or animal with a neoplasm for
evaluating, monitoring, predicting, treating, or making a determination of ‘drug resistance
in the neoplasm, the method comprising the steps of:
20 a) extracting extracellular mammalian DNA or RNA from the i:;odily fluid ofa -

human or animal with a neoplasm;-
b) amplifying or signal amplifying a portion of the extracted DNA, RNA or cDNA
prepared therefrom, wherein said fraction comprises extracellular DNA or RNA

from a drug-resistance-associated gene, and wherein amplification is performed
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_ qualitativelyior quantitatively using primers or probes specific for said DNA, -
RNA or cDNA to produce an amplified product or signal; and

c) detecting the amplified product or signal.

The method of claim 2, wherein the bodily fluid is whole blood, blood plasma, serum,
urine, effusions, ascites, saliva, cerebrospinal fluid, cervical secretions, endometrial

secretions, gastrointestinal secretions, bronchial secretions, or breast fluid.

‘The method of claim 1, wherein the RNA encodes a drug-resistance-associated gene that.
is multidrug resistance 1 gene, multidrug resistgnce—associated protein gene, multidrug
resistance protein MRPI gene, multidrug resistance protein MRP2 gene, multidrug
resistance protein MRP3 gene, multidrug resistance protein MRPS5 gene, topoisomerase I
gene, topoisomerase II alpha gene, toﬁoisomerase IT beta gene, giutathione S-transferasev
gene, thymidylate synthase‘ gene, thymidiné phosi)horylase gene, or dihydropyrimidine

dehydrogenase gene.

The method of claim 1, wherein the DNA is a mutated or altered DNA, or a DNA having

a polymorphism. .

The method of claim 5, wherein the DNA encodes a drug-resistance-associated gene that
is mutated topoisomerase I, mutated topoisomerase II alpha, mutated topoisomerase I
beta, a mutidrug resistance 1 gene polyinorphism, a thymidylate synthase gene

polymorphism, or a glutathione S-transferase gene polymorphism.
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The method of claim 2, wherein the RNA encodes a drug-resistance-associated gene that
is multidrug resistance 1, multidrug resistance-associated protein, multidrug resistance
protein MRP1, multidrug resistance protein MRP2, muitidrug resistance protein MRP3,
multidrug resistance protein MRPS, topoisomerase I, topoisomerase II alpha,
topoisomerase II beta, glutathione S-transferase, thymidylate synthase, thymidine

phosphorylase, or dihydropyrimidine dehydrogenase. -

The method of claim 2, wherein the DNA is a mutated or altered DNA, or DNA having a

polymorphism.

The method of claim 8§, wherein the DNA encodes ddrug—resistance-associated gene that
is mutated topoisomerase I, mutated topoisomerase II alpha, mutated topoisomerase I
beta, a mutidrug resistance 1 gene polymorphiém, a thymidylate synthase gene

polymorphism, or a glutathione S-transferase gene polymorphism.

The method of claim 1, wherein the arﬁpliﬁcation in step (b) is performed by an

amplification method that) amplifies the DNA or RNA directly, or wherein the RNA is

 first reverse transcribed to cDNA and wherein said cDNA is amplified, and wherein the

amplification. method is polymerase chain reaction, reverse transcriptase polymerase
chain reaction, ligase chain reaction, signal amplification, amplifiable RNA reporters, Q-
beta replication, transcription-based amplification, isothermal nucleic acid sequence

based amplification, self-sustained sequence replication assays, boomerang DNA
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amplification, strand displacement activation, cleavase-based amplification, or cycling

probe technology.

The method of claim 2, wherein the amplification in step (b) is performed by an
amplification method that amplifies the DNA or RNA directly, or wherein the RNA is
first reversé transcribed to cDNA and wherein éaid ¢DNA is amplified, and wherein the
amplification method is polymerase chain reac;cion, reverse transcriptase polymerase
chain ;'eaction, ligase chain reaction, signal amplification, amplifiable RNA reporters, Q-
beta replication, transcription-based amplification, isothermal nucleic acid sequence
based émpliﬁcation, self-sustained seciuence replication assays, boomerang DNA
ampliﬁcaﬁon, strand displacemenf acﬁvation, cleavase-based amplification, or cycling

probe technology.

The method of claim 1, wﬁerein detection of amplified product in step (c) is performed
using a detection method that is gel electrophoresis, capillary electrophoresis, ELISA
detection using biotinylated or otherwise modified primers, labeled fluorescent or
chromogenic probes, Southern blot analysis, Northern blot analysis,
electrochemiluminescence, reverse dot blot detection, or high-performance liquid

chromatography.

