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Non-small cell lung cancer (NSCLC) accounts for approximately 75% of all
lung cancers. NSCLC is a heterogeneous aggregate of histologies. The most common
histologies are epidermoid or squamous carcinoma, adenocarcinoma, and large cell
carcinoma.

20 Several studies have attempted to identify clinical, laboratory, and molecular
markers that may help clinicians and researchers distinguish subgroups of NSCLC
patients. Along these lines, various studies have shown that epidermal growth factor
receptor (EGFR) is over-expressed in 40 to 80 percent of non—small cell lung cancers
and many other epithelial cancers.

25 Aberrant epidermal growth factor receptor (EGFR) signalling is critical for
limiting sensitivity to anticancer agents and ligand-independent tyrosine kinase
activation of EGFR is often caused by EGFR mutations in the extracellular domain,
which has been observed in various tumour types, such as glioblastoma multiforme.
EGFR signalling is triggered by the binding of growth factors, such as epidermal

30 growth factor (EGF). Autophosphorylation and transphosphorylation of the receptors
through their tyrosine kinase domains leads to the recruitment of downstream effectors

and the activation of proliferative and cell-survival signals.




date in lung adenocarci nomas. |In Caucasi an popul ati on, the nost common
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both sensitive and specific in identifying malignant cells and for predicting prognosis
20 following chemotherapy.

Various nucleic acid amplification strategies for detecting small numbers of
mutant molecules in solid tumor tissue have been developed. For example, one sensitive
and specific method identifies mutant ras oncogene DNA on the basis of failure to
cleave a restriction site at the crucial 12th codon (Kahn et a/. Rapid and sensitive

25 nonradioactive detection of mutant K-ras genes via 'enriched' PCR amplification.
Oncogene. 1991 Jun;6(6):1079-83). Similar protocols can be applied to detect any
mutated region of DNA in a neoplasm, allowing detection of other oncogene DNA or
tumor-associated DNA. Since mutated DNA can be detected not only in the primary
cancer but in both precursor lesions and mctastatic sites, nucleic acid amplification

30 assays provide a means of detecting and monitoring cancer both carly and late in the
course of disease.

Other studies have used nucleic acid amplification assays to analyze the

peripheral blood of patients with cancer in order to detect intracellular DNA extracted




3 fromcirculating cancer cells in patients. However, it nust be
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from patients suffering from NSCLC. Said document describes detection of such

mutations by means of PCR and sequencing using primers flanking said mutations.
20

SUMMARY OF THE INVENTION

The present invention refers to a method for the detection of mutations at the
EGEFR gene in a blood sample from a subject said method comprising:
(i) obtaining the DNA from said sample;
25 (11) amplifying the nucleic acid sequence corresponding to a specific

region of the EGFR gene by means of PCR using a Protein-Nucleic
Acid probe wherein said Protein-Nucleic Acid probe is capable of
specifically recognizing and hybridizing with the EGFR wild type
sequence thereby inhibiting its amplification; and

(ii1) detecting said mutation.

30 Here, the inventors have developed and validated a polymerase chain reaction

(PCR)-based assay for the detection of the most common EGFR mutations in
plasma/serum samples. This assay offers higher analytical sensitivity by enhancing

amplification of mutant alleles in the samples to be analysed by means of using a




(PCR) - based assay for the detection of the nost common EGFR nutations in

pl asma/ serum sanpl es. This assay offers higher analytical sensitivity by
enhancing anplification of nmutant alleles in the sanples to be anal ysed by
means of using a 4 Protein-Nucleic Acid (PNA) probe conpared to standard
met hods, in which prinmers flanking the nutations are enployed for PCR
anplification and further sequencing analysis. Thus, a robust and
accessi bl e approach is here provided to ghe rapid identification of nost
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suspectedlgfagﬁﬁgng NSCLC may i nclude physical 20 exam nation, subject's
fam |y medical history, subject's nedical history, lung biopsy, or a
nunber of inmaging technol ogies such as ultrasonography. The term "nucleic

aci d" refers gerarid bESeRISTIONRAHPHE NPFig nucl eosides or nucl eoside
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which are |inked byorgéide fisdiite theanddsgemiing of thayrecat dstription| tkompaiing @5 The
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units of N (ZN8GLOpdDdiagioktic methods for NSCLC and the clinical delineation of NSCLC
diagnoses are well known to those of ordinary skill in the medical arts. As examples,
methods for identifying subjects suspected of having NSCLC may include physical

20 examination, subject’s family medical history, subject’s medical history, lung biopsy, or
a number of imaging technologies such as ultrasonography.

The term “nucleic acid” refers to a multimeric compound comprising
nucleosides or nucleoside analogues which have nitrogenous heterocyclic bases, or base
analogues, which are linked by phosphodiester bonds to form a polynucleotide.

25 The term “DNA” refers to deoxyribonucleic acid. A DNA sequence is a
deoxyribonucleic sequence. DNA is a long polymer of nucleotides and encodes the
sequence of the amino acid residues in proteins using the genetic code.

The term “Protein-Nucleic Acid probe” refers to a synthetic DNA analog in
which the phosphodicster backbone is replaced by repetitive units of N-(2-aminoethyl)

30 glycine to which the purine and pyrimidinc bases are attached via a methyl carbonyl
linker.




30 glycine to which the purine and pyrimdine bases are attached via a
nmet hyl carbonyl linker. 1 5 1In one aspect, the invention refers to a
nmet hod, herein referred to as "nethod of the invention", for the detection

of nutations at the EGFR gene in a blood sanple froma subject said nethod:

conprising: (i) obtaining the DNA from3said sanple; 5 (ii) anplifying the
nucl ei ¢ acid sequence corresponding to a specific region of the EGFR gene
by neans of PCR using a Pro%gin-Nucl ic Acid probe wherein said
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selected fromthe oup, consi sting of. ELREA deletions at the
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obt ai ned fromthe 20 subj%%WmﬁHB%F3%? \ing 1 guplificatiqn; andi ar  enbodi nent, the
sanple is a bl ood sanpl(gi) dSeviipg &5d m@apnbe obt ai ned from subjects previously
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no ] NSCL.C, or fromsubjects .
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Samples

15 Illustrative, non limitative, examples of samples from which nucleic acids can be
extracted and analysed using the method of the invention include, but are not limited to,
both normal and cancerous blood (serum or plasma) and other body fluids containing
nucleic acids that can be detected.

In order to carry out the method of the invention, a sample is obtained from the
20  subject under study. In a particular embodiment, the sample is a blood sample. Samples
can be obtained from subjects previously diagnosed or not with NSCLC, or from subjects
who are receiving or have previously received anti-NSCLC treatment. In an embodiment,
the sample is a sample from a subject having nonnallung function tissue, i.e., a subject
with no evidence of NSCLC.

25 In the practice of the invention blood is drawn by standard methods into a
collection tube, preferably comprising siliconized glass, either without anticoagulant for
preparation of serum or with EDTA, heparin, or similar anticoagulants, most preferably
EDTA, for preparation of plasma. Plasma may optionally be subsequently converted to
serum by incubation of the anticoagulated plasma with an equal volume of calcium

30 chloride at 37°C for a brief period, most preferably for 1-3 minutes, until clotting takes
place. The clot may then be pelleted by a brief centrifugation and the deproteinized
plasma removed to another tube. Alternatively, the centrifugation may be omitted. Serum

can also be obtained using clot activator tubes.




EDTA, for preparation of plasma. Plasma may optionally be subsequently
converted to serum by incubation of the anticoagul ated plasma with an
equal volune of calcium 30 chloride at 37C for a brief period, nost
preferably for 1-3 mnutes, until clotting takes place. The clot may then
be pelleted by a brief centrifugation and the deproteinized plasm renoved
to another tube. Alternatively, the centrifugation may be omtted. Serum
can al so be obtained using clot activatog tubes. 6 DNA anplification In a
particul ar enbodi ment of the invention, the serumor plasma may be utilized
directly for identification of the mutant DNA. |In another particul ar

enbodi nent, nbi¥Heinplifi®@tieaci d i s extracted fron1p|asna or serum as an initial
step of the inven h.cases., DNA extract ed
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anpllflcatlon ol i gonucl eotides to specifically anplify the EGFR target
sequences. | 1P dstartlay smbpiments thei amplifieatips, of dheaRplels cairied gehumseasofcat i on
ol i gonucl g@t ige THEGeMsa éﬁﬂﬂ%pf%@‘%’@ B&fifioRl for%@hhpatwg and d@t@gloﬁl-:t@dugemo 2.
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havi ng gener 1 e range
havi ng a Iomg%4¥oh?éﬁm% @m_R@%%oﬁ%gbﬁzgggﬁggﬁgﬁg'g% %%%Q?dfﬁ#?gro?ﬁabout :
500 20 to 900nveasdrdwess. apmopiaef and expeafib adignertestidolprigersuot emtyilifieatpni ner s
are in a siz ut o Lo a 5 residues
and an upper %hﬁgﬁgﬁo J%g\#o 3?3 i}'&aﬁw?impggg"h% éig%iﬁgt? uences b]?lustra%lve non
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having a |l o [ abqu 0 re5|ﬂ n uppey limt of
about 17 tomggﬁigégﬁgheg gl é H%qgsl oﬁU@lE@?fd@ %FW%@Wéenﬁ %@ pliri fied
from 25 nat ur arhbl)ﬁdéﬁ(ﬁulblhg@@lcl&ﬂl@de@’f Gra G, uﬁeldeihdﬁ;ﬁﬁglﬁlsthaﬁ?aziﬂd)’rfﬁ‘éfnf&asi zed
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par t Ig cul Ba/.r erl?BBH]eﬁ‘é H‘[‘é{%‘? artuﬁ aving generally lessyt an 1,000 remduesn}ncludmg t}loseqn a

size range having a lower limit of about 2 to 5 residues and an upper limit of about 500

20  to 900 residues. In preferred embodiments, oligonucleotide primers are in a size range
having a lower limit of about 5 to about 15 residues and an upper limit of about 100 to
200 residues. More preferably, oligonucleotide primers of the present invention are in a
size range having a lower limit of about 10 to about 15 residues and an upper limit of
about 17 to 100 residues. Although oligonucleotide primers may be purified from

25 naturally occurring nucleic acids, they are generally synthesized using any of a variety
of well known enzymatic or chemical methods. In a particular embodiment of the
invention, such oligonucleotide primers enable the specific amplification of the DNA
fragments corresponding to the deletion of specific nucleotides in the exon 19 at the
EGFR gene.

30 Thus, in a particular embodiment, the method of the invention can be used for
the detection of ELREA deletions at the exon 19. In a preferred embodiment, the
present invention refers to a method for the detection of 9, 12, 15, 18, or 24 nucleotides

deletions in the exon 19 at the EGFR gene.




i nvention, such oligonucleotide primers enable the specific anplification
of the DNA fragnents corresponding to the deletion of specific nucleotides
in the exon 19 at the EGFR gene. 30 Thus, in a particular enbodi nent, the
met hod of the invention can be used for the detection of ELREA del etions
at the exon 19. In a preferred enbodinent, the present invention refers to
a nethod for the detection of 9, 12, 15, 18, or 24 nucl eotides deletions
in the exon 19 at the EGFR gene. 7 In another particul ar enbodi nent, the
net hod of t heln ag@ergisularambpdmay e method ¢fghe igfsntioatchiole used fonge L 858R
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refers to an Qluag@nuqieegmp[{ckena hat hybridizes to a target nucleic acid, or
its conpl erge and participates in a nucleic acid anplification reaction.
Amplification oI i gonucl eoti des include prinmers and prom)ter- primers in

whi ch the 3' end F the q nucl eqti de i s. extended en cq{l u5|ng 10
anot her nucleic a aﬂlé‘gggat‘toﬂ olsgpsiegide” PiESs Bimd™ e l‘?@% ¥h
anpl i fi cati onhybfidlivey a6t €dr g0 hiatkéc ﬁﬁﬂjbﬁltﬂ@or@ﬂerﬂle&ﬁﬁﬂid I&hﬁiﬁateiﬂl @ﬁmemgawus bases,
and nore prefer?ga%_Qquto %@1 giﬁwg(ﬁ £ aﬁgs,.tlgt are co Iengntary to a
regi on of the™FArgar™ $&6I%8n If f EEBHPI EFRRE AP P& A Promoter
Tar get - bi ndi rlguﬂz:wes/hah ehe pread ef tabbligomicidotdrsit exadntedien 1ca’ﬂl§ldsmgmr e
preferably abou QOW to 100% | e t to the sequence to
b1 s, - 15" R ST Tk 150 VBT ot FEBIT e 18ns, PEET Iy SABBEEET o abou
60 bases Iongoagmuﬂamdemnmmudekmmdb&memc@ﬂgﬁﬁ@bﬁéﬁSmbmmbaﬁﬁaaﬂﬁmﬂgues. The
terns "anplif lification” refer to a reto mul tiple
copi s of & t 47 gotm iR Peie: & v BealsEiii of » Feb oS s e b Bp P iron:
t hereof (1. e. complenenganp ktrdnte dafpectdndiig lmgs Qo nptaidribly eSkast hbsut 80%, amhpl et e
t ar get sequenc(% § ro qbﬁ nplifying a
portion of thé&™ s %%mﬁuérﬂk) S Bgﬁﬁjgﬂe f%ﬁ%“Sﬁﬁg?F? ﬁc indl.
ol i gonucl a6t mdeam@hﬁcalnorh(yligbmdiezsﬁ& it @efemablg about 10 @laBsit fObagerBsHgzad may from an
internal positi of.} e ta%@et uclelc acid. Known anplification nethods
i ncl ude, for dticdPyfls a%ﬁﬁ?%w? action (PCR) anplification,
repl i case- nedi at ethe @Rl winplefat or0RAMplifi@ase refBivton gré@eirt @proddcRmultiple
anplificati Cmo ies of%r}grgglnﬁﬂlnggg(rirger%ence or its complement or fragments thereof (i.c., the
amplified product may contain less than the complete target sequence). For example,
20 fragments may be produced by amplifying a portion of the target nucleic acid by using an
amplification oligonucleotide which hybridizes to, and initiates polymerization from, an
internal position of the target nucleic acid. Known amplification methods include, for
example, polymerase chain reaction (PCR) amplification, replicase-mediated
amplification, ligase chain reaction (LCR) amplification, strand-displacement
25 amplification (SDA) and transcription-associated or transcription-mediated amplification
(TMA). PCR amplification uses DNA polymerase, primers for opposite strands and
thermal cycling to synthesize multiple copies of DNA or ¢cDNA. Replicase-mediated
amplification uses QB-replicase to amplify RNA sequences. LCR amplification uses at
least four different oligonucleotides to amplify complementary
30 strands of a target by using cycles of hybridization, ligation, and denaturation. SDA uses a
primer that contains a recognition site for a restriction endonuclease and an endonuclease

that nicks one strand of a hemimodified DNA duplex that includes the target sequence,

followed by a series of primer extension and strand displacement steps.