The method of claim 2, wherein detection of amplified product in step (¢) is performed
using a detection method that is gel electrophoresis, capillary electrophoresis, ELISA

detection using biqtinylated or otherwise modified primers, labeled fluorescent or
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chromogenic probes, Southern blot analysis, Northern blot analysis,
electrochemiluminescence, reverse dot blot detection, or high-performance liquid

chromatography.

The method of claim 1, Wherein‘the neoplasm is a maligna.ncy.

The methgd of claim 2, wherein the neoplasm is a maligné.ncy.

A method of evaluating or monitoring drug resistance in a neoplasm without obtaining
tissue frgm the neopiasm, the method comprising the steps of:

a) extracting extracellular mammalian DNA or RNA from blood plasma or serum of

a human or animal with a neoplasm;

b) amplifying or signal ainplifying a portion of the extracted DNA, RNA or cDNA

prepared therefrom, wherein said fraction comprises extracellular DNA or RNA from a
drug-resistance-associated gene, and wherein amplification is performed qualitatively or
quantitatively using primérs or probes specific for said DNA, RNA or ¢cDNA to produce

an ampliﬁed product or signal; and

- ©) detecting the amplified product or signal.

The method of claim 16, wherein wherein the RNA encodes a drug-resistance-associated
gene that is multidrug resistance 1, multidrug resistance-associated protein, multidrug
resistance protein MRP1, multidrug resistance protein MRP2, multidrug resistance

protein MRP3, multidrug resistance protein MRP5, topoisomerase I, topoisomerase II
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alpha, topoisomerase II beta, glutathione S-transferase, thymidylate synthase, thymidine

phosphorylase, or dihydropyrimidine dehydrogenase.

The method of claim 16,Awherein the DNA is a mutated or altered DNA, or DNA having

a polymorpﬁism.

The method of claim 18, wherein the DNA encodes a drug-resistance-associated gene |
that is mutated topoisomerase I, mutated topoisomerase II alpha, mutated topoisomerase’
II beta, a mutidrug resistance 1 gene polymorphism, a thymidylate synthase gene

polymorphism, or a glutathione S-transferase gene polymorphism.

The method of claim 16, wherein the amplification in step (b) is performed by an
amplification method that amplifies the‘ DNA or RNA directly, or wherein the RNA is
first reverse transcribed to cDNA and wherein said cDNA is ampliﬁed, and wherein the -
amplification method is polyme?ase chain reaction, reverse transcriptase polymerase
chain reaction, ligase chain reaction, signal amplification, amplifiable RNA repérters, Q-
beta replication, transcription-based amplification, isothermal nucleic acid sequence
based. amplification, self-sustained sequence replication assays, boomerang DNA
amp.liﬁcatioh, strand displacement activation, cleavase-based amplification, or cycling

probe technology. .

- The method of claim 16, wherein detection of amplified product in step (c) is performed

using a detection method that is gel electrophoresis, capillary electrophoresis, ELISA
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detection using biotinylated or otherwise modified primers, labeled fluorescent or
chromogenic probes, Southern blot analysis, Northern blot analysis,
electrochemiluminescence, reverse dot blot detection, or high-performance liquid

chromatography.

A method of evaluating or monitoring &ug resistance in a neoplasm without obtaining

tissue from the neoplasm, the method éomprisiﬁg the stepg of:

a) extracting extracellular mammalian DNA or RNA from the bodily fluid of a
human or animal with a neoplasm;

b) amplifying or signal amplifying a portion of the extracted DNA, RNA or cDNA

prepared therefrom, wherein said fraction comprises extracellular DNA or RNA from a

drug-resistance-associated gene, and wherein amplification is performed qualitatively or

quantitatively using primers or probeé specific for said DNA, RNA or cDNA to produce

an amplified product or signal; and |

c) detecting the amplified product or signal.

The method of claim 22, wherein the RNA encodeé a drug-resistance-associated gene
that is multidrug resistance 1, multidrug resistance-associated protein, multidrug
resisfance protein MRPi, multidrug resistance protein MRP2, multidrug resistan(;e
protein MRP3, multidrug resistance protvein MRPS, topoisomerase I, topoisomerase II
alpha, topoisomerase II beta, glutafhione S-transferase, thymidylate synthase, thymidine

phosphorylase, or dihydropyrimidine dehydrogenase.
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The method of claim 22, wherein the DNA is a mutated or altered DNA, or DNA having

2 polymorphism.