25 anplification (SDA) and transcription-associ ated. or
transcription-nediated anplification (TMA). PCR anplification uses DNA

pol ynmerase, primers for opposite strands and thermal cycling to synthesize
mul tiple copies of DNA or cDNA. Replicase-nediated anplification uses
B-replicase to anplify RNA sequences. LCR anplification uses at | east
four different oligonucleotides to anplify conplenentary 30 strands of a
target by using cycles of hybridization,¢ligation, and denaturation. SDA

uses a pri rreAntﬂ@tLerﬁBpts?rh =di 19[0%1919 r"a ' aﬁoﬁ emétR(Ed Qh%egéersi ﬁch' P on .
endonucl ease ‘and an endonucl edse R s one stran a henifrodi fi ed
DNA dupl ex t hedonusthsedeckinghie atsakg@vtm élequemmnen-assbahﬂed)medarbyrimioeenddeﬁedof

pri mer exten5| 2 strand. di n_i,So r mal
D+ and- d ot s b B SREERD R sedendigplt PERGE itymerase
endonucl ease spemﬁe nﬁg thes pmhﬁ)&‘r ko proiduceTihalipler trapbdripB- fans achgtestqnce, thus

transcripti d ification uses a prinmer that includes a
pronoter s mj'%' gléaﬁgcggﬁl U5Fymerase specific for the promoter to
produce nul t| pl e Pralifsdr brabclithér@Mod thalPkntS BRUMERE CampITyiSthe E@IWIthdgi Ng t he

target sequence. Preferred enmbodi ments of the res nt invention anplify the
EGFR target ‘SOYH&RHcEEng, ficnpresoRk aBWEé@WP“ P’i“fC 1S0H¢5S ol BINCYBRAEEF edindes in

a pol ynerase eiibh (PUR ﬂ%rﬁ&ﬁ'icétPQR)O&”Bkﬂl@d GARL theNart cm kdched thd HhBg art
wi |l appreciate that these fication oligonucleotides can readily be

used i n ot her*MdifiRYiP8 Admopygloolides g irerdily Peawped it gt msHodhaf nudeig acid
pol yner asgq rreﬂmegmmﬁa@rﬁges s&yﬁe%ge&edlatwgmgr ARlipd ying step of the method

of the invention, the nuclelc acid sequen corresponding to a specific
region of the EGFIL’!l @éﬁ@pll@liﬂrﬁtﬁplqﬂt@nﬁyomﬁh@ inygntip@Rhe nuéleig agid sequence

Pr ot ei n- Nucl r e. i n sin
whi ch the sugclgﬁe% p%(’uat e)s%eg{:fﬁgrgﬁlgggf tﬁaé ﬁgfﬁrg%lq © lﬁlr]ac élﬁgggg%%ﬁg P ggn

repl aced by asihg asymteheNu@elpe‘?pnd Clﬁ\hb)apltob@riﬁ\IA sabad Iage r[tu;ttemcedmd rapgtogs in

N- ( 2- am noet h Lycine S esul and ch

e T s, B S B Bhh prerbR b 4 P R L LR R ARy
(enzymati ¢j cstyﬁhetageepmdd liahklﬁ)naohsﬁﬂjbeibt’rﬁﬁﬂ tfiomb &-Qegniackelll)-glnsihel amds,| i vi nlgI
cell. Despite all these va i ons from natural nuc ei c ids, P S sti
Capabl o of sdeutliedt Spacil oihifig! FUmRNATE SoRoIoGUS IngReaBaT gbine

Wat son 20 Cr iag& r@djsebno@etydRORL (8zyfiati€Scledvhge ddhistndt @RCRY QS bexsegrbdetd

extraordinary thernal tabl lit and di,splay unique ionic stren
properties. ! Vl%ﬁ)fﬂ]i Dssnits 3 thespixaniatigpe Omé‘ﬁ%‘r%Pé?I%‘F Reigs. tPé‘IA]@(ﬂtl& c acid

probes becauggpabltndf dequanbebRbSic inﬂcﬁlﬁg" HEDRIAC a @Gl o6 RN £%88)ing the Watson-

20  Crick hydrogen bonding rules. Its hybrid complexes exhibit extraordinary thermal
stability and display unique ionic strength properties. In many applications, PNA probes
are preferred to nucleic acid probes because, unlike nucleic acid/nucleic acid duplexes
which are destabilized under conditions of low salt, PNA/nucleic acid duplexes are
formed and remain stable under conditions of very low salt. Those of ordinary skill in

25 the art of nucleic acid hybridization will recognize that factors commonly used to
impose or control stringency of hybridization include formamide concentration (or other
chemical denaturant reagent), salt concentration (i.e., ionic strength), hybridization
temperature, detergent concentration, pH and the presence or absence of chaotropes.
Optimal stringency for a probe/target scquence combination is often found by the well

30 known technique of fixing several of the aforementioned stringency factors and then
determining the effect of varying a single stringency factor. The same stringency factors
can be modulated to thereby control the stringency of hybridization of a PNA to a

nucleic acid, except that the hybridization of a PNA is fairly independent of ionic




whi ch are destabilized under conditions of |Iow salt, PNA/nucleic acid

dupl exes are forned and remain stable under conditions of very |low salt.
Those of ordinary skill in 25 the art of nucleic acid hybridization wll
recogni ze that factors commonly used to inpose or control stringency of
hybri di zation include formam de concenfration (or other { chem cal

denat urant reagent), salt concentration (i.e., ionic strength),

hybri di zati on tenperature, detergent concentration, pH and the presence or
absence of chat¢nethp@ptimal @ptgenwl forsinrassag ey he dxperingenplipbadrinaedbt  sequence
Conbl nat I on I %XMIBﬁBn B%Mt%e&?@dc%hﬁtﬂ th%geéﬁg@%e%%ﬁjﬂ&hgl%tl&Lsf I XI ng
several of the aforenentione ringency factors and then determning the
ef fect of varyfiyeh single stringency factor. The sane stringency factors
can be rmodul ated tgnA hehmby c&paatp;éakrea ﬁ)ﬂo@ﬁ%gtgrgﬁ;acsxh@ghaé%pﬁthgiszat' on of a
PNA to a nucleic acid, exc t hat dization of "a PNAis fairly
i ndependent> oProjogeip for ertléftst(]é[g@{hld bﬂ@ﬁ@rﬁphdsmhﬁi?erfg@h@gﬁ fosncedPlakidalA ay be
experinentally ﬂﬁz%%mxr ﬁgle baY(me§1§la’c§Blﬂ@fEtlygﬂn19£ pcﬁ?s%pengtrgslnr}lg%(égllci Afhd unt il
the desired degree of discrimnation’i$ i goners can be
prepared foll ogﬁ%f Besa el shiverdc pﬂqbl%m?ymchélglasPl‘SA/BNét @@mr@, where pept i des

(Merrifield, B.pNA&fomaolhlsdDaPRASHALAESI S. Science 232, 341- 347) using,

for exanple, a (nethyl-benzhydryl)amne polystyrene resin as the solid
support. PNAs nayClewsalsainplescoptainr¥A molapuldsivi@dheuribl-tyra adible f52dditiPINA/ DNA

chi mer a, V\lf@e rBNA& méiDe |Wluﬂ0[H§ Blu{aﬁt %fé@e go th)]df}erBNﬁél ckloh 1t 1SQI1H‘Q{11§8[1 sanpl es

contain DNA nol ecules with type a | on to
mol ecul es wi t HictepieEGRR laht@tl(alF [@N@t al&be) inym thege backerpand @fOWH?tWQﬁ@FR panes s

difficult t t o d
of w10 1ype ECREBeAne) [iu g0 pihE AR 0 En gl o R RIS D The

inventors is Cejealikeangf hx*?pélé‘? Witbélhel yild- ry@eﬁgﬁi{z@q@n@b Iﬂ‘l‘i}tﬂﬂl ipsretivg nén t he

wi | d-type Eg%ﬁﬁﬁ%&ﬁpk%ml!)r%el{§55@steﬂi"o‘?ca dthéntat' ve exanple, the
PNA probe to be used for ‘carrying out the of the present

i nvent i on l@onpethagled theme?SWVW@beor@t@Q@rth%@ﬂA a@b@ %C@E@aﬂ e SEQ:IP NO® t he
Exanpl e accompamy gl g Bhesehk tﬁenaéss@h' i ntiga! @Echp@ms?[fags 'aédeﬂ%j Bk the PCR

reaction mx thus 1 nhibiting anplification of type a el e and
favouring anpiftoncety dus dﬂhlblh@g reipiication (06| te pridgmmet allde the foample, . e.

EGFR mut ant, - {agiddd Ak B9 whled ol BRHEL HindShBR { RorT AR, Rlaokdl Aary skill

in the art V\A|| appreci ate that a suit
posterior detection. Those of ordinary skill in the art will appreciate that a suitable

20 PNA probe do not need to have exactly these probing nucleic acid sequences to be
operative but often modified according to the particular assay conditions. For example,
shorter PNA probes can be prepared by truncation of the nucleic acid sequence if the
stability of the hybrid needs to be modified to thereby lower the Tm and/or adjust for
stringency. Similarly, the nucleic acid sequence may be truncated at one end and

25 extended at the other end as long as the discriminating nucleic acid sequence remains
within the sequence of the PNA probe. Such variations of the probing nucleic acid
sequences within the parameters described herein are considered to be embodiments of

this invention.
As it can be observed in the Example 1 of the present invention, the conditions

30 of the polymerase chain reaction using such PNA probe applied in the method of the

present invention are such that only 40 cycles of amplification are sufficient for the
obtainment of a precise PCR amplification product comprising a 120 bp genomic

fragment including the mutation of interest of exon 19 at the EGFR gene.




20 PNA probe do not need to have exactly these probing nucleic acid
sequences to be operative but often nodified according to the particul ar
assay conditions. For exanple, shorter PNA probes can be prepared by
truncation of the nucleic acid sequence if the stability of the hybrid
needs to be nodified to thereby |l ower the Tm and/or adjust for stringency.
Simlarly, the nucleic acid sequence nay be truncated at one end and 25
extended at the other end as |ong as thegdiscrimnating nucleic acid

[

sequence remains .T‘ﬁ'i:ggleg}iltc&ﬁﬁtﬁ)?lgfb?%q? o%tﬁ?g{g’%%fﬁ@?resé‘t’ el%ﬁzrnia%gsons of

t he probing nucleic sequences Wt |8ar aneters described herein
are consi der etlugtistedan thelizdinpteitod thefpresehtiigventiore i thosexample the OANA beeddirser ved
in the Exanpl f r i t h jtions 30 of the

pol ymer ase cﬁg?%cgearanw ﬁ%ﬁoﬁgﬁgﬁénﬁ%ﬁﬁﬁhﬁ&%@%%%S%%@?%’ed in the nethod of the
present invention are such that only 40 cycles of anplification are

sufficientf t he inment of a precise PCR anplification product
s o Aesishipofadi

conprising’a ‘@M% agment i ncl uding the nutation of interest of

exon 19 at the EGMRngeighodd@r dihaingane aadlysirptle PCRAagsmplificatioh @rddGRs dévet he

nmet hod of th resent jnyention_are . as i|lustra in the Exanple 1 of the
b esent | nvertePbRre bt S dnBRECH e HGRIUEN T5h SOHEPERHE Y, cat | on
reaction is Bj’r&i&cpbﬁﬁr@dﬁﬁmﬁﬂeﬁ@ﬂm&t%ds KaoWR tembickilRl iPNA affyk atdronNany
met hods for detecting and ana:2%/§| n he P anplification products have

CR
been previ ousi?Y/-dIuEiGAEES Resa i@é?ﬁ5-|19 2 pgeiculat sabpdgnenprirths dyyigaticte theut ant s

may proce@d dc@iyy st ofhBWHERRE LThdRLAAMS KAV b §yesks dfnlbied akia the
art (Kilger et al., 71997, Nucleic Acids Res. 25: 2032-4). In a particular

enbodi ment ofsequsacipgBnitiabye, npmémifptivie ceammnlesgoistusisicoteid prauenrsingonctbedst he
invention is capfiedotinBYsIRANS A1 196 hlcki@&bids R%&ﬁ!ﬂ‘?ﬁ‘%dlﬂ) or direct
I'llustrative, non |i r% tative, exanpfl es of nuclelc aci d sequenci ng net hods
are cycl e sedidsnxymgle¢tBerdeaueneing.an. whiglo9sne duthk entireAgNdsofRetsresRhat 14369- 70)

or direct dideoxyoucl.eot] ncing,..in | 0 . i ne DNA of
i nt erest thatbgﬁnaiéyrv%geéi nﬂir{éﬁgeegaﬁ%ggflsr %%gtaﬁea ge\aq@;l)al%(; fo?ssgﬁ%egénéggagﬁ{%hp ate for
sequenci nip r eligtrivokstideAnmindes ookdt O piratre epdcie tprhengene or DBIAL ofofitefesti isBsed

SGHERCRTNEER M XTI MENT TS TS T
hybri di zat i oRequeseteNBY NGybiidiAagoR "wiidacing Onbiag Niang'chiBNY cohin@@nusdngot i des
For hybridi Zaoiifggnr&cl(egt?des ffgrr h}efgr? izaltigﬁ (gsr,] Ofcs)re egarn(l)p eu,Ct (()jseb roc'iA{}cc]:eX r{;‘?yt Aiﬂ%(fmetrix
Corp.; Ramsay et al., 1998, Nature Biotechnology 16: 40-44; Marshall e al., 1998,
20 Nature Biotechnology 16: 27-31), sequencing by HPLC (DeDionisio et al., 1996, J
Chromatogr A 735: 191-208), and modifications of DNA sequencing strategies such as
multiplex allele-specific diagnostic assay (MASDA,; Shuber et al., 1997, Hum. Molec.
Genet. 6: 337-47), dideoxy fingerprinting (Sarkar er al., 1992, Genomics 13: 441-3;;
Martincic et al., 1996, Oncogene 13: 2039-44), and fluorogenic probe-based PCR
25 methods (such as Taqman; Perkin-Elmer Corp.; Heid ez al., 1996, Genome Res. 6: 986-
94) and cleavase-based methods may be used.