The method of claim 24, wherein the DNA encodes a drug-resistance—associated gene

that is mutated topoisomerase I, mutated topoisomerase II alpha, mutated topoisomerase

- I beta, a mutidrug resistance 1 gene polymorphism, a thymidylate synthase gene

polymorphism, or a glutathione S-transferase gene polymorphism.

The method of claim 22, wherein the amplification in step (bj is pérformed by an
ampliﬁcation method that amplifies the DNA or RNA directly, or wherein the RNA is
first reverse transcribed to cDNA and wherein said cDNA is amplified, and wherein the
amplification method is polymerase chain reaction, reverse transcriptase polymerase
chain reaction, ligase chain reaction, signal ampliﬁcation, amplifiable RNA reporters, Q-
beta replication, transcription-based amplification, iéothermal nucleic acid sequence
based amplification, self-sustained sequence replication assays, boomerang DNA
ampliﬁcation; strand displacement activation, ‘cleavase-based amplification, or cycling

probe technology.

The method of claim 22, wherein detection of amplified product in step (c) is performed
using a detection method that is gel electrophoresis, capillary electrophoresis, ELISA
detection using biotinylated or otherwise modified primers, labeled fluorescent or

chromogenic probes, Southern blot analysis, Northern blot analysis,
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electrochemiluminescence, reverse dot blot detection, or high-performance liquid

chromatography.

A method for detecting extracéllular DNA or RNA encoding all or a pdrtion of a drug-
resistance-associated gene, or cDNA reverse-transcribed from said RNA, comprising the
steps of extracting extracellular DNA or RNA encoding all or a portion of a drug;.
resistance-associated gene DNA or RNA from .blood plasma or serum, with or without
converting said RNA to cDNA, hybridizing said DNA or RNA or cDNA to a detectably-
labeled probe specific for said DNA or RNA or cDNA encoding all or a portion of a
drug-resistance-associated gene, and detecting hybridization of DNA or RNA or cDNA
encoding all or a portion of a drug-resistance-associated gene with the detectably-labeled

probe.

A method for detecting extracellular DNA or RNA encoding all or a portion of a drug-

_ resistance-associated gene, or cDNA reverse-transcribed from said RNA, comprising the

steps of extracting extracellular DNA or RNA encoding all or a portion of a drug-
resistance-associated gene DNA or RNA from a bodily ﬁuid, with or without converting
said RNA‘ to cDNA, hybridizing said DNA or RNA or cDNA to a detectably-labeled
probé specific for said DNA or RNA or cDNA encoding all or a portion of a drug-
resistance—asséciatéd gene, and detécting hybridization of DNA or RNA or cDNA

encoding all or a portion of a drug—resistance—associated gene with the detectably-labeled

- probe.’
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A method according to claim 1, wherein the method comprises the additional step of

quantitatively or qualitatively comparing the amplified product produced using

. extracellular DNA or RNA encoding all or a portion of a drug-resistance-associated gene

from blood plasma or serum of a human with a malignancy to the amplified product of
produéed using extracellular DNA or RNA encoding all or a portion of a drug-
resistance-.associated gene ﬂom blood plasma (Sr serum from a plurality of humans with
chemoresistant malignancy or chemosensitive malignancy and without chemoresistant

malignancy or chemosensitive malignancy.

A method according to claim 2, whereln the methoa comprises the additional step of
quantitatively or qualitativély comparing the amplified product produced using
-extracellular DNA or RNA encoding all or a portion of a drug-resistance—zlssociated gene
from bodily fluid of a human Wilh a malignancy to lhe amplified product of produced
using extracellular DNA or RNA encoding all or a portion of a drug-resistance-
associated gene from blood plasma or serum from a'plur'ality of humans with
chemoresistant malignancy or chemosensitive malignancy and without chemoresistant

malignancy or chemosensitive malignancy.

A method according to claim 1 further comprising the step of predicting tumor resistance

to a chemotherapeutic agent when an amplified signal is detected and tumor sensitivity

" - to a chemotherapeutic agent when an amplified signal is not detected.
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A method according to claim 2 further comprising the step of predicting tumor resistance
to a chemotherapeutic agent when an amplified signal is detected and tumor sensitivity

to a chemotherapeutic agent when an amplified signal is not detected.

A method according to claim 16 further comprising the step of predicting tumor

resistance to a chemotherapeutic agent when an amplified signal is detected and tumor

_sensitivity to a chemotherapeutic agent when an amplified signal is not detected.

A method according to claim 22 further comprising the step of predicting tumor
resistance to a chemotherapeutic agent when an amplified signal is detected and tumor

sensitivity to a chemotherapeutic agent when an amplified signal is not detected.