Alternatively, amplification can be carried out using primers that are
appropriately labelled, and the amplified primer extension products can be detected
using procedurcs and cquipment for detection of the label. Preferably probes of this

30 invention are labeled with at least one detectable moiety, wherein the detectable moiety
or moieties are selected from the group consisting of: a conjugate, a branched detection
system, a chromophore, a fluorophore, a spin label, a radioisotope, an enzyme, a hapten,

an acridinium ester and a luminescent compound. As an illustrative, non limitative,




Corp.; Ransay et at., 1998, Nature Bi otechnol ogy 16: 40-44; Marshall et
at., 1998, 20 Nature Biotechnology 16: 27-31), sequencing by HPLC
(DeDionisio et at., 1996, J Chromatogr A 735: 191-208), and nodifications
of DNA sequencing strategies such as nultiplex allele-specific diagnostic
assay (MASDA; Shuber et al., 1997, Hum Mol ec. Cenet. 6: 337-47), di deoxy
fingerprinting (Sarkar et al., 1992, Genomi cs 13: 441-3; Martincic et
at., 1996, Oncogene 13: 2039-44), and f1yorogeni c probe- based PCR 25
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EXAMPLE 1
Determination of the ELREA deletion at the exon 19 of the EGFR gene by GeneScan

25 Materials and Methods:

I- Sample collection
Venous blood (10 ml) from each subject was placed into tubes containing 50 mmol of
EDTA (ethylenediaminetetraacetic acid) per liter, and genomic DNA was isolated with
the QIAmp® DNA blood Mini kit (Qiagen, Germany), according to manufacturer's

30 instructions.

2- GeneScan reaction preparation

1.1- Materials



The invention is further illustrated with the foll ow ng Exanples, which is
provided to illustrate certain enbodi nents of the present invention and is
not to be construed as |limting the invention. 20 EXAMPLE | Determ nation
of the ELREA deletion at the exon 19 of the EG-R gene by GeneScan 25
Materials and Methods: |- Sanple collection Venous blood (10 m) from each
subj ect was placed into tubes containing 50 mol of EDTA

(et hyl enedi am net etraacetic acid) per and genom ¢ DNA was i sol at ed

[
with the QA cording to
manuf act urgr gp(é% ﬁhNS? ?13@?%0 al&eré%e léér:%?‘g%{tf‘%ﬁzg@%%g?%i on l.gl-
Materials 12 - - 2bWeRropsdal R&a%ﬂorDblAte/{Aﬁ;bl;eﬂﬁos@RemkiGm.Iﬂd:remwzxppl i ed

Bi osystens) - 96 Well optical Reaction plate (Applied Biosystens, Cat. No,
4306737) 1.2- PCRreaction mx with PNA probe 5 The PCR reaction m x was

made as fol |l ows1.2- PCR,I‘@ChorﬁﬂfvaﬁmFI@(pf(Eeogen) - 0,5 gl 50 nM MyCl12 (Ecogen)
- 0,625 | 10m%‘c€% ( Pronega) 1,2 10M of each primer 10 - 0,1 g |
TAQ pol ymerase (BCH ﬁ‘)acuonlr?"‘é”aélm%e ﬂ‘F\W probe (Applied Biosystens) - 5

t1 DNA from serumpoy, B @&reox (E0idnpterile distilled H2Oto a final volune
of 25I. 15 1. 3- PCFyreactlon m X W thout PNA probe The PCR reaction m x

was made as f ol t o’ ul 50 npV5VigQL @ighbgey | Ox (Ecogen) - 0,5 | 50 mM Mgd 2
(Ecogen) - 0,625 lO,()'EQ um ll\\l/irdﬁTlgsP rome%ey
- 1,25 ul 10 uM of each primer
10 - 0,1 ul TAQ polymerase (Ecogen)
- 12,5 ul 5 mM PNA probe (Applied Biosystems)
- 5 ul DNA from serum or plasma
- Add sterile distilled H,0 to a final volume of 25ul.

15 1.3- PCR reaction mix without PNA probe
The PCR reaction mix was made as follows:
- 2,5 ul Buffer 10x (Ecogen)
- 0,5 ul 50 mM MgCl, (Ecogen)
- 0,625 pl 10 mM dNTPs (Promega)

20 - 1,25 ul 10 uM of each primer
- 0,1 ul TAQ polymerase (Ecogen)
- 5 pul DNA from serum or plasma

- Add sterile distilled H,0 to a final volume of 25 pl.

25 The reverse primer was labelled with the 6-FAM fluorophore (6-FAM emits

fluorescence with a peak wavelength of 522 nm).

Primer Forward: ACTCTGGATCCCAGAAGGTGAG (SEQID NO: 1)
Primer Reverse: 6-FAM- CCACACAGCAAAGCAGAAACTC (SEQIDNO:2)
PNA probe sequence: Ac-AGATGTTGCTTCTCTTA (SEQ ID NO: 3)

30
1.3- PCR program



20 - 1,25 1 10 Mof each prinmer - 0,1 | TAQ polynerase (Ecogen) - 5 tl DNA
fromserumor plasma - Add sterile distilled H2Oto a final volunme of 25 I|.
25 The reverse priner was |labelled with the 6-FAM fl uorophore (6-FAM emts
fluorescence with a peak wavel ength of 522 nm). Prinmer Forward:
ACTCTGGATCCCAGAAGGTGAG (SEQ ID NO 1) Prinmer Reverse: 6-FAM
CCACACAGCAAAGCAGAAACTC (SEQ ID NGO 2) PNA probe sequence:

Ac- AGATGTTGCTTCTCTTA (SEQ ID NO 3) 30 s 3- PCR program 13 The PCR was
performed as fo 0@ i mn fol l.Q by .40 cles 95C
for 30 seconds, ITEGB c‘;vr% §§39°§{é18%%sd§11%%5d%fg’s(fluflgg5 WIerlﬁclitﬁSu g?w%ncY Ag)(iylc%%fﬁ

ext ensi on of 72&°Cofor 30niepartdess58°6 8 IGsneBdannr7éfiarf@at | awnute,%and 4 dinatam de
H -DI (Applied Bios) st?g?,}%f- %) 25tl GeneScan narker -500 LIZ size standard
(Appl i ed Bi osystEHEPD©: F F4USCR product dil uted 10 Sanpl es were
denaturated at 93C for 3 mnutes and cooled on ice for 10 mnutes. They
were then subj eit\eﬁ% %ﬁo capi | | a,r% el ectrophoresi s and subsequent subjected
to an excitati o WEIRICGRBIRYE 94 nm for detection of enission wavel ength

at 522 nm on the9@@kor§é§§he@ﬁégp@?by&1eg;iosy§émgﬁsuIts: A total of 41

serunl pl asma sanpl es were anal ysed by GeneScan for detection of detections
in exon 19. All- s&®plvéScnstwhymediendPeLIZ% vrn stratlird A pplisd Brospgens)i ve nut at i ons
in tunor tissue. ei,%cke\n nal,ysis results show that 55% of the sanples
with positive nut g?"ll&?ﬁ@ |nprf)§“r?g‘rh¥1f§‘?d:sue were al so positive by Genescan
analysis (Table 1). EGFR nutations in S/P positive S/P negative tunor N=

41 N= 22 5% N=19 (45¢
qg) A %am les were denaturated at 93°C for 3 minutes and cooled on ice for 10

minutes. They were then subjected to capillary electrophoresis and subsequent subjected
to an excitation wavelength of 494 nm for detection of emission wavelength at 522 nm

on the ABI 3130 DNA analyzer.

15 Results:

A total of 41 serum/plasma samples were analysed by GeneScan for detection of
delections in exon 19. All samples analysed were from patients with positive mutations
in tumor tissue.

20 GeneScan analysis results show that 55% of the samples with positive mutations

in tumor tissue were also positive by Genescan analysis (Table 1).

EGFR mutations in S/P positive S/P negative
tamor
N=41 N=22 (55%) N=19 (45%)
Male 8 8
Female 14 11
Erlotinib
1st-line 12 11
2nd-line 10 8
Never smoker 15 12
Ex-smoker 7 6
Smoker 0 1
Blood extraction
Before treatment 16 9
After treatment 5 8




Male 8 8 Fenmle 14 11 Erlotinib 1st-line 12 11 2nd-line 10 8
snoker 15 12 Ex-snoker 7 6 Snoker O 1 Blood extraction Before t

Never
r eat nent

16 9 After treatment 5 8 14 Unknown 1 2 CR+PR 1+12 146 SD + PD 0+1 2+0
Table 1. Exon 19 EGFR nutation analysis in serum plasma of patients with

positive nutations in tunor tissue. 5 EXAMPLE 2 Determ nation of

t he L858R

mutation in exon 21 of the EGFR gene by Genescan Materials and Methods: 10
1- Sanple collection Venous blood (10 m ), from each subject was placed into

t ubes cont ai ni ng nslin
liter, and genomjc DNA™ was I sol atled with the Q Anp(r) bl ood
(Q agen, Germany according to manufacturer's insfructions. 15

reaction (5" nucl

d) per
Mni kit
2- Tagman

ase activity assgy) 1.1- Materials - AB 7000 of 7900HT

(Applied Biosysté¢ns) 1.@r+MER readtion (5i{Ngclease jactivifyg assay

) mXx with
Reacti on

PNA probe 20 The PCR g@acppon m ¥ was nagepas fol ljows (halgle 2)]

M x Final Stock For each Concentr concentr sanpie (1)

Table 1. Exon 19 EGFR mutation analysis in serum/plasma of patients with positive

mutations in tumor tissue.

5 EXAMPLE 2

Determination of the L858R mutation in exon 21 of the EGFR gene by Genescan

Materials and Mcthods:

10 1- Sample collection

Venous blood (10 ml) from each subject was placed into tubes containing 50

mmol of EDTA (ethylenediaminetetraacetic acid) per liter, and genomic DNA

was isolated with the QIAmp® DNA blood Mini kit (Qiagen, Germany),
according to manufacturer's instructions.
15 2- Tagman reaction (5 nuclease activity assay)
1.1- Materials
- AB 7000 or 7900HT (Applied Biosystems)

1.2- PCR reaction (5’Nuclease activity assay) mix with PNA probe

20 The PCR reaction mix was made as follows (Table 2):

Reaction Mix Final Stock For each
Concentr Concentr sample (ul)

Universal TagMan Master Mix 1x 2x 12,5
Primer F 0,6uM 10uM 1,5
Primer R 0,6uM 10uM 1,5
Probe wt-VIC 0,2uM 10uM 0,5
Probe mut-FAM 0,2uM 10uM 0,5
PNA 0,5uM 10uM 1,25
Serum or plasma DNA 5
Water 5,25

Table 2




Uni versal TagMan Master Mx Ix 2x 12,5 Primer F 0,6M10jM 1,5 Prinmer R
0,6 M10uM 1,5 Probe wt-VIC 0,2M 10iM 0,5 Probe nut-FAM 0, 2M 10t M O, 5

PNA 0,5M 10uM 1,25 Serumor plasna DNA 5 Witer 5,25 Table 2 15 The PCR
was performed as follows: 60C durante 2 mn followed by 50 cycles at 95C
during 10 mn followed by 50 cycles at 95C for 15 seconds and 60C during 1
mn 30 sec. 5 3- Priners, probes and PNA The probe for detecting wld-type
sequences was | abeled with the fluorochrgme VIC, whereas the probe for
detecting the nutant allele was | abeled with the fluorochronme FAM 10
Primer Forward: AACACCGCAGCATGICAAGA (SEQ ID NO 4) Priner Reverse:
TTCTCTTCCGCAREATR s8R fofndd@s 3y llovdr 6€ dupmmtet hmindetleetd pnSbéycidiat M°Cd- t ype

% ¢ ToachonT e AR TSR Fudonds wponcs anp g 1 2

detection of sehhe nutant allele labelled with the fl uorochr oneFAM

6- FAM CAGATTTT CT (SEQ ID NO 7) PNA Probe: AGITTGGECCAGCCCA
(SEQ ID NO’8) 9 'g‘—’%ésu@t—@—agw Hoges otal of 41 serum plasma sanples were

anal ysed by GeneScan for detection of nmutations in L858R All sanples

anal ysed were_from patients wi.th positive nutations.i umour ti e. 5
nucl ease act mﬁetfﬂ’i‘mgsfg’é%t%ﬁﬁ‘ﬁg )Yvélld'sty&e%eﬂP““t@essWWa]?Wé{]Wg%@ e(é O {S]fcﬁe

sanpl es whereas the probe for detecting the mutant allele was labeled with the fluorochrome
FAM
10
Primer Forward: AACACCGCAGCATGTCAAGA (SEQ ID NO:4)
Primer Reverse: TTCTCTTCCGCACCCAGC (SEQ ID NO:5)

Probe for the detection of the wild-type allele labelled with the fluorochrome VIC:
VIC-TCACAGATTTTGGGCTGGCCAAAC-TAMRA (SEQ ID NO:6)
15 Probe for the detection of the mutant allele labelled with the fluorochromeFAM:
6-FAM-CAGATTTTGGGCGGGCCAAAC-TAMRA  (SEQ ID NO:7)
PNA Probe: AGTTTGGCCAGCCCA (SEQ ID NO:8)

Results:
20
A total of 41 serum/plasma samples were analysed by GeneScan for detection of
mutations in L858R. All samples analysed were from patients with positive mutations in
tumour tissue.
5’ nuclease activity assay analysis results show that 55% (L858R) of the samples

25 with positive mutations in tumour tissue were also positive by this analysis (Table 3).