The method of claim 32, wherein the chemotherapeutic agent is anthracyclines and
anthracenediones including doxorubicin, daunorubicin, epirubicin, and mitoxantrone; |
antimic?otubule agents including vinca alkaloids such as vincristine and vinblastine,
taxanes including 4pac1it.axe1 and docetaxel; estramustine; platinum analogues such as
cisplatin and carboplatin; topoisomerase II inhibitors such as VP-16 and VM-26; 5-~
fluoropyrimidines such as 5-fluorouricil; antifolates including methotrexate; cytidine
analogues; purine antimetabolites; alkylating agénts including cyclophosphamide,
chlorambucil, melphalan, BCNU, ifosfamide and other nitrogen mustards, busulfan,
nitrosoureas; procarbazine and dacarbazine; bleomycin; dactinomycin; or camptothecins

such as irinotecan and topotecan.
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The method of claim 33, wherein the chemotherapeutic agent is anthracyclines and
anthracenediones including doxorubicin, daunorubicin, epirubicin, and mitoxantrone;
antimicrotubule agents including vinca alkaloids such as vincristine @d vinblastine,
taxanes including paclitaxel and docetaxel; estramustine; platinum analogues such as
cisplatin and carboplatin; topoisomerase II inhibitors such as VP-1§ and VM-26; 5-
fluoropyrimidines such as 5-fluorouricil; antifolates including methotrexate; cytidine
analogues; purine antimetabolites; alkylating ageﬁts including cyclophosphamide,
chlorambucil, melphalan, BCNU, ifosfamide and other nitrogen mustards, busulfan,
nifrosoureas; procarbazine and dacarbazine; bleomycin; dactinomycin; or cémptothecins

such as irinotecan and tdpotecan.

The method of claim 34, wherein the chemotherapeutic agent is anthracyclines and
anthracenediones including doxorubicin, daunorubicin, epirubicin, and mitoxanﬁone;
antimicrotubule agents including vinca alkaloids such as vincristine and vinﬁlastine,
taxanes including paclitaxel and docetaxel; estramustine; platinum analogues such as
cisplatin and carboplatin; topoisomerase II inhibitors such as Vi’-16 and VM-26; 5-
fluoropyrimidines such as 5-fluorouricil; antifolates including methotrexate; cytidine
analogues; purine antimetabolites; alkylating agents including cyclophosphamide, .
chlorambucil, melphalan, BCNU, ifosfamide and other nitrogen mustards, busulfén, |
| nitrosoureas; procarbazine and daca;bazine; bleomycin; dactinomycin; or camptothecins

such as irinotecan and topotecan.
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The method of claim 35, wherein the chemotherapeutic agent is anthracyclines and
anthracenediones including doxorubicin, daunorubicin, epirubicin, and mitoxantrone;
antimicrotubule agents including vinca alkaloids such as vincristine and vinblastine,
taxanes including paclita';xel and docetaxel; éstramustine; platinum analogues such as
cisplatin and carboplatin; topoisomerase II inhibitors such as VP-16 aﬁd VM-26; 5-
fluoropyrimidines such as 5-fluorouricil; antifolates including methotrexate; cyﬁdine

analogues; purine antimetabolites; alkylating agents including cyclophosphamide,

- chlorambucil, melphalan, BCNU, ifosfamide and other nitrogen mustards, busulfan,‘

nitrosoureas; procarbazine and dacarbazine; bleomycin; dactinomycin; or camptothecins

such as irinotecan and topotecan.

The method of claim 32, further comprising the step of selecting a therapeutic agent

when an amplified signal is not detected.

The method of claim 33, further comprising the step of selecting a therapeutic agent

when an ampliﬁed signal is not detected.

The method of claim 34, further comprising the step of selecting a therapeutic agent

when an amplified signal is not detected.

The method of claim 35, further comprising the step of éelecting'a therapeutic agent

when an amplified signal is not detected.
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A kit for the detection of DNA or RNA encoding all or a portion of a drug-resistance-
associated gene, comprising amplification primers or probes specific for a drug-

resistance-associated gene DNA or RNA or cDNA produced therefrom.

The method of claim 1, further éomprising the step of determining a prognosis for the |

human or animal. -

The method of claim 2, further comprising the step of determining a prognosis for the

human or animal.

The method of claim 16, further corhprising the step of determining a prognosis for the

~human or animal.

The method of claim 22, further comprising the step of determining a prognosis for the

‘human or animal.
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