EGFR mutations in S/P positive S/P negative
tumor
N=41 N=22 (55%) N=19 (45%)

Table 3




25 with positive nmutations in tunmour tissue were also positive by this
analysis (Table 3). EGFR nutations in S/P positive S/P negative tunor N=
41 N= 22 (55% N=19 (45% Table 3 16 EXAMPLE 3 Determ nation of the T790M
mutation in the EGFR gene by Taqman reaction 5 Materials and Methods: 1-
Sanpl e col | ection Venous bl ood (10 m )16 rom each subject was placed into
tubes containing 50 nmol of EDT A (ethyl enedi am netetraacetic acid) per
liter, and genomic DNA was isol ated EXAMPLE3t he Q Anp(r) DNA bl ood M ni kit
(Q agen, Ger many), according to manufacturer's instructions. 2- Tagnman
reaction (5 'nucl ease activity assay) 1.1- Materials 15 - AB 7000 or
7900HT (Appl i egheBinn¥idh IR T790M muldlib zﬂ%ﬁ&EGpﬁg&gb}%ﬁhﬁﬁ%czﬁﬁ“ vity assay)
mx with PNA probe The PCR reaction mx was nmade as in exanple 2 (see
Table 2): 20 The PCR was performed as follows: 60aC for 2 min followed by
50 cycles at 95C dur| ng 10 mn foll owed by 50 cycles at 95C for 15 seconds
and 60C during 1M ds:3- Primers, probes and PNA 25 The probe for
detecting wild-type sequences was | abel ed with the fluorochrone VI C,

wher eas the probé€- S@mledaetlee&cm ng the nutant allele was labelled with the

Rever oo CCTCACCYORRAE Y Bt il g A R AR ES kLT, o

the wi |l d-type al ERT & (dtiatreédiagihetirdabetic had)fpbulitar.cohgeoomeic VN@ was gbl@ed

alole T abdl ) d Wit Faoep PRI MonE R Deet i SR P, Voo (seo

ID NO. 12) 17 instructions.

2- Tagman reaction (5 'nuclease activity assay)
1.1- Materials
15 - AB 7000 or 7900HT (Applied Biosystems)

»
1.2- PCR reaction (5 'Nuclease activity assay) mix with PNA probe

The PCR reaction mix was made as in example 2 (see Table 2):

20 The PCR was performed as follows: 60°C for 2 min followed by 50 cycles at 95°C during
10 min followed by 50 cycles at 95°C for 15 seconds and 60°C during 1 min 30 sec.

3- Primers, probes and PNA
25 The probe for detecting wild-type sequences was labeled with the fluorochrome VIC,

whereas the probe for detecting the mutant allele was labelled with the fluorochrome FAM

Primer Forward: AGGCAGCCGAAGGGC (SEQ ID NO:9)

Primer Reverse: CCTCACCTCCACCGTGCA (SEQ ID NO:10)
30 Probe for the detection of the wild-type allele labelled with the fluorochrome VIC:

VIC- TGAGCTGCGTGATGA-MGB (SEQ ID NO:11)

Probe for the detection of the mutant allele labelled with the fluorochrome FAM:
6-F AM- TGAGCTGCATGATGA-MGB (SEQIDNO:12)




PNA Probe: TCATCACGCAGCTC (SEQ ID NO 13) Results: Atotal of 4
seruni pl asma sanpl es were anal ysed. All sanples anal ysed were 5 from
patients with positive nutations in tunour tissue. 5 Nuclease activity
assay analysis results show that 75% (T790M of the sanples with positive
mutations in tunmour tissue were also positive by this analysis (Table 4
for T790M. 10 EGFR nutations in S/P positive S/P negative tunor N=4 N= 3
(75% N=1 (25% Table 4 18 CLAIMS 1. l\@t hod for the detection of

met hod

tati t the ECGH i f i 1]
(r:ncj)rrgr: gin?]g? (i )eobt aﬂiﬁ{iggrg)%fxlhfebm¢§§‘ﬁh sai desamr)lotran; a( ??@@%Nﬁ?iﬁng t he

nucl ei ¢ acid sequence corresponding to a specific region of the EG-R gene
by neans of PCR1 sing a Protein-Nucleic Acid probe wherein said

Pr ot ei n- Nucl er€*Aci d probe is capable of specifically recognizing and
hybri di zi ng wi th tahetdEbER setulhfiplbsiesane URRE endlyred. ey sitiflédiralydgl Wi
anplification; and. (iii) detecting said nmutation. 2. Method according to
claimi, wherBMPEKRS WIPOPHYF BHHs EEPRUGETE t 0 be detected is sel ected
fromthe group coRsiichitda@vity BB afiglsht iong aowt bRt BXOITABMVYNEE thoe LBS8R
mutation at the exon 21 and the T790M nutation. 3. Method according to
claiml, wherdPRles it nosiHne Musigne N BIMQUE Epsypnwsre pBpaiveskiniiiiseanalysis et hod
accordi ng to (¢had Ml T7obgsei n the detecting step is carried out by neans
of nucleic acid sequencing. 5. Method according to claim 1, wherein the
detecting step is carried out by neans of GeneScan technol ogy.

10
EGFR mutations in S/P positive S/P negative
tumor
N=4 N=3 (75%) N=1 (25%)

Table 4



6. Method according to claim5, wherein said GeneScan technol ogy conpri ses
using an ol igonucleotide prinmer which is fluorescently | abeled at its 5

end with a fluorescent dye. 7. The nethod of claim6, wherein said
fluorescent dye is selected fromthe grgoup consisting of 6-FAM HEX or NED
dyes. { 3(~ [g$C SEQUENCE LI STING SEQUENCE LI STI NG <110> FUNDACI ON PARA
LA | NVESTI GACI ON CLI NI CA Y MOLECULAR DEL CANCER DE PULMON <120> METHOD FOR

THE DETECTI ON OF EGFR MJUTATIONS I N B I\/PLES <130> P1665PC00 <160> 13
<170> Patentln version 3.4 <210> 1 <211> <212> DNA <213> Artifici al

sequence <22 r
deﬂetlon at¥ gjietﬁg&%rtﬁ d&é{iﬁﬂ jé@&ta%ﬁé %F%E&"fé g?”%j% gf‘é'b@@égﬁ‘g gtg ag
22 <210> 2 < r@@ A?Q|If|0| al sequence <220> <223>
Reverse primer E(u)S %‘l,n enpglem;%ﬁl 1@@ fecEIE';E{s;pq \$ olggpgélﬁc Fe%eonexon 19
of the EGTR gen 0 theMEGFR gene by means o PlC using Proteln Nucleic Acid

probe wherein said Protein-Nucleic Acid probe is capable of

specifically recognizing and hybridizing with the EFGR wild type

sequence thereby inhibiting its amplification; and

(iii) detecting said mutation.

2. Method according to claim 1, wherein the mutation at the EGFR gene to be
detected is selected from the group consisting of: ELREA deletions at the
exon 19 and the L858R mutation at the exon 21 and the T790M mutation.

3. Method according to claim 1, wherein said blood sample is a serum or plasma
sample.

4. Method according to claim 1, wherein the detecting step is carried out by
means of nucleic acid sequencing.

5. Method according to claim 1, wherein the detecting step is carried out by
means of GeneScan technology.

6. Method according to claim 5, wherein said GeneScan technology comprises
using an oligonucleotide primer which is fluorescently labeled at its 5' end with

a fluorescent dye.

7. The method of claim 6, wherein said fluorescent dye is selected from the
group consisting of 6-FAM, HEX or NED dyes.




with the 6-FPM fluorophore its 5 end. <400> 2 ccacacagca aagcagaaac to 22
<210> 3 <211> 17 <212> DNA <213> Artificial sequence <220> <223>
Protein-Nucl eic Acid (PNA) probe designed for the detection of ELREA
deletion at the exon 19 of the EG-R gene. The prinmer is nodified with an
Ac group at its 5 end. <400> 3 agatgttgct tctctta 17 <210> 4 <211> 20 2
<212> DNA <213> Artificial sequence 220> <223> Forward priner designed
for detection of the L858R mutation in exon 21 of the EG-R gene <400> 4
aacaccgcag catgtcaaga 20 <210> 5s§%% 53%§$”5§12> DNA <213> Artificial
sequence <220> <223> Reverse priﬁe%—éesfgﬁeg—for detection of the L858R
mutation in exon 21 of the EGFR gene <400> 5 ttctcttccg cacccagc 18
SEQUENCE LISTING

<110> FUNDACION PARA LA INVESTIGACION CLINICA Y MOLECULAR DEL
CANCER DE PULMON

<120> METHOD FOR THE DETECTION OF EGFR MUTATIONS IN BLOOD SAMPLES
<130> .P1665PC00

<160> 13

<170> PatentIn version 3.4

<210> 1

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Forward primer designed for the detection of ELREA deletion at
the exon 19 of the EGFR gene

<400> 1
actctggatc ccagaaggtg ag 22

<210> 2

<211> 22

<212> DNA

<213> Artificial sequence

<220>

<223> Reverse primer designed for the detection of ELREA deletion at
the exon 19 of the EGFR gene. The primer is modified by labelling
with the 6-FAM fluorophore its 5' end.

<400> 2
ccacacagca aagcagaaac tc 22

<210> 3

<211> 17

<212> DNA

<213> Artificial sequence

<220>

<223> Protein-Nucleic Acid (PNA) probe designed for the detection of
ELREA deletion at the exon 19 of the EGFR gene. The primer is
modified with an Ac group at its 5' end.

<400> 3
agatgttgct tctctta 17

<210> 4
<211> 20




<210> 6 <211> 24 <212> DNA <213> Artificial sequence <220> <223> Probe
designed for the detection of wld-type EGFR gene allele in the region of
the L858R nutation. The primer is nodified with a WVIC group at the 5 end.
<400> 6 tcacagattt tgggctggcc aaac 24 <210> 7 <211> 21 <212> DNA <213>
Artificial sequence <220> <223> Probe designed for the detection of L858R
nutant in the EGFR gene allele. The priner is nodified wth a 6-FAM group
at the 5 end. <400> 7 cagattttgg gcgggccaaa ¢ 21 <210> 8 <211> 15 <212>
DNA <213> Affizf’i '4) sequence <220> <223> Protein-Nucleic Acid (PNA) probe
desi gned for’ the “det’éEt1oR°BF °L858R nutation at the exon 21 of the EGFR
gene. 3 <40f»-8 agtttggcca gccca 15 <210> 9 <211> 15 <212> DNA

<223> Forward primer designed for detection of the L858R mutation in

exon 21 of the EGFR gene

<400> 4
aacaccgcag catgtcaaga 20

<210> 5

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> Reverse primer designed for detection of the L858R mutation in
exon 21 of the EGFR gene

<400> 5
ttctectteecg cacccage 18

<210> 6

<211> 24

<212> DNA

<213> Artificial sequence

<220>

<223> Probe designed for the detection of wild-type EGFR gene allele in
the region of the L858R mutation. The primer is modified with a
VIC group at the 5' end.

<400> 6
tcacagattt tgggctggcc aaac 24

<210> 7

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Probe designed for the detection of L858R mutant in the EGFR gene
allele. The primer is modified with a 6-FAM group at the 5' end.

<400> 7
cagattttgg gcgggccaaa ¢ 21

<210> 8

<211> 15

<212> DNA

<213> Artificial seqguence

<220>
<223> Protein-Nucleic Acid (PNA) probe designed for the detection of
L858R mutation at the exon 21 of the EGFR gene.




<213> Artificial sequence <220> <223> Forward prinmer designed for
detection of the T790M nutation in exon 21 of the EGFR gene <400> 9
aggcagccga agggc 15 <210> 10 <211> 18 <212> DNA <213> Artificial sequence
<220> <223> Reverse prinmer designed for detection of the T790M nutation in
exon 21 of the EGFR gene <400> 10 cctcacctcc accgtgca 18 <210> 11 <211> 15
<212> DNA <213> Artificial sequence 220> <223> Probe designed for the
detection of wild-type EGFR gene allele in the region of the T790M
mutation. TREpri‘mer is nodified with a VIC group at the 5 end. <400> 11
t gagct gcgt QAUGH LB 9°€%0> 12 <211> 15 <212> DNA <213> Artifici al*>sequence
<220> <223> Probe designed for the detection of T790M mutant in the EGFR
gene alleleio¥he priner is nodified with a 6-FAM group at the 5 end.

<211> 15

<212> DNA
<213> Artificial sequence

<220>
<223> Forward primer designed for detection of the T790M mutation in

exon 21 of the EGFR gene

<400> 9

aggcagccga agggc 15

<210> 10

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> Reverse primer designed for detection of the T790M mutation in
exon 21 of the EGFR gene

<400> 10
cctcacctece accgtgcea 18

<210> 11

<211> 15

<212> DNA

<213> Artificial sequence

<220>

<223> Probe designed for the detection of wild-type EGFR gene allele in
the region of the T790M mutation. The primer is modified with a
VIC group at the 5' end.

<400> 11

tgagctgcegt gatga 15

<210> 12
<211> 15
<212> DNA

<213> Artificial sequence

<220>
<223> Probe designed for the detection of T790M mutant in the EGFR gene
allele. The primer is modified with a 6-FAM group at the 5' end.

<400> 12

tgagctgcat gatga 15

<210> 13
<211> 14
<212> DNA




<400> 12 tgagctgcat gatga 15 <210> 13 <211> 14 <212> DNA 4 <213>
Artificial sequence <220> <223> Protein-Nucleic Acid (PNA) probe designed
for the detection of T790M nutation at the exon 21 of the EGFR gene. <400>
13 tcatcacgca gctc 14

<213> Artificial sequence

<220>
<223> Protein-Nucleic Acid (PNA) probe designed for the detection of
T790M mutation at the exon 21 of the EGFR gene.

<400> 13
tcatcacgca gctc 14